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THEORY

GZ[K 629.143:629.14

BukTtop PUJSIUMNMNOB
Victor N. FILIPPOV

Anatonuiit TAPMAEB
Anatoliy A. TARMAEV

On Modeling of Car’s Wheel Set Movement
(TEKCT cTaTby Ha aHr. 3. —
English text of the article — p. 14)

B cTatbe paccmaTpuBaloTCsl yTOYHEHHas1
MaremaTundeckasi MogeJsib ABVKEeHUS

KOJIECHOW napbl C NepeMeHHOM CTPYKTYpPOI
cUCTeMbl HeJINHEViHbIX AndpepeHunanbHbIx
ypaBHEHUH, a TakXe pac4€THble CXeMbl,
onuceiBaoLe B3anMoaeicTBue 3J1ieMeHTOB
JKes1e3HO[A0POXHOIro akunaxa v nytu. B mogenn
YYTeHbl Takue aKTyasibHble AJ1s CKOPOCTHOIro
ABVDKEHUs1 paKTopbl, KAK rMPOCKONN4YeCKnm
MOMEeHT u ancbanaHc KonécHow napbl. Cucrema
«3KUNaX—MyTb», B NPEeACTaB/I€eHUN aBTOPOB,
CJIOXXHasi U MHOromaccoBasi, C pa3/InyHomi
CTPYKTypoO¥i B3aunmocssizei. lyts purypupyet

B BUAe cBOGOAHOW KPUBOIMHENHOI
NoBepXHOCTU Ha BUHKJIEPOBCKOM OCHOBaHUU,
COBOKYIMHOCTU OTAEJIbHbIX UHEPLIMOHHbBIX
ynpyrux ornop ¢ gemMmrngepamm Cyxoro TpeHus.
Mougenb Nno3BOINT NONy4aTh KOPPEKTHbIE
KOJIn4eCcTBEeHHbIe pe3y/ibTaTbl, OLleHUBaTb
AUHaMn4eckue CBOVCTBa NMoABUXHOIO COCTaBa.
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Tapmaes Anamoauii
Anamoavesun — kanoudam
MEXHUMECKUX HAYK, OOUeHm.
Hpkymcrkoeo eocyoapcmeen-
HO20 yHUSepcumema nymeii
coobuenus, Mpkymck,
Poccus.

Duaunnoe Buxmop Huxo-
Aaesus — OOKMOop MexHu-
ueckux HayK, npogeccop
Poccuiickoeo ynusepcumema
mpancnopma (MUHUT),
Mockea, Poccus.

Ilempos Iennaouii Heano-
6u4 — 0OKMOP MEXHUMECKUX
Hayk, npogheccop, 3ase-
dyrowuti Kaghedpoii 6a2oH06
U 8aeonH0e0 Xo3sticmea PYT
(MUHT), Mockea, Poccus.

OBPEMEHHBIN KEJIE€3HOAOPOXKHBIN

MyTh XapaKTepU3yeTCs TPUMEHEHUEM

PENIbCOB TSKENOTO TUIIA, Xeyle300e-
TOHHBIX IIMaJ, U3MEHEHUEM HOPMAaTUBOB
YCTPOMCTBA MyTH, HECYIE CITOCOOHOCTU
3eMJISTHOTO TTOJIOTHA, YBETMYCHHEM TOITYCKOB
Ha colepkaHKe peJbCOBOM KOJIEH, OTCTYILIe-
HU B ruta”e v mpoduie [1, ¢. 29; 2, ¢. 27-30].
B pesynbrare BeIpoCiIu MpuBenEHHas Macca
MyTU, TMHAMUYECKUEe Harpy3Ku, 4YTO CKa3bl-
BaeTCs Ha YCIOBUSIX IKCILTyaTalluy TTOABYIXK-
HOT'O COCTaBa, MPEXAe BCEro ero XOmOBBIX
yacreii [3, ¢. 1584], u npuBesio K (paKTU4IeCKO-
MY CHIDKEHHUIO KOHCTPYKIIMOHHOM CKOPOCTH.

OTH akTophl TPEOYIOT YYETA MPU CO3aa-
HUM MHHOBAILIMOHHOTO MOJABMXKHOTO COCTaBa
(ITC) 1 mpOrHO3UPOBAHUM OXMIAEMBIX TH-
HaMUYECKUX IOKA3ATEJEN.

Heobxoamnmo nMeTh JOCTOBEPHYIO METO-
MUKy ¥ MaTeMaTUIECKYIO MOJIEb IBMKCHUS
BaroHa, aJiekBaTHO OMMCHIBAIOIIYIO ITPOLIECChHI
B CJIOXHOW AMHAMUYECKON CUCTEME «IKU-
MaX—ITyTh».

Hnsg monenupoBanust nuHamuku [1C uc-
MOJB3YIOTCS CIEIMaJU3UPOBaHHBIC TIPO-
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Puc. 1. Pac4éTHas Mmogenb 4eTbIpEXOCHOro BaroHa (npumMmep ¢ onupaHnem Ky30Ba Ha GyKchbl).

rpaMMHBbIE€ KOMIJIEKChI, CPEAU KOTOPbIX
MOXXHO BBIIEIUTD KaK 3apy0eKHBIC ITPOTpaM-
Mbl CONTACT, FASTSIM 1 KOMIIJIEKCHI
MEDYNA, VAMPIRE, NUCARS, GENSYS,
SIMPACK, ADAMS/Rail, Tak 1 oTeuecTBEeH-
Hble — «Baron» (HayuHo-nccienoBaTeIbcKmit
WHCTUTYT KEJIE3HOMOPOXKHOTO TPAHCIIOPTA),
«AnOHuC» («JIlmHamMuKka, ONMTUMMU3AIINSA,
HarpyXXeHHOCTh U CTaTuka», Poccuiickuii
YHUBEPCUTET TpaHcmopTa), «UM» («YHUBep-
CalbHBIN MexaHU3M», BpsHcKuit rocymgap-
CTBEHHBI TEXHUICCKUI YHUBEPCUTET).

B psine caygaeB, oroBopuM cpasy, IpuMe-
HSIOT JIMHEAPU30BaHHbIE MOJEIU, KOTOPbIE
HE YYUTHIBAIOT Ba>KHbIE ACTIEKThI IMHAMUYE-
CKOI HArpy>KeHHOCTHU 3JIEMEHTOB BaroHOB
MPY XapaKTePHbIX PEXXMMaX SKCIUTyaTallMOH-
HBIX Harpy3ok. MI3BecTHO, B YaCTHOCTH, UTO
pe3yJabTaThl, MOJYyYeHHbIE HA TMHEAPU30BaH-
HBIX MOJIEJISIX, PACTIPOCTPAHSIOTCS TOJBKO Ha
KOJe0aHUSI ¢ MaJIBIMUA aMIUIATYIaMU U Taf0T
KAuyeCTBEHHYIO, a He KOJMYECTBEHHYIO Kap-
TUHY SIBJICHUIA U3BUJIMCTOTO JBUXKEHMS Y BbI-
HYKIEeHHBIX Kojiebanwuii [4, ¢. 38]. To ectb mpu
dopMHUpoOBaHNM aneKBaTHOM PaCYETHON MO-
JIeJIA CJielyeT UMETh B BUJLy UMEIOIIMECs He-
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JIMHEHHOCTU B muddepeHIINaTbHBIX ypaBHE -
HUSX U CBSI3SIX.

KiroueBbIM 3716 MEHTOM, OTIPEIeISIONINM
JTIOCTOBEPHOCTH TTOJTyJaeMBbIX ITPH MOJIEIPOBa-
HUU IBVDKCHUS XKeJIe3HOIOPOKHOTO SKHUITaKa
PE3YJIBTATOB, SIBIISIETCSI KOPPEKTHOCTD OITMCAHMS
JMMHAMUKHM KOJIECHBIX map. [Toatomy paccmor-
PUM peaT3alliio MOIEIN Ha IIPUMepe HeJTMHE -
HoOI Momenu aBrkeHns KosécHoit mapsl (KIT)
M0 pejibcaM U e€ B3aUMOJEHCTBUS C ITYTEM.

1.

TeHAeHLIMS YBEIMYSHUSI CKOPOCTH IBYIKE -
Hug I1C Tpebyer rmpu MoAeTMPOBaHUYN JTBU-
xeHus KIT 0co60 yauThIiBaTh TMPOCKOITYE-
CKMII MOMEHT U OMEHHUE KOJIEC BCIIENCTBUE
nucbagaHca KOJIECHO Taphl.

I1pu pa3paboTKe pacuéTHOI MOJEIN KaK
COCTaBHOIT YacTU MOJENIM BaroHa (Ha puc. 1
IpeacTaBjieH BapMaHT BaroHa, UMEIOIIETO
TEJIEXKHU C HEIOCPEACTBEHHBIM ONMpaHUeM
Ky30Ba Ha OyKCBI KOJIECHBIX T1ap) M CBSI3aHHOM
C 3TUM CUCTEMBI TUddepeHIINATbHBIX YpaB-
HEHUIA YCTAHOBJICHBI 1BA YCJIOBUSI:

» KIT mpuHnMaroTcst abCOIOTHO JKECTKM-
MU,
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Cp.Kn

ocb MyTH

Sa(t)

oy
L )

.
-

Puc. 2. Cxema cun, npusioxxeHHbIX K KONIECHO nape.

* peAronaraeTcs, 4ro Ha Kaxaywo KIT
JIEACTBYIOT CUJIbI, IIOKa3aHHbIE HA PUC. 2.

IIpocrpancTBeHHbIe Konebanus KIT (He-
00pecCcOpeHHBIX MACC TEJICXKKH, IPUXOISIINX -
CsI Ha KOJIECHYIO TIapy) MOTYT OBITH OITMCAHBI
CUCTEMOI HeJTMHEWHBIX T hepeHINATbHBIX
YpaBHEHUI (Ha TIpuMepe nepBoﬁ KI1):
(M+ M)% +R+R+P

i (1
+P,, ~ P~ P, ~ Mg=0;
My, + N, - Q=0 (2)
M, + 1T + T, - P,
3)
P + Rtlx + Ble = 07
J 0@ — Tres (1) + Thesy (1) + @
+(P, = Py)b+ M =0;
(Jo+J ) B+ R-sl( ) =Ryes, (1) +
(B = B)b— (N, + Ty )ori(t)+ (5)

+(N1n )'rz( ) + M;'fp-sign(ﬁl) =

.. R
Con() () TN TR O
xul = V - xl;

riae M — macca KOJECHOI Mapbl;

g — YCKOpeHUe CBOOOIHOTO TTafcHUS;
M_— nipuBenEHHAd Macca IyTH,

X, ¥V, 2, X, Y, Z, X, ¥, Z — KOOPIUHATHI MO~

JIOXKEHUST LIEHTPOB MacC KOJIECHBIX ap U UX
MPOM3BOJIHBIE [10 BPEMEHMU;

R, ..., R, — BepTUKaJIbHbIE PEAKLIMH PEJIb-
COB MoJI KOJEcaMu;
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P, ..., P, — BEPTUKAIbHbIC COCTABIISIO-
1I1e CUJI, 00yCIOBIEHHBIE AUCcOaIaHCOM KO-
JIECHBIX Tap;

P,, ..., P, — BEPTUKAIIbHbIE PEAKLIUM PEC-
COPHBIX KOMILJIEKTOB;

N,, ..., N, — TOpU30HTaIbHbIE PEAKLWH,
NMEUCTBYIOIINE Ha KOJECHBIC TTaphl;

Q,, ..., 0, — rOpU3OHTAJIbHbIE TONEPEYHbIE
pPeaKIMU PECCOPHBIX KOMILICKTOB;

T, ..., T, — IpONOJIbHBIE COCTABIIAIOLINE
CWJI TPEHMSI, BOSHUKAIOIIME TIPU TTPOCKAIb-
3bIBAHUU KOJIEC TT0 PeIbCaM;

P, ..., P, — TOPU3OHTAJIbHbIE TIPOAOJIb-
HBIE peaKIy CBI3ei OYKC ¢ paMOil TeJIeXKKHN
(ompenensIroTCs ¢ Y4ETOM CHJI CYyXOT'O TPEHUS,
BO3HUKAIOIIUX MEXAY paMOil TeIekKKH
¥ KOPITYyCOM OYKCHI ¥ 3a30POB B HAITPABJISIO-
IIUX);

P s Py — TOPH3OHTAIBHBIC TPOJOJIb-
HBIE COCTaBJISIONINE CUJI, 00YCITOBICHHBIC
JIrcOaIaHCOM KOJIECHBIX T1ap;

J, Jy, J — MOMEHTbI UHEPLMHU KOJECHOM
mapbl OTHOCUTEJIBHO COOTBETCTBYIOIIMX OCEit
KOOpPIWHAT;

5,(D), ..., 5,(f) — PacCCTOSIHUA OT CEPENNHBI
KOJIECHBIX ITap A0 TOYEK KOHTaKTa Kojieca
C PEIIbCOM;

b — paccTosTHME OT TPOIOIBLHOM OCU CHM-
METpUH BaroHa JI0 TOYEK OMOpHI Ky30Ba Ha
OyKcy;

Meup

x1 >

" M2 MEP

x4 z1l o

.~ M?} — rupocko-

MUYECKNEe MOMEHTHI BPaIIAOIINXCST KOJIEC-
HBIX TTap OTHOCUTEIbHO COOTBETCTBYIOLIMX
ocei;
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Mo Nesspamoene
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6)

Puc. 3. YnpouwéHHas pac4ETHasi cxemMa CUCTeMbI 3KUMaX—MyTb:
a) BepTukanbHble HePOBHOCTH MyTu; 6) rOPN30HTasIbHble HePOBHOCTU MYTH.

JHX — TNpUBEAEHHBIA MOMEHT UHEPLIUU
yTH;
N, ...N,N, ,.., N, —TOpU30HTaIbHbIE

COCTaBIISIIONINE PeaKIINu, IeUCTBYIOIINE Ha
KOJIECHBIE TIaphl; peakiinsi o0ycIOBIeHa KO-
HUYHOCTBIO PO UIIS KaTaHUS JIEBOTO U TIpa-
BOTI'O KOJIEC;

le, vy T, g, — HOIEPEUHBIC COCTABIISIOLINE
CHJI TPEHUSI, BO3HUKAIOIINX TIPU ITPOCKATh-

3bIBAHUU KOJIEC T10 PEJIbCaM;
\Vp 000s) W4a IBI’ eey ﬂ4;
Vis ooy Wy 181: vy ﬁ4 -

YIJIBI TIOBOPOTA KOJIECHBIX I1ap M MX IIPOU3-
BOJHBIE 110 BPEMEHMU;

r (0, ..., r,(f) — pamuychl KpYyroB KaTaHUsl
KOJIEC;

X

Al +++» X4 — CKOPOCTH JIBMXXEHMUSI LICHTPA

Macc KOJECHOI Taphl;

V' — cKopoCTh IBMXXEHMSI BaroHa BIOJb
yTH;

h — reoMeTpUYECKUI1 pa3Mep;

i, i+1 — nHAEKC, 0003HAYAIOIINI TTOPSI-
KOBBIA HOMEP UTEpALIH.

[Ipu ompeneneHUU BepTUKAIBHBIX peak-
LU PECCOPHBIX KOMITJICKTOB 1 BEPTUKATBHBIX
peaKkIiuii Co CTOPOHBI ITyTH YUUTHIBACTCS O~
HOCTOPOHHSISI CBSI3b BBEACHUEM YCIOBUIt
00e3rpy3KHu, eCJIM CyMMa CTaTUYeCKOTro Ipo-
rnda U TMHaAMUYeCKOl nedopMalum OyaeT
paBHA WJIM MEHbIIIEC HYJIS.

lTopusonranbubie peakuuu N, ..., N,,
JNEUCTBYIOIIME HA KOJIECHBIC TIaphl, OIpeae-
JISTIOTCST U3 BhIpaxkeHUs (7) ¢ y4€TOM TOpU30H-
TaJbHOM COCTaBIAIONIEI, 00YCIOBICHHOM
KOHHUYHOCTbIO poduiia KaTauusa N, , ..., N,
npaBorou N, , ..., N, J1€BOro Konéc, 1 rore-
PEUHOI COCTaBIISIONICH CUJT TPEHUS le, s
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T, BOSHMKAIOLINX MPH MPOCKAIb3bIBAHUU
KOJIEC MO pesibcaM.

BeptukanbHble muHaMudeckue aechopma-
LUMUA |, ..., A, TODH30HTA/IbHBIC IONCPEUHBIC
IWHAMUIeCcKUe AedopMannm AN A AW
<.y A I TOPU3OHTAJIbHBIE TIPOIOJIbHbIE TMHA~
MUuYecKkue neopMaluy ONpenessioTCs 3aBu-
cumocTtsimi (8), (9), (10). ITo Hum xe bukcu-
PYIOTCSI CKOPOCTU JUHAMUYECKUX aedhopMa-
LM, HO 3HAaYCHMSI KOOPAUHAT B 3TOM CIyJyae
3aMEHSIOTCSI 3HAUEHUSIMU X TIEPBBIX MPOU3-
BOJHBIX IO BpeMeHU. BepTukanbHble TUHA-
MUYECKUE pEeakKIUU MyTU MO KOJIECcaMU
caenytot us (11).
N,=N,—N, +T +T,;

(7
A=z vy (L + L)+ B b () —z,—Bb }(
(

)
)

(10

Apz =z + \Vx'(Ll + LT) + vabz(t) -3 Blvb;
Al a4 + ¢K.(L| + IT) + ¢Tl‘l'r =

Axl = (¢1 - ¢Tl)'b + Xy }

sz = (d)-r] - ¢|)b + xl;

8
9

Ap =2+ Bysy () = 2,00 00 +,(0) }(11)
Apy =2, B8y (D) — z,,,,(%) + 1, () +ry(0);
ASl =y1+ ¢lvsl(t) - anly(x) + nply(x) + sl(t) }(12)

A=Y+ §,5,(0) = 2,00 + 1, () + 5,0),
THE 2, 15 2, 15 Lo ys &y — HAPAMETPBI IyTH B BEP-
TUKAJIBHOM U TIOTIEPEYHOM HampaBICHUSIX.

BepTtukanbHble peakiiuuy ImyTH 10 KOIEc-
HBIM TIapaM 3aBHUCST OT IapaMeTPOB ITYTU
M KOOPAMHAT, ONPEIeISIONINX MOJIOKEHNE
HeoOpeCcCOPEeHHBIX YacTel TeleKeK. DTa CBSI3b
OCYIIECTBIISIETCST Uepe3 BEJIMUMHBI JUHAMM-
yecKux aedopmariuii.

Jns HaXOXIEeHUSI TPAeKTOPUU KOJECHOMN
Mmapbl CJIeayeT UCKATh PEIICHUST CUCTEMBI U3
mectu nuddepeHINaTbHBIX YPAaBHEHUM.
OmHaKo ¢ 1IeJIbI0 TOYHOTO OMPEISICHMS CHIT
COIPOTUBJICHUST TIEPEKATHIBAHUIO KOJECHOM
mapsl 110 yIpyroaeopMUPOBAaHHOMY PEJIbCy

Tapmaes A. A., Pununnoe B. H., NMetpoe . U. K Bonpocy o0 MoaenupoBaHumn ABUXEHUS KONECHOMN
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3HaYEHUA BEPTUKANBLHLIX NpornBoB pensca Z,[x) w xecTkocT C(x)
B Pa3IMuHLIX CEUYEHHAX 3BEHA

o 200 () 7
5 Calx), (kH/mm) ,/
-
5 "'\" -J"--g.._._h._ "kv /""--.._._ »n \‘ -/
g
1

TIPUXOJUTCS CYIIECTBEHHO YCIOXHSIThH pac-
YETHBIE MOJIENU TIYyTH, TIPEJCTABIISAS UX KaK
CJIOXXHBIE MHOTOMACCOBBIE CUCTEMBI C pa3-
JIMYHOUM CTPYKTYPOU B3aMMOCBsI3eil. DTO
YCJIOXXKHEHUE MO3BOJISIET 0oJiee MOJTHO OTpa-
JKaTh (DU3NUYECKYIO CTOPOHY 3aauu, COCTOS -
HUE PEaJIbHOTO ITyTH, TIOJy4aTh KOPPEKTHBIE
KOJIMYECTBEHHBIE PE3YJIBTATHI.

s ya€ra ynpyrux m WHEPIMOHHBIX
CBOWCTB ITyTH MEXIy KOJIECOM M OCHOBaHUEM
JKEJIe3HOAOPOXKHOTO MOJI0THA BBEIEHA IO -
HUTEJIbHAs MMOAPECCOPEHHAsi Macca BEPXHETO
CTPOEHUS IyTH, TIPUBEIEHHAS K KoJiecy. Pebe
paccMaTpuBaeTcsl Kak cBOOOIHAsT KPUBOJIM -
HeliHasi TOBEPXHOCTh Ha BUHKJIEPOBCKOM
OCHOBaHWM.

B pacuétHoit Mmogenu mytH (puc. 3) peianc
MMeeT TeOMETPUUECKIE HEPOBHOCTU, YUUTHI-
BaeTCs MepeMeHHas Mo JUIMHE XECTKOCTh
OCHOBaHMSI (pUC. 4), 9TO TTO3BOJISIET TIPU Ha-
JIMYNU HEOOXOTMMBIX TAHHBIX MOJIEJIUPOBATh
peanbHBIN TyTh |5, c. 21]. Bennunna mpuse-
JOEHHOM Macchl Iyt M, y4acTBYIOILEH B CHU-
JIOBOM B3aUMOJIEHICTBUM C KOJIECOM, TIPUHU -
MaeTcsl 3aBUCUMOI OT mporuda pesbca, 3Ta
Macca Tpy JABUXKEHUM BaroHa MOXET U3Me-
HAThCSA. BepTukaabHble U TOPU3OHTATLHbBIE
HEPOBHOCTHU 33JaI0TCS TI0 OTAETBLHOCTUA Ha
MPaBOM U JIEBOM peJibcax.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

N2 lwnansHoro ALWMKa

Puc. 4. XapaKr ©PUCTUKN NYTU, NOJTy4eHHbIe Npu HAaTYPHOM 3KCIepuMeHTe.

2.

ITpu pelieHMM MHOTHUX 3a/1a4, CBSI3aHHBIX
C OLIEHKO# TMHAMMWYECKMX Ka4eCTB U OIpe-
JeJeHUEM MaKCUMaJIbHBIX BEJIUYMH KO3(]-
(GUIIMEeHTOB BEPTUKAIbHON TMHAMUKU, TO-
PU30HTAJIbHBIX PAMHBIX CHJI, 3aI1aCOB YCTOM -
YHUBOCTHU OT CXOJIa C PEJIbCOB, 1IeJIeCO00pa3HO
MIPUMEHSITH IeTEPMUHUPOBAHHBIE HEPOBHO-
CTH, COOTBETCTBYIOLIME JJIMHE PEIIHCOBOIO
3BEHa.

ITyTh MOXeT OBbITh TIPEACTaBICH B BUIE
CHCTEMBbI OTIEIbHBIX MHEPLIMOHHBIX YIIPYTHUX
orop ¢ aemrmdepamu cyxoro TpeHus. CBo-
00Hasl MOBEPXHOCTh TAKUX OTIOP B IIPUHSI-
TOM CHUCTEME KOOpPAMHAT OIpeaeasieTcs
aHAJIMTUYECKU WM 3agaéTcsd B QyHKIMU
1n(x). ZK€cTKOCTHBIE U TUCCUTIATUBHBIE Xa-
PaKTEPUCTUKHU OTACIbHBIX YIIPYTUX OIIOP
MOTYT OBbITh Pa3JIMYHbBI 1 33]1aBaThCsl B 3aBU -
CHMOCTH OT KoopauHaThl x. Ce10BaTeIbHO,
B GMKCUPOBAaHHOM CEUYEHUU ITyTH X COOTBET-
CTBYyIOIIAsl ympyras ornopa OyneT uMMeTh
OMPENENEHHYIO KECTKOCTD €, (X) U BETUYUHY
CTaTUYECKOro TPOTuda z, (X), 3aBUCSILETO
TaKKe OT BEJIMYMHBI CTATUYECKOM Harpy3Ku
Ha KoJieco akurmaxa (puc. 4).

ZKECTKOCTb peIbCOBOTO IMMyTH MOXKET OBITh

NPEJICTaB/IeHa B BUJIC 3aBUCHMOCTH [6,c. 306]:
¢ (%) = ¢,(x) + ¢, (x),+(3,, = 0,5); (13)

Tapmaes A. A., ®dununnoe B. H., NMeTtpoe . U. K Bonpocy 0 MoaenupoBaHumn ABUXEHUS KONECHOMN

napbl BaroHa



¢,(x)=c,+|B,ssin |%-x |+
. T
+| B, +sin| 3-Z-x [,

IJie €, — KECTKOCTh PEJIbCa B CTHIKE;

A W B —aMIUTTy1a U3MEHEHUS KECTKO-
CTH TI0 IEPBOIA U BTOPOI1 rapMOHUKAM;

L — nnuHa 3BeHa;

X — CeYEeHUe MyTU, U3MEHSIOLIEEeCs C 1Ia-
TOM, PaBHbBIM JUIMHE LIIAJBHOTO SIIUKA;

A, — KO3(hOUUUEHT, TOKa3bIBAIOIINI
MaKCUMAJIbHO BO3MOXHOE U3MEHEHUE XECT-
KOCTH OT OJJHOTO LIMAJIBHOTO SIIIUKA K IPYTrO-
My (B 0OIIIeM CiTyuae 3TO UBMEHEHUE KECTKO-
CTU HOCUT CJTy4aliHbIi XapaKTep);

A, — TICEBIOCTYHalHOE YUCJIO, U3MEHSTIO-
meecst ot 0 1o 1 (7151 X oJTy4eHUsT UCTIONb-
3yeTcsi FeHepaTop CIIydailHbIX YUCe).

Takoe mpeacTaBieHUE XECTKOCTU IYTH,
HarnpuMep, y1o0HO UCTIOJIb30BaTh /151 IPOBE-
JIEHUS] CPABHUTEJIBbHON OLIEHKU BIUSIHUS OT-
JIEJIbHBIX TAPAMETPOB BarOHA HAa €r0 IMHAMU-
YECKHEe KauecTBa.

ITonyvaeTcsi, BepTUKAJIbHOE U TOPU3OH-
TaJIbHOE BO3MYLUEHUSI B MOJEJIU dKUMaXK—
MyTh 33JAI0TCS HE TOJbKO HaYaJlbHBIMU T€0-
METPUYECKUMU HEPOBHOCTSIMU HE3arpyKeH-
HOTO IyTHU, HO U U3MEHEHUEM XKECTKOCTHBIX
napaMeTpoB ITyTH IO IJIMHE peibca (MapaMeT-
pudyeckue koyiebanus). CienoBaTenbHO,
TpaeKTopUs KoJjieca (Tak Ha3blBaeMasi T1uHa-
MUYecKasi HEPOBHOCTb) OyJEeT OMpenesiThCs
napamMeTpamu BCEW CUCTEMbl IKUMAX—ITYTh.
ITpu 3TOM pacy€THass MOIEIb HE YUUTHIBAET
pacnpeaeuTeIbHble CBOCTBA PealbHOTO
PEIBCOBOrO IMYTH.

TTonoxeHue KOJECHOU Napskl, onpenessie-
MO€ KOOpAMHATaMU Z, y U 3, 3aBUCHUT OT Bep-
TUKAJIbHBIX U TOPU3OHTAJIBHBIX JUHAMUYE-
CKMX HEPOBHOCTEW TMPABOM U JIEBOU PEJIbCO-
BBIX HUTEM, a TAKXKE OT PaAUyCOB KPYTrOB Ka-
TaHus r(f), TIOTMIEPEYHOr0 OTHOCA KOJIECHOM
napbl, ONpPeneasIeMOro KOOpaAUHATO! y, Iu-
PUHBI KOJIen 2.5 B KaXK/I0M CEYeHU N U TEOMET-
pUYECKUX HEPOBHOCTEW PEbCOBBIX HUTEH
B 1UiaHe y . Paxmycsl kpyros kataHus r(f),
B CBOIO OYE€PENb, 3ABUCAT OT 3aJaHHOTO MPO-
(st koneca v Bcex Ipyrux KOOpAMHAT caMoit
KOJIECHOU Mapbl U HEPOBHOCTEN MyTH. DTa
CBSI3b OCYLIECTBJIsIETCSl yepe3 pasmep s(7),
TMOMOTAIOLIN I HANTU MOJTOXEHUE TOYKU KOH-
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raft)

Puc. 5. PacyéTHas cxema ans onpenenexHus
CKOpPOCTeWi CKOJIb)XXeHUsI KoJieca.

TakKTa KoJjieca Ha penbce. Y3 pacu€THoit Mo-
JIeJIA BUIHO, YTO XapaKTep BO3MYILEHUI TTPU
MU3yYEHUU MPOCTPAHCTBEHHBIX KOJeOaHUN
BaroHa OyzeT OonpenesiTbCsl He TOJbKO He3a-
BUCUMBIMU TIapaMeTpaMu TyTHU, HO U Mapa-
MeTpaMU UCCJIeyeMOro 9KUMaxa U ero no-
JIOXKEHUEM B MPUHATON CUCTEME KOOPAMHAT.

IMpu HaxOXIeHUU CUJ TPEHUS B TOUYKAX
KOHTaKTa KOJIeCO—PEeJIbC PACUETHON MOJIeIn
IJIS. YIIPOIIIEHUsI 3a/lauu UCIOJb30Bajlach
cxema ornpezieJIeHUs1 CKOPOCTel MPOCKab3bl-
BaHUS C YUETOM IepeKaTbiBaHUS KOJECHOM
napsl (puc. 5).

HanpasneHue cuiibl TpeHUsI MePIIeHINKY-
JISIPHO HOPMAJIbHOM CrJle IaBIeHus R B TOY-
K€ KOHTaKTa KOJecO—pesbC U MPOTUBOTIO-
JIOXKHO HATPaBJIEHUIO CKOPOCTEM CKOJIbXKEHUS
X U y. BBUIy MaJOCTM HaKJIOHA KaTaHUS

OTHOCUTETHHO TTocKocTr XOY npu HamTMmInum
3a30pOB MEXIY TpeOHEM U PEeTbcOM BEPTH-
KaJIbHasT COCTABIISIIONIAST CUJTBI TPEHUST KOJIe-
CO—DpeJIbC HE YYUTHIBAETCS.

[MpuHAB foTTyIIIEHNE, YTO CKOPOCTh Baro-
Ha BIIOJIb OCU TYTH V TIOCTOSTHHA, MOXHO W3
BBIpaXKeHUST (6) MOJTYYUTh CKOPOCTH JIBUKE-
HUS IIEHTPa Macc KaXIoW KOJIECHOU Mmapbl
BIOJIb OCH TIYTH X, ..., X,, C YIETOM MOAEP-

TUBaHUS KOJIECHBIX TIap B TIpeNieax yIpyrux
3a30pOB B ITPOI0JILHOM HamnpasiaeHuu. Toraa
u3 BeIpaxkeHuit (14)—(16) MOXXHO OTIpeAeTUTh
CKOPOCTHU CKOJIbXXEHUS KaXA0ro U3 KOJEC.
OTHOCUTENIbHBIE CKOPOCTU CKOJIbKEHUST Ha-
XOMSTCS IEJICHUEM BEIMUUH U3 BhIPAXKCHUU
(16) Ha COOTBETCTBYIOIIYIO BEJIUYUHY
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Puc. 7. Pesynbrartbl pacyéra.
3Has BEeIMYUHY OTHOCUTEJbHOM CKOpPO-
Xin = Wih (t) - 5 (f); (14) CTU CKOJIbXKEHHSI, MOXHO OIPEACTUTh KO-
S _ . 3 ULUEHT TPEHUSI MEXIAY KOJIECOM
X, = Wih (t) (20 (t)5 (b(b p y
U PEIbCOM.
Yin =N+ X005 Vi, =N+ X0, (15) TTossBieHue U HEOOXOAUMMOCThH yuéTa
> TUPOCKOIMUYECKOTO MOMEHTA B MOJEJIU
. . LD .
Von = \/(xl,, —xlu) + Vi (16) 00YCJIOBJIEHO T€M, YTO MPU BBICOKUX CKO-
- . POCTSX ABMKEHUST OBICTPO Bpalllaloliasicst
Voin = (xm - xlu) + Vi, KoJi€cHas mapa HauMHaeT MPOosIBASTh TUPO-
ckonuvyeckue cBoiicTtBa. KIT ¢pakTnuecku
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CTAHOBUTCS POTOPOM ABYXCTEIEHHOTO
rupockona [7, c. 288], 0Cb KOTOPOTO JEXUT
B IUJIOCKOCTHU TMEPIEHAUKYJISIPHO HaMpaB-
JICHUIO ITyTHU. 17151 TOSICHEHUS IPEACTaBUM,
YTO U3MEHSETCS HalpaBleHUE ABUXEHUS
BaroHa, KII BkaTbiBaeTcs ¢ MpSIMOTO y4acT-
Ka B KpuBy1o (puc. 6). Ha nepBoHavyajibHOM
atane och rupockona (KIIT) conporusnsi-
€TCsl BIIMChIBAHUIO B KpUBYI0. Yepe3 KoH-
TaKT KOJIECO—PEeJIbC MyTh BO3ACUCTBYET Ha
COTNIPOTUBSIONIUIACS TUPOCKOII, CO3aBast
MOMEHT CUJI OTHOCUTEJIbHO BEPTUKATbHOU
OCH Z, KOTOPBII 3aCTaBsIET MOBOPAYNBATh-
Csl BEKTOP KUHETUYECKOTO MOMEHTA FMpo-
ckona H BHus (puc. 606). ITogpusercsa ru-
POCKONMUYECKUNA MOMEHT M:;p , KOTOpBII
clIelyeT YUYUThIBATh B MU hepeHIIMaTbHbBIX
YpaBHEHMSIX BpallaTeJbHOTO JABUXEHUS
KII.

Bxonsiue B auddepeHInaIbHbBIE ypaB-
HEHUS 3HaYEeHUS TUPOCKOTUYECKUX MO-
MEHTOB BpallalolIMUXCsd KOJECHBIX IMap
OMPENETSIIOTCS U3 3aBUCUMOCTEH:

Meup _ J xul,u.,4B .
zl,...4 T 1,...,4?

p

(17)

X
ul,...4 -
J D4

T

eup
Mxl,m,4

Kpome Toro, Ha cKOpOCTSAX ABUXKEHUS
Boime 140 xM/9 HEOOXONMMO YUYUTHIBATh
nucoananc KII. Bo3neiictBue nucbananca
BO3HMKAET IEPUOANYECKU U UMEET YCJIO0-
BHUEeM 000poT KoJjieca. Ha omHO¥ mooBuHe
obOopora Bo3aelicTBUE UAET Ha MyTh, Ha
JIPYyroil — MmyTh, HA00OOPOT, pa3rpyxkaercs
(puc. 7). TopuszoHTalbHbBIE U BEPTUKAJIbHbIE
COCTaBJISIONIME CUJI, OOYCIOBICHHBIX IUC-
o6anancom KII, onpenensaiorcsa B 3aBUCHU-
MOCTH OT Macchl Aucbananca m, 1o popmy-
Jam:

)
Py = my () or,=cosy; ;

(18)

Pnjz =m, (WJ )2.’;P.Sinwj :

HenocpenctBeHHOe onmupaHue Ky3oBa
Ha OYKCHI ITI03BOJISIET CYILIECTBEHHO CHU3UTD
Maccy HeoOpecCcopeHHBIX yacTeii. st aTo-
ro ciydasi CBOWi MHTEpeC MpeaCcTaBIIsIeT

3aJada 1o OIpeAeIeHUI0 BIUSTHUS aucoa-
JIJaHCA W TMPOCKONMYECKOTO MOMCHTA Ha
YPOBEHBb BEPTUKATbHBIX Z W TOPU30HTATb-
HBIX ¥ YCKOPEHUI, A CTBYIOIINX Ha KOJIEC-
Hylo napy. [TogoOHbIe BeIUUYUHBI MOTYT
OBITh MCHOJB30BaHbI, HAIpPUMED, IPHU
ompeneneHun kKoaddumrmeHTa 3amaca
YCTOMUYMBOCTU KOJECHON mapbl MPOTUB
cxoja ¢ peabcoB. PesyabraTsl pacuéra B BU-
Jle 3aBUCUMOCTEN ¥ U Z OT CKOPOCTU [ BHU-
JKEHMUs TIpeacTaBieHbl Ha puc. 7. U3 aHa-
JIM3a JaHHBIX BUAHO, YTO Macca aucbaiaH-
ca U TMPOCKOTMYECKU 3P PeKT OoJbine
CKa3bIBaIOTCSI HAa BEPTUKAJbHBIX, YeM Ha
FOPU30HTAJbHBIX YCKOpeHUsIX. U3 cormo-
CTaBJIeHHMS KPUBHIX 1, 2 m 5 ciemyeT, 4TO
B OoJbIIeit cTeleHW Ha MaKCHMMaJbHBIC
3HAYCHUS 7 OKa3bIBaeT BIMSHHE BEINUYMHA
nucbaliaHca.

Takum oOpa3oM, yTOUHEHHAS HEJTUHEM -
Has MOJEJb OBVXCHUSI KOJECHOU ITaphl
BaroHa MO3BOJSICT peaJbHO OILICHUBATh
IUHAMUYEeCKUEe CBOMCTBA MOIBUXHOTO
CcoCTaBa IPU BBICOKUX CKOPOCTSIX IBUXKE-
HUS C YYETOM BJIUSIHUS TUPOCKOMTUYECKOTO
MOMEHTA 1 [rcOajlaHca KOJECHOM Imaphl.
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ON MODELING OF CAR’S WHEEL SET MOVEMENT

Tarmaev, Anatoliy A., Irkutsk State Transport University, Irkutsk, Russia.
Filippov, Victor N., Russian University of Transport, Moscow, Russia.
Petrov, Gennady I., Russian University of Transport, Moscow, Russia.

ABSTRACT

The article considers a refined mathematical
model of motion of awheel set with a variable structure
of a system of nonlinear differential equations, as well
as design diagrams describing interaction of elements
of a railway vehicle and a track. The model also takes
into account factors that are relevant for speed
movement, such as gyroscopic moment and

imbalance of a wheel set. The «vehicle-track» system
is presented as complex and multi-mass one, with a
different structure of interconnections. The track is
studied in the form of a free curved surface on the
Winkler base as a system of separate inertial elastic
supports with dry friction dampers. The model will
allow to obtain the correct quantitative results, to
evaluate the dynamic properties of rolling stock.

Keywords: railway, high-speed traffic, railway track, mathematical model, dynamic properties of a car,

wheel set.

Background. A modern railway track is
characterized by the use of heavy-type rails, reinforced
concrete sleepers, changes in the standards for track
construction, bearing capacity of the roadbed,
increased tolerances for track gauge maintenance,
deviations in the plan and profile [1, p. 29; 2, pp. 27—
30]. As a result, the reduced mass of track, dynamic
loads have increased, affecting the operating
conditions of rolling stock, first of all its running gear
[3, p. 1584], and led to an actual reduction in the design
speed. These factors require consideration when
creating an innovative rolling stock ( RS) and predicting
expected dynamic indicators.

In this regard, it is necessary to have a reliable
methodology and a mathematical model of wagon
movement, which adequately describes the processes
in the complex dynamic system «vehicle—track».

To simulate the dynamics of RS, specialized
software systems are used, among which are
CONTACT, FASTSIM software applications and
MEDYNA, VAMPIRE, NUCARS, GENSYS, SIMPACK,
ADAMS/Rail software systems, and the domestic
«Wagon» (Research Institute of Railway Transport),
«DiONiS» («Dynamics, optimization, loading and
statics», Russian University of Transport), «UM>»
«Universal Mechanism» (Bryansk State Technical
University) software systems.

In a number of cases, we will immediately say,
linearized models are used that do not take into
account important aspects of dynamic loading of
elements of cars under typical operating load
conditions. It is known, in particular, that the results
obtained on linearized models apply only to vibrations
with small amplitudes and provide a qualitative, rather
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Pic. 1. Calculation model of a four-axle car (an example with a body leaning on axle boxes).
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Pic. 2. Scheme of forces applied to the wheel set.

than a quantitative picture of phenomena of tortuous T+ VB +R-s(t)—R s (£)+
movement and forced vibrations [4, p. 38]. Therefore, (et & )Bi+iR -5 (6 SR -5 (2)
when developing an adequate design model, one  +(P,— B)-b- (N, + le)-r1 (t)+
should keep in mind the existing nonlinearities in .
differential equations and constraints. +( N, - T, ) rz(t) + My -sign( /}IJ =0; (5)

A key element determining reliability of results Y
obtained in modeling movement of a railway vehicle is 2% .
correctdescription ofdynamics ofwheel sets. Therefore, ¥, = ﬁ; Vi = Vi HW ey
we considerimplementation of the model at the example rl( ) r2( (6)
of a nonlinear model of the motion of a wheel set(WS)  x,=V - X,

along rails and its interaction with a track.

Objective. The objective of the authors is to
consider different aspects of modeling of car’s wheel
set movement.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical method.

Results.

1.

The tendency to increase speed of movement of
RS requires that simulation of WS movement takes
into account such factors as the gyroscopic moment
and the run-out of wheels due to imbalance of the
wheel set.

When developing a design model as an integral
part of a car model (Pic. 1 shows a variant of a car
having bogies with direct support of a body on axle
boxes of wheel sets) and a system of differential
equations, two conditions are priori:

« WS are absolutely rigid;

- it is assumed that the forces shown in Pic. 2
affect each WS.

The spatial oscillations of WS (unsprung masses
of a bogie falling on a wheel set) can be described by
a system of nonlinear differential equations, using the
example of the first WS.
(M+ M,)%+ R+ R+ P

imlz

+

1
Pasy~R~P~Mg=0; "
My +N-0=0; (2)
MX+T+T,- Py - Py+ P+ B =0, (3)

o= Tos(t) + To5,(1) +
+(P,

(4)

x1

= Py) b+ MY =0;

where M — mass of a wheel set;
g — gravitational acceleration;
M. - reduqeq /jr]a“ss"ofa track;
X, Y,2, X, )V, %, X,¥, Z —coordinates of the position

of the centers of mass of wheel sets and their
derivatives with respect to time;

R, ..., Ry—vertical reactions of rails under wheels;
P, - Py, — vertical components of forces due

to imbalance of wheel sets;

P,, ..., P, — vertical reactions of spring sets;

N,, ..., N, — horizontal reactions acting on wheel
sets;

Q,, ..., Q, - horizontal transverse reactions of
spring sets;

T, ..., T, — longitudinal components of friction

forces arising from wheel slip on rails;

P, ..., P4 — horizontal longitudinal reactions of
the axle box connections to the bogie frame
(determined taking into account dry friction forces
arising between the bogie frame and axle box body
and gaps in the guides);

P, -+ Pyg,— horizontal longitudinal components
of forces due to imbalance of wheel sets;

Jo J y, J, — moments of inertia of the wheel set
relative to the corresponding axes of coordinates;

S,(1), ..., s{t) — distance from the middle of wheel
sets to the contact points of the wheel with the rail;

b —distance from the longitudinal axis of symmetry
of the car to the fulcrum of the body on the axle box;

M., M ME .. M5 —gyroscopicmoments
of rotating wheel sets with respect to the respective
axes;

J_ —reduced moment of inertia of the track;
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b)

Pic. 3. Simplified design scheme of the system «vehicle—track»:
a) vertical track irregularities; b) horizontal track irregularities.

N, ...N,N,, .., N, —horizontal components of
the reaction, acting on wheel sets; the reaction is due
to conicity of the rolling profile of the left and right
wheels;

T, p o Tsy — transverse components of friction
forces arising from wheel slip along rails;

Yy oo Wy Bis oo By Vs eoes Va3 By oo ﬁ4 =
angles of rotation of wheel sets and their derivatives
with respect to time;

r(t), ..., r{t) — radii of wheels rolling circles;

X, ..., X,, — speed of movement of the center of
mass of the wheel set;

V — speed of a car along a track;
h — geometric size;

i, i+1 — index denoting the iteration sequence
number.

When determining vertical reactions of spring sets
and vertical reactions from the side of the track, a
one-sided connection is taken into account by
introducing the conditions of deloading if the sum of
static deflection and dynamic deformation is equal to
or less than zero.

Horizontal reactions N,, ..., N,, acting on wheel
sets, are determined from the expression (7) taking
into account the horizontal component due to conicity
ofthe rolling profile N, ..., N, of the rightandN,, ...,
N, of the left wheels, and transverse components of
friction forces T, e U ¥ arising from wheel slip along
rails.

Values of vertical deflection of the rail Z,,(x) and stiffness C,(x) in different sections of the rail length

7 il 111G
\/‘
8 2, ) ra
 Calx), (kN/mm ) /
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Pic. 4. Characteristics of the track obtained during the field experiment.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 6-19 (2019)

Tarmaev, Anatoliy A., Filippov, Victor N., Petrov, Gennady I. On Modeling of Car’s Wheel Set Movement



Vertical dynamic deformations Ay s By
horizontal transverse dynamic deformations A,, ...,
Ag A, ..., A and horizontal longitudinal dynamic
deformations are determined by dependencies (8),
(9), (10). They also record the rates of dynamic
deformations, but the coordinates in this case are
replaced by the values of their first derivatives with
respectto time. The vertical dynamic reactions of the
track under wheels follow from (11).

N1=N1r_NII+T1y+T2y" (7)
AP1=zk+\VkI(L1 +L)+PBeb(t) -z, ~PB,b } (8)
Apz =z, +y (L, +L)+B, bft)-z —B, b;
Al=yk+¢k'(L1+IT)+¢r1.It_y1" (9)
Ax1=(¢1_¢t1)'b+x1 (10)
Ay =(¢t1 - ¢1)'b X,

Am =z, + B,'S,(t) _zpnz(x) w anz(X) +I’1(t) } (11)
Anz =z + B,'SJT) _zprzz(x) + Tlpzz(x) +r2(t);

A51 =yt ¢1‘S1(t) - zprl/x) u nm/X) B S1(t) (12)

A=Y, 0,8 t) - zpm/x) + npz}[x) +51).
where Z,,2,2, .2 ~ track parameters in the vertical
and transverse directions.

The vertical reactions of the track regarding a
wheel set depend on the parameters of the track and
the coordinates that determine the position of the
unsprung parts of the bogies. This connection is
carried out through the values of dynamic
deformations.

To find the trajectory of the wheel set, one should
look for solutions of a system of six differential
equations. However, in order to accurately determine
the forces of resistance to rolling of a wheel set along
an elastically deformed rail, it is necessary to
significantly complicate the computational models of
the track, representing them as complex multi-mass
systems with different structures of interconnections.
This complication allows to more fully reflect the
physical side of the task, the state of the real track, to
get the correct quantitative results.

To account for the elastic and inertial properties
of the track between the wheel and the base of the
railroad track, an additional sprung mass of the track
superstructure, reduced to the wheel, is introduced.
The rail is considered as a free curved surface on a
Winkler base.

In the design model of the track (Pic. 3), the rail
has geometrical irregularities, the base stiffness
variable in length (Pic. 4) is taken into account, which
allows simulating the real track when the necessary
data are available [5, p. 21]. The magnitude of the
reduced mass of the track M involved in the force
interaction with the wheel is assumed to be dependent
on deflection of the rail, this mass may change when
the car moves. Vertical and horizontal irregularities
are set separately on the right and left rails.

2.

When solving many problems associated with
assessment of dynamic qualities and determination
of the maximum values of coefficients of vertical
dynamics, horizontal frame forces, stability
reserves from derailment, it is advisable to use
deterministic irregularities corresponding to the
length of the rail.

The track can be represented as a system of
individual inertial elastic supports with dry friction
dampers. The free surface of such supports in the
adopted coordinate system is determined analytically
or is given in the function n(x). The stiffness and
dissipative characteristics of the individual elastic
supports can be different and can be set depending
on x coordinate. Consequently, in a fixed section of
the track x, the corresponding elastic support will have

.l';‘ﬂ

g

Pic. 5. The design scheme for determining the wheel
slip speeds.

a certain stiffness c (x) and a static deflection z (x),
which also depends on the static load on the vehicle’s
wheel (Pic. 4).

Rail track stiffness can be represented as a
dependency [6, p. 306]:

¢ (x) = ¢,(x) + ¢,(x)6,(5,. — 0,5); (13)

¢,(x)= c[,+|B,,~sin|%-x|+|B,,~sin|3~%-x||,

where c, - rail stiffness at the junction;

A and B -amplitude of change of stiffness in the
first and second harmonics;

L — length of the rail;

X —section of the track, changing with a step equal
to the length of the sleeper box;

A, — coefficient showing the maximum possible
change in stiffness from one sleeper box to another
(in general, this change in stiffness is random);

A, — pseudo-random number varying from 0 to
1(random number generator is used to obtain them).

It is convenient to use such a representation of
track stiffness, for example, for conducting a
comparative assessment of influence of individual
parameters of a car on its dynamic qualities.

It turns out that vertical and horizontal
perturbations in the model vehicle—track are not only
defined by the initial geometric irregularities of the
unloaded track, but also by the variation of rigid
parameters of the track along the rail length
(parametric oscillations). Consequently, the trajectory
ofthe wheel (the so-called dynamic unevenness) will
be determined by the parameters of the entire system
vehicle—track. In this case, the design model does not
take into account the distribution properties of the
real track.

The position of the wheel set, determined by z, y
and B coordinates, depends on the vertical and
horizontal dynamic irregularities of the right and left
rail threads, as well as on the radii of rolling circles
r(t), the cross-sectional deviation of the wheel set,
determined by the coordinate y, the track width 2S in
each section and geometric irregularities of rail
threads in terms of the plan y . The radii of rolling
circles r(t), in turn, depend on the given wheel profile
and all other coordinates of the wheel set itself and
the roughness of the track. This connection is made
through size s(t), which helps to find the position of
the point of contact of the wheel on the rail. From the
design model it can be seen that the nature of the
disturbances in the study of the spatial oscillations of
the car will be determined not only by the independent
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Pic. 6. The manifestation of the gyroscopic properties of the wheel set.
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parameters of the track, but also by the parameters
of the vehicle under study and its position in the
adopted coordinate system.

When finding friction forces at the wheel-rail
contact points of the design model, to simplify the
problem, we used a scheme for determining slip
rates taking into account rolling of the wheel set
(Pic. 5).

The direction of the friction force is
perpendicular to the normal pressure force R, at
the point of contact wheel-rail and opposite to the

111213141516171819202122232425262728293031 323334 3536373839404142434445

Vimss)

Pic. 7. Results of calculation.

direction of sliding speeds X and Y . Due to the
smallness of the slope of rolling relative to XOY
plane in the presence of gaps between the ridge
and rail, the vertical component of the wheel-rail
friction force is not taken into account.

Taking the assumption that the speed of the
car along the axis of the track V is constant, it is
possible from the expression (6) to obtain the
speeds of the center of mass of each wheel set
along the axis of the track X, ..., X.,, taking into
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account bouncing of wheel sets within the elastic
gaps in the longitudinal direction. Then from the
expressions (14)—(16) it is possible to determine
sliding speed of each of the wheels. The relative
sliding speeds are found by dividing the values
from expressions (16) by the corresponding value
5 2 oacy oG

X, = wh(t) = o (7);
.1 .11() .1 1() } (14)
Xy = yih (t) o5 (t);
Vi =V + X005 Yy =0+ X0 (15)
Vo =i %) + 32 ;
01 ( 1 l) 1 } (16)
. T
Von = (xll_'xlc) +y121 .

Knowing the value of the relative sliding speed,
one can determine the coefficient of friction
between the wheel and the rail.

The appearance of the gyroscopic moment and
necessity of taking it into account in the model is
due to the fact that at high speeds, the rapidly
rotating wheel set begins to show gyroscopic
properties. WS actually becomes a rotor of a two-
step gyroscope [7, p. 288], the axis of which lies
in the plane perpendicular to the direction of the
track. For the sake of explanation, let us imagine
that the direction of movement of the car changes,
WS rolls in from the straight section into the curve
(Pic. 6). At the initial stage, the gyroscope axis
(WS) resists fitting into the curve. Through the
wheel-rail contact, the track acts on the resisting
gyroscope, creating a moment of forces to the
vertical axis z, which causes the gyroscopic
momentum vector H to turn down (Pic. 6b). A

gyroscopic moment Mg, appears, which should

be taken into account in the differential equations
of WS rotational motion.

The values of gyroscopic moments of rotating
wheel sets entering into differential equations are
determined from the dependences

Mfyl,r...,‘t = Jy ri
av ( 7 7)
Mfi’...A = ‘]y 'M(bl,...A .

In addition, at speeds above 140 km/h, WS
imbalance must be taken into account. The impact
of imbalance occurs periodically and has the
condition of a wheel turn. In one half of the turn,
the impact goes on the track, on the other — the
track, on the contrary, is unloaded (Pic. 7). The
horizontal and vertical components of the forces
caused by WS imbalance are determined
depending on the mass imbalance m, by the

formulas
P;mjx = My, ('/)j)z.rav S l//.i ;
, (18)

P;mjz = mim (l//]) rav ‘Sln‘//j .

Direct support of the body by the axle boxes can
significantly reduce the mass of unsprung parts. For
this case, the problem of determining the influence
of imbalance and gyroscopic moment on the level of
vertical Z and horizontal ¥ accelerations acting on

the wheel set is of interest. Such values can be used,
for example, in determining the stability factor of the
wheel set versus derailment. The calculation results
in the form of dependences y and Z on the speed of

movement are presented in Pic. 7. From the analysis
ofthe data it is clear that the mass imbalance and the
gyroscopic effect have a greater effect on the vertical
than on the horizontal accelerations. From the
comparison of curves 1, 2 and 5 it follows that to a
greater extent the magnitude of imbalance affects the
maximum values Z .

Conclusion. Thus, the refined non-linear model
of movement of the wheel set of a car makes it
possible to realistically evaluate the dynamic
properties of rolling stock at high speeds, taking into
account the influence of the gyroscopic moment and
the imbalance of the wheel set.
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efepalbHbIM 3aKOHOATEIbCTBOM

ycTaHOBJIeHA 00SI3aHHOCTD YITO0JI-

HOMOYEHHBIX OpPraHoB Trocyaap-
CTBEHHOI BJIaCTH, €€ CyObeKTOB U OPraHOB
MECTHOTIO CaMOYIpaBjeHHUs OCYILIECTBIIATD
OpraHM3alllIo PeryJsipHbIX IePeBO30K Iac-
CaXMpoB 1 UX Oaraxa Ha MaplIpyTax aBTO-
MOOMJIBHOTO U TOPOACKOI0 Ha3eMHOTO
3JIEKTpUUECKOro TpaHcmnopTa. OCHOBHBIM
aKTOM, OIPEAC/ISIONINM KOMIIETEHIIUU OpP-
raHOB MCIOJHUTEIbHON BacTU B cdepe
Pa3BUTHSI PETYJISIPHBIX IEPEBO30K MACCAXKM -
POB, onpeaeaéH J0OKYMEHT O IJIAHMPOBAHUU
peTyasSpHBIX epeBo30K [1].

ITonoGHBI TOKYMEHT paHee He ITOAr0TaB-
JIMBAJICS M He UCIoJIb30Bajcs. Ero paspabor-
Ka IOJIKHA OCYLLIECTBIISIThCSI [IEPMAaHEHTHO Ha
BCEX YPOBHSIX rOCYIapCTBEHHOI'O M MyHULIM -
MaJIbHOT'O YIIpaBJIeHUsI PUBJIEKAEMbIMU [IJIs1
aroro crneuuanucramu. [loBcemecTHast mom-
FOTOBKA JTOKYMEHTOB ILJIAHMPOBAHUSI PEry-
JIIPHBIX TIEPEBO30K MMOTpedyeT B MaciuTabax
CTpaHBbl OOJILIIOTO YKC/Ia MPO(ECCUOHANIOB,
KOTOpbIE AOJDKHBI 00J1a1aTh HEOOXOAMMbBIMU
3HAHUSIMU U KOMIIETEHLIASIMU.
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1. MPABOBON KOHTEKCT
nnoaxonbl

HesaTebHOCTh YITOTHOMOYEHHBIX OpraHOB
WUCTIOJTHUTEIbHOM BIACTH COIIACHO MOJIOXKEHU -
sm DenepanbHOro 3akoHa «O0 opraHU3aluu
PETYJISIPHBIX TIEPEBO30K MaCCaXKUPOB U Oaraxa
ABTOMOOWJIbHBIM TPAHCIIOPTOM U TOPOACKUM
Ha3eMHBIM 3JeKTPUUYECKUM TPAHCIIOPTOM
B Poccuiickoit Denepalivvi 1 0 BHECCHUM U3Me-
HEHUI B OTIEIbHbIC 3aKOHOAATEIbHbIEC aKThI
Poccuiickoit ®enepauun» ot 13.07.2015 .
Ne 220-D3 (manee — P3-220) npemycMaTpuBa-
et [l,ct 1; o 2-5]:

a) YCTaHOBJIEHUE, U3MEHEHWE WM OTMEHY
PETYJISIPHBIX MapIIPYTOB;

0) yTBEp:KIEHME paciucaHus ABMKEHUS 110
MapuIpyTy Ha OCHOBE IMPOEKTa, MpeacTaBiisie-
MOTO YITOJIJHOMOUYEHHOMY OpraHy JIMIIOM, UHU-
LIMHUPYIOLIAM MapLIpyT;

B) MoapasaesieHrue MapIlipyToB M0 BUIaM
PETYJISIPHBIX TIEPEBO30K Ha MapIIPYThI C pery-
JIMPYeMbIMU WM HEPETyJIMpyeMbIMU rocynap-
CTBOM (OpraHaMu MECTHOTO CaMOYTIPaBJICHNs)
TapudaMu, U3MEHEHUE BUIA PETYJIIPHbIX I1e-
DPEBO30K Ha MapiIpyTe (aBTOOYCHBIE, TPOJLICH-
OycHbIe, TpaMBaliHbIE);

I) MpeaocTaBlieHUEe MaccaxXupam JbIoT
B OILUIaTe MpOoe3a;

Il) IpOBeIeHNe KOHKypca Ha TIpaBo 00CITy-
JKUBaHUST MaplIpyTa MepeBo3UrMKaMu;

€) BeZICHUE PeeCTPOB MapIIPYTOB Pa3IMYHbIX
KaTeropuii ¥ peecTpOB OCTAHOBOYHBIX ITYHKTOB;

K) opopmIiIeHHEe CBUIETEILCTB Ha MPaBO
OCYILIECTBJIECHUS TIePEeBO30K MO MaplIpyTaMm
M KapT MapIIpyTOB.

Panee cyiecTBoBaBIIIME TEXHOIOTMYECKUE
pa3pabOTKX MOTYT OBITh PACCMOTPEHBI KaK aHa-
JIOTW 3aJa4 TPaHCMOPTHOIO TIAHUPOBAHUS
TOJIBKO MPUMEHUTEILHO K MTOIITYHKTAM «a» U «0».
OcTaibHbIe 3302491 1 BBIJISIACA TPUHLIMITAATb-
HO MHaue, U OYEBUIHO UX HECOOTBETCTBUE TEX-
HOJIOTMY OpraHM3aluu MepeBo30K, cHOpMUPO-
BaHHOW MPUKJIAAHOU TPpaHCIOPTHOI HayKOIA.
TIpuyém a1 UCKIIOYeHUST TTyTaHULIbI CIeAyeT
pa3InyaTh ABa MOHSTHS: OPraHU3aIUIO IIEPEeBO-
30K ¥ TEXHOJIOTMUYECKYIO OPraHU3al1Io IIepeBo-
30K maccaxkupoB 1 0araxka. Ha puc. 1 mpusenéx
MpYMep TOCIeIOBATEIbHOCTU PELIeHNYs 3a1a4
MPU OCYIIECTBICHUM MEPEBO30K TOPOICKUM
naccaxkupckum TpaHcrioptom (I'TIT) [2—4].

s peanmzany nosioxkenuii M3-220 pas-
pabaThIBAIOTCS CIIEAYIOIIME TOKYMEHTHI:

* JOKYMEHT IJIAHUPOBAHHUS PEryJIAPHBIX
nepeBO30K, KOTOPHIH SIBJISIETCSI HOPMAaTUBHBIM

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 20-37 (2019)

TPaBOBBIM AKTOM BBICIIIETO UCTIOTHUTEILHOTO
opraHa rocyIapCTBEHHOU BJIaCTU CyObeKTa
Poccniickoit @enepanut WM UCTIOTHUTEIb-
HO-PaCMOpPSANTETBHOTO OpraHa MyHULIMATb-
HOTro 00pa3oBaHMs. DTUM JOKYMEHTOM YCTa-
HaBJIMBAETCS TepeYeHb MEPONMPUITUI TTO
Pa3BUTUIO PETYJISIPHBIX IEPEBO30K, OH PETYJIN-
pYET OTHOLIEHMUS, CBSI3aHHbIE C YCTAHOBJICHU-
€M, U3MEHEHKUEM, OTMEHOI MapIlIPyTOB, I0ITy-
CKOM MEePEeBO3YMKOB K OOCTYy>KUBAHUIO JIMHU,
HCIOJIb30BAaHUEM OOBEKTOB TPAHCMOPTHOMN
MHGPACTPYKTYPHI, a TakKKe ¢ OpraHu3auuei
KOHTPOJISI 32 BBITIOJITHEHUEM NIEPEBO30K;

* CBUIETEJILCTBO 00 OCYIECTBICHUH Tepe-
BO30K M0 MAPIIPYTY Pery/sipHbIX MepPeBO30K
MOATBEPXKIAET MTPABO MEPEBO3YNKA OCYIIECT-
BJISITh TAaKKE TIEPEBO3KU 10 HEPETYTUPYEMbBIM
Tapudam;

* KapTa MapUIPyTA PeTyJsPpHbIX NePeBO30K
BBIIAETCS MEPEBO3UYMKY Ha KaXIoe TPaHC-
MOPTHOE CPENCTBO, OHA CONEPKUT KPaTKUe
CBEICHUST O MaplIpyTe M XapaKTepUCTUKU
TPAHCIIOPTHOT'O CPEACTBA C YKa3aHUEM Iapa-
METPOB, BIUSIIOIIMX HAa KAYECTBO MEPEBO30K —
HaJlMuMe HU3KOro moJia, KOHIAUIIMOHEpa,
000pyT0BaHUS IS ITACCAXKUPOB-UHBATUIOB,
9JIEKTPOHHOT0 MH(pOpMaLlMOHHOTO TabJio,
CUCTEMBI KOHTPOJISI TeMIIepaTypbl BO3Ayxa
B CaJlOHEe, CUCTEMbl OE3HATMYHON OILIAThI
npoesna u T.I. [1];

* MACHOPT MAPILIPYTA PEry/sipHbIX MepeBo-
30K, KOTOPBII COCTaBaAsgeTCS Ha KaXIbli
MapILPYT U COAEPXKUT MOAPOOHBIE CBEICHUS
0 HEM;

* peecTpbl MAPIIPYTOB PEryJispHbIX Nepe-
BO30K IpeTHa3HAYEeHBI [T YUETa IKCILTyaTh-
PYEMBIX TTACCAXKUPCKUX JIMHUM U comepxkar
OINKCaHUe BUIA MIEPEBO30K, TPACC, Mpeaesib-
HOE YMCJIO IKCTUTYaTUPYEMbIX Ha HUX €TMHUII
MOJBUXXHOTO COCTaBa, MH(MOpMAIIUIO O Bpe-
MEHU paboThl, TaHHbIE O MEePEeBO3YUKAX.
PeecTpsl MapupyToB MOTYT ObITh: a) MYHU-
LIMTNATbHBIE; 0) MEXKMYHUIIUITIATbHBIE; B) MEX-
pPErMOHAJIbHBIE; T) CMEXHBIE MEXPETHOHAIb-
HbIE;

* peecTpbl OCTAHOBOYHBIX NMYHKTOB TIPE/I-
Ha3HAYeHBbI T UX yY€Ta U COepKaT CBeJe-
HUST O HUX.

ITpoiiecc TpaHCMOPTHOTO MIAHUPOBAHUS
1 MH(GOPMALIMOHHO-JIOTUYECKUE B3aUMOCBSI -
31 €70 OTAEJbHBIX 2JIEMEHTOB MPEICTABICHBI
Ha puc. 2.

Metononornyeckue Moaxoasl K INIaHUPO-
BAHUIO, TEXHOJIOTUYECKON OpraHu3aluu pe-

CnupuH U. B., Benser B. M., AHToHOBa B. B. MeToaonorus niaHMpoBaHUA aBTOMOOMIIbHbBIX MACCaXXUPCKUX
nepeBo3oK
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Puc. 1. UnpopmaumnoHHO-TOrnyeckas cxema peLueHus 3agayd npuv nepeBo3kax naccaxuvpos [MIT. [TyHKTUpHbIMU
KOHTYypamu 0603Ha4yeHbl pYHKLMOHabHbIe 610Ky 3a[a4, CBET/IbIMU CTPEJIKAMU — OCHOBHbIE NHPOPMaLNOHHbIE
CBSI3u € noApa3sgeneHnsMy TPaHCMopPTHOW opraHn3aunn: NC — noaBuwxHoii coctas, M0 — nnaHoBoO-
8koHomu4eckuii otgen, OTIOP — oTaen ToniMBHO-3HepreTuieckux pecypcos, OK — otaen kagpos,

ITC — npon3BoACTBEeHHO-TeXHUYecKas cnyx6a.

TYJISIPHBIX TACCAXUPCKUX MEPEBO30K B TPAHC-  PACCEIEHUE, 3€MJIETIOJb30BAHUE U JAPYTUe
TIOPTHO# HayKe (DOpMHUPOBAIMCH B COOTBET-  CYIIECTBEHHBIC CTOPOHBI XU3HEICITCIHHO-

CTBUN: CTH,
¢ C YPOBHEM 3HAHUU O TPaHCIIOPTHBLIX ¢ C METOJaMU IMPOBCACHHUA aHAJIN3a U PC-
CHUCTEMAX N X TCXHUKO-OKCILTYyaTaAIlMOHHLIX  IICHUA 3a4a4 INTaHWUPOBAHUA U TCXHOJIOTNYC-
BO3MO)KHOCTCI>1; CKOM OopraHM3anyy IIEPEBO30K ITACCAKMPOB,
¢ C IOHUMAHMEM TCKYIIUX U CTPATCINYC- ¢ C TCXHOJIOTrMAMU O6pa6OTKI/I I/IH(l)OpMa-

CKUX ITPO0JIEM TPAHCIIOPTA U €0 BJIMSIHUS HA  1IMU Y UCIIOJIb3YEMBIMU IIPY STOM CPEACTBAMU
00I1eCTBO, SKOHOMUKY, OKPYKAIOIIYIO Cpely, — Iepeaadn TaHHbIX.
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MeToJHKH peme-
HHA 33729 TeXHOJIO-
THYECKOH OpraHH-
3aITHH MEPEBO30K

HopMaTHBEI TOKa3aTe-
Ieif, HCTOIb3yeMBIX IIPH
TeXHOIOTHIecKOH opra-

HH3aILHH TePEBO30K

/—

Baza nanHBIX
pa3paboTkH
JOKyMEHTOB
TTaHHPOBAHHA
MEPEBO3CK

!

Hﬁ]{Mm PaspaloTka JOKyMeHTa 3asBKH Ha 06-
toa- NIaHHPOBAHHA, IJIAHOB H CIIy)XHBaHHC
H;Zl;;l_x MEpPOIPHATHH Pa3BHTHA Tle- MapIIpyTOB ¢
OB PEBO30K I1aCCaKHPOB [IPHIIOKCHHEM
OIHCAHHA
f MapupyTa H
0€KTa pac-
| PeecTper P p
1 MAPIDY-  |ed] JIOKyMEHT IITaHHPOBAHHA pery- [MHCAaHHA IBH- 4
1 TOB IIAPHEIX NIEPEBO30K MACCAKHPOB REHHA
1 I
LI ' ] i
TapHbsI pery- CBHzeTenscTBa KoMI1eKTB IInaser H3Me-
JIHpYEMEIE, He- 00 OCYIIECTBIIE- KapT Mapuipy- HEHHA MaplI-
PEryIHpYEMbIE HHH [1EPEBO30K TOB PyTOB
| IlepeBo3YHKH 110 MapmpyTaM ‘

| CocTaBlIeHHE H BeIeHHE [1aCIIOPTOB PETY/LIPHEIX MAPIIPYTOB

Puc. 2. lMpoyecc TpaHCMOPTHOrO MJIaHNPOBAHUS.

PaccmarpuBas nepeunciieHHbIe (haKTOPbI
B KOMIUIEKCE, MOXKHO BBIACIUTH CICAYIOIINE
OCHOBHBIE 3TaIlbl, XapakTepHble 111 Poccuu:

* mepsblii 3Tan — ¢ 60-x rogoB XX cTOjIe-
T no pacraga CCCP u nepexona ot KoMaH/I-
HO-aIMHUHUCTPAaTUBHOM MOJEIU rocynap-
CTBEHHOTIO YIIpaBJIeHUS TPAHCIIOPTOM K PhI-
HOYHBIM METOIaM BeIeHUS ITPOU3BOICTBEH-
HO-XO3MCTBEHHOM I€STEIbHOCTH;

* BTOPO# 3Tam — OT Havyajia CTAHOBJICHMUS
COBPEMEHHOTO POCCHUICKOI0 rocymapcTBa
npumepHo 10 2010 rona;

* TPeTHil 3Tam — MOCJIeIHNE HECKOJIbKO
JIET 10 HACTOSIIIIETO BPEMEHU.

YMO3pUTEIbHO MOXKHO TOBOPUTH TaKXKe
O 4eTBEPTOM 3Tame, ITIOHMMAasl O] HUM IIpO-
THO3MPYEeMBbIe MPeoOpa3oBaHUS MacCaXup-
CKOI1 TPaHCITOPTHOM CUCTEMBI B 0003PUMOM
Oyay1eM.

Ha xaxnmom 13 Tp€x 3TaroB pa3InyHbIM
00pa3oM OlieHUBaJUCh 0a30Bble BOMPOCHI
TUIAaHWPOBAHUS U Pa3BUTHUS PETYISIPHBIX T1e-
PEBO30K IMacCaXKupoB aBTOMOOWIbLHBIM U TO-
POICKUM Ha3eMHBIM 3JIEKTPUUECKUM TpaHC-
TIOPTOM:

* LIEJIM U CTPATeTUYECKUE MPUOPUTETHI
MIPU OCYIIECTBICHUM TIAHUPOBAHUS U TIep-
CITIEKTUB MacCaKUPCKOIo TPaHCIIOPTa;
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* TEXHOJIOTUU TJIAaHUPOBaHUS U (HOPMU-
poBaHUs OyayIIeTo TPaHCTIOPTHBIX CUCTEM;

* MHGOPMAIIMOHHO-aHAJUTUIECKOE
obecrneyeHue rpoliecca MIaHUPOBAHUS;

* SKOHOMUYECKHNE 0OOCHOBAHUSI TJIAHU-
POBaHWS ¥ PA3BUTHS TPAHCTIOPTHBIX CUCTEM.

2. METOOOJIONMYECKOE
OBECMNEYEHUE TPAHCIMOPTHOIO
NIAHUPOBAHUA

Mertononorunyecke OCHOBBI IJITAaHMPOBa-
HUS pa3BUTHSI TPAHCIIOPTHBIX CUCTEM (DOPMU-
POBaJIMCh HECKOJIbKUMU HAYYHBIMU IIIKOJIAMHU,
BBITTOJTHSIBILIMMU UCC/IEA0OBaHUS U pa3paboTKU
B TPAHCIIOPTHO-I'PaTOCTPOUTEILHOM U TpaHC-
ITOPTHO-3KCITIyaTallMOHHOM chepax B MockBe
(HUUAT, MAIN, MUCH, HUIIU Tenra-
Ha, MApxW), Jlenunrpane (punuan HUUAT,
JINCH), Kuee (KueBHMMUII rpagoctpou-
TeJIbCTBA) U IPYTHUX TOPOOAX.

TpaHCITOPTHO-TPAIOCTPOUTENIBHBIE Pa3pa-
OOTKM B METOA0IOTMYECKOM OTHOIIEHU U HALLLTA
CBOE HOPMAaTUBHO-TEXHOJIOTMIECKOE BOILTOIIIE-
Hue B CHul 1 — cTponTeibHbIX HOpMax 1 IpaBu-
JIaX, UCTIOJIb30BaHME KOTOPBIX TPOSKTUPOBIIIN-
KaMu cyuTajnaoch 00s3aTeJbHbIM. bbLIO
pa3paboTaHO OOJIbIIOE YMCIO MPaBUI, pe-
[JIAMEHTHUPYIOIINX Pa3IAIHBIC ACTICKThI apXH-
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TEKTyPHO-CTPOUTENILHOM JEATeTbHOCTH, B TOM
YKCJIe TPAHCITOPTHOTO TIPOEKTUPOBAHMSI TOPOJI-
CKOM CpeJibl, COOPYKEeHUsT aBTOMOOWIIBHBIX J10-
POT ¥ KICKYCCTBEHHBIX COOPYKEHUI Ha HUX.

3HAYUTETLHON METOIOIOTMIECKON MHHO-
BallMei IS 11eJIeil TpaJloCTPOUTEIHHOTO MPO-
E€KTUPOBAHUS C UCITIOJIb30BAaHUEM KOMIUIEKC-
HOTO IMOJX0Ja SIBUJIOCH (hOpMHUPOBaAHUE
U peau3aiysi KOMIUIEKCHBIX TPaHCTIOPTHBIX
cxeM (KTC), KoTOpBIe OCYIIECTBISIINCH
B KPYMNHBIX ropojaax ¢ HacejeHueM 250—
500 TbIC. U OoJiee YEJIOBEK B COOTBETCTBUU
C TUTIOBBIMU PEKOMEHIALIUSIMU TTPOEKTUPOB-
muKaM [5, ¢. 4—93]. OcHoBHoI1 3amaueit KTC
JIEKITapupOBAJIOCh OTIpeie/IeH e HaTlpaBIeHUIA
Pa3BUTHSI TOPOJICKOTO W IIPUTOPOTHOTO TPAHC-
nopTta Ha nepcrnektusy 10—15 net.

B pykoBoacTse [ 5] moapoOHO ONUChIBAeTCs
TEXHOJIOTHST BBITIOJTHEHUST TIPOSKTHBIX pa3pa-
6oTok 1o popmuposanuto KTC ropona, BKITIO-
Yasi METOJI0JIOTHIO:

* BBITIOJIHEHUSI TPAHCTIOPTHO-TUIAHUPO-
BOYHOI OLIEHKH TOPOJIa M YPOBHS TPAHCIIOPT-
HOTO O0CTY>KMBaHUSI HACETICHUST;

* TIPOrHO3MPOBAHUS PACUETHBIX TTapaMeT-
POB U TIPOEKTUPOBAHUS CETE MapIlIpyTU3U -
POBAHHOTO TPAHCITOPTA;

* TUTAHMPOBAHUS Pa3BUTHSI MarvCTpasib-
HOW YJIMYHO-/TIOPOKHOM CETH;

* TUTAHWPOBAHUSI ITEPEIBVKEHUI TTEIIeX0-
JIOB 1 TIEPEBO30K TIaCCaKMUPOB;

* pa3BUTHsI TPAHCIIOPTHOW MH(MPACTPYK-
Typbl (00CTYKMBaHUE TPAHCTIOPTHBIX CPE/ICTB);

* Pa3BUTHS ITPUTOPOIHON TPAHCTIOPTHOM
30HBI 1 MArMCTPAJILHOTO TPAHCIIOPTa, 00ecTIe-
YUBAIOIIETO TPAHCTIOPTHBIE CBSI3U TOpola
C BHEIIHEN cpefoi.

TexHomornyeckre MOAXOAbl K TPAHCIIOPT-
HOMY TUTAaHUPOBAHUIO ITPY Pa3BUTUM T'OPOIOB
060611eHB B MOHOTrpaduu [6]. [ToagpoGHO
paccMOTpeHa METOIMKA MPOEKTHBIX U M3bICKA-
TEJIbCKUX paboT, TIPUBENEHB PEKOMEH AN
110 UX pallMOHAJILHOMY BBITIOJTHEHUO. JlaHbI
pacy€THBIE aJITOPUTMBI, AHKETBI JJIST TpaHC-
TOPTHBIX OOCJIEIOBAaHUIT 1 HOPMATUBHO-Me-
TOIMYECKUE CBOIKU UCXOMHBIX JTAaHHBIX.

TpaHcTIOpPTHOE TUTAaHWPOBAHKE BCECTOPOH -
He TIPeNCcTaBIeHO B TPydax KpYITHEHIIeTro
OTE€YECTBEHHOTO yuy€HOoro, npodeccopa
M. C. ®uirenscona |7, 8]. [1pu BeITTOTHEHUT
OTEYECTBEHHBIX pa3pabOTOK MPUHUMAJICS BO
BHUMaHUE 3apyOeXHbII OMbIT [9].

B 1iesiom MeTomosiorrsi TpaHCITIOPTHOTO
TUTAaHUPOBAHUS Pa3BUTUS TPAHCIIOPTHOM
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CHCTEMBI TOPOJOB TOCTUTIIA JOCTATOYHO BHI-
COKOTO YpPOBHSI. BblIM cO3maHbl MeTogMYe-
CKMe, aHAIUTUYECKre U MHGMOPMaLlMOHHbIE
MPEATOCHUIKY IS TJIAaHOBBIX PACYETOB B I10-
JIyaBTOMaTUYE€CKOM PEeXMME C MCIO0Jb30Ba-
Huem DBM. I1pu 5ToM MallIMHHBIM CITOCOOOM
BBITIOJIHSUTMCH PYTUHHBIE TPYIOEMKHE OIIepa-
LMY, a TPYIIa ITPOSKTUPOBIIIMKOB ITPOBOIMIIA
KayeCTBEHHOE CpaBHEHNE BapUAHTOB ITPOCK-
TOB, BRIOMpAs HAUTy4Illee PelIecHue.

3HAYNTETbHBIMU TOCTIDKCHUSIMU, TIOJTY-
YEeHHBIMH TTPU (POPMUPOBAHUN METOIOJIOT I
APXUTEKTYPHO-CTPOUTEIBHOTO MOAX0Ia
K TPaHCIIOPTHOMY IUTAHUPOBAHUIO, OBIIN:

* NIOCTAaHOBKA HOBOM MPOOJIeMbI U pa3pa-
00TKa METOJIOB pellIeHUsI KPYTTHOM HapOaHO-
XO03MCTBEHHOI 3ada4yu TPaAaHCHOPTHOTO
TUTaHUPOBAHUS;

* pa3paboTKa TUIOTe3 PACCEICHMS XKUTE-
JIeil TOPOIOB C YYETOM aJIBTEPHATUBHBIX TEO-
peTUYECKUX MOAXOA0B, M Ha 3TONM OCHOBE
¢dopMuUpoBaHUE MOIECH TTPOTHO3MPOBAHNS
TPAHCTIOPTHOTO CIIPOCa Ha MacCaXXUpPCKUe
TIePEeBO3KMU,

* OCYIIECTBJIEHHE TIJITAaHOMEPHOTO Pa3BU-
THSI TPAHCIIOPTHBIX CUCTEM TOPOIOB;

* TONBITKA YBSI3KM TEXHUKO-3KCIUTyaTa-
LIMOHHBIX pELIeHU I TPaHCTIOPTHOM MPOOIEMbI
C 9KOHOMUYECKUMMU BBITOAMMU.

I[IpoGiaeMHBIMU BOMPOCAMU MPU 3TOM
OCTaBaJICh:

* 3HAUUTEJbHBIC aHATUTUYECKHE 3aTPYI-
HEHUS MPU BbINOJIHEHUY TPYTOEMKUX pacué-
TOB, 4TO HE JaBajo JOCTATOYHOTO YKMCJIa Ba-
PHMAHTOB IJIAHOB TSI X CpaBHEHMST ¥ BEIOOpa
HauboJjee palMoHaILHOTO, TTIOKA HE TTOSIBU-
JINCh COBPEMEHHBIC METOIBI;

* HEOOXOAMMOCTb TPYTOEMKOTO cbopa
HWCXOJHBIX JAaHHBIX, HATUYME KOTOPBIX COBEP-
ILIEHHO He 00ecMeynBaIoch CUCTEMOI Tocy-
JIapCTBEHHOTO CTaTUCTUYECKOIO YUETa;

* OTHOCTOPOHHOCTb OLIEHKM TPAHCTIOPTHBIX
YCJIYT Ha OCHOBeE TToKa3aTeJieil 00bEMa repeBo-
30K M TaCCaXXnpooOOpoTa, HepeaTn3oBaHHAS
MOTPEOHOCTH B HOBOM ITOIXO/IE K Pe3yJIbTaTaM
TPAHCIIOPTHOM IeSITeIbHOCTH, Oa3UPYIOIIEMCSsI
Ha MapKETHHTOBOI OLIEHKE ITePeBO30K 1 Kave-
CTBE 00CTY>KMBaHMS maccaxkupos [10].

3. MAPLWUPYTU3ALNSA NEPEBO30K
NMACCAXUPOB

B opBiem CCCP u npyrix pa3BUTBIX CTpa-
Hax ObUIM JOCTUTHYTHI 3HAYUTEIIEHBIC YCIIEXT
B paMKaX MpaHCHOPMHO-3KCHAYAMAUUOHHO2O
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nooxoda K TUIAHUPOBAHUIO PAa3BUTHSI TpaHC-
MOPTHBIX cucTteM. OCHOBHBIE TPAHCITIOPTHO-
SKCIUTyaTallMOHHbIE UCCIIEIOBAHUS OCYIIECTB-
Jismuck B Mockae, Jlennnrpane, HoBocuoupcke,
Kazanu u Omcke (co3naHue aBTOMaTu3UpOBaH-
HBIX CUCTEM JUCIIETYEPCKOTO YIIPABICHUS).
B omnume ot TpaHCMOPTHO-TPAJOCTPOUTEITb-
HOTO TOJXOAa 3TU UCCIEI0BAHUS KACAUCh
MPENMYILIECTBEHHO TTPO0IeM MapIlIpyTU3allin
Ha CJIOXKUBILIENCS CETU, TEXHOJOTUU MTEPEBO30K
MaccaXXupoB U YIPaBIeHUS] KAYECTBOM UX 00-
ciy>xuBaHusI. Takoi TOIX0 UCTIONb30BaICs
MNPaKTUYECKU BCEMU UCCIIEIOBATENSIMU, HATIPU-
mep, M. 1. biatHoBbIM [11].
Metononornyeckoit OCHOBOW MOCTPOEHMUS
ONTHUMAJBHOM ' CUCTEMBI (CXeMbI) MapIIPYTOB
T'TIT 6pu1 anmapaT MaTeMaTUYECKOIrO Mpo-
rpaMmupoBanusi. B koHie 1960-x rogos
M. B. Xpy1€B npeajioxku paboTocrnocooHyo
METOAMKY (DOPMUPOBAHUST CXeMbI aBTOOYCHBIX
MapIIpyTOB ¢ UcTojib3oBaHreM DBM [13, 14].
Eé Tupaxkuponany Bo MHOTUX ropogax Poccuu
U IPYTUX COIO3HBIX PECITyOINKaX.
OCHOBHBIMY KPUTEPUSIMU ITPU (POPMUPO-
BaHUU MaplIpyTHbIX cxeM (MC) 6bu1u pu-
HSITBI: CHUKEHUE 3aTpaT BPEMEHM TacCcaXu-
POB Ha MOE3AKM, COKpallleH!e TIepecaioyHoO-
CTH TTaCCAXMPOB IMPU TOE3IKAX, IKOHOMUS
3aTpaT MepeBO3YMKOB 3a CUET CITPSIMIICHUS
Tpacc MapIIpyTOB W MOBBIIICHUsT CKOPOCTEN
JIBVDKCHUS Ha HUX.
MHoOTroKpUTEpPUABHBIN XapaKTep 3a1a4u
1 00513aTeTbHOCTD YUETa Pa3TUIHBIX TEXHO-
JIOTUYECKUX OTpaHUUYEHUIT He TTO3BOJISIOT
TOJTHOCTBIO aBTOMaTU3MPOBaTh (POpMUPOBa-
Hue MC. OnTumanabHOR SIBISIETCSI CXeMa,
HaWIy4YlIuM o0pa3oM oTBevarolnas Y€TKO
copMyIMpOBaHHBIM TPeOOBAHUSIM (KpPUTE-
pUI0), HAllpUMep, MUHUMAaJIBHBIM 3aTpaTaM
BpEMEHHU Ha Moe31Ku. BBumy HeoOXoammMocTn
KOMITPOMMCCHOTO PEIIeHUST C YIETOM Pa3HBIX
1o XapakTepy TpeboBaHUl U psina HedopMa-
JIN30BAaHHBIX COOOPAKEHUI MPU BHEIPEHUMN
MPUHUMAJICS BAPUAHT, HECKOJIBKO OTJIMYHBIT
ot ontumaibHoit MC. Ero Ha3Banu pamuo-
HaJIbHOM CXeMOIT aBTOOYCHBIX MapIIpyTOB.
ParmonaibHy10 cxeMy aBTOOYCHBIX MapIIi-
pyTOB (hOPMUPOBAIM HA OCHOBE PYKOBOJICTBA
[12], moaroToBAEHHOTO IO pe3yabraTaM HC-
cienoBaHuil. CxeMa mpeamnosiaraeT aBa dtamna
[2,c.76—78; 13, c. 5-59].

! Kputeprem onTUMAIEHOCTH SIBJISTICSI MUHUMYM CyM-
MapHBIX 3aTpaT BPEMEHHU MacCaXUPOB HA MOE3IKHU.
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Ha nepsom smane o0cnenyoTcst TpaHc-
TOPTHBIE KOPPECTTOHACHIIMY MEXITY OTAEITb-
HBIMUW TPAHCIIOPTHBIMU MUKpOpaiioHaMu
(MP) ropona u cobuparoTcst JaHHbIE IS
pacuéra. O0cenoBaHUsI KOPPECITOHISHIUI
OpraHM3yeT TPAHCTIOPTHBIN OpraH aaIMUHU-
CTpal1K C TPUBJICYEHUEM CITeLIUATU3NPOBAH -
HBIX TTIPOEKTHO-TEXHOJIOTUIECKUX OpraHu3a-
LIV TIPU y9aCTUU TePEBO3YNKOB.

B xauyectBe M P ucnosib30Bauch: KOMITaKT-
HbI€ XUJIble MaCCUBBI, TIPOXOIHBIE 3aBOIOB
¢ OOJIBIIUM YMCJOM paboTarolux, Apyrue
MecTa MacCOBOIO TSITOTEHMUS MacCaXupoB
(BOK3aJIbl, CTAIMOHBI, TEATPhI, TOPTOBBIE U aJl-
MUWHUCTPaTUBHBIE KOMILIEKCHI ¥ TIpod. ). Eciin
KUJIOM MacCUB PacIoioXeH BIOJb MarucTpa-
JIA, UMEIOIIIeH eTMHCTBEHHYIO TPAHCTIOPTHYIO
CBSI3b C OCTaJIbHOM TOPOJICKOM 3aCTPOMKOM
(MarucTpasb-pannyc), TO TaKOi MacCUB MPH-
HuMau 3a onuH MP. ITpu BbiaeIeHUM MUKPO-
PaliOHOB MCXOAWIU U3 PACCTOSIHUS OT Mepu-
¢depuu MP K ero ueHtpy (He 6osee 500 M
B COOTBETCTBUU C HOPMATUBHOM TTPEIeIbHOMN
TeIIEeX0THOM JOCTYITHOCTBIO TPAHCIIOPTHOM
suHun). Tepputopust MP He nomxHa nepece-
KaThCsl €CTECTBEHHBIMU U MCKYCCTBEHHBIMU
nperpagamMu — pekaMu, oBparaMu, 3a00paMu
U T.M., €CJI He o0ecrnevyeH YIOOHbIN Menunii
MPOXOJI MAaCCAXKUPOB YEPe3 ITU MPErpabl.

Ha macimrabHoM 11aHe ropona HAaHOCUIU
rpaHulibl ¥ HeHTpbl M P, onpeaesnsuiv KpaTyaii-
1€ BO3MOXHbIE ITyTU MPOe31a MEXIY COCell-
HUMU (CMEXHBIMU) MUKpopaitoHamu. s
LIEHTPOB Y3710BbIX M P, KOTOpBIE CBSI3aHbI O0Jiee
yeM ¢ AByms apyrumu M P, onipeensiiu cpeaHue
3aTpaThl BPEMEHU MacCaKMPOB Ha MEPECcaaKy
C OJIHOTO HaMpaBJIeHUs IBUKEHUS Ha APYroe.

ITo pe3ynbTaTam obciienoBaHUS TOTPEO-
HOCTU B IME€PEBO3KaX COCTABSIUA TaOIUILY
TPAHCTIOPTHBIX KOPPECTIOHACHIINI MEXIy
otaeabHbiMU MP. BHuMaHue oOpalinaiu Ha
MPaBWIbHOE MX MpeAcTaBieHue. TUIIHbIE
OLIMOKU: yKa3aHUe KOPPECIOHACHIIUU 0e3
y4€Ta MOJb30BAHUS MACCAKUPOM CKOPOCT-
HBIM TPAHCTIOPTOM; OTCYTCTBUE YUETA 3a€310B
C IETHMU B IETCKME JOITKOIBbHbBIE YIPEXKICHUS
nepes Moe3nKOoi U Iocsie Moe3aK1 Ha paboTy;
30HaJIbHAs OLlEHKa 0e3 y4éTa pa3IudHbIX
Mperpam; OTCYTCTBUE YUETA €XETHEBHbIX I10-
€3[10K YacTU MaccaXupoB B COCEAHUE Hace-
JIEHHBIE ITYHKThI Ha 3JIEKTPOMoe3aax.

Cocrapisuii iepedeHb MapIlpyToB, 00s13a-
TeJbHBIX U1 BKIIIoueHus1 B MC, 6e3 mpeasapu-
TeJbHBIX PACUETOB MO COOOPAKEHUSIM COXpaHe-
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HUS: ACHCTBYIOLIMX TPAMBAaHBIX U TPOJLUIEH-
OYCHBIX JIMHUIA (C YYETOM paHee MPOU3BeIEH-
HBIX 3HAYUTEJBbHBIX 3aTpaT Ha COOPYXEHUE
PEJIbCOBOTO MYTH M KOHTAKTHOM CETH); HEKOTO-
pbIX HauboJiee peHTa0eIbHbIX aBTOOYCHBIX
MapIlpyTOB, 00ECNeUNBAIOIIUX TPATULIMOHHbIE
JUTS1 TOPO/ia TPAHCITOPTHBIE CBSI3U, U KOJTBLIEBBIX
MapuipyToB. JloJiss TaKUX MapIIpyTOB OT WX
00111eT0 YKcIIa, 10 COOCTBEHHBIM HA0IIOICHUSIM
aBTOPOB, 00bIYHO cocTansteT 10—30 %.

IMoaroraBnuBavCh JAHHBIE: O YUCTIE €1 -
HUI[ MOABUXHOIO COCTaBa; MUHUMAIbHO
JIOTTYCTUMOM TIPOTSDKEHHOCTU MapIipyTa u3
coobpaxeHuil ynoocTBa dKCIayaTaluu
U TTPOU3BOAUTEIBHOTO UCIOJb30BAHUSA
TPAHCITOPTHBIX CPEACTB; MAKCUMAJIBHO JIOITY -
CTUMOM MHTEpBaJIe IBVKEHUST Ha MapIIpyTax
U3 coobpaxkeHuir obecrieyeHus: Koapduim-
€HTa TOJIb30BaHUSI TPAHCIIOPTOM HE MeHee
0,8; MUHMMAJILHO IOMYCTUMOM OOBEME TTepe-
BO30K MacCaxKMpoB HA MapIIpyTe, UCXOMS U3
TPUHSITOTO MaKCUMAaJIbHOTO MHTEPBaJIa IBU-
JKEHUST 1 MUHUMAJTbHON BMECTUMOCTH €TV -
HUIIBI TTOABMKHOTO cocTaBa. [Ipu 3TOM OT-
JIeJTbHBIe OTPAaHUYEHMSI MJTU BCIO UX COBOKYTI-
HOCTbh MOXHO OBbLJIO HE 3a/1aBaTh.

Ha emopom, pacuémmuom smane Ha KOMIIbIO-
Tepe hopmupyetcst BapuaHT MC, yn1oBIeTBO-
psIOIUN 1eieBOd (yHKIIMU:
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k=1
rae i = 1, ..., m — ycjiioBHble HOMepa MP
HayvaJjia epeBUXKXEeHUS TacCaXupoB;j = 1,

, m — ycioBHble HOMepa MP okoHuaHus
nepeaBUXEeHUs MacCaXkKupoB; ’c,., u l‘,,i,, —3a-
TpaThl BpEMEHU OJHOTO Taccaxupa Ha
cjenoBaHUE W Tepecaakyu MpUu Tpoesje
Mexny i-m uj-u MP; k=1, ..., n — mapi-
pyrel I'TIT; 4, — 3aTpaTbl BpeMEHU OTHOTO
rnaccaxupa Ha OXHJaHUE MOCAAKU TPU
NOE3/IKE 10 Mapiupyry k; P, — 4ucjio nac-
CaXUPOB, TMOJb3YIOUIUXCS MapIUIPYyTOM K;
[=1,...,] — cOBMEIEHHbIE YYACTKU MapLI-
PYTHO# ceTu, 10 KOTOPHIM MPOXOJST JABa
uiu Gosiee Mapuipyra; f, — 3aTparhl Bpe-
MEHW OJHOTO Taccaxupa Ha OXUuIaHUe
MOCAaJKU MPU TOE3AKe B Mpeeiax CoOBMe-
IIEHHOTO yyacTKa /; P, — 4ucio maccaxu-
POB, TTPOE3XKAIOIINX B IMPeIeJIaX COBMEIIEH -
HOTO yyacTka /.
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B cxeMy BkiIloueHbI Harepé 3aJaHHbIe
MapIIpyThl; TPOTSIKEHHOCTh MapIIpyTOB
HaxXOIUTCS B OMpPEEIEHHBIX Mpeaeaax; Ha
KaXkIIoM MaplipyTe WHTEpBal IBUKEHUS He
0osiee 3alaHHOTO, OOBEM MEPEBO30K — HE
MeHee 3aJaHHOT0; OTCYTCTBYIOT 3alpelleH-
HbIe MapIIPYTHl M KOHEYHBIC ITYHKTHI MapIII-
pyTOB B 3ampeii¢HHbIX MP.

B dopmupoBanuu pammonanbHoii MC
HCITOJIb3YETCS TUATOTOBBIN PEeXXUM IKCILTya-
TalMy MpoTrpaMMbl. BapuaHT pelieHust ore-
PATUBHO MPEIbSIBISICS IPYIE SKCIEPTOB
JUUISI OLIEHKW U KOPPEKTUPOBKU C YUYETOM H0-
TMOJIHUTEJBbHBIX TpeOoBaHUI U HedopMasb-
HBIX orpaHnyeHui. LleneHanpaBaieHHO MEHSIS
3alaHUs1, SKCIIEPTHI JOOUBATUCH MAPLIPYTHOMN
CXEMbI, B KOTOPOI AOCTUTAJICS KOMITIPOMUCC
MEXIy TpeOOBaHUSIMU KauecTBa TPAHCIOPT-
HOTO 0OCTY>KMBaHUS MACCAKUPOB, 9KOHOMU-
YEeCKUMU UHTEPECaMU MTePEeBO3UUKa U UMEI0-
IIAMUCST PeCYPCHBIMUA BO3MOXKHOCTSIMH.

TTonygeHHYy0 MIOC)Ie KOppeKTUpoBOoK MC
HAHOCWJIM Ha IUIaH TOpona, MPUBS3bIBas €&
K OMpeeIEHHBIM YJIUIAM U CXeMaM OpraHu-
3aLMU ABVKEHUS Ha TTePEeKPECTKAX U IUTOLIA-
ISIX.

MapuipyTHyto cxeMy mepecMaTpuBaIu
B JIBYX CJIy4Jasix:

* TIPY TEKYIIUX JIOKATbHBIX U3MEHEHMSIX,
BBI3BAHHBIX TOSIBJIEHUEM B TOPOJ€ HOBBIX
SKUJTBIX MACCHUBOB, IIPOMBIIIIJIEHHBIX OPTaHM -
3aluii, nepeBo3unkoB I'TIT, HOBbIX cTaHLM
METPOTIOJIUTEHA WJIU APYIOro CKOPOCTHOIO
TpaHCIOpPTa, HOBBIX CTaJUOHOB, TEATPOB,
TOPTrOBBIX KOMILJIEKCOB U TTPOY..;

* TIpU NIEPUOINYECKOM KOPEHHOM pedop-
mupoBaHun MC, KOTOpoe peKOMEHI0BaJIOCh
npoBoaAuTh Kaxable 5—10 jer [2, c. 71; 17,
c. 210]. IMpakTuuecku xe KopeHHOe pedop-
MUPOBaHUE OCYIIECTBISJIOCHh HE Yallle, YeM
yepe3 20—25 net.

4. METOAbI M MPABUJIA

JlocTaTOUHO CaMOCTOSITeJIbHOM 1 BaXKHOM
JUISI TUTAHUPOBAHUS TPAHCTIOPTHOM IEeSITeNb-
HOCTU TPOOJIEMOM SIBJISIETCS U3YYEHUE U MPO-
THO3UPOBAaHUE CIIpOca Ha mepeBo3Ku. s
MapIIPyTU3UPOBAHHBIX MIEPEBO30OK CIPOC HA
HUX BBIPaXaeTcsd B MEXPaWOHHBIX KOppe-
CTIOHACHIIUSX (YMCIIO TTacCaXXUpPOB, MPOE3-
XKAIIUX B OMPENETEHHOE BPEeMS MEXIY
Kax0i mapoit TpaHcnopTHeIX M P ¢ yuétom
HarpaBJIeHUI TOE3I0K). DT KOPPECTIOHICH-
1IMU OTPAXAIOT CETEBYIO MOJBUXHOCTb Hace-
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JieHus. Ha neperonax MapuipyToB U OCTaHO-
BOYHBIX MYHKTaxX U3y4yaroT MacCcaxXupornoTo-
KU — JBIKEHUE JIIOEH yepe3 TOUKU TpaHC-
NOPTHOU ceTu (MeperoH Ha MaplipyTe,
NpuUOKITHE 11 MOCAAKA HAa OCTAHOBOYHBIN
MyHKT MapIipyTa u yObITHE C HETO TI0 OKOH-
YaHUU [MOE3IKN). 3aMETUM, UTO JIJII TAKCOMO-
TOPHBIX MTEPEBO30K FOBOPUTH O MACCAXKUPO-
MOTOKE OECCMBICIIEHHO, TTOCKOJIbKY B TaKUX
CJIyyasix CyIIeCTBYET TOJbKO CIIPOC Ha Tepe-
BO3KHU.

MeTtonosiorus U3ydeHusi U MpOrHo3upo-
BaHUS MACCaXXUPOMOTOKOB ISl TNTAHUPOBA-
HUS Y pa3BUTHUSI TPAHCIIOPTHBIX CUCTEM IT0-
JIpoGHO paccMoTpeHa B [2, 15, 16]. MeTtoabt
MOJYyYeHUsI JaHHBIX O MacCaXUPOMOTOKAaX
OCHOBaHbI HAa MPUMEHEHWH TPpya YYETUNKOB,
BBITIOJTHSTIOIIIMX MHOTHE OTIEPAIIUY BPYIHYIO.
Crenyet yka3aTb M Ha TO, YTO 3aTpaThl Ha
noyiyueHre MHGOPMallUU O EePEABUXKEHUU
NaccaxupoB MO UMEKIEMYCs TPOU3BO/I-
CTBEHHOMY OIIBITY PEIIeHUs 3a1ad Mapuipy-
TU3ALMU U TEXHOJOTUYECKOW OpraHu3alluu
MepeBO30K MPEeBHIIIAT 95 % Bcex pacxomoB
Ha BBIMOJHEHWE PACUYETOB MO OpraHU3aluU
MapIIPYTHOM CETU U IEPEBO30K B €€ Mpejiesax.

MexpaliloHHbIE KOPPECITOHAECHIIUU CITy-
KaT UCXOAHOU nHbopMalmeit s popmupo-
BaHUsI MapIIPYTHBIX CXeM (ceTeBast TIOIBMK -
HOCTb TMaccaxkupoB). s miaHupoBaHUS
HCITOJIb30BaHUS MOJBUXXHOTO COCTaBa HEOO-
XOIUMO 3HAHHUE MacCaXkUpOMOTOKOB Ha
MapuipyTax — MapiipyTHasi MOJBUXHOCTb
naccaxupos.

VYkazaHHbIe Ha puc. | 3ama4u TEXHOJIOTU-
YECKOU OpraHu3aly MepeBo30K MaccakupoB
pelIalTcs Ha OCHOBE MHOTOKPAaTHO arpoou-
pOBaHHOW METOAOJOTUU, B 00OIIEeM BUIE
onvcaHHoi B [4, 17]. AHaoTUYHbIE 321291
colepxXaauch B paHee AefCTBOBABLIEM HOP-
MaTHUBHO-TEXHUYECKOM NOKyMmeHTe [18],
paszpaboranHoM B HUMAT no 3agmaHuio
MunaBrorpanca PCOCP u uzBecTHoM crie-
uaaucTaM non pabounm HazBaHueM «IIpu-
ka3 200», a TakxKe Ipyrux OTPaciaeBbIX PyKO-
BOJICTBaXx.

B vactHocTtH, Obliu u3mansl CHull
2.07.01-89 «Ipapoctpoutensctio. [T1aHupoB-
Ka M 3aCTpoiiKa rOpOJICKUX U CEJIbCKUX MOCce-
JeHuit» [19]. KoHkperusanusi ycTaHOBJIEH-
Hbix CHull tpeboBaHMii ocyuiecTBasieTcs
B PETMOHAIBHBIX (TEPPUTOPUATEHBIX) HOpMa-
TUBHBIX JOKYMEHTaX C YYETOM MECTHOM cIie-
HU(UKA U BO3BMOXHOCTEM.
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B npoexTax MiaHUPOBKU U 3aCTPONKU TO-
POICKUX U CEJIbCKUX ITOCEJICHUI TIPEAITCaHO
OIpeAesISITh UX MEePCIEeKTUBBI 3a MpeneaaMu
PacYETHOTO CPOKa, BKITIOYast IIPUHIIAITHAIHHBIC
pelIeHUs 10 TePPUTOPUATILHOMY Pa3BUTHIO,
(byHKIIMOHAIEHOMY 30HMPOBAHMIO, TUTAHUPO-
BOYHOM CTPYKTYpPE, UHXKEHEPHO-TPAHCIIOPTHOMN
MHGPACTPYKTYPE, pallMOHATbBHOMY MCTIOIb30-
BaHUIO MPUPOIHBIX PECYPCOB M OXpaHE OKPY-
KalolIel cpeibl. YCTaHOBJIEH PACUETHBIN CPOK
1o 20 J1eT, a TPagoCTPOUTETLHBII TIPOrHO3 MO-
JKeT OXBaThIBaTh nepcrnekTuBy Ha 30—40 JeT.

ITpn TTpoeKTHPOBAHUN TOPOICKHX U CETh-
CKUX TIOCEJICHUI eMHas CCTeMa TpaHCIopTa
U YJIMYHO-J0POXKHO CETH B YBSI3KE C IJTAaHUPO-
BOYHOM CTPYKTYPOW IOCEJIEHUS U MPUJIEraro-
el K HeMy TePpPUTOPUM TOJIKHA 00ECTIeUrTh
yI0OHbBIE, ObICTPBIE 1 O€30IMaCHbIE TPAHCIIOPT-
HbIE CBSI3U.

IIpaBraMu TIpeIyCMOTPEHBI TIpeac/TEHBIC
HOPMAaTHUBHI 3aTpaT BpeMEHH Ha ITePeIBIKCHIE
XKUTEJE B OMH KOHEIl MOCeJeHUsT OT MECT
MPOXUBAHUS 10 MecT pabotsl (st 90 % Hace-
JIEHMST) B 3aBUCMMOCTH OT JIIOMHOCTHU rOpoja:

JlronHocTk ropona, 3arpaTbl BpeMEHHU, MUH.
TBIC. Yell.

2000 45

1000 40

500 37

250 35

100 u MmeHee 30

J17151 rOopOIOB-TMTaHTOB C HaceieHueM Oosiee
2 MJTH YeJIOBEeK HOPMaTUBBI 3aTpaT BpeMEHHU Ha
TIepeBYDKEHMS TTACCaKMPOB YCTAHABIMBAIOT HA
OCHOBE MHIWBHAYaJIbLHOIO MOIX0Aa, C YIETOM
MECTHBIX OCOOEHHOCTEl pacceieHus, TUIaH!-
POBOYHOI CTPYKTYPHI, YPOBHSI Pa3BUTHUSI CKO-
POCTHOTO TpaHCMOPTa U MPOUYMX MOAOOHBIX
ycaoBuid. JIist )Kutesneit ceibCKUX MocesIeHU
3aTpaThl BpeMEHU Ha TPYIOBbIE ITEPEIBIKEHUSI,
KaK MPaBUJIO, HE TOJDKHBI IPEBHIIIATE TTOJTyJa-
ca.

B CHull2.07.01-89 HopMupyroTCS 3/1eMeH-
TbI 00YCTPOICTBA U NATBHEMNIIIETO Pa3BUTHS:

* 00BEKTOB BHEILHETO (MarucTpajbHOIO)
MacCaXUPCKOrO TPAHCIIOPTA;

* YJIUYHO-IOPOXHON CETU HACEJIEHHOTO
MyHKTa,

* 00BEKTOB XpaHEHUs M OOCITYKUBAHUS
TPAHCIIOPTHBIX CPENICTB;

* 3aIUTHl OKPYXAIOIIeH Cpeabl, B TOM
Yyucjiae OT BPEAHOTO BO3AEHCTBUS Ha Heé
TpaHCIIOpTAa.
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OtnenbHbIl moapobHbIi pazaens CHull
2.07.01-89 mocBSALIEH MacCaXXUPCKOMY Tro-
POJICKOMY TPaHCIIOPTY OOIIIETO MTOTh30BaHUS
U TIeIIeXOJHOMY JIBIKEHUIO. YCTaHOBJIEHBI
HOPMAaTHBBI TUIOTHOCTH MapuIpyTHOW CEeTH,
TepPCIEeKTUBHOM TIpeIesIbHON HATIOTHSIeMO-
CTH CaJIOHOB TPAHCTIOPTHBIX CPENICTB, ITTUHBI
TeperoHoB Ha MaplIpyTax, 3aTpaT BpeMeHU
Ha Mepecagky 1 rpoyee.

B Hacrostiiee BpeMst IEHCTBYET aKTyaIu3u-
poBanHas pemakuyst CIT 42.13330.2011 mpex-
Hero cBojia TpaBujl. HblHelTHre HOpMaTUBBI
HECKOJIbKO MEHSIOT YCJIOBUST TIPOEKTUPOBAHUS
TpaHCTIOpTa O0IIIeTo TI0Ib30BaHus1. HamoHsie-
MOCTbh CaJIOHOB TPAHCITOPTHBIX CPENICTB Ha TIep-
CIIEKTUBY TIpeIIaraeTcst UICUUCIISATh, UCXOMsI 13
4 macc./M? 1T OOBIYHOTO PEKMMa JTBVDKCHUS,
a JUIsSi CKOPOCTHBIX COOOIIeHU — 3 macc./M?
CBOOOIHOM IUIOIIAM [10J1a CaJIoOHA. YKaXKeM, UTo
TaKye HOPMAaTUBHI SIBJISIIOTCST MCKITIOYMTESTHHO
IPaJOCTPOUTENILHBIMA 1 HE UMEIOT HUKAKOTO
OTHOIIEHUSI K HOPMUPOBAHWIO OpraHU3aIuu
JIBVDKEHUSI TPAHCTIOPTHBIX CPENICTB Ha MapIIIpy-
Tax TIEPeBO30K MAaCCaKMPOB (TOCIIETHUE YCTa-
HaBJIMBAIOTCS TOJILKO B TPAHCTIOPTHOM 3aKOHO-
JIATeJTbCTBE VJTM M3TOTOBUTEISIMU TPAHCTIOPTHBIX
CPEJCTB).

CBOZIOM TIPaBUJI COXpaHEHA YCTOSIBIIIAsICST
HOpMa TMPEAEIEHOTO YAaTeHUST OCTAHOBOYHOTO
ITyHKTa TPAHCTIOPTa OOIIIETO IMOJIb30BaHUS OT
MecTa HaxoxaeHus maccaxupa — 500 M, a Takke
BBEJICHBI HEKOTOPBIE ITOTIPABKY JUIST PA3TUUHBIX
MECTHBIX YCIIOBHIA ¥ TOPOJICKMX TEPPUTOPHIA.

5. YMJIAHA CBOU NMOTPEBHOCTU
[Iporiecc TpaHCTIOPTHOTO TUTAHUPOBAHUS
HAYMHAETCS C OMpeesIeHNsT TIOTPEOHOCTE ! Ha-
CeJICHUsI B TIEPEIBVDKEHUSIX, B TOM YHCIIE C WC-
TIOJTE30BaHNEM TPAHCTIOPTHBIX CPEIICTB.
Hawubonee o0111eii XapaKTepUCTUKOM ITOTped-
HOCTH B TIEPEABVDKEHUSIX CITy>KUT OOIIast mo-
JIBVDKHOCTB HACEJICHHST — YKCIIO TIePEIBVDKEHUIA,
TIpUXOISATIeecs Ha OHOTO XuTes B rox. [1epe-
JIBVDKEHUS HA KOPOTKUE PACCTOSTHUST BBITTOJTHSI-
FOTCSI TIPEUMYIIIECTBEHHO TeTiIKoM. [{oJ1st TpaHc-
TIOPTHBIX TIEPEIBYDKEHUI OTIPEACIISIETCST KO-
uvuenmom nonvzosanus mpancnopmom K, 3a-
BUCSIIIIUM OT JaJbHOCTU TIepeaBUXeHUS [
¥ CKOPOCTH TiepeBrbkeHust v. Harmpumep, ripu
[=3,5KM, v=6 KM/4 1 IpY OTCYTCTBUU PE3YJIb-
TaToB o0cenoBaHuil Koapduunent K 1o
MMCIOIINMCS YCPpeTHEHHBIM JaHHBIM MOXKHO
npuHsTH paBHbIM 0,47. B 3aBUCHMMOCTH OT T1eTIei
TIePENBVDKEHNST U3MEHSIETCST VX JIOJISI C UCTIONb-
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30BaHMEM TPAHCIIOPTHBIX CPEJICTB: TPYIOBbBIE 1
y4eOHbIE TPAaHCTIOPTHBIE TIEPEIBVKEHMSI COCTaB-
JISTIOT 00BIYHO He MeHee ¥4 [4, ¢. 80]. OcTtanmbHbIe
TTOE3/IKY SIBJISIIOTCSI KyJIBTYPHO-OBITOBBIMU 1
CITY>K€OHBIMU.

TpaHcriopTHas1 TOABUXKHOCTb HACEJICHUS
I, M3MepsIeTCst YNCIIOM TT0E3I0K Ha OIHOTO
SKUTEJIS TOpOjia 3a TOJI:

HTD N Q/ NHac’

rae O — romoBoii 00BEM IepPeBO30K Ha TOPO/I-
CKMX MapuIpyTax, ThiC. macc.; N — 4uCjeH-
HOCTb HaceJIeHUSI TOPOJia, THIC. KUTEJICH.

ITpu OTCYTCTBMM peabHBIX JAHHBIX PEKO-
MEHJ0OBAHO TIOJIb30BaThCS YKPYMHEHHBIMU
HOpMaTHBaMU MO Tpymmam ropoaos [17, c.
161, 183]. o moe3noK MO pa3aiuyHbIM
1IEeJISIM M3MEHSIETCST B 3aBUCUMOCTH OT Pa3BU-
THSI M COCTaBa rpafoodpasyloleit 6asbl, mpu-
OnvKeHus e€ 00bEKTOB K MECTaM MpOoKUBa-
Hus. [ToTpeGHOCTH B MOe31Kax 3aKOHOMEPHO
W3MEHSIeTCs TI0 TIepuoJaM CYTOK, JIOCTUTAsT
MaKCHMyMa B 9achl TTHK.

TToe3nku xapakTepu3yloT HallpaBJIeHUEM,
B CBSI3U C Y€M BBIJCJSIIOT MyHKTHI MX Hayaia
1 OKOHYaHUs1. YUCII0 1Toe3n0K MeXTy orpese-
JIEHHOI MapOii IyHKTOB COCTABJISIET MPAHCHOP -
HYI0 KOppecnoHOeHyuio. Pa3mmyaioT TpaHCIopT-
HbIe KOPPECTIOHICHITNY CETEBBIE (MEKTy MUKPO-
palloHaMu ropojia) U MapuIpyTHbIE (MEXIy
OCTAaHOBOYHBIMU ITyHKTAMH OTIETHLHO B3SITOTO
Mapipyra). CeTeBble KOpPECTIOHIEHIINH CTaHO-
BSITCSI OCHOBOU MH(pOPMAaIIMOHHON 0a3bl 11
MapuIpyTU3aliy MepeBo30K. MapIuipyTHbIe
KOPPECTIOH/IEHITUY SIBJISTIOTCST MH(MOPMAIIMOH -
HOI OCHOBOW UTSI pallMOHAIN3aIlMN COOTBET-
CTBYIOIIMX MapIIPyTOB.

O061Ire MeToaryecKre peKoMeHaaluuy, Ka-
carolyecst orpeaeeH!sT TPaHCTIOPTHOM TT0-
JIBUXXHOCTH, pa3pabdoTtaHbl B 1970 romy [20].
C MOMeHTa M3IaHusT 3TOTO PYKOBOJCTBA U TIO
HacTosIIIIee BpeMsl MPUHITUIMATBHBIX U3MEHe-
HMIA B TEXHOJIOTMYECKOI OPraHU3alIiu ITepeBO-
30K IMaccCakupoB He Tpoun3oluio. [TosBummch
JIVIITb THHOBALIMOHHBIE TEXHOJIOTUY TTOJTyJeHUST
ITyTeBOI MH(OpMAaIMK 0 paboTe TPAHCITOPTHBIX
CPEJICTB Ha JIMHUW U MOHUTOPUHTOBBIX JJAHHBIX
0 ITepeBO3KaX 1 MacCaKUPOTIOTOKAX, BHEAPEHUN
HOBBIX TEXHUUECKUX CPEJICTB.

MeTtononorust 06cienoBaHuUs MacCaKUPOIIo-
TOKOB MOAPOOHO paccMorpeHa B [15, 16]. Qs
1eJIeil YITOpSIIOYeHNsT CTaTUCTMYECKOTO MaTe-
puaja o TiepeBo3Kax M ITAaHUPOBAHMS PabOThI
TPaHCIIOpTa HA OCHOBE HOPMATUBOB ITOIBYKHO-
CTH MTACCaXKUPOB BBITYILIEHO PYKOBOACTBO [21].
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briBIMii MyHaBTOTpaHC B CBOE BpeMst (pu-
HaHCUPOBAJ TIPOBE/IEHUE JIECSTKOB UCCIIEI0BA-
HMIA TTO CO3MAaHMIO0 METOIOJIOTMIECKO OCHOBBI
TJTAHUPOBAHUS Y TEXHOJIOTMYECKOI OpraHu3a-
MY TIEPEBO30K IMACCAKMPOB B PA3TMUHBIX BUIAX
aBTOOYCHOrO coodieHusi. Haubosnblilee yucio
WCCIIEIOBAHUI W BBITTYIIIEHHBIX 3aT€M OpraHu-
3aLMOHHO-METOIMYECKIX Pa3pabOTOK KacatoTCst
aBTOOYCOB Ha TOPOACKMX MapIIpyTax U pabOThI
B peXMMe MapuIpyTHOTO Takcu. [lepeBo3ku
MaccakPOB JIETKOBBIMUA aBTOMOOWJISIMU-TAKCH
SIBJISITUCH OTHEJIbHBIM HayYHO-METOINMIeCKIM
HaIpaBJIeHUEM.

MapiipyTHoe pacrvcaHue IBWKEHMS Ha
aBTOOYCHOM TpaHCIIOpTe — 0a30BbIiA TJIAHOBbIN
JOKyMeHT. [Tpu cocTaBieHMM pacriMcaHust Tipy-
XOIIUTCST pelaTh CIOXHYIO MaTeMaTUIeCKYIO
3a/a49y COMPSTKEHUSI TOTOBBIX K BBITTYCKY Ha
JIMHUIO aBTOOYCOB U rpachKOB pabOThI BOAUTE-
Jieit. J1ns1 peleHust 3Toi 3a1a4u UCIOJIb30BAIA
METOIMKY pacTipeie/ieHsI aBTOOYCOB 110 MapIiI-
pyram [22, c. 6—23]. 11 pa3paObOTYUKOB pacIIv-
CaHWIA IBVDKEH WS TIPEIHA3HAYAI0TCST METOIYe-
CKMe peKOMeHIalMu [23], akTyabHbIE U B Ha-
crosiiee BpeMsl. TeXHOJIOrnuecKue MpUueéMsl,
3aJI0KEHHBIE B 3T METOIMUYECKIE PEKOMEH/Ia-
1M, B MHTEPAKTUBHOM PEXNME PeasTu3yIOTCsI
10 KOMITBIOTEPHBIM TIPOrpaMMaM, C KOPPEKTH -
POBKOI PE3yJILTaTOB OIBITHBIM OTIEPaTOPOM.

CKOpPOCTHOE U 3KCIIPECCHOE COOOIIIEHUS Ha
aBTOOYCHBIX MapIIpyTax MOBbIIAIOT 3(PHEKTUB-
HOCTb WCITOJIb30BaHUSI TTOJBMXKHOTO COCTaBa,
CHIDKAIOT ce0eCTOMMOCTD NTEPEBO30K 1 00ecTIe-
YUBAIOT CYIIECTBEHHOE YIydllleHNEe KayecTBa
TPAHCTIOPTHOTO OOCITY>KMBAaHUSI TTACCAXKUPOB.
OCHOBBI TJTAHUPOBAHMSI M OPTAHU3ALIMK CKO-
POCTHBIX, SKCITPECCHBIX, MOJYIKCITPECCHBIX
1 KOMOMHUPOBAHHBIX PEKMMOB JIBVDKCHMST aB-
TOOYCOB M3JIOKEHEI B padotax [17, 24, 25].

HcronmHeHre pacricaHmst IBYDKEHMS BCeTia
ObUTO MTPOOJIEMHBIM BOMPOCOM. BromxeTHoe
(bHaHCMpPOBaHVE TIEPEBO3UMKOB JOJKHO OCY-
ILIECTBIISITHCS TOJIBKO 3a (PAKTUYECKHN BHITTOJTHEH-
HbIE B COOTBETCTBUU C PACIIMCAHUEM PEHCHI.
CpbIB pelicoB OKa3bIBAET CYIIECTBEHHOE BITHSI-
HME Ha Ka4eCTBO TPAHCIIOPTHOTO OOCITY>KUBAHUS
maccaxupoB, ec/ii y4ecTb, uTo B Poccum Ha
KaXXJIOM YETBEPTOM MapIlpyTe paboTaeT OIuH
Wiy 1Ba aBrodyca. [103ToMy il TTOBBILLIEHUS
HaIEXHOCTU TPAHCTIOPTHOTO OOCITY>KMBaHUS
HaJUIEXUT CO3MaBaTh W MCIIOJIBb30BaTh Pe3epB
TTOJIBVDKHOTO COCTaBa.

Peopranmzaiiyist cucTeMbl TacCakMpPCKOTro
TpaHCTIOpTa CBSI3aHA C PECTPYKTypHU3aluen
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KOMILIeKca OOLIEeCTBEHHBIX OTHOLIEHUN [3,
26]. Tpu ocy1iecTBICHMHT pacyETOB B ITPOLIEC-
Ce TPAHCTIOPTHOTO TUTAHUPOBAHMSI OTIIEIbHBIN
MHTEpeC MPeICTaBIIsIET 000CHOBAHWE UCTIONb-
3yEMOI CTOUMOCTHOW OLIEHKM 3aTpaT BpeMe-
HU MaccakupaMu B pa3HbIX BApUaHTaX TPaHC-
MOPTHBIX pelreHnit. CTOMMOCTHAsT OlleHKa
MTO3BOJISIET CTABUTh B COOTBETCTBUE BpEMs Ha
MOEe3IKN KaK BaXKHEHIINIA IToKa3aTeib Kaue-
CTBa TPAHCTIOPTHOTO OOCITy>KUBAHUS U 3aTpa-
Thl Ha BBIMOJIHEHUE MpoekTa. B padote [27]
COJIEPXKUTCS ONMUCAaHUE OTEUYECTBEHHOTO
1 3apyOeXXHOTO OTIBITA OIPENeTIeHUs] CTOU-
MOCTHOM OLIEHKH 1 PacCMaTPUBAIOTCSI METO-
JTOJIOTUYECKNE OCHOBBI OOOCHOBAHMS 3TOTO
HOPMaTUBHOTO TTOKAa3aTeJIs IS 1IeJiei TpaHC-
TOPTHOTO TJITAHUPOBAHMSL.

3AKJTIOMEHUE

CreTaHHBIN aHATA3 TTOKA3bIBACT, HACKOIhb-
KO METOI0JIOTMYECKU 11eJIecO00pa3HO pa3pado-
TaTh PyKOBOJCTBO MO TPAHCMIOPTHOMY TUIAHM-
pOBaHUIO, B KOTOPOM ObLIU Obl M3J10KEHDI
afganTUpyeMble Mo HOBbIE TPEOOBAHMS METOIbI
peleHus1 3aa4 MapIIpyTU3aluv U TEXHOJIOT Y -
YECKOW OpraHu3aluu MepeBO30K MacCaXkupoB
Ha PeryJsipHbIX MaplLIpyTax ropoaCKOro aBTo-
MOOWJIBHOTO W HAa3€MHOIO 3JIEKTPUYECKOTO
TpaHcropTa. PyKOBOICTBO TOJKHO MpemycMa-
TPUBaTh BOZMOXHOCTb UCITOJIb30BAaHUS COBPE-
MEHHBIX MPOrpaMM MOJIEIUPOBAHYSI TTOABUXK-
HOCTH M TIEPEBO30K MAaCCAXUPOB, a TAKXKE UH-
dopmaLu, mogydyaeMoi oT iHPOPMaMOHHBIX
CPEICTB reONO3ULIMOHUPOBAHUS U TIPUMEHEHUS
9JIeKTPOHHBIX IT.

IMpuHUMTIHAABHBIMU TPEOOBAHUSIMHU,
MPeIbSABISIEMbIMU K OyayIlleMy PYKOBOJICTBY,
SIBJISTIOTCSI:

* WCTIO0JIb30BaHUE KOHIIECTILIU YCTOMYMBOTO
Pa3BUTHSI TPAHCITIOPTHBIX CUCTEM U OOBEKTOB;

* obecreyeHre TPAHCIIOPTHOM JOCTYITHO-
CTHU pa3IMYHbIX TEPPUTOPUIA U 0OBEKTOB TTOCE-
1LIEHUST TTOTEHIMATbHBIMU MACCAKUPAMU;

* UHTErpaLys TpaloCTPOUTEBHOTO, TPAHC-
MOPTHOTO, PKOJOTUYECKOTO, COLMATbHOTO
W APYTUX BUAOB 3aKOHOAATEILCTBA B MUHTEpecax
BBITTOJIHEHUSI HOPMATUBHBIX MpPeANUCaHUA,
perjJaMeHTUPYIOLIUX 3aJaHHbIe TToKa3aTeau
KayecTBa TPAaHCIIOPTHOTO OOCITYy>KUBAHUS Tac-
CaXUPOB;

* peanu3alusl BOZMOXHOCTEN COBPEMEH-
HBIX «YMHBIX TOPOJIOB»;

* MIpUMEHEeHNEe TeXHUYEeCKMX WHHOBALIUIA
B 00JIACTU TPAHCTIOPTHOTO MAIIMHOCTPOECHUS,;
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* KOMIUTIEKCHBII ITOIXO/I K MICITOJTb30BAHIIO
JIOCTOMHCTB Pa3HbIX BUIOB TpaHCIIOPTa Ha OC-
HOBE KOHIICITIIAY JIOTUICTU3AIINH ITACCaKUPCKIX
COOOILIEHUIA.

JLU1s1 OCyIIeCTBIICHMST TPAHCTTIOPTHOT'O TUTIAHU -
PpOBaHMSI CJIEAYET CO3MATh CCTEMY MOHUTOPHH-
ra uH(opMauuu, HeoOXOAUMON MpU OpraHu3a-
LIMK PeryJsIpHBIX MEPEBO30K IMacCakUpPOB,
a TaKKe TIOBBICUTD KBATM(DUKALIMIO TIEpCOHAa,
MOJIICpHU3MPOBATh COIEepKaHKe YIeOHOTO TIPO-
1iecca B Ipo(UIbHBIX By3aX, IPOrpaMMBbI ITOIAT0O-
TOBKH CITCIIAAIMICTOB IJIsT HY3KI OTPACIIH.
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ABSTRACT

The need for theoretical and methodological
assessments of organization of the transport process,
of the features of the passenger transportation market
inthe modern city is explained by the changing economic
conditions in the country and transformation of legal
foundations of production and business activities. The
planning methodology, which is discussed in the first
place, is considered in retrospect, successive
development and is open to continuations, allowing to
permanently obtain scientifically based results, verified
solutions and reliable forecasts.

The current Russian legislation binds public
authorities, regional and local governments to carry out
organization of regular transportation of passengers and
their baggage on the routes of the road and urban ground
electric transport. The main act defining the competence
of the executive authorities in development of regular
passenger transportation is a document on planning of
regular transportation. As such a document has not

previously been implemented, its development should
be carried out permanently at all levels of public
administration and city management.

The analysis shows that it is advisable to develop a
guide to transport planning, which would set forth
methods of solving routing problems and technological
organization of passenger transportation on regular
routes of urban motor and urban electric transport,
include the possibility of using modern software for
modeling mobility and passenger transportation, as well
as information obtained from georeferencing tools and
the use of electronic IT. The guide should be based on
the concept of sustainable development of transport
systems and facilities; transport accessibility of various
territories and objects for potential passengers;
integration of urban planning, transport, environmental,
social and other types of legislation; capabilities of
modern «smart cities»; technical innovations in the field
of transport engineering; an integrated approach and
the concept of logistics of passenger traffic; permanent
monitoring; improved staff qualifications.

Keywords: transportation market, road transport, management, planning methodology, passenger flow,

demand, legal support, retrospective analysis.

Background. Russian federal legislation
establishes the obligation of the authorized public
administrations, regional and local governments to
carry out organization of regular transportation of
passengers and their baggage on the routes of the road
and urban land electric transport. The main act defining
the competence of the executive authorities in
development of reqular passenger transportation is a
document on planning of regular transportation [1].

Such a document has not previously been prepared
and has not been used. Its development should be
carried out permanently at all levels of public
administration and municipal management by
specialists involved in this. The widespread preparation
of regular transportation planning documents will
require a large number of specialists throughout the
country who must possess the necessary knowledge
and competencies.

Objective. The objective of the authors is to
consider planning methodology for road passenger
transportation.

Methods. The authors use general scientific
methods, historical and comparative analysis,
evaluation approach, statistical method.

Results.

1. Legal context and approaches

Management actions in the context of the provisions
of the Federal Law «On organization of regular
transportation of passengers and baggage by road and
urban land electric transport in the Russian Federation
and on amendments to certain legislative acts of the
Russian Federation» dated July 13, 2015 No. 220-FZ
(hereinafter — FZ-220) comprise [1, art. 1; ch. 2-5]:

a) establishment, modification or cancellation of
regular routes;

b) approval of the timetable for the route on the
basis of the project submitted to the authorized body
by the person initiating the route;

c¢) division of routes by types of regular transportation
into routes with regulated or unregulated by the state
(local governments) tariffs, changing the type of regular
transportation on the route (bus, trolleybus, tram);

d) providing passengers with travel benefits;

e) holding a competition for the right to serve the
route by carriers;

f) maintaining registers of routes of various
categories and registers of stopping points;

g) regqistration of certificates for the right to carry
out transportation along routes and of route maps.

Previously existing technological developments can
be considered as analogues of the tasks of transport
planning only in relation to sub-items «a» and «b». The
remaining tasks looked fundamentally different, as well
as obviously their nonconformity with the technology of
organization of transportation, developed by applied
transport science. Moreover, to avoid confusion, two
concepts should be distinguished: organization of
transportation and technological organization of
transportation of passengers and baggage. Pic. 1 shows
an example of the sequence of solving problems in
transportation by urban passenger transport(UPT) [2-4].

To implement the provisions of FZ-220 it is
necessary to prepare:

« aregular transportation planning document, which
is a regulatory legal act of the highest executive body of
a government of a constituent entity of the Russian
Federation or an executive body of a municipality. This
document establishes a list of measures for development
ofregular transportation, it regulates relations connected
with establishment, change and cancellation of routes,
admission of carriers to service lines, use of transport
infrastructure facilities, and organization of control over
implementation of transportation;

+ a certificate of transportation on the route of
regular transportation confirms the carrier’s right to
carry out such transportation at unregulated tariffs;
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« a regular transportation route map is issued to
the carrier for each vehicle, it contains a brief
information about the route and vehicle characteristics,
indicating the parameters affecting the quality of
transportation — presence of a low floor, air conditioning,
equipment for disabled passengers, an electronic
information board, cabin air temperature control
system, cashless fare systems, etc. [1];

« a «passport» (specification) of the route of reqular
transportation, which is compiled for each route and
contains detailed information about it;

« registers of regular transportation routes are
designed to record passenger lines in operation and
contain a description of the type of transportation,
routes, the maximum number of rolling stock units used
on them, information on working hours, and carrier
data. Route registries may be: a) municipal;
b) intermunicipal; c) interregional; d) adjacent
interregional ones;

« registries of stopping points are designed for their
accounting and contain information about them.

The process of transport planning and the
information and logical interconnections of its individual
elements are presented in Pic. 2

Methodological approaches to planning,
technological organization of regular passenger
transportation in transport science were developed in
accordance with:

- level of knowledge about transport systems and
their technical and operational capabilities;

« understanding of current and strategic problems
of transport and its impact on society, the economy, the
environment, resettlement, land use and other essential
aspects of life;

« methods of analysis and solving problems of
planning and technological organization of passenger
transportation;
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passengers process

e e — —

« data processing technologies and data
transmission tools used in this process.

Considering the listed factors in the complex, it is
possible to single out the following main stages,
characteristic for Russia:

« the first stage — from the 60s of 20" century to
the collapse of the USSR and to transition from the
command-administrative model of public transport
management to market methods of production and
economic activity;

- the second stage — from the beginning of
formation of the modern Russian state untilabout 2010;

- the third stage — during last few years to the
present.

It is also possible to speculatively speak about the
fourth stage, meaning the predicted transformations
of the passenger transport system in the foreseeable
future.

Ateach of three stages, the basic issues of planning
and developing regular passenger transportation by
road and urban land electric transport were assessed
differently:

+ objectives and strategic priorities in
implementation of planning and prospects of passenger
transport;

« technologies of planning and shaping the future
of transport systems;

« information and analytical support for the planning
process;

+ economic justification for planning and
development of transport systems.

2. Methodological transport planning support

Methodological bases for planning the development
of transport systems were formed by several scientific
schools that carried out research and development in
the transport, urban planning and transport and
operational areas in Moscow (NIIAT, MADI, MISI, NIPI
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ofthe General Plan, MARHI) [research institute of road
transport, Moscow automobile and road construction
institute, Moscow construction institute, research and
design institute of general planning, Moscow institute
ofarchitecture], Leningrad (branch of NIIAT, LISI), Kiev
(KievNIIP of urban planning) and other cities.

In a methodological sense, transport and town
planning developments have found their normative and
technological implementation in SNiP — building codes
and reqgulations, the use of which by designers was
considered mandatory. A large number of rules were
developed that requlate various aspects of architectural
and construction activities, including the transport
design ofthe urban environment, construction of roads
and artificial structures on them.

A significant methodological innovation for urban
planning with the use of an integrated approach was
formation and implementation of integrated transport
schemes (KTS), which were carried out in large cities
with a population of 250-500 thousand or more people
in accordance with typical recommendations to
designers [5, pp. 4-93]. The main task of the KTS was
definition of guidelines for development of urban and
suburban transport for the future 10-15 years.

The guidelines [5] describe in detail the technology
for implementation of design work on development of
the city’s KTS, including the methodology:

« performance of a transport and planning
assessment of the city and of quality level of transport
service of the population;

- forecasting design parameters and designing
routed transport networks;

« planning the development of the main road
network;

« planning for pedestrian and passenger traffic;

+ development of transport infrastructure (vehicle
maintenance);

+ development of suburban transport zone and
trunk transport, providing transport links of the city with
the external environment.

Technological approaches to transport planning for
urban development are summarized in the monograph
[6]. The methods of design and exploration work are
considered in detail, recommendations on their rational
implementation are given. The computational
algorithms, questionnaires for transport surveys and
regulatory and methodological summaries of the source
data are given.

Transport planning is comprehensively presented
in the works of the largest Russian scientist, professor
M. S. Fishelson [7, 8]. When performing domestic
developments, foreign experience was taken into
account [9].

In general, the methodology of transport planning
for development of the urban transport system has
reached a fairly high level. Methodical, analytical and
information prerequisites were created for planned
calculations in semi-automatic mode using a computer.
At the same time routine labor-consuming operations
were performed by machine, and a group of designers
carried out a qualitative comparison of the variants of
the projects, choosing the best solution.

Significant achievements obtained in development
ofthe methodology of the architectural and construction
approach to transport planning were:

« formulation of a new problem and development
of methods for solving a major national economic task
of transport planning;

« development of hypotheses for settlement of
urban residents taking into account alternative
theoretical approaches and, on this basis, development
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Pic. 2. The process of transport planning.

of models for forecasting transport demand for
passenger transportation;

+ implementation of the planned development of
urban transport systems;

« an attempt to link technical and operational
solutions to the transport problem with economic
benefits.

At the same time, problematic issues remained:

« significant analytical difficulties in performing
time-consuming calculations, which did not give a
sufficient number of variants of plans for their
comparison and selection of the most rational, until
modern methods appeared;

« the need for time-consuming collection of source
data, the presence of which was completely not
provided by the system of public statistical accounting;

+ one-sided assessment of transport services
based on indicators of traffic volume and passenger
turnover, unfulfilled need for a new approach to the
results of transport activities based on a marketing
assessment of transportation and passenger service
quality [10].

3. Routing of passengers

In the former USSR and other developed countries,
significant success was achieved in the framework of the
transport-operational approach to planning the
development of transport systems. The main transportand
operational studies were carried outin Moscow, Leningrad,
Novosibirsk, Kazan and Omsk (creation of automated
dispatch control systems). In contrast to the transport and
urban planning approach, these studies focused mainly on
routing problems on the existing network, passenger
transportation technology and quality management of their
services. This approach was used by almost allresearchers,
for example, by M. D. Blatnov [11].

The methodology for building an optimal’ system
(scheme) for UPT routes was based on apparatus for
mathematical programming. In the late 1960s,
M. V. Khrushchev proposed a workable method of
forming a bus route scheme using a computer [13, 14].
It was replicated in many cities of Russia and other
Soviet Union republics.

The main criteria for formation of route schemes
(RS) were taken: reducing the time spent by passengers

! The optimality criterion was the minimum total cost of
travel time for passengers.
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on trips, reducing passenger interchange when
traveling, saving carriers costs by straightening routes
and increasing their speeds.

The multi-criteria nature of the task and the
obligation to take into account various technological
constraints do not allow to fully automate the
formation of the RS. The optimal one is the scheme
that best meets the clearly formulated requirements
(criteria), for example, the minimum expenditure of
travel time. In view of the need for a compromise
solution, taking into account the requirements of a
different nature and a number of non-formalized
considerations, the implementation of a variant was
adopted that was somewhat different from the
optimal RS. It was called the rational scheme of bus
routes.

A rational scheme of bus routes was formed on the
basis ofa guide [12], prepared on the basis of research
results. Preparation of the scheme involves two stages
[2, pp. 76-78; 13, pp. 5-59].

At the first stage, transport correspondence
between individual transport microdistricts (TMD) of
the city is examined and data for calculation are
collected. Correspondence surveys are organized by
the transport authority of the administration with
involvement of specialized design and technological
organizations with participation of carriers.

The following were used as TMD: residential areas,
entrance checkpoints of plants with a large number of
workers, other places of mass attraction of passengers
(railway stations, stadiums, theaters, shopping and
administrative complexes, etc.). If the residential area
is located along a highway that has a single transport
connection with the rest of the urban development
(highway-radius), then such an area was taken as one
TMD. When allocating microdistricts, they proceeded
from the distance from the periphery of TMD to its
center (no more than 500 m in accordance with the
normative pedestrian accessibility of the transport line).
The TMDs territory should not intersect with natural and
artificial barriers — rivers, ravines, fences, etc., if there
is no convenient walking route for passengers through
these barriers.

On the large-scale plan of the city, the boundaries
and centers of TMD were plotted, and the shortest
possible routes of travel between neighboring
(adjacent) microdistricts were determined. For
centers of nodal TMD that are associated with more
than two other TMDs, the average time spent on
transfer from one direction to another was determined
by passengers.

According to the results of the survey in the need
for transportation a table of transport correspondences
between separate TMDs was designed. Attention was
paid to their correct presentation. Typical errors were:
specifying correspondence without taking into account
the passenger’s use of rapid transport; lack of
registration of arrival with children in preschool
institutions before the trip and after the trip to work;
zonal evaluation without taking into account various
obstacles; lack of accounting for daily trips of
passengers to neighboring settlements on electric
trains.

Alist of routes required for inclusion in the TMD was
compiled, without preliminary calculations for reasons
of conservation of: existing tram and trolleybus lines
(taking into account the previously incurred significant
costs for construction of the track and contact network);
some of the most cost-effective bus routes providing
the city’s traditional transport links and ring routes. The
share of such routes from their total number was,
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according to the opinion of the authors, usually of
10-30 %.

The data were prepared: on the number of rolling
stock units; the minimum allowable length of the route
for reasons of ease of operation and productive use of
vehicles; the maximum allowable range of traffic on
routes for reasons of ensuring the operation rate of
transport of not less than 0,8, the minimum allowable
volume of passenger transportation on the route based
on the accepted maximum interval of traffic and the
minimum capacity of a rolling stock unit. In this case,
individual restrictions or all of them could be ignored.

At the second, design stage, an RS version is
formed on the computer that satisfies the objective
function:

m_m n Iy
ZZ(IC” +th )R,.j +Ztﬂk P, +Z’q -F, — min,
=1 j=1 k=1 =1
wherei=1, ..., m —reference numbers of TMDs of the
beginning of movement of passengers; j=1, ..., m —
reference numbers of TMDs of the end of movement
of passengers; I, and 1, - time spent per passenger
to travel and make an interchange when traveling
between the i-th and j-th TMD; k =1, ..., R — routes of
UPT; t, - time spent by one passenger waiting for
boarding while traveling on route k; P, — number of
passengers using route k; | =1, ..., | - combined
sections of the route network, along which two or more
routes pass; 1, —time spentby one passenger waiting
for boarding when traveling within the combined area
I; P, — number of passengers traveling within the
combined area I.

Predefined routes are included in the scheme; the
length of the routes is within certain limits; on each
route, the interval of traffic is no more than a specified,
the volume of traffic is not less than a specified one;
there are no prohibited routes and route end points in
prohibited TMD.

In formation of a rational TMD, the interactive mode
of program operation is used. The solution option was
promptly presented to the group of experts for
evaluation and adjustment, taking into account
additional requirements and informal constraints. By
deliberately changing tasks, the experts sought a route
scheme in which a compromise was reached between
the requirements of the quality of passenger transport
service, the economic interests of the carrier and the
available resource possibilities.

RS, received after adjustments, was put on the city
plan, tying it to certain streets and traffic patterns at
intersections and squares.

The route scheme was revised in two cases:

« with current local changes caused by the
emergence in the city of new residential areas, industrial
organizations, UPT carriers, new metro stations or other
rapid transport, new stadiums, theaters, shopping
malls, etc.;

« with periodic radical reforming of RS, which was
recommended to be held every 5-10 years [2, p. 71;
17, p. 210]. In reality radical reform was carried out not
more than each 20-25 years.

4. Methods and rules

A problem that is quite independent and important
for planning of transport activities is the study and
forecasting of demand for transportation. For routed
transportation, the demand for it is expressed in inter-
district correspondence (the number of passengers
traveling at a certain time between each pair of transport
TMD, taking into account the directions of travel). These
correspondences reflect the network mobility of the
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population. On route hauls and stopping points,
passenger traffic is studied through studying of
movement of people through points of the transport
network (hauls en route, arrival to the stopping point of
the route and departure from it at the end of the trip).
It should be noted that it is meaningless to talk about
passenger traffic for taxi traffic, since in such cases
there is only demand for transportation.

The methodology for studying and forecasting
passenger flows for planning and development of
transport systems is discussed in detail in [2, 15, 16].
Methods of obtaining data on passenger flows are
based on the use of labor of the accountants, who
perform many operations manually. It should be pointed
out that the cost of obtaining information on passenger
traffic, if we base on existing experience in solving the
tasks of routing and technological transport
organization, is equal to 95 % of the total cost of the
calculations for organization of the route network and
transportation within it.

Interdistrict correspondence serve as background
information for formation of route schemes (network
mobility of passengers). For planning the use of rolling
stock, it is necessary to know the passenger traffic on the
routes — route mobility of passengers.

Tasks of technological organization of passenger
transportation indicated in Pic. 1 are solved on the basis of
arepeatedly approved methodology, described in general
formin [4, 17]. Similar tasks were contained in the previous
regulatory technical document [ 18] developed at NIIAT on
the instructions of the former Russian ministry of road
transport [RSFSR Minavtotrans] and known to specialists
under the working title «Order 200», as well as other industry
guidelines.

In particular, SNiP 2.07.01-89 «Urban planning.
Planning and development of urban and rural settlements»
[19] was published. The specification of the requirements
established by SNIP is carried out in regional (territorial)
regulatory documents, taking into account local specifics
and capabilities.

The projects of planning and development of urban
and rural settlements stipulate to determine their prospects
beyond the estimated time frame, including fundamental
decisions on territorial development, functional zoning,
planning structure, engineering andtransportinfrastructure,
rational use of natural resources and environmental
protection. An estimated period of up to 20 years is
established, and a town planning forecast can cover a
prospect of 30-40 years.

When designing urban and rural settlements, a unified
system of transport and road network in conjunction with
the planning structure of the settlementand the surrounding
area should provide convenient, fast and safe transport
links.

The rules stipulate the marginal standards of time spent
by residents to move in one end of the settlement from the
places of residence to the places of work (for 90 % of the
population) depending on the population of the city:

Population of the city, | Time spent, min.
thous. people

2000 45

1000 40

500 37

250 35

100 and less 30

For gigantic cities with a population of more than 2 million
people, the standards for spending time for passenger
traveling are established on the basis of an individual
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approach, taking into accountlocal features of settlement,
planning structure, level of development of rapid transport
and other similar conditions. For residents of rural
settlements, the time spent travel to job, as a rule, should
not exceed half an hour.

InSNiP2.07.01-89, the elements of arrangement and
further development are regulated:

+ objects of external (main) passenger transport;

« road network of the settlement;

« facilities for storage and maintenance of vehicles;

« protection of the environment, including protection
against harmful effects of transport on it.

A separate detailed section of SNiP 2.07.01-89 is
devoted to public passenger transport and pedestrian
traffic. Standards for density of the route network, the
prospective limiting occupancy of vehicles, the length of
spans on routes, the time spent on interchanges and so on
are established.

Currently, the updated version SP 42.13330.2011 of
the previous set of rules is in force. The current regulations
somewhat change the conditions for design of public
transport. In future, it is proposed to calculate the
occupancyrate of the passenger compartmenton the basis
of 4 pass./m? for the normal driving mode, and for rapid
communications - on the basis of 3 pass./m? of free floor
space of the cabin. We point out that such standards are
exclusively town-planning and have no relation to rationing
of organization of vehicles traffic on passenger transport
routes(the latter are established only in transport legislation
or by vehicle manufacturers).

The set of rules preserved the established norm of
marginal distance of location of the public transport
stopping point from the passenger’s location which is
500 m, and also introduced some amendments for various
local conditions and urban areas.

5. A plan has its own needs

The process of transport planning begins with
determining the needs of the population for mobility,
including the need for the use of vehicles.

The most general characteristic of the need for
movement is the general mobility of the population — the
number of travels per inhabitant per year. Travel over short
distances is carried out mainly on foot. The share of travels
by transport is determined by the coefficient of use of
transport K & depending on the distance | and speed of
movementv. Forexample, when|=3,5kmandv=6km/h,
and in the absence of results of a detailed study the
coefficient K , on the basis of the available mean data, can
be deemedto be equalto 0,47. Depending on the purpose
oftraveling, its share with the use of vehicles changes: labor
and training transport traveling is typically not less than %
ormore [4, p. 80]. The remaining trips are cultural, domestic
and job-related ones.

The transport mobility of the population P, is measured
by the number of trips per resident of the city per year:
P,=Q/N,
where Q - annual traffic volume on urban routes, thousand
passengers; Npop, — population of the city, thousand
inhabitants.

In the absence of real data, it is recommended to use
the enlarged standards for groups of cities [17, p. 161,
183]. The proportion of trips for various purposes varies
depending on development and composition of the city-
forming base, approximation of its objects to the places of
residence. The need for travel varies regularly by periods
of the day, reaching a maximum during peak hours.

Trips are characterized by direction, and therefore
points of their beginning and end are allocated. The
number of trips between a certain pair of points is
transport correspondence. There are network (between
microdistricts of the city) and route (between the
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stopping points of a single route) transport
correspondences. Network correspondence becomes
the basis of the information base for transportation
routing. Route correspondence is an informational
basis for streamlining the corresponding routes.

General guidelines on definition of transport
mobility, were developed in 1970 [20]. Since the
publication of this manual and to the present, there have
been no fundamental changes in the technological
organization of passenger transportation. Only
innovative technologies of obtaining travel information
on the work of vehicles on the line and of monitoring
data on traffic and passenger traffic, on introduction of
new technical means appeared.

The methodology for examining passenger flows is
discussed in detail in [15, 16]. For the purpose of
streamlining statistical material on traffic and of
planning the work of transport on the basis of standards
for passenger mobility a guide was issued [21].

Former ministry of road transport once financed the
conduct of dozens of studies to create a methodological
basis for planning and technological organization of
passenger transportation by various bus transportation
modes. The greatest number of studies followed by
organizational and methodological developments relate
to buses used on urban routes and in the mode of route
taxi. Passenger transportation by car-taxiwas a separate
scientific and methodological direction.

Route timetable for movement of bus transport is
a basic planning document. When scheduling, it is
necessary to solve a complex mathematical problem
of conjugation of buses ready for release onto the line
and schedules of drivers. To accomplish this, the
methodology of allocation of buses by routes was used
[22, pp. 6-23]. For the developers of timetables
guidelines [23], relevant in present time, have been
designed. Techniques embodied in these guidelines
have been interactively implemented with the use of
computer programs, the results being uodated and
modified by experienced operators.

Rapid and express communication on bus routes
at the same time increases the efficiency of the use of
rolling stock, reduces the cost of transportation and
provides a significant improvement in the quality of
transport services for passengers. The fundamentals
of planning and organizing rapid, express, semi-
express and combined modes of bus traffic are
described in [17, 24, 25].

The execution of the timetable has always been a
problematic issue. Budget financing of carriers should
be carried out only for voyages actually made in
accordance with the schedule. Disruption of voyages
has a significant impact on the quality of transport
services for passengers, given that in Russia every
fourth route is served by one or two buses. Therefore,
to increase reliability of transport services, it is
necessary to create and use a reserve of rolling stock.

The reorganization of the passenger transport
system is associated with restructuring of a complex of
public relations [3, 26]. When making calculations in
the process of transport planning, the attention should
be given to justification of the suggested method of
valuation of time spent by passengers according to
different transport solutions. The valuation allows you
to set the travel time as the most important indicator of
the quality of transport services and the cost of the
project. The work [27] contains a description of
domestic and foreign experience in determining
valuation and discusses the methodological basis for
substantiating this normative indicator for transport
planning purposes.
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Conclusion. The analysis shows the methodo-
logical advisability to develop a guide on transport
planning, which would set forth methods of solving
problems of routing and technological organization
of passenger transportation on regular routes of
urban motor and urban electric transport that are
adapted to new requirements. The guide should
include the possibility of using modern software for
modeling mobility and passenger transportation, as
well as information obtained from georeferencing
tools and the use of IT solutions.

The principal requirements for the future guide are:

« using the concept of sustainable development
of transport systems and facilities;

« ensuring transport accessibility of various
territories and objects visited by potential passengers;

- integration of urban planning, transport,
environmental, social and other types of legislation
in order to fulfill the regulatory requirements
governing specified indicators of the quality of
passenger transport service;

« implementation of capacity of modern «smart
cities»;

« application of technical innovations in the field
of transport engineering;

« an integrated approach to the use of the
advantages of different modes of transport based on
the concept of logistics of passenger traffic.

To implement transport planning, it is necessary
to create a system for monitoring information
necessary for organizing regular passenger
transportation, as well as to improve staff
qualifications, modernize the content of the
educational process at specialized universities, and
the syllabus of training programs for the employees
of the industry.
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BOINPOCHI TEOPI

CemaHTHMyeckKkoe ceTeBoe
MoAenmpoBaHue

Ilonoe Arexcandp Ilempoeuu — kanouoam
mexHu1eckux Hayk, doyenm Poccuiicko2o
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Ilonoea Tamvsna Asexcandpoéna — cmapuiuii
npenodasamens Poccuiickoeo mexnonocuueckozo
yuusepcumema (MHUPSA), Mockea, Poccus.

€TONbl TIPECTABICHUST 3HAHU,
OCHOBAHHBIE Ha aTIapare ceMaH-
TUYECKUX CeTell, COCTOST B TOM,
YTOOBI pacCMaTPUBaTh MPOOJIEMHYIO CPERY
KaK COBOKYITHOCTh OOBEKTOB (CYITHOCTEIA)
¥ CBsI3eil (OTHOIIIEHUIT) MEXKIY HUMMU.

B dynnameHTe cemaHTHUYECKUX MOJIeIeit
JIEXKUT MIOHSATUE CETH, 00pa30BaHHON MMOMe-
YEeHHBIMU BEpPIIMHAMU U nyramMmu. Hanoxus
OrpaHWYEHUST HA OTIMCAHUE BEPIINH U AYT,
MOXHO TOJIYYUTh CETU PA3JTUYHOTO BUJA.
Ecnu BeplIMHBI HE UMEIOT COOCTBEHHOU
BHYTPEHHE! CTPYKTYPHI, TO COOTBETCTBYIO-
I1e CeTH Ha3bIBAIOT MpocThiMu. Eciu Bep-
IIUHBI 00J1aal0T HEKOTOPOW CTPYKTYpPOH,
TO TaKWe CETU CUUTAIOT UePAPXUUECKUMU.
Ha HavanbHOM 5Tamne pa3pa®OTKU WHTEJN-
JIEKTyaJIbHBIX CUCTEM (DUTYPUPOBATIU TOJTb-
KO TIPOCTBIE CEeTH, ceiiyac B OOJIBIIMHCTBE
MIPUIOXEHU N, UCTTOIb3YIONINX CEMAaHTHYE -
CKWE CETU, OHU SIBIISTIOTCS MePAPXUUECKUMU
[1, c.23].

Ha npumepe cemaHTHUecKOU ceTu 00-
1EeTO BUJIa MOXHO YCTAHOBUTH pa3inyuue
Mexay 0a30i JaHHBIX U 0a30W 3HAHUIA.
IIpenmeTHas 06JacTh €CTh MHOXECTBO J0-
IYCTUMBIX COCTOSTHUI CBOMX KOMITOHEHTOB.
IlpencraBiaeHue yepe3 oOLIME TMOHITUS
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W OTHOIIEHUS MEXIy HUMU, OYIAyIu MHO-
KecTBOM, oOpa3yeT 0a3y 3HaHUI — B BUJe
WHTEHCUOHAJILHOW CEMaHTUYECKOM CeTH.
ODTU BOMPOCH 3aTparMBaiuch B [2—35].
C npyroii CTOpOHBI, B 3aBUCUMOCTHU OT CH-
Tyaluy KOMITOHEHTHI TPEAMETHOM 001acTn
OyIyT MMEeTh CBOM 3HAYeHUs, CBOWCTRBA,
XapaKTepUCTUKU. Bce KOHKpETHBIE CBee-
HUS O TIpEAMETHOM 00JacTh OTPaxXaroTcs
B TaK Ha3bIBae€MOI 3KCTEHCUOHAJIbHON ce-
MaHTMYECKOM CeTH MIn 0a3e MaHHBIX CeTe-
BOI1 CTPYKTYpHI [6, c. 54].

DopMaTbHO CEMAaHTUUECKYIO CETEBYIO
mozenrb (CCM) onpeaeanM B BUIE MYJIbTH -
rpada:

SSM = (X, H, R),

rne X — MHOXeCTBO BEpIIUH MyJbTUTpada;
R — MHOXEeCTBO CBsI3ei MEX/Ty BepIIMHAMMU,
IIPY 3TOM MEXJIY NTPOU3BOJBHBIMU BEPIIIH -
Hamu (X, X;)eX MOXeT GbITh OMpENETEHO
GoJiee OTHOW CBA3U R, R;...€ R; H — TpéxmMep-
HBIW MpeIuKaT, TeMOHCTPUPYIOIINA CBSI3-
HOCTb BEpIINH MyJbTUTpada.

CeMaHTHUYeCKast CETh MOXKET OBbITh TIPEJI-
CTaBJIeHa B BUJIE OPUEHTUPOBAHHOTO MYJIb-
Turpada c MOMeYeHHBIMU BepIIMHAMU
u nyramu. BepmmHamu mynbrurpada sis-
JISIIOTCST HEKOTOPBIE TTOHSITUS MTPEAMETHOM
obyacTH, a JyraMM — CeMaHTUYeCKHE OT-
HoleHus Mmexay Humu [7, c. 50]. B mnopo6-
HBIX Tpadax METKU BEPIIVH U YT OIpPEJIe-
JISIIOT TEPMBI M TIpEIUKaThl, 3aJaHHbIC Ha
o0beKTax MpeaMeTHoM obaacTu. Bcé MHO-
JK€CTBO BEPIIMH CEMaHTUYECKOU CETH Jie-
JIUTCS Ha IBa OCHOBHBIX TUTA: MOHSATHUS
u cBoiicTBa. [ToHATHS XapaKTepuU3yioT He-
KOTOpBbIe OOBEKTHI, SIBICHUST U TPOLIECCHI
nmpeaMeTHoi obmactu. CBoiicTBa ciyxkat
JUIST YTOUYHEHUST TIOHSTUIA.

Bes nadopmanumst, cucreMaTu3upoBaH-
Has ¢ TOMOIIIbIO KapT aHaJIu3a, O BCeX JIOKa-
JIN30BaHHBIX MOBEPXHOCTSX (JITT) ocHOBHO-
ro U BCIIOMOTATEJbHOTO MPOU3BOJACTBA
MPENNPUSITAST 3aTPyKaeTcsl B MaMsITh KOM-
MbIOTEPA U SIBJISIETCS] OCHOBOM 15T (popMM -
poBaHus 6a3bl faHHbIX JITT. CTpykTypa 6a3b1
MO3BOJISIET OCYIIECTBIISITh MTOUCK MTPaKTUIe-
CKH 10 JIIOOOMY TTOJII0, TI0OOMY PEKBU3UTY,
COCTaBJISIIONIEMY COMIepXKaHUE KapThl aHAJIH -
3a KOHCTPYKTOPCKO-TEXHOJIOTUYECKOU J10-
KyMEHTalllH.

Co3znanue ¥ IprMeHeHNE MaTeMaTUUEeCKIX
MojeJiell omuchIBaeTcs B psiae pabot [§—12].
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PaccMmotpum mporiecc popMupoBaHUs
CEMaHTUYECKOM CETEBOI MOJIE/IV IPEACTaBIIE-
Hus 3HaHUi. CoriacHo MeToanKe (hOpMUpPO-
BaHMS M CUCTeMaTHU3aluu WHOOpPMAIIUU
[13—14] o mpemMeTHOIT 00JTACTH TEXHIIECKOM
noarotoBku npoussonctea (TIIIT) Beraenum
CJIeTyIolIMe KJIacChl OObEKTOB U UX CBOMCTB.

MHoxecTBo 00bekTOB CCM MOXET Monos-
HUTBCS HOBBIMU 3JIEMEHTaMMU, TIPEICTaBIICH-
HOE BBIIIIe TIOIMHOXECTBO OTpaxkaeT JUIIb
OCHOBHBIE 00BeKTHI [15, ¢. 124; 16, c. 40; 19,
c. 535].

CemaHTHUeCKas ceTeBasi MOJEJb OINpese-
JISIeT KaK KJ1acChl TOHATU (YPOBEHb O000IIEH-
HOTO MPEACTaBACHUS 3HAHUIA), TaK U (HAKThI
(YpoBeHb KOHKPETHOTO IpEICTaBICHMS 3HA-
HUIA).

Ha MHOXecTBe ceMaHTUYeCKUX OTHOIIe-
HUI MOXHO BBIIEIUTH KJIACCHI OTHOIIIEHUH,
Ppa3IMYaloNIMECs IO TUITY YYACTBYIOIIMX B HUX
aeMeHTOB [17, c. 86; 18, c. 244].
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BbIBO4bl

1. Ha MammHoCTpouTEILHOM (B TOM YKCie
U TPAHCIIOPTHOM) MPEANPUSATUU CIIeAyeT
UMEeTh MOJe/b OObEKTOB MPOEKTUPOBAHUS
U1 Harbosiee oNTUMaIbHOW pa3paboTKU
aBTOMaTU3UPOBAHHON CUCTEMbI TEXHUYECKOM
noaroroBku npousBoactsa (ACTIIIT). Kpome
TOTO, JaHHas CHUCTeMa MOJIXKHa BKJIOYaTh
¢ynkuuu ynpasaenust TIIIT.

2. Co3gaBaeMble MOJEIN PU3BaHbI HAMOO-
Jiee TOUHO onuckiBaTh Iipoiecchl TTTIT 1 oTBe-
YaTh TPEOOBAHMUSM Pa3IUYHBIX MOACUCTEM
ACTTIII, ObITh YyHUBEpCATBHBIMU.

3. UudopmamoHHasg Molesb IpeaIMeT-
Hoii obsactu TITIT onupaeTcs Ha COBpeMeH-
HbIE CIIOCOOBI MPEACTABICHUS 3HaHUU. Tpe-
o6oBaHusm TIIIT B HauOoablIEH CTENIEHU
OTBEYAIOT METOIBI, OCHOBaHHBIC Ha aIllTapare
CEMaHTUYECKMX CeTei M KOHIEITITNN JIOKAJT-
30BaHHBIX TTOBEPXHOCTEIA.

4. TMocrpoeHne nHGOPMAITMOHHOTO 00ec-
neyeHust ACTIIIT nomkHO mpearnogaraTh
WHTETPALNIo XpaHeHUS TaHHBIX U 3HAHWH.
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SEMANTIC NETWORK MODELING

Popov, Alexander P., Russian University of Transport, Moscow, Russia.
Popova, Tatiana A., Russian Technological University (MIREA), Moscow, Russia.

ABSTRACT

A method of developing of information
systematization of the subject domain of automated
systems for technical preparation of production is
proposed. A network semantic model of the
knowledge base of a machine-building enterprise is
formed taking into account all possible operations.

Background. Methods of knowledge represen-
tation, based on the apparatus of semantic networks,
are to consider the problem environment as a set of
objects (entities) and relations (relationships)
between them.

Semantic models are based on the concept of a
network formed by labeled vertices and arcs. By
imposing restrictions on the description of vertices
and arcs, it is possible to get networks of various
types. If the vertices do not have their own internal
structure, then the corresponding networks are called
simple. If the vertices have a certain structure, then
such networks are considered hierarchical. At the
initial stage of development of intelligent systems,
only simple networks appeared; now, in most
applications using semantic networks, they are
hierarchical [1, p. 23].

Using the general semantic network as an example,
one can distinguish between a database and a
knowledge base. The subject area is the set of
admissible states of its components. Representation
through general concepts and relations between them,
being a set, forms a knowledge base — in the form of
an intensional semantic network. These issues were
addressed in [2-5]. On the other hand, depending on
the situation, the components of the subject domain
will have their values, properties, characteristics. All
specific information about the subject domain is
reflected in the so-called extensional semantic network
or database network structure [6, p. 54].

Formally, we define the semantic network model
(SNM) as a multigraph:

SNM =(X, H, R),
where X — set of vertices of the multigraph;

R - set of connections between vertices, and
more than one connection R;,R;...€ R can be defined
between arbitrary vertices (X, X,)e X;

H - three-dimensional predicate showing
connectedness of vertices of the multigraph.

A semantic network can be represented as an
oriented multigraph with labeled vertices and arcs.
The vertices of the multigraph are some concepts
of the subject domain, and the arcs are the
semantic relations between them [7, p. 50]. In such
graphs, the labels of vertices and arcs define terms
and predicates defined on the objects of the
subject domain. The whole set of vertices of the
semantic network is divided into two main types:
concepts and properties. Concepts characterize
some objects, phenomena and processes of the
subject domain. Properties are used to clarify the
concepts.
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To solve the problem of integrating computer-aided
design, managing technological and organizational-
economic processes, the concept of localized
surfaces is used, which are the main elements of the
information structure of an enterprise and combine
five types of relationships: material, dimensional,
temporal, informational and economic properties.

Keywords: semantic modeling, systematization of information, technological preparation of production,
integration tasks, problem environment, network, graph, automated system.

All information, systematized with the help of
analysis maps, about all localized surfaces (LP) of the
main and auxiliary production of the enterprise is
loaded into the computer memory and is the basis for
formation of the LP database. The database structure
allows you to search for virtually any field, any
requisite, which is the content of the analysis map
design and technological documentation.

The creation and application of mathematical
models is described in a number of works [8—-12].

Objective. The objective of the authors is to
consider the process of semantic network
modeling of technological preparation of
production.

Methods. The authors use general scientific
and engineering methods, comparative analysis,
evaluation approach, IT methods, semantic tools.

Results. Let’s consider the process of
developing of a semantic network model of
knowledge representation. According to the
method of formation and systematization of
information [13-14] within the subject domain of
the technical preparation of production (TPP) we
select the following classes of objects and their
properties.

1. Product.

O
Il
—~
~
N
—_——
2,
7
~——

Sl1 :=(product number)

S12 :=(OKP (Russian classifier of production) code)
3. .

S1 = (weight)

Slj =(..)

2. Assembly unit.

N2 =SE

o,(5e)

assembly unit number)

o
—
W
—_
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3. Component.

N3 =DE

o-{oef)

S; :=(component number)
57 :=(OKP code)
53 = (weight)

J._
85§ ={.)
4. Localized surface.

N4:=LP

. J
04 = (LP, {54 })
S}‘ = <localized surface number)
SZ = (special location number)

s (quantity)

4
J .

5] =(.)

5. Compositional model of the product.

N 5= MI

o-{wr)

1. <code of the compositional >

5" \model of the product

§4=(.)

6. Compositional model of the assembly unit.

N6 =MS

()

sl code of the compositional
6" \model of the assembly unit

s/

J ()

The set of SNM objects can be supplemented with
new elements, the subset presented above reflects
only the main objects [15, p. 124; 16, p. 40; 19, p. 535].

The semantic network model defines both classes
of concepts (the level of the generalized knowledge
representation) and facts (the level of the particular
knowledge representation).

On the set of semantic relations, we can distinguish
classes of relations that differ in the type of elements
involved inthem [17, p. 86; 18, p. 244].

Conclusions.

1. At a machine-building (including transport)
enterprise, one should have a model of design objects
for the most optimal development of an automated
technical production preparation system (ASTPP). In
addition, this system should include the management
functions of TPP.

2. The created models are designed to most
accurately describe the processes of TPP and meet

7. Compositional model of the component.

N7 =MD

o[l

sl code of the compositional
7" \model of the component

s/

S (..

8. Model of the localized surface.

N8 =MP

()

sl code of the
8 localized surface

s/

()

9. Technological process.

N9 =TP
o J

O9 = (TP, {S9 })

| ._ /number of the

9 ™ \ technological process
ng = ()
10. Route of processing of the localized surface.
N1 3= MA

o-{mist)

1. <route of processing >

13~ \of the localized surface
Slj3 = ( . )
11...

the requirements of various ASTPP subsystems, to
be universal.

3. The information model of the subject domain
of TPP is based on modern methods of knowledge
representation. The requirements of TPP are best met
by methods based on the apparatus of semantic
networks and the concept of localized surfaces.

4. Building information support for ASTPP should
involve the integration of storage of data and
knowledge.
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ExkaTtepuHa YYMAKOBA
Ekaterina V. CHUMAKOVA

Hukonait OCTPOYXOB
Nikolai N. OSTROUKHOV

Vertical Take-off Devices

with Jet-Vortex Lift Generators
(TeKcT cTaTtby Ha aHIJl. 93. —
English text of the article — p. 53)

lMpeactaBneHo pac4ETHO-TeopeTndeckoe
060CcHOBaHME BO3MOXXHOCTU peann3auumn
Ka4eCTBEeHHO HOBOW KOHCTPYKTUBHOM

cxeMmbl sieTatesibHoro annapara (J1A)
BepTUKasibHOro B3s1€Ta, B KOTOPOM
noabEMHasi cuia UHULNUPYETCS OAUHOYHbBIM
Buxpem Han JIA n BcnencTeue 3Toro
nepenanom CTaTU4YeCKOro 4aBJIeHUs

noa v Hag annapatoMm. [IpoaHann3npoBaHbl
peLueHus1 0 BUXPEeBbIX TeYeHUsIX BO3ayxa,
reHepupyemMbix BpaLjaroLymmMcs ANCKOM,

Vv BUXpEW Tuna «TopHag0», BO3HUKAIOLLNX

B atmocgepe. lpeasnoxeHbl KOMMOHOBOYHbIE
cxembl annaparoB BepTUKaJibHOro B3s1€ta
ABYX TUINMOB — C BUXPEeBbIMU U PeaKTUBHO-
BUXPEBbIMU reHepaTopamMu nogbEMHONI
cunbl. B o6enx cxemax npeanonaraerTcs
ncnosib30BaTh yCTaHaBINBaeMble
BepTukasibHO 6nporoprle npunBogHbIe
ABUraresiv, B KOTOPbIX BpaLLaloTCs U poTop,
M cTaTop, HO BO B3aUMHO rPOTUBOIOJIOXHbBIX
HanpaBJ/IeHUsIX.

KnroyeBbie csioBa: netaresibHble annaparsl,
BEPTUKasIbHbIV B3JIET, BUXPEBbIE TEYEHUS B ra3ax,
BUXPY TUMA «TOPHAA0», CIIOCOObLI reHepaLmm
BuXpe, OMPOTOPHbIE TYPOOpeakTUBHbIE
Asurarenu, nogbEMHas cua.
|

DOI: 10.30932/1992-3252-2019-17-1-46-57

HAYKA U TEXHUKA

AnnapaTtbl BEpTUKaJIbHOIro
B3J1IETa C peakKTUBHO-BUXPEBbIMMU
reHepatropamm nogbLEMHOU CUNDI

Ocmpoyxo6 Huxoaaii Huxoaaeeuu — xandudam
usUKO-MamemMamu4eckux HayK, CMapuiuil Hay4Hbli
compyoHuK, douenm Kagedpvl meopemu4eckoul
anekmpomexnuxu Mocko8ckoeo asuayuoHHo20
uncmumyma (HayUoOHANbHbILL UCCAeO08AMENbCKUL
yHugepcumem) (MAH), Mockea, Poccus.

Yymakoea Examepuna Bumaaveena — kanouoam
usuKo-mamemamuueckux Hayx, doyeHm Kageopsl
Komnvromeproi mamemamuxu MAHU, Mockea,
Poccus.

eJ1b UCCIIEIOBAaHUsI — OIleHKa (aHa-

JIN3) BO3MOXHOCTH peaan3anuu

KOHCTPYKTUBHBIX CXEM JIETATETbHBIX
armapaToB BEPTUKAJTBLHOTO B3JIETA, OTJTUIHBIX
OT eAMHCTBEHHO MCTIOb3yeMOI B TPAKTUKE —
BEPTOJIETHOM, KOTAa MOAbEMHAs CUJIa CO3/1a-
ércst HecyM BUHTOM [ 1, c. 23].

AKTyaJTbHOCTH TEMBbI OOBSCHSIETCS, IO
MEHBIIIeH Mepe, NIByMsT TPUUMHAMU:

* BO-TIEPBBIX, CXeMa KOMTepa ¢ HECYIIUM
BUHTOM, TIO CyTH, UCKITIOYAET CyIIIECTBEHHBIE
M3MEHEHUSI MacCOTabapUTHBIX XapaKTePUCTUK
amrmapara Mo CpaBHEHUIO C TPAAUIIMOHHOMN
BEPTOJIETHOM CXEMOI: B YACTHOCTU MapaMeTp
o/ (o — yrIoBasi CKOpOCTb BpallleHUsT BUHTA,
[ — nnvHA J0MacTy BUHTA) HE MOXET MPEBbI-
1aTh CKOPOCTH 3BYKa B Bo3myxe |2, c. 866];

* BO-BTOPBIX, M3 MEXaHUKH CITIOIIHBIX CPET
[3, c. 295—298] u3BecTHO HANTMUKME B TPUPOIHBIX
YCJIOBUSTX CPABHUTEIEHO YCTOYMBBIX BUXPEBBIX
TEYESHUIA, B TOM YKCJIE OMMHOYHBIX U30JIUPOBAH-
HBIX TUIIA «TOPHAno» [4. ¢. 49—51], B KOTOpBIX
(Bo BCcéM 00BEME BUXPST) PeaTU3yeTCsl IIOHVKEH-
HOE CTaTnueckoe aasneHue (Ap = 1/2pu?).

IIpu ucKyccTBeHHON reHepaluuu moao0-
Horo Buxpsl Haja JIA mepenaj JaBjieHMs MO
U HaJl arrapaToM AOJKeH TTPUBOIUTD K BO3-
HUKHOBEHUIO MOJBEMHOUN CUJIbI, YBEJINYM-
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Puc. 1. UnniocTpauns K 3aga4amMm o BUXPEBbIX TEYEHUSIX: a) AUCK paauvyca R, BpaLyaloLniics ¢ yrinoBoii

cKkopocTsio o, 6) pacnpeaenenne nepenana cTaTUMECKOro 4as.

no paguycy (1 — Ha NoBepxHOCTHU

BpaLyarouerocs Aucka, 2 — B BUXpe TUna «ToOpHago0»).

BalOIIEICsI C POCTOM pa3MepOB BUXPS U CKO-
poctu Bo3ayxa B HEM. To ecTb reHepaTop
OIMHOYHOIO BUXPsI, JOKAJIM30BaHHBIA HaJ
JIA, ipeacraBisieTcsl TIePCHIEKTUBHBIM IS
YCIIOBMI BepTUKanbHOTO B3s€Ta. [Ipn aTom
peanu3alus CaMOii UIeU CBOAUTCS B OCHOB-
HOM K Ipo0jieMe reHepaluuu yCTOMYUBOIO
JIOKAJIbHOT'O BUXpS, 110 MaclITabaM CpaBHU-
MOTO C pa3MepoM BepxHeit o0oouku JIA.

1. TEMEHUE TA3A, YBJIEKAEMOI'O
BPALLAKOLLMMCA ANCKOM

B HayuHoii nutepartype [5, c. 97—100]
JIAHO aHAJIMTUYECKOE PeIleHUe 3a1auu O Te-
YEeHUM Ta3a, yBJIEKaeMOro BpallaloIruMCs
nuckoM. CxemMaTruecKasi WILTIOCTpallst 3a/1a-
YU IIpeACcTaB/ieHa Ha puc. 1.

Huck paguycoM R m tommmnoit t << R
BpalllaeTcsl ¢ YIJI0BOI CKOPOCThIO ® (paa/c).
BceaencTBre BI3KOCTH IMCK YBIIEKACT B IBH-
JKeHMe MpUJIerapiime CjIou ra3a, Tak 4To
B 000MX MOJIYIIPOCTPAHCTBAX, Pa3aeIEHHBIX
JIMCKOM, (DOPMUPYIOTCS 1Ba TPEXMEPHBIX Te-
YEHUSI ¢ OTJIMYHBIMU OT HYJIS (B LIMJIMHIPU -
YECKUX KOOpAMHATaX) KOMIIOHEHTAMU CKO-

® MWP TPAHCIOPTA, Tom 17, N2 1, C. 46-57 (2019)

POCTHU — panajibHOI v , KDYTOBOH V. W1 0CeBOM
V, ¥ TPAaHNYHBIMU YCIIOBUSIMU:

* Ha TOBEepXHOCTHU nucka z = 0, v, = or,
ocraybHble 0]

* Ha OECKOHEYHOCTU Z =0oc, V =V = v, = 0.

B yka3aHHBIX HayYHBIX UICTOUHUKAX YMC-
JICHHO peliaeTcs cucTemMa ypaBHeHUit HaBbe—
Crokca ISt KOMIIOHEHT CKOPOCTH V, VY,V
U CTAaTUYECKOTO JABJICHMS p.

IpaHnuHBIE yCIIOBUS HA MOBEPXHOCTH
JIMCKA TTO3BOJISIIOT OLIEHUTh BEPXHIOIO IPaHU -
1y TOIBbEMHOI CUIIBI, CO3JJaBaEMOI BUXPEM,
a UIMEHHO — CTaTMYECKOE JIaBJIeHNEe B TOUKaX
OKPY>XHOCTH PalyCOM / IT0 ypaBHeHMIO bep-
HYJUIU:

P 2 P 2.2
——V'=p ——or
2 pO 2 bl

¢

P=p

TaK uTo Ap=p,—p =§w2r,
Iie p, — MOJHOE JIaBJICHUE (rmokos).

Ecnu Buxpb co3na€rcd NUllb ¢ OOHOIM
CTOPOHBI IMCKA, TO CyMMapHas cujia, 00-
YCJIOBJICHHAsI TMIePernagoM CTaTUYeCKOro JaB-
JICHUSI MEX/IY ITOBEPXHOCTSIMM JMCKA:

OctpoyxoB H. H., YymakoBa E. B. AnnapaTtbl BepTUKaNbHOIro B3/1IETa C peakTUBHO-BUXPEBbIMU
reHepaTropamm NnoALEMHON CUNbI



P
5 F, ToHH
Puc. 2. 3aBucumocTs BepxHei 310

e

rpaHuubl NoAgbEMHONM CUJIbI OT
paaunyca aucka
(1 — BepxHssi rpaHnLa NoaAbLEMHON $10?
CUJIbI NIPY UHULIMMPOBaHNN 251
BUXPS BPaLLaIOLLNUMCSs ANCKOM,
2 — BuxpeBasi cocTasnsiiowuas
noabLEMHOWN CUJIbl, UHULINUPYEMOW 210
BUXPEeM Turna «TopHago0»).
1.5%10°
110°
500
0 | e

_

0

R R 2
PO
F= .([Ap(r)ds = ﬂp_([a)zfdr = pTR4’ (1)

rae ds = 2wrdr — KOJbLIEBO 2JIEMEHT TUToIIa-
IIA.

[Mpu peanmzaniuu TMHETHAsT CKOPOCTh Ha
nepudepun aucka He JOJKHA MPEeBHIIIATh
CKOpOCTH 3ByKa, T.e. oOR <v = 300 m/c,
U B 9TOM CJIy4ae:
F = &Vi‘ R? )

max 4 .

Ha puc. 2 moka3aHa 3aBUCMOCTh BepXHEit
rpaHulibl F ot paguyca R, paccuutaHHoit 110
(2). BepxHsist rpaHuIla TOABEMHOM CUITHI,
reHeprupyeMoi IrucKoM Haxd JIA, TTo MeHbIIeit
Mepe He YCTYITaeT ITOAbEMHOI CHJTe HeCyIIeTro
BMHTA BEPTOJIETOB TPATUIIMOHHOM KOMITOHOB-
KU CpaBHUMBIX pa3MepoB. OTHO 3TO 00CTOSI-
TEJIBCTBO OIIPABIBIBACT ITPOBOIMMBIN aHATH3,
0COOEHHO C YIETOM TOTO, YTO BUXPb, CO3Ma-
BacMBIil BpaIalOIINMCS TUCKOM, SIBJISICTCS
IIPOCTEUTIINM 13 U3BECTHBIX.

Yucro BpalaTeIbHOE IBIKCHIE BO3OyXa
C OKPYXKHOII CKOPOCTBIO V, = @I M PABEHCTBOM
HYJTIO paavaIbHON M aKCUATBbHO KOMITOHEHT
(v, =v, = 0) peanusyercs TOILKO Ha TIOBEPX-
HOCTH Bpalaromierocst aucka. ITo mepe yna-
JICHUST OT IIOBEPXHOCTU OKPYKHASI KOMITOHEH-
Ta OBICTPO YOBIBAET, a ABE APYTHE COCTABIISIIO-
IIMe CTAHOBSITCS OTAMYHBIMU OT HYJSI, HO
HEOOJBIIMMU MO a0COTIOTHBIM 3HAYEHMUSIM.
XapaKTepHBIM pa3MepoM, Ha KOTOPOM IIpPO-
HUCXOINT CYIIECTBEHHOE M3MEHEHUE CKOPO-
CTH, SIBJIIETCS TOJIIIMHA TIOTPAHUIHOTO CIIOS

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 46-57 (2019)

4

fv
5= p [6], Tne v — koo puLeHT KMHEMa-

TUYECKOU BSI3KOCTH BO3MyXa, ® — yIJIoBas
CKOpPOCTbH BpalleHUs NUCKa, MPU ® =
10 pan/c —d=1—1,5 Mmm.

W3 petueHuii, npuBea€HHBIX B [ 5, ¢. 97—100;
6,c. 111—113], ciemyer, 4To yke Ha pacCTOSIHU-
sIX B 3—35 TOJIIIIMH MTOTPAHUYHOTO CJIOSI CKOPOCTh
BO3IyXa MEHbIIIE OKPY>KHBIX CKOPOCTEN COOT-
BETCTBYIOIIMX TOYEK JMCKA B HECKOJIBKO pa3,
TaK YTO YMEHbBILIEHUE CTATUIECKOTO TaBIeHUSI
CTAaHOBUTCSI TIPEHEOPEKMMO MAJTBIM.

Bparatoruiicst TMCK MHUIIMUPYET Bpallie-
HUe raza ¢ o0enx CTOpOH (TJIOCKOCTEN),
a 3HAYUT, B Cllyyae M30JUPOBAHHOTO MUCKA
HUKAKOTO Mepernaja 1aBJIeHus] Ha HEM caMOM
HE BO3HUKAET.

JIBa OMIMCAaHHBIX 0OCTOSATEILCTBA CYIIIE-
CTBEHHO OCJIOXHSIIOT TEXHUYECKYIO peain3a-
U0 TeHepaTopa (co3maHue) MOAbEMHOMN
CUJTBI TOJIBKO BPAIIAIOIIUMCS JUCKOM.

B Monenu, cxema KOTopoii rpencraBieHa
Ha puc. 3, TPOCTEUIIINM CITOCOOOM PEellIeHUST
Ha3BaHHBIX MPOOJIEM MOXET CTaTh MUHUMU-
3a1Msi 3a30pa MKy TMCKOM U KopirycoM JIA.
ITpy yMeHBIIIEHUM 3TOTO 3a30pa 10 TOIIIUHBI
MOTPAaHUYHOTO CJIOSI TTeperaaa CTaTuIeCKoro
JIABJICHUSI HA CaMOM JIMCKe He OyJIeT, HO pa3-
peXeHMe HaJ TMCKOM, a MoToMy M Han JIA
coxpanurtcs. [Tpuuém nogbéMHast cuna Oynet
BO3HMKATh BCJIEACTBUE TEepernaja JaBaeHUS
IO/l ¥ HaJl allrmapaToM.

WNneanbHBIM, TpEeneabHBIM ClIydaeMm
YMEHbIIIEHHUs 3a30pa SIBJISICTCS] BADUAHT, TPU
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Puc. 3. Mogens ycTpoiicTBa ¢ AUCKOBbIM reHepaTopoM BUXPSI HaA BepPXHeli NnoBepxHocTbio (1 — kopryc
ycTpoyicTBa, 2 — AUCK-reHepaTop BUXPS, 3 — MaxoBUK-KOMITeHCaTop KUHETUYECKOro MOMEHTa).

KOTOPOM IMCK BPalllaeTCs BIUIOTHYIO K BEPX-
Hemy qHuiity Kopryca JIA. OnHako perieHue
3a1a4u 00 yCTpaHEHUU Iepenana OaBJIeHUS
Ha CaMOM JIUCKE MOPOXKIAET HE MEHEE CIOX-
HYIO UHXEHEPHYIO NPO0IeMy MUHUMU3ALUU
TPEeHUS MEXILy TUCKOM 1 KoprrycoM JIA.

Ha puc. 3 mpencrasneHa cxema MOIETTbHO-
ro yCTPOMCTBA, PeaTU3yIOIIEeT0 BUXPEBOE Te-
YEHUE, CO30AaBAEMOE NUCKOM, BPALLIAIOIIMMCS
HaJl KOPIyCcOM ycTporicTBa. Moenb mo3Bos-
€T UMUTUPOBATh PA3JINYHbIE PEXUMBI Bpalle-
HUS AUCKA, BADbUPOBATH 3a30P MEXIY TUCKOM
U BEpXHEU 000JI0YKO KOPITyca U JOIMTyCKAET
MpsIMble U3MEPEHUS TTOABEMHOM CUJIbI, Teii-
CTBYIOIIIE Ha anrapar.

Mogenb uMeeT mycToTe bl TePMETUYHBIA
KOPIyC IWJIMHAPUIECKON (POPMBI C TUTOCKUM
HVDKHUM U TUIOCKUM WJIY CJ1a00 BBIMTYKJIBIM
BEpPXHUM THUIIAMU. Han BepxHUM AHUILEM
YCTAHOBJIEH OUCK, pagualbHBIN TpOodUuIb
KOTOPOTO TIOBTOPSIET Mpodwib qHutna. [1pu-
BOIHOI IBUTaTeNb (He MOKa3aHHBIA Ha pU-
CYHKE) CMOHTHMPOBAH BHYTPU KOpIIyca, €ro
OCb BpallIEHUSI OPUEHTUPOBAHA MO BEPTUKAIIH,
U OH SIBJISIETCS. OUPOTOPHBIM, POTOP U CTATOP
JIBUTATEJISI BPALLIAIOTCS BO B3AMMHO MMPOTUBO-
MOJIOXKHBIX HallpaBieHUsIX. BpalieHue oqHo-
TO U3 HUX NTEPeNaeéTcs Ha IUCK, BTOPOU CITy>KUT
KOMIIEHCATOPOM KMHETUYECKOTO MOMEHTA.

2. MOONDULIUPOBAHHbBINA
BUPOTOPHbIN «TOPHALO»

W3 puc. 16 BUIHO, UTO B BUXPE TUTIA «TOP-
HaJ0» CHUXXEHUE CTATUYECKOTO JdaBJICHMUS
3HAYUTEJIbHO 0OJIbIIE, YeM JaXKe Ha MOBEpPX-

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 46-57 (2019)

HOCTH ICKa, UMEIOIIIETO OMMHAKOBYIO C BUX-
peM YIJIOBYIO CKOpOCTh. [1o3TOMY MCITOIB30-
BaHME «TOPHALO» ISl CO3IaHUS MMOIBEMHON
CHJIBI TIPEICTABIISICTCSI BECbMa TEPCIIeKTUB-
HBIM.

B npupone TopHamo B cpeaHMUX MIUPOTaX
3eMJIM MTHULIMUPYIOTCS JIOKAJIbHBIM CHMXKE-
HUeM aTMoc(epHOTo AaBlieHus. Bo3Hukalo-
IIKMe paauajbHbIC TCUCHMSI, HaIlpaBICHHBIC
B 30HY IOHMXEHHOTO NaBJICHMS TIOI JAeii-
CTBUEM KOPHOJIMCOBOM CHIIBI, 3aKPyYHUBAIOT-
cs1, ¥ B pe3yJibTate (hopMupyeTcs KBa3UyCTO -
YUBBI BUXPb C BRIOPOCOM BO3IyXa yepes
mpHroceByIo 30HY. [1py MCKyCcCTBEHHOM reHe-
paluu ¥ 3aKpyTKe MOTOKa OTOOp BO3Myxa 13
0CeBOI1 001aCT HEOOXOAMMO OCYIIECTBIISITh
MPUHYIUTENBHO. 17151 peIeHns TaKoi 3amadn
HaMM TpeyIoXKeHa KOMOMHALIMS MOIU(PUIINA-
POBaHHOTO TYpOOpPEaKTUBHOTO IBUTATEIS
(TPI) 1 mucka, MpMBOAMMOTO BO BpallleHUe
HapyxHoI obeyaiikoit TPII.

Ha puc. 4 u 5 mokasaHbl ABa 3CKU3HBIX
BapuaHTa JIA ¢ OITMCAaHHOM CXEMOIA.

JIA comepxxut Kopiyc 1, BbITOJTHEHHbII
B BUJIE TEPMETUYHOI TOHKOCTEHHOI 000J104-
KW, UMEIONINI (popMy MPSIMOYTOJILHOM MTpU3-
MBI, OCh KOTOPOI OPUEHTUPOBAHA T10 BEPTH -
KaJu.

CO0OCHO KOPITyCY yCTaHOBJIEH TypOopeak-
TUBHBII IBUTATE]Ib 2, 00111asl JJIMHA KOTOPOTO
OT TepeaHeil KpOMKHU BO3MyX03a00pHHUKA 10
cpesa corula IpUOJIM3UTEILHO paBHA IIMHE
(BBICOTE) JICTAILHOTO aIlapara.

BremHss obevaiika 3 AByMsI psimaMy IO -
IIUITHUKOB KadyeHus1 6 3akpernjieHa WIu

OctpoyxoB H. H., YymakoBa E. B. AnnapaTtbl BepTUKaNIbHOro B3/1IETa C peakTUBHO-BUXPEBbIMU
reHepaTropamm NOALEMHON CUNbI
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Puc. 4. Cxema J1A ¢ pukcupoBaHHbIM pacnonoxeHunem aucka (1 — kopnyc J1A, 2 — TP, 3 — HapyxxHas obeyaiika,
4 — Bpawjalowyniicss ANCK, 5 — TonnBHasi EMKOCTb, 6 — NOALWNMHUKMN, yAepXuBaloLue obeyariky, 7 — pe6po
JKECTKOCTM ANCKA).

B Kopiryce JIA (o0mumit ciryyait — puc. 4) wim
B ruiib3e 8 (puc. 5), KoTopasi B CBOIO oUepeb
3aKperieHa B KOPITyce TTOCPENCTBOM IIapHUP-
HO-CTEPXHEBOTO y3/a 9 ¢ BO3MOXHOCTBIO
otkJioHeHus TPJI oT BepTUKAJIBHOTO MOJIOXe-
HUS Ha yroi 1o 15° Bo Bcex HaIpaBICHUSIX
(a3uMyTax).

3akperuienue TPJl B xopmyce JIA wimn
B TUJTb3€ IBYMSI PSIIAMU TTOIIITATTHUKOB, C OfT-
HOW CTOPOHBI, KECTKO (PUKCUPYET MOTOXKEHME
JIBUTATEJISI B OCEBOM HATIPABJICHWH, a C JIpY-
TOli — 00ecIieunBaeT BOBMOXHOCTh BPAIICHUST
obeyaliku BOKpYT OOIlel Mpoa0JbHON ocu
TPl B HanpaBiIe€HWHU, OTPOTUBOIIOJIOXHOM
BpAIlIEHUIO €TO0 POTOpa (BEHTUJISATOPA, KOM-
peccopa U TYpOWHBEI).

Ha nepenHeit KpoMKe BHeIlITHE obeuailku
TP no nmepumeTpy BO31yX03a00pHOTO
YCTpOICTBA 3aKPETUICHBI TUCK WY TUTACTUHA
4 Manoil KpUBU3HBI BHIMTYKIOCTHIO BBEPX,
SIBJISTIONIIAECSI TEHEPATOPOM OIMTHOYHOTO BUX-
ps Hal Bceil moBepXHOCTHIO JIA.

TommyHaa AMCKA WY TUTACTUHBI COCTABIIS -
et 0,5—1 % ux paguyca, OHa BEIOMPAETCS ISt
obecriedueHns TPOYHOCTH MPU MAaKCUMAJTbHON
ckopocTH BpaieHust ooeuaiiku TP. Bo u3-
OexaHue MoTepu YCTOMYMBOCTH, CBSI3aHHOM
C BO3MOKHOCTBIO BOZHUKHOBEHUST KOJTBIIEBBIX
YIpYyTrux KojeOaHuil AMCKa, ero KperieHue
K obOeyvaiike BBITTOJTHEHO C MCIIOJIb30BAHNEM
peédep KECTKOCTH 7.

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 46-57 (2019)

[lIuprHa 3a30pa MeXITy HUKHEN TTOBEPX-
HOCTBIO MrcKa (TUTACTUHBI) ¥ BEPXHEH, IKBU -
JNUCTAHTHOM €ii, TOBEPXHOCThIO Koprmyca JIA
HE TIPEBBINIACT TTOJIOBUHBI TONIIWHBI TUCKA
(tTutactunbr). Yem MeHbIle IMPUHA 33a30pa,
T€M MEHbIIIE BEPOSITHOCTh BO3HUKHOBEHUS
B 3a30pe (3a rpaHuIeii TOrpaHUIHBIX CIOEB
Ha aucke u Kopiryce JIA) TedeHnii, cHUXaro-
WX TOABEMHYIO cHTy. ONTUMAJTEHBIM SIBJISI -
eTCsl MOHTaX YCTPOWMCTBA ¢ MUHUMAJIbHOM
LLIMPUHOM 3a30pa, IOMYCKAEMOM TEXHOJIOTUEN
WM3TOTOBJICHUST, B YAaCTHOCTH TIEPEMEHHO 110
paanycy Aucka ¢ MUHUMYMOM BOJIM3U 000-
souku TP,

IIpu onuckiBaeMoit KommoHoBKe JIA 1o-
nava toriiBa B TP/l yepe3 610K corui, ycra-
HOBJICHHBIX Ha HAPY>KHOI 000JIOUKE IBUTATE-
751, HeBo3MoxkHa. Cyry0o TeopeTuiecKuii Ba-
pUAHT pa3MelleHus TOTUIMBHOW €MKOCTHU
¥ CUCTEeMBbI TIO[IaY¥ TOTUTMBA B CAMOM BpaIllaio-
1eticst 000I04Ke (COOTBETCTBYIOIIEH CyMMap-
HOW TOJIIIUHBI) TPAKTUYECKN HETIPUEMIIEM,
TTIOCKOJTBKY TIPEIITOJIaraeT, BO-TIEPBbIX, yCTPOL -
CTBO TTOJIOCTU 3HAYMTETTLHOTO 00BhEMa B CAMOM
000J109Ke, a BO-BTOPBIX, KpaifHe HeXXeTaTelb-
HOE pa3MelIeHNe CaMOTO TOTIJIMBA BHYTPU
OBICTPO BpALIAIOLIETOCS TeJIa, OCIOXKHSIOIIEe
BIIPBICK TOTUTMBA B HATIPABJIEHNUH, TIPOTUBOTIO-
JIO3KHOM JIECTBYIONIEH Ha HETO IIEHTPOOEK-
Hoii cuibl. Kpome Toro, Macca Toruinsa B 06e-
Yaiike yBeTMINBAET MOMEHT MHEPIINY CUCTEMBI

OcTtpoyxos H. H., Yymakoea E. B. Annapatbl BEpTUKaNbHOIo B3/IETA C peaKTUBHO-BUXPEBbIMU

reHepaTopamMmu NnoABLEMHON CUJbI



Puc. 5. Cxema JIA c noBOpOTHOW nnacTuHowi (1 —

JXECTKOCTM AnCKa, 8 — kaqarowjasics ruib3a, 9 —

«obeyaiika—IMCK» U COOTBETCTBEHHO YMEHb-
12T CKOPOCTb BpallleHUs] TUCKa — OAUH U3
BaXKHEUILMX IapamMeTpoB. B 3asiBKe Ha 1300pe-
TeHUe TOIUIMBHbIN 0aK 5 B (hopMe Toporaaib-
HOI MOJIOCTU pa3MElIEH Ha HWXKHEM THUIIE
Kopmyca JIA, a TOTUIMBOMNPOBOABI B BUAE He-
CKOJIbKUX TPYOOK IMOABEACHBI K LIECHTPATbHOMY
Bany TP/I.

OntumMu3alus KOMIIOHOBKM JionacTei
BEHTUJIATOPA BO3MYyX03a0OpPHUKA U JIOMATOK
KOMIIpeccopa M TYpPOUHBI BBIMTOTHSIETCS U3-
BECTHBIMU criocobamu [7].

ITpu nomaye TornavBa yepe3 paauaibHble
oTBepcTUsl ocHOoBHOro Basa TP nomatku
KoMIIpeccopa M TypOMHBI MOHTUPYIOTCSl Ha
BHYTPEHHE! MOBEPXHOCTU 0OeUaliku, a Jiorna-
CTY BEHTWISITOpA BO3yX03a00pHHUKA (He yJya-
CTBYIOIIIETO B packpyTke potopa TPI) npen-
MOYTUTEIbHO MOHTUMPOBATh Ha Basy. B 1ieom
OINTUMaJibHasl KOMIIOHOBKA JIOMTaTOK KOM-
npeccopa u TypOUHBI, JIONAacTe BEHTUISITOpa
BBITIOJIHSIETCS HE Paid CO3IaHUsI MaKCUMaJlb-
Hoii peakTuBHOI Taru TP, a ¢ yuéTom Mak-
CUMaJIbHOW CKOPOCTH BpallleHUsT 00eyaiiku
(COBMECTHO ¢ IMCKOM WJIY IJTACTUHOM ) U MaK-
CUMaJIbHOT'O pacxojia Bo3ayxa yepe3 BO3AyX0-
3a00pHUK.

JIA QyHKIIMOHUPYET ClIeayIOIUM o0pa-
30M. I1pu 3anycke TPJI ero porop, BKjIto4aro-
1M OCHOBHOWM BaJl C CUCTEMOU Mmojaayu
TOILJIMBA U BEHTUJISITOPOM, W BHEILIHsIST 00e-
yaiika ((popMaJibHO CTaTOp) C JomaTKaMu

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 46-57 (2019)

kopnyc JIA, 2 — TPA], 3 — Hapy>Has obe4arika,
4 — Bpawaloyniicsl AUCK, 5 — TonInBHasi EMKOCTb, 6 — NOALNMHNKN, yAepXuBaloLiue obeyvariky, 7 — pe6po

LWapHUPHO-CTEepP)XHeBOoe KpernJieHue ri Mﬂb3bl).

KoMITIpeccopa U TYpOMHbI HAYMHAIOT BpalllaTh-
Csl BO B3aMMHO MPOTHUBOMOJIOXHbBIX HallpaB-
JieHusiX. IToTok mMpoayKTOB CropaHusl U BO3-
nyxa u3 Broporo koHtypa TPJI coznaér peak-
TUBHYIO TATY, KoTopas B JIA sIB/IsIeTCSI cocTaB-
JISIIOIe MOABEMHOM CUITBI.

Oo6euaiika TP]l BpaluaeTcs B HampaBiie-
HUU, TPOTUBOIIOJIOKHOM BpallleHUIO pOTOPa,
U BpallaeT KECTKO COEAMHEHHBIN ¢ Hel TUCK
(mnactuHy). Bpalmaromumiicss 1McK, BCIemd-
CTBUE BSI3KOCTHU, YBJIEKAET BO3AYX, B PE3YJib-
Tare yero Haa JIA Bo3HMKaeT BUXpPEBOE ABU-
>XeHue Bo3ayxa. CyliecTBeHHON 0COOeHHO-
CTBIO TOTO ABMKEHMUS SIBJISIETCS] BHEITHUM 110
OTHOLIEHUIO K HEMY OTCOC BO3/1yXa U3 LIEHT-
pasibHO (0ceBoit) 00JacTU, 00YCIOBIEHHbI
Bo3ayxo3zabopom TPJIl. Ectb ocHoBaHuS
CUMTaTh, YTO paauMajbHOE paclpencicHue
CTaTMYECKOTO NaBJeHUST (hOPMUPYIOLIETOCS
Hana JIA TeyeHus, OJM3KOTO K BUXPSIM TUMa

«TOpHaag0», OIMMUCHLIBACTCA COOTHOIICHUEM
2.2

2p2, POT
P=py—pOR + ——
2
aJTbHO OTJIMYHO OT TOTO XK€ paclpenesieHUs
HaJ BpalllalolMMCcs JUCKOM 0e3 0TOopa rasa
M3 MIPUOCEBOI 00J1aCTU U MaJibIX umnces Peii-
2

yolo)
2
Ilepenan cTaTuyeckoro aaBieHMs Hal
u noj JIA nmpuBOAUT K BO3SHUKHOBEHUIO BTO-
poii cocTaBIsIIONIE MOABEMHOMN CUJIBI:

[3], yTO MPUHLITIN-

HoJbaca P = P, —
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F=IApds,

1p2 P 202
rae Ap, =po R —Ea) re,
TaK 4TO HOI['BCMHaH CI/UIa

F=po IR22ﬁrdr—p _[2;zr dr=

3 (3)
= npw’ R —ﬂR4 =7pw’R*.
4 4
TpuHumas, Kak u panee, oR  =v

2 2
nmeem F = Z?ImeR , YTO B TP pa3a 00JIbllE

BEepXHEeUl IpaHUIIbl TOABEMHOMN CUJTBI, MHU-
LIMMPYEeMOI BpalllalolIMMCsl TUCKOM. 3aBU-
CUMOCTb 3TOI COCTaBJsIONIEH MOABEMHOMN
cuibl (0e3 yuéra peakKTUBHOM COCTaBIISIIONIEH )
npencrasieHa Ha puc. 2 (kpusag 2). J1nst pac-
yéTa MOXHO MCIMOJb30BaTh COOTHOIIEHUE
F =21R? rne F B TOHHAaX.

ITo o1reHKaM 3Ta cocTaBsIONIAsI TOIBEM-
HOW CWJIBI, 110 KpaiiHeli Mepe, Ha 1Ba MopsiaKa
0oJbllIe TOABEMHOM CUJIbI, 00YCIOBIEHHO
peakTtuBHoIi Tsiroit TPII.

BbiBObl

1. BbhIMOJIHEHO pacUyETHO-TEXHUUYECKOe
000CHOBaHKE BO3MOXHOCTHU peanusanuu JIA
BEPTUKAJIBLHOTI'O B3JIETa KOHCTPYKTUBHOM CXE-
MBI, IPUHIIMITAATLHO OTIIMYHOM OT TPaIULIM -
OHHOI BepTOJIETHOI, a UMEHHO — allrapara,
B KOTOPOM TOI'bEMHAsI CUJla BO3HMKAET KakK
CJIEICTBYE MCKYCCTBEHHO CO3/1aBa€MOI0 Hal
arrmapaToM OJMHOYHOTO BUXPsT; 000CHOBaHUE
BKJTIOYAET:

* CpPaBHUTEJIbHBIN aHAJIU3 MTapaMeTPOB
JIBYX BUXPEBBIX T€UEHUII — (DOPMUPYEMOTO
BpalIaloIMMCsl TMCKOM U BUXPSI THIIA «TOP-
HaJ0»;

* pacy€T MOABEMHOM CUITBI TP CO3MaHUM
Haza JIA BUXps THUIA «TOPHAI0» U BEpPXHEM
IPaHUIbI TOABEMHOM CUJIbI, BOZHUKAIOIIEH
Mpy co3aaHum Ha JIA BUXPs BpallalomuMcst
JICKOM.

2. PazpaboTtaHa nmpuUHLIMIMAIbHAsS cxema
moaenu JIA, B KOTOpOM BUXPb CO3IaETCs
BpallaoMMcst TMCKOM, TIPUYEM B KaueCTBe
TPUBOHOTO MOXKET MCIIOJIb30BaThCSI OUPO-
TOPHBII ABUTaTesb JIFOOOTrO TUIA (TIPU TOM,

YTO Y HEro poToOp M CTaTOp BPAIAIOTCS BO
B3aMMHO IMPOTUBOIMOJIOXXHBIX HAMPABICHUSIX).
Hcmnonb3oBaHue OMPOTOPHOTO IBUTATEIST
CHUMMaeT Mpo0IeMy KOMITEHCAITUY KUHETHYE -
ckoro MoMeHTa. ITokazaHo, 4To pacuéTHas
BEPXHsIsI rpaHM1IA TOABEMHOM cuibl JIA ¢ Bpa-
IIAFOIIMMCS JUCKOM B KadyecTBe TeHepaTopa
BUXPSI, TTO MEHBIIICH Mepe, He YCTyIaeT ITOIb-
€MHOI cuJie BEPTOJIETOB TPaAULIMOHHOMN
KOMIIOHOBKHM CPaBHUMBIX Pa3MEpOB.

3. MpennoxeH aMIUPUYECKU BapuaHT
KOMILJIEKCHOTO pelIeHUs 3ada4yu CO3daHus
Hana JIA BUXps TUIIA «TOPHAA0» (C MUHUMY-
MOM JIaBJIeHUs B 1IeHTpe). B kauecTBe mpu-
BOIHOTO B TakoM JIA ucmnosb3yeTcss MOAu-
(GUIMPOBAHHBIA OMPOTOPHBIN TypOOpeak-
TUBHBIU IBUTATEJIb, B KOTOPOM Ha MEpPeIHEN
KPOMKE Hapy>KHOW 00e4aiikul, BBIOJHEHHOMN
C BO3MOXHOCTbBIO BpallleH!sI OTHOCUTEIbHO
Kopmnyca JIA, 3akperui€H IMCcK, MHULMUPYIO-
W BUXPh, IPUIEM BO3IYX03a00pHUK TYpP-
0OpeaKTUBHOTO IBUTATENSI, OTOMpPast BO3MYyX
C OCHU BUXpsI, TOHUKAET NaBJIeHUE B IIEHTPE.

4. Ilpu orpaHMYCHNN MaKCUMaJIbHOM
OKPYXXHOU CKOPOCTHU Ha nepudepun BUXps
CKOPOCTBIO 3ByKa (VW =~ 300 m/c) o1s AByx
PacCMOTPEHHBIX BApUAHTOB ITOJIYICHBI pac-
YETHBIE (POPMYITBI MAKCUMAJbHOM MOABEM-
Holi cunbl B ToHHax: F = 7R? — st Bepx-
Hell rpaHUIIbl TOABEMHOM CUJIBI C BUXPEM,
WHUIMAPYEMBIM BpaIllaloIInMCs IUCKOM,
nF_=21R?>— nyig peakTUBHO-BUXPEBOIO

max
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VERTICAL TAKE-OFF DEVICES WITH JET-VORTEX LIFT GENERATORS

Ostroukhov, Nikolai N., Moscow Aviation Institute (National Research University) (MAI), Moscow, Russia.
Chumakova, Ekaterina V., Moscow Aviation Institute (National Research University) (MAI), Moscow,

Russia.

ABSTRACT

A theoretical and calculational substantiation of
a possibility of implementing a qualitatively new
design scheme of an aircraft of vertical take-off, in
which the lifting force is initiated by a single vortex,
artificially created over the aircraft, and the resulting
static pressure drop above and below the device is
presented. Decisions on vortex flows generated by

a rotating disk and tornado-like vortexes arising in
the atmosphere are analyzed. Layout schemes of an
apparatus for vertical take-off of two types are
proposed — with vortex and jet-vortex lift generators.
In both schemes, it is supposed to use vertically
mounted bi-rotor drive motors, in which both the rotor
and the stator rotate, but in mutually opposite
directions.

Keywords: aircraft, vertical take-off, vortex flows in gases, tornado-type vortices, methods of generating

vortices, bi-rotor turbojet engines, lifting force.

Background. The purpose of the study is to
evaluate (analyze) the possibility ofimplementing design
schemes for the aircraft of vertical take-off that differ
from the helicopter design, the only one used in practice,
when the lifting force is generated by a rotor [1, p. 23].

The relevance of the topic is due to at least two
reasons:

« firstly, the design of a drone aircraft with a rotor,
in essence, eliminates significant changes in the mass
and size characteristics of the device compared to
the traditional helicopter scheme: in particular, the
parameter ol (o — angular velocity of rotation of the
propeller, | — length of the propeller blade) cannot
exceed the sound speed in the air [2, p. 866];

« secondly, from the mechanics of continuous
media [3, pp. 295-298] it is known that in natural
conditions there are relatively stable vortex currents,
including single isolated currents of «tornado» type
[4, pp. 49-51], in which (throughout the volume of
the vortex), reduced static pressure (Ap = 1/2pu?) is
realized.

When artificial generation of such a vortex above
the aircraft takes place, the pressure drop under and
above the apparatus should lead to the emergence
of the lifting force, which increases with the size of
the vortex and the air speed in it. That is, a single
vortex generator, localized above the aircraft, is
promising for vertical take-off conditions. In this
case, realization of the idea itself is basically reduced
to the problem of generating a stable local vortex,
which is comparable in scale with the size of the
upper shell of the aircraft.

Objective. The objective of the authors is to
consider vertical take-off devices with jet-vortex lift
generators.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical and physics methods.

Results.

1. The flow of gas carried by a rotating disk

In the scientific literature [5, pp. 97-100], an
analytical solution is given to the problem of the flow

Pic. 1. lllustration to the problems
of vortex currents: a) a disk of
radius R rotating with an angular
velocity o, b) distribution of static
pressure drop over the radius
(1 - on the surface of the rotating disk,
2 —in a tornado-type vortex).
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Pic. 2. The dependence of the upper limit of the lifting force on the radius of the disk
(1 — the upper limit of the lifting force during the initiation of a vortex by a rotating disk, 2 — the vortex component
of the lifting force, initiated by a tornado vortex).

of gas carried by a rotating disk. A schematic
illustration of the task is presented in Pic. 1.

A disk of radius R and thickness t << R rotates at
an angular velocity of o (rad/s). Due to viscosity, the
disk entrains motion of adjacent gas layers, so thatin
both half-spaces separated by a disk, two three-
dimensional flows with non-zero (in cylindrical
coordinates) velocity components — radial v,, circular
v, and axial v,and boundary conditions - are formed:

- on the disk surface z = 0, v, = o, the rest are 0;
* atinfinityz=oc, v,=v —v¢—0

In the above ment/oned scientific sources, the
Navier—Stokes equations for the velocity components
V, VY, and static pressure p are numerically solved.

The boundary conditions on the disk surface allow
us to estimate the upper limit of the lifting force
created by the vortex, namely, the static pressure at
the points of a circle of radius r according to the
Bernoulli equation:

P2 P
R oy
p=p=V=n %
so that, Ap:po—p=f’2) o’r,

where p, — total pressure (rest).

If a vortex is created only on one side of the disk,
then the total force due to the differential static
pressure between the surfaces of the disk is:

F= J.Ap(r)ds = ﬂp.[a)zr3dr e o’ R4 (1)

where ds = 2wrdr - ring element of the area.

When implemented, the linear velocity at the
periphery of the disk should not exceed the speed of
sound, i.e. oR<v_ =300 m/s, and in this case

2 sount
F, = ”P‘::aund R (2)

Pic. 2 shows the dependence of the upper boundary
Fonthe radius R, calculated from (2). The upper limit of
the lifting force generated by the disk above the aircraft
is atleast notinferior to the lifting force of the rotor of the
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helicopters of the traditional layout of a comparable size.
This circumstance alone justifies the analysis performed,
especially since the vortex created by the rotating disk
is the simplest known.

The purely rotational movement of air with a
peripheral velocity v,=or and the zero radial and axial
components(v,=v = 0)isrealized only on the surface
of the rotating disk. As the distance from the surface
increases, the circumferential component rapidly
decreases, and the other two components become
non-zero, but small in absolute values. The
characteristic size at which a significant change in
velocity occurs is the thickness of the boundary layer

o= 5 [6], where v — coefficient of kinematic

viscosity of air, ® — angular velocity of rotation of the
disk, with o= 10rad/s - 8= 1-1,5 mm.

It follows from the solutions given in [5, pp. 97—
100; 6, pp. 111-113] that even at distances of 3-5
thicknesses of the boundary layer, the air velocity is
several times lower than the peripheral velocities of
the corresponding points of the disk, so that the
decrease in static pressure becomes negligible.

A rotating disk initiates rotation of gas on both
sides (planes), which means that in the case of an
isolated disk, no pressure differential occurs on it.

Two circumstances described significantly
complicate the technical implementation of the
generator (creation) of lifting force only by a rotating
disk.

In the model, the scheme of which is shown in
Pic. 3, the simplest way to solve these problems is to
minimize the gap between the disk and the body of
the aircraft. When reducing this gap to thickness of
the boundary layer, there will be no static pressure
drop on the disk itself, but the vacuum over the disk,
and therefore over the aircraft, willremain. Moreover,
the lifting force will occur due to the pressure drop
under and above the apparatus.

The ideal limiting case of reducing the gap is the
option in which the disk rotates close to the upper
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Pic. 3. Model of the device with a vortex disk generator over the top surface (1 — device body, 2 — vortex
generator disk, 3 — kinetic moment flywheel-compensator).

\
\
:
I
A
\
§
\
\
\
A
\
\
\
\
\
\
\
L)
\
\
\

)

SRR R Em e RR AR RR AR e e e ———

Pic. 4. Aircraft layout with a fixed disk arrangement (1 — aircraft body, 2 — turbojet engine, 3 — outer shell,
4 — rotating disk, 5 — fuel capacity, 6 — bearings holding the shell, 7 — edge of disk stiffness).

bottom of the body of the aircraft. However, the
solution of the problem of eliminating the pressure
drop on the disk itself generates a no less complex
engineering problem of minimizing friction between
the disk and the aircraft body.

Pic. 3 shows a scheme of a model device that
implements a vortex flow created by a disk rotating
above the device body. The model allows simulating
various modes of disk rotation, varying the gap
between the disk and the upper shell of the body and
allows direct measurements of the lifting force acting
on the device.

The model has a hollow hermetic cylindrical
body with a flat bottom and flat or slightly convex
upper bottoms. A disk is installed above the top

head, the radial profile of which repeats the bottom
profile. The drive motor (not shown in the picture)
is mounted inside the body, its axis of rotation is
oriented vertically and it is bi-rotary, as the rotor
and the motor stator rotate in opposite directions.
The rotation of one of them is transmitted to the
disk, the second serves as a compensator of the
kinetic moment.

2. Modified bi-rotor «tornado»

From Pic. 1b, it can be seen that in a vortex of the
«tornado» type, the decrease in static pressure is
much greater than even on the surface of a disk that
has the same angular velocity as the vortex. Therefore,
the use of «tornado» to create lifting force seems very
promising.
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Pic. 5. Aircraft layout with swivel plate (1 — aircraft body, 2 — turbojet engine, 3 — outer shell, 4 — rotating disk,
5 - fuel capacity, 6 — bearings holding the shell, 7 — edge of disk stiffness, 8 — swinging sleeve, 9 — hinge-rod
fastening sleeves).

In nature, tornadoes in the middle latitudes of the
Earth are initiated by a local decrease in atmospheric
pressure. The resulting radial currents directed into
the zone of low pressure under the action of Coriolis
force are twisted and as a result a quasi-stable vortex
is formed with emission of air through the axial zone.
In the case of artificial generation and twisting of the
air, it is necessary to forcibly take air from the axial
area. To solve this problem, we have proposed a
combination of a modified turbojet engine (TJE) and
a disk driven in rotation by the outer shell of TJE.

Pic. 4 and 5 show two draft variants of the aircraft
with the described scheme.

The aircraft comprises a body 1, made in the form
of a hermetic thin-walled shell, having the shape of a
rectangular prism, whose axis is oriented vertically.

A turbojet engine 2, the total length of which from
the leading edge of the air intake to the nozzle is
approximately equal to the length (height) of the
aircraft, is mounted coaxially to the bodly.

The outer shell 3 with two rows of rolling bearings 6
is fixed either in the aircraft body (general case —
Pic. 4) or in the sleeve 8 (Pic. 5), which in turn is fixed in
the body by means of a hinge-rod assembly 9 with the
possibility of deviating TJE from the vertical positions at
an angle of up to 15°in all directions (azimuths).

Fixing TJE in the aircraft body or in the sleeve with
two rows of bearings, on the one hand, rigidly fixes
the position of the engine in the axial direction, and
on the other, provides the possibility of rotating the
shell around the common longitudinal axis of TJE in
the direction opposite to rotation of its rotor (fan,
compressor and turbine).

Onthe leading edge of the outer shell of TUE along
the perimeter of the air intake device a disk or plate
4 of small curvature with a bulge upward are fixed,
which serve as a generator of a single vortex over the
entire surface of the aircratft.

The thickness of the disk or plate is 0,5-1 % of
their radius; it is chosen to ensure strength at the
maximum speed of rotation of TJE shell. In order to
avoid loss of stability associated with the possibility of
annular elastic oscillations of the disk, its attachment
to the shell is made using stiffeners 7.
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The width of the gap between the lower surface
of the disk (plate) and the upper, equidistant to it,
surface of the aircraft body, does not exceed half the
thickness of the disk (plate). The smaller is the width
ofthe gap, the less likely is the occurrence of currents
in the gap (beyond the boundary layers on the disk
and the aircraft body), reducing the lifting force.
Optimal option is installation of the device with a
minimum width ofthe gap allowed by the manufacturing
technology, in particular with the width that is variable
along the radius of the disk with a minimum near the
shell of TUE.

With the described layout of the aircraft fuel supply
in TJE through the block of nozzles installed on the
outer shell of the engine, is impossible. A purely
theoretical version of placement of the fuel tank and
the fuel supply system in the rotating shell itself
(corresponding to the total thickness) is practically
unacceptable, since itimplies, firstly, construction of
a cavity of significant volume in the shell itself, and
secondly, the extremely undesirable placement of fuel
itself in the rapidly rotating body, complicating fuel
injection in the direction opposite to the centrifugal
force acting on it. In addition, the mass of fuel in the
shell increases the moment of inertia of the «shell-
disk» system and, accordingly, reduces the speed of
rotation of the disk which is one of the most important
parameters. In the application for the invention, the
fuel tank 5 in the form of a toroidal cavity is placed on
the lower bottom of the aircraft body, and the fuel lines
in the form of several tubes are led to the central shaft
of TUE.

Optimization of the layout of the blades of the air
intake fan and the blades of the compressor and
turbine is performed by known methods [7].

When fuel is fed through the radial holes of the
main shaft of TUE, the compressor blades and turbines
are mounted on the inner surface of the shell, and the
blades of the air intake fan (not involved in spinup of
TJE rotor) are preferably mounted on the shaft. In
general, the optimal layout of the compressor blades,
turbine blades, and fan blades is performed not for
the sake of creating the maximum jet propulsion of
TJE, but taking into account the maximum rotational
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speed of the shell (together with the disk or plate) and
the maximum air flow through the air intake.

The aircraft operates as follows. When TJE is
started, its rotor, including the main shaft with the fuel
supply system and the fan, and the outer shell
(formally the stator) with compressor and turbine
blades start to rotate in mutually opposite directions.
The flow of combustion products and air from the
secondary circuit of TJE creates jet thrust, which in
the aircraft is a component of the lifting force.

TJE shell rotates in the direction opposite to the
rotor rotation and rotates the disk (plate) rigidly
connected to it. The rotating disk, due to viscosity,
entrains air, as a result a whirling movement of air
occurs over the aircraft. An essential feature of this
movement is the external exhaust of air from the
central(axial) area, due to the air intake of TUE. There
is reason to believe that the radial distribution of the
static pressure of a tornado-type vortex above the
aircraft is described by the relation

erZ
227 13,

which is fundamentally different from the same
distribution over a rotating disk without gas from the
axial region and small Reynolds numbers
po’
2

The differential static pressure above and below
the aircraft leads to the emergence of the second
component of the lifting force F = IApdS , where

P=p,—po’ R +

P=Dy—

Apy = po’R? —ngrz , so that the lifting force is:

R 2 R
F=po? [R27rd —%J‘Zﬁﬁdr:
0 0

C (3)
= mpa&’R* — LRy = o’ R*.
4 4
Taking, as before, oR_, =v, ., we have
F= %”pvfaundRz ,

that is three times the upper limit of the lifting force
initiated by the rotating disk. The dependence of this
component of the lifting force (excluding the reactive
component) is shown in Pic. 2 (curve 2). For the
calculation, it is possible to use the ratio F = 21R?,
where Fis in tons.

This component of the lifting force is estimated to
be at least two orders of magnitude greater than the
lifting force due to jet propulsion of TJE.

Conclusions.

1. A calculational and technical substantiation has
been made for implementation of an aircraft of vertical
take-off of a structural scheme that is fundamentally
different from a traditional helicopter, namely, an
apparatus in which the lifting force arises as a result
of a single vortex artificially created over the
apparatus; the rationale includes:

« comparative analysis of the parameters of two
vortex flows, formed by a rotating disk and a tornado
vortex;

- calculation of the lifting force during creation of
atornado-type vortex above the aircraft and the upper
limit of the lifting force arising when the rotating disk is
created above the aircraft vortex.

2. A layout scheme of the aircraft model has been
developed, in which a vortex is created by a rotating disk,
with any type of bi-rotor engine used as a drive motor
(despite the fact that its rotor and stator rotate in opposite
directions). The use of a bi-rotor engine removes the
problem of kinetic moment compensation. It is shown
that the calculated upper limit of the lifting force of the
aircraft with a rotating disk as a vortex generator, at least,
is not inferior to the lifting force of helicopters of the
traditional layout of comparable dimensions.

3. An empirical version of the complex solution of
the task of creation of a tornado-type vortex (with
minimum pressure in the center) over the aircraft is
proposed. A modified bi-rotor turbojet engine is used
as adrive in such an aircraft, in which a disk initiating a
vortexis fixed on the front edge of the outer shell made
rotatable relative to the aircraft body, and the air intake
of the turbojet engine, by bleeding air from the vortex
axis, lowers the pressure in the center.

4. When limiting the maximum peripheral speed at
the periphery of the vortex atthe speed of sound(v,,, .=
300 m/s) for two considered options, the calculated
formulas for the maximum lifting force in tons were
obtained: F, = 7R? — for the upper limit of the lifting
force with a vortex initiated by a rotating disk, and
F.. = 21R? — for a jet-vortex engine.

m

REFERENCES

1. Krivtsov, V. S., Karpov, Ya. S., Losey, L. I. Designing
helicopters [ Proektirovanie vertoletov]. Kharkov, National
Aerospace University, 2003, 344 p.

2. Johnson, W. Helicopter theory [ Teoriya vertoletal.
Vol. 2. Moscow, Mir publ., 1983, 1020 p.

3. Sedov, L. I. Mechanics of continuum [ Mekhanika
sploshnoi sredy]. Vol. 2. Moscow, Nauka publ., 1970, 568 p.

4. Politov, V. S. Analytical model of a tornado
|Analiticheskaya model smercha (tornado)]. Proceedings of
5t Zababakhin scientific readings. Snezhinsk, 1998,
pp. 46—54.

5. Schlichting, G. Theory of the boundary layer
| Teoriya pogranichnogo sloya]. Moscow, Nauka publ., 1969,
744 p.

6. Landau, L. D., Lifshits, E. M. Theoretical physics:
Study guide: In 10 vol. Vol. 6: Hydrodynamics
| Teoreticheskaya fizika: Ucheb. posobie: V 10t. T. VI:
Gidrodinamika). 5" ed., rev. Moscow, Fizmatlit publ., 2003,
736 p.

7. Bakulev, V. 1., Golubey, V. A. [ef al]. Theory, design
and design of aircraft engines and power plants [ 7eoriya,
raschet i proektirovanie aviatsionnyh dvigatelei
i energeticheskih ustanovok]. 3" ed. Moscow, MAI-Saturn
publ., 2003, 688 p. L4

Information about the authors:

Ostroukhov, Nikolai N. — Ph.D. (Physics and Mathematics), senior lecturer, associate professor of the
department of Theoretical Electrical Engineering of Moscow Aviation Institute (National Research University)

(MAI), Moscow, Russia, vtvnukde@mail.ru.

Chumakova, Ekaterina V. — Ph.D. (Physics and Mathematics), associate professor of the department of
Computer mathematics of Moscow Aviation Institute (National Research University) (MAI), Moscow, Russia,

ekat.v.ch@rambler.ru.

Article received 24.09.2018, accepted 03.11.2018.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 46-57 (2019)

Ostroukhov, Nikolai N., Chumakova, Ekaterina V. Vertical Take-off Devices with Jet-Vortex Lift Generators




SCIENCE AND ENGINEERING

ﬁHK 624.21:620.178:534

Cyntan BYPOMBAEB
Sultan A. BUROMBAEV

Wean BOHOAPb
Ivan S. BONDAR

Calculation of Stress-Strain State
of Overpasses

(TEKCT cTarbu Ha aHIJ1. 53. —

English text of the article — p. 65)

B crarbe paccMoOTpeHbl pe3ysibTaTbl
pacyETHOro aHann3a HecyLuymnx
KOHCTPYKLMI NyTernpoBoaoB

C OZHOMYTHOW X€J1e3HOAO0POXXHOU
JInHneii. losy4eHHble HanpsKEHHO-
AedopmupoBaHHbIe COCTOSTHUS

B 3JIeMEHTaXx XeJyie306eTOHHbIX
MPOSIETHbIX CTPOEHUI N MPOMEXYTOYHbIX
oriop npv 3agaHHbIX Harpy3Kax

C UCrnoJsib30BaHUEM NMPOCTPAHCTBEHHbIX
KOHEYHO-3J/1eMEeHTHbIX Moaesiei
MO3BOJISIIOT MPOBECTU UX CPABHEHUNE

C HopMupyemMbIM anarna3oHOM Harpy30K
Uy YypOBHEM peaJsibHOM YCTONYNBOCTU

1 HafE>XHOCTU MOCTOBbIX 06 bEKTOB.
TMpy 3TOM BO3HUKAET N NOTPEeOHOCTh

B MOHUTOPUHre rnogo6HbIX COCTOSTHUI
419 nogaepXxaHus XKU3HEeCrnocoO6HOCTHU
3KCnyaTupyembix KOHCTPYKLNIA.

KntoyeBble cioBa: xesneaHasi gopora,
nyrenpoBod, 6ai104HbIe rpoaETHbIEe
CTPOEHUS], pac4ET, MeToL KOHEYHbIX

BJIEMEHTOB, HANMPSXXEHHO-AE(dOPMUPOBaAHHOE
cocTosIHME.
|

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 58-69 (2019)

DOI: 10.30932/1992-3252-2019-17-1-58-69

HAYKA U TEXHUKA

PacyeT Hanpsa)XXeHHOo-
nedopMMPOBAHHOIO
COCTOSIHUS NMYTEnNnpoBOOOB

Bondaps Hean Cepeeesuy —
cmapuuii npenodagamens Ka-
hedpwl mpancnopmHoeo cmpou-
menscmea Kasaxckoii akademuu
MPAHCNOPMa U KOMMYHUKAUULL
um. M. Teinviunaesa, Aamamt,
Kazaxcman.
Bypombaes Cyaman Adam-

h

Aamamurckoi 0ucma:u4uu nymu
(IT4-46) AO «HK «Kazax-

CMaHCKUe Hcene3Hole 00pocu»,
Anmamot, Kazaxcman.
A10: Jlunapa Ta

HA — KaHouo0am mexnHu4eckux
Hayk, doueHm Kagheopvl ecme-
« HAYHBIX OUCH,
KazATK um. M. Tombiuunaesa,
Anmamol, Kazaxcman.

Avnapa AJIJEKEEBA
Dinara T. ALDEKEEVA

0371aBasi paCYETHYIO MOJIEIIb 11 aHa-

JIM3a HaMmpseKEHHO-Ae(OopMUpPOBaH-

HOTO COCTOSTHUSI HECYIIIMX KOHCTPYK-
LU MyTeTIPOBOMIOB, CJICAYEeT YYUTHIBATh, UTO
HOpMaTHUBHAasI HArpy3Ka B pa3IMIHbIX CTpaHaX
OTJIMYACTCS.

B CIIIA no HacTosIIero BpeMeHU HC-
noab3yercsa cxeMa Kymepa, cocrosinas us
MSTUOCHOTO TTapOB03a, YeTHIPEXOCHOTO TeH-
Jiepa ¥ paBHOMEPHO pacrpeneeHHOM BaroH-
HOIT Harpy3Ku. JlaBjeHNEe OT OCH Ha PEIbChI
B 3TOM CXeMe IMPUHSITO MPOIOPIIMOHATIBHO
HEKOTOPOMY MMOCTOSTHHOMY KO3 (UILIMEHTY.
B 1922 roay Tam mpoeKTUpPOBaJIM MOCTBI IO
Harpy3ky E10, B 1935 rony — E72, a Tenepn
MPOEKTUPYIOT 101 Harpy3ky E80.

Kpome CIIA, monens Kynepa ucnosbs3yior
TpY MPOSKTUPOBAHMHU MOCTOB B MeKCuKe u
ABcTpaini. AHAJIOTUYHBIE CXeMBI BEpTHUKAIIb-
HBIX HOPMATUBHBIX HAarpy30K ITOIBMKHOIO CO-
CTaBa, COCTOSIIITNE U3 COCPEIOTOUYCHHBIX TPY30B
¥ paBHOMEPHO pacrpeneI€éHHO BaroHHOM Ha-
Ipy3KH, npuMeHsuich B benbrun, ®@paHimu,
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Puc. 2. BepxHee cTpoeHnue nytu (nponértHbie ctpoeums 16,5 m u BCI Ha Hux He noka3aHsl).

OMUCAHMUE PACYETHbIX MOAEJIEN

PacuéTHble Moaenu s aHaIu3a Hampsi-
XKEHHO-1e(DOPMUPOBAHHOTO COCTOSIHUS
COOPYKEHUSI TTOCTPOEHBI IO TaHHBIM, TIpe-
JIOCTaBJICHHBIM B BUJE pabodeil JOKyMeH-
TallUuU JJis1 TIyTETpOBOIa HAa OMHOIMYTHOM
XKEJIE3HOAOPOXHON nuHuu. [lapamerpsl
mytenipoBoaa 16,5 + 23,6 + 16,5 m. O6muii
BUJ pacy€THOI AedopMupyeMoil Moaenn
paccMaTpUBaEMOTO COOPYKEHUS IPEICTaB-
JIeH Ha puc. 1.

Monenu Xene300€TOHHBIX DJIEMEHTOB
HECYIINX KOHCTPYKIIMH MyTeTPOBO/IA YIUThI -
BalOT COBMECTHYIO pabOTy apMUPYIOIIUX
9JIEMEHTOB M OETOHHOTO 3amoJHEeHUus |2,
c. 222-224; 3, c. 53; 5, c. 54—55]. beronHoe
3aMoJIHeHUE OJIOKOB MPOJIETHBIX CTPOSHUM
16,5 M 1 23,6 M, a TaKKe paM 1 TyMO Ipome-
JKYyTOYHBIX OMOP MYTENPOBOAA 3a1aHbI O0bEM-
HBIMU JIEMEHTaMW. ADMUPYIOIINE JIEMEHThI
TPOJIETHBIX KOHCTPYKIINIA (KapKachl, CETKH,
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MMyYKU MPOBOJIOK JISI MPEABAPUTEIBHOTO
HaIpsKeHUsT 6ETOHA) U CTPOEHU I MTPOMEKY-
TOUYHBIX OIOP 3aJaHbI CTEPKHEBBIMU SJIEMEH-
TaMW U YYUTHIBAIOT UX MPOCTPAHCTBEHHOE
pacrojiokeH1ue B O6TOHHOM 3aIlOTHEHUH.

BEPXHEE CTPOEHUE NYTU
YIIpyro-mMaccoBble XapaKTepUCTUKU OajI-
JlacTa 1 peJibCOIINaTbHOMN PEIIETKY (PETbChI,
KOHTPPEJIBCHI, IIIMaJIbI) B PACUETHBIX MOIEIISIX
YUTEHBI IYTEM MX HEMTOCPEACTBEHHOIO 3a1a-
HUS O0BEMHBIMU 2JIEMEHTAMU C COOTBET-
CTBYIOIINMM (hPU3UKO-MEXaHUIECKMMU CBO -
cTBaMu Matepuanos (puc. 2). CeueHue nepe-
BsiHHOM 1mmansl 180x250 mm (Tum IA).

BOKOBbIE TPOTYAPbDI

YIpyro-maccoBbie MO OOKOBBIX TPO-
TyapoB (MeTaJITMYeCKre KOHCOJIH, XKeIe300e-
TOHHBII HACTWJT) U TIEPUIIBHOTO OTPaKACHUSI
3a7laHbl yIIPOLIEHHO (puUc. 3).
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Puc. 3. BokoBbie TPOTyapbl v NePUIIbHOE OrpaxxaeHue.

OMOPHDLIE HACTU

Kaxpnas onmopHas yacTb MpoJaE€THOTO
CTpOEHUS MpeACTaBIeHa YINPOIIEHHO —
o0beIMHEHUEM TPYIIbl y3J10B OeTOHA,
MPUMBIKAIOIIUX K OKaMJISI0IIe KOpoOKe
WU OMIOPHOMY JIUCTY, B €IUHOE XECTKOE
TeJio. Macchl OMOPHBIX YacTelh 0003HAYEHbI
MPU MOMOIIUA TOYEUYHBIX 3JIEMEHTOB TUIIA
MASS.

Mexay XECTKUM TeJIOM TyMObI IPOMEXKY-
TOYHOM OMOPBI U COOTBETCTBYIOLIUM XECTKUM
TeJIoM OJI0Ka MPOJETHOTO CTPOCHUS 3adaHbl
KUHEMAaTUYECKUE CBSI3U, PeasIu3ylouiue cie-
JyIOLIME TUTTBI ONTUPAHUS:

* B MeCTax YyCTAaHOBKM HEIMOJBUXHBIX
OTIOPHBIX YacTel — «IMJIMHIPUIECKUIA 1ap-
HUD»;

* B MECTaX YCTAHOBKHU MOJBUKHbBIX OMOP-
HBIX YacTell — «KaToK» (LUJIMHIAPUYECKU
LIAPHUP + MOCTynaTe/bHasi CTeNeHb CBOOOIbI
BIIOJIb JIOKAJIbBHOW OCU, U3HAYAJIBHO Tapas-
JIEJIbHOU OCH My TH).

BJIOK NPOJIETHOIO CTPOEHMUSA
23,6 M

KoneuHo-31emMeHTHas ceTka 0eToHa 0110-
Ka yYUTHIBACT HAJIMYKE OTBEPCTU ISl BOMIO-
OTBOAHBIX TPYOOK. APMUPYIOIINE SJIEMEHThI
BBIICJICHBI B TPYTITIHI COTJIACHO HAa3HAYEHHBIM
KJiaccam:

* Hampsiraemas apmarypa (Iyuyku u3 24
npoBoyiok @5 BII ¢ ycraHOBKOI B MaccuB
0OeToHa MpY TOMOIIN KaPKACHO-CTEP>KHEBBIX
AHKEPOB);

+ apMarypa KimaccoB Al, Al

s 6710KOB U3 MIpeaBapUTEIbHO HAMpPSsI-
KEHHOTO XeJIe300€TOHA 3a1aHbl HATTPSDKEHUS
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B apMUPYIOIIUX IIy4KaX COIJIACHO JAaHHBIM
paboyeil TOKyMEeHTalNu:

* BepXHMUE NPSIMOJMHEHHbIE MYyYKHU
7100 xrc/cm?;

* nojMroHajbHble myuku 10500 krc/cm?;

* HMXHHE NPSIMOJMHEHHbIE MYUYKHU
10400 krc/cm?.

BJIOK MPOJIETHOIO CTPOEHUS 16,5 M

KoneuHo-3/meMeHTHas ceTka 0eToHa 6710~
Ka yYUTBIBACT HAJIMYKME OTBEPCTUI AJIsI BOIO-
OTBOJHBIX TPYOOK. ApMUPYIOIIME 3JIEMEHTHI
BbIJIEJICHBI B TPYIIIIbI COIJIACHO HAa3HAYEHHBIM
knaccaMm Al, Al

beToH MOHTaXKHBIX CTHIKOB OJIOKOB BhIJIE-
JIEH B OTIEIbHYIO TPYIIITY 3JIEMEHTOB (pucC. 4).

NMPOMEXYTO4YHA4Y OMOPA

Mojesb IPOMEXYTOYHOM OITOPhI COCTOUT
u3 paMbl P-2 1 oropHo#i TyMOBI. ApMUPYIO-
LIIM€ 3JIEMEHThI BBIICJICHBI B IPYIIITHI COITIACHO
HaszHaueHHBIM Kiaccam Al, All, AIII.

SAKPEMJIEHU4A

VYpoBeHb rpyHTa OT nepeMbluek pam P-2
MPOMEXYTOUHbIX — mopsaka 1,0 m. g
Y3JIOB CTOEK paM He BbIllIe yKa3aHHOTO YPOB-
HsI 3alaHbl 3aKPEeTICHUS OT JI00bIX TTepeMe-
LIEHUN.

BBuay cuMMETpUUYHOCTU COOPYKEHUS
1 HabJoJgaeMbIX HArpy30K OTHOCUTEJIbHO
TUIOCKOCTU CUMMETPUM MYTU B PACUETHBIX
MOJEJSIX JUISl aHar3a HanpskEéHHO-aedop-
MUPOBAHHBIX COCTOSIHUI MPEeIyCMOTPEHBI
YCJIOBUSI CUMMETPUM (3aKperieHUs COOTBET-
CTBYIOLLICH TPYIIbI Y3JI0B OT MepeMelleHUt
BIIOJIb MIOTIEPEYHON OCH MYTH).

BoHpaps U. C., Bypombaee C. A., Angekeeea [l. T. Pac4éT HanpsaXX&éHHO-AePOPMUPOBAHHOIO COCTOSIHUSA
nyTenpoBoaoB



Puc. 4. Aedpopmupy KOHEYHO

THast MO4Eb NPONIETHOro cTtpoeHuns 16,5 m.

BeToH MOHTa)KHbIX CTbIKOB TOPLEeBbIX Anagdparm.

st pacu€THOrO aHamm3a hopM M 9acTOT
COOCTBEHHBIX KOJIeOaHUI COOpYKeHUsl pac-
CMOTpeHa MoJieJib 6e3 yCIOBUIl CUMMETPUU
MOMNEePEK OCHU IYTH.

HAFPY3KU

Bce 3HaYeHUst Harpy30K MPUHSTHI 6e3
yuéTta pa3znuuHbix Kodbdunmenton CII
[6,c.33]u CHull [7, c. 12] (ycnoBuit paboThl,
HaJEXHOCTH 10 HAarpy3KaM, HaaEXHOCTH TI0
OTBETCTBEHHOCTH U JIp.).

CoOCTBEHHBI BEC KOHCTPYKIIUI COOPY-
JKEHUS! YYUTBIBAETCS 3aJaHNEeM UHEPLIMOHHOM
Harpy3Ku — rpaBuTaunu [8—12].

BpemeHHbIe Harpy3Ku 3alaHbl COTJIACHO
CJIEIYIOIIM BUJAaM BO3IECUCTBU:

* cTaTUveckKast Harpy3ka oT Beca Clierna 1o
CXeMe «JIOKOMOTUB-BaroH»;

* CcTaTUYecKasl Harpy3ka OT Beca CTUIOTKH
13 TPEX TIOKOMOTHUBOB.

BosneticTBre oT Beca IOKOMOTHBA 3a/1aHO
B Bujie cocpenotoueHHbIx cui 202,7 kH/och
B Y3JIbI MOJIEJIA PETHCOBOTO IMYTH B COOTBET-
CTBUU C PACCTOSTHUSIMU

* 16900 MM MeXIy OCSIMU aBTOCLIETIOK;

* 8800 MM MexXmy IIKBOPHSIMU TEJIeXeK
(6a3a TJOKOMOTHBA);

* 1850 MM MeXKIy OCSIMU TEJIEKKH.

BosneticTBre oT Beca BaroHa 3aJ1JaHo B BU-
JIe CoCpenoTOYeHHBIX cu 228,7 KH/och B y3-
JIBI MOJIEJTN PEJTHCOBOTO MYTH B COOTBETCTBUM
C PACCTOSTHUSIMU:

* 11520 MM MeXIy OCSIMH aBTOCIICIIOK;
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* 7200 MM MeXIy IIKBOPHSIMM TEJIEKEK
(6aza Barona);

* 1850 MM MeXITy OCSIMU TEJIEXKKH.

PaccMmoTpeHHbIe cXeMbl BpeMEHHBIX Harpy-
30K TIpe/ICTaBJICHBI Ha pUC. 5 1 6 (BCero 1ecTh
CXeM JIJISI ClieTa «JIOKOMOTHB-BaroH» U ISITh
CXeM JUTSI CTUTOTKH «TPU JIOKOMOTHBA» ).

PE3YJIbTATbl PACHETHOIO
CTATUHECKOIO AHAJIU3A

BorinmonHeHbl pacy€Thl HAMPSKEHHO-1e-
(opMUPOBAHHOTO COCTOSTHUS 2JIEMEHTOB
COOPYKEHUSI TIPU 33JaHHBIX COUETAHUSIX Ha-
rpy3ok [13, c. 101—120].

Paccmotpero 12 pacyETHBIX CTydacs:

» I10. «HaTtsxenue apmatypsl 0JIOKOB
23,6 M + COOCTBEHHBII BEC»;

* CI. «I10 + cmen (cepemmHa JJOKOMOTHBA
Han cepeauHoit [IC0—1)»;

* C2. «I10 + cuen (cepenmHa BaroHa Ham
cepemmnoit [1IC0—1)»;

* C3. «I10 + cuen (cepenmHa BaroHa Ham
omopoit K)»;

* C4. «I10 + cuen (cepemwHa clierra Hap
cepemunoit [IC1-2)»;

* C5. «I10 + cuen (cepemmHa clierra Ham
oropoii T)»;

* C6. «I10 + cuemn (cepenrHa BaroHa Haj
cepemnmHoit [1C2—3)»;

* LI. «I10 + crutotka (cepenrta TOKOMO-
tBa No 1 Hag cepenunoi [IC0—1)»;

* 2. «I10 + crutoTka (cepennHa JTOKOMO-
tuBa Ne 2 Haz onopoit K)»;

BoHpapsb U. C., Bypombaee C. A., AngekeeBa [1. T. Pac4éT HanpskéHHO-AePOpPMUPOBAHHOIO COCTOSIHUS
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Puc. 5. CxeMbl BpDeMeHHbIX Harpy3oK OT cuena «JIOKOMOTuB-BaroH» (C1-C6).
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Puc. 6. CxeMbl BDEMEHHbIX Harpy30K OT CIIJIOTKU «Tpy lIokoMoTuBa» (L1-L5).

* L3. «I10 + crutoTtka (5-s1 0Ch 2-T0 JTOKO-
MoTtuBa Haj cepenuHoil [TC1—2)»;

* L4. «I10 + crutoTtka (2-s1 och 3-T0 JT0KO-
MoTtuBa Haj cepenuHoil [TC1—2)»;

* L5. «I10 + crutoTtka (2-s1 och 3-T0 JT0KO-
MoTuBa Haj cepenrHoil [TC2—3)»,
rae obo3HaueHsbl: K, T — cTaHiuu 1o u mocnie
myterpoBona; [IC0—1 — mponértHoe cTpoeHMe
co croponsl ctanimu K; [TC1—2 — nponérHoe
ctpoenue 23,6 m; [1C2—3 — nposétHoe cTpoe-
HUEe CO CTOPOHbI cTaHLuu T.

PesybraThl pacu€ToB IIpencTaBIcHEI B BU-
Jle 3HAYeHUIT TIepeMenieHnii u aecdopmanuii
B KOHTPOJIBHBIX TOYKAX, IMOJyYEHHBIX IPU
[MOMOLIY BUPTYaJIbHbIX JaTYMKOB (ITOJATIM-
BBIX CTEpPXXHEBBIX 3JIEMCHTOB HaudyaJlbHOM
JUTMHOM 60 MM ¢ JIMHEWHO-YIIPYTUMU CBOW-
CTBaMU CTaji), YCTAHOBJIEHHBIX HAa OETOHE
MPOJETHBIX CTPOSHUIA myTernmpoBona. KoHT-
pOJbHBIC TOYKM BEIOpPaHBI HAa HIDKHEM IT0sICe
B CEPEIMHHBIX CEUYCHMSIX MPOJIETHBIX CTPOEC-
HUI COOPYXKEHUS:

* «datl,2» — maTYMKU B cepeIHE IIPOIET-
Horo ctpoeHus [1C0—1;
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* «dat3,4» — naTYNKU B CEPETNHE MTPOJIET-
Horo crpoeHmst [1C1-2;

* «dat5,6» — IaTYUKU B CEPEAUHE ITPOJIET-
Horo cTpoeHus [1C2-3.

PesynbraThl pacu€TOB 3IEMEHTOB COOPYKe-
HUSI TIPU 3aIaHHBIX HArpy3Kax MPUCYTCTBYIOT
B BUJIE PACTIPEACTICHUI TIEpEMEIICHUI U Ha-
NPSKEHUI B apMaTtype U 6eToHe 0J10KOB Mpo-
JIETHBIX CTPOGHU TYTENPOBOAA JIJIST PACUET-
Horo ciyvas [10 u B Buje 3HaueHUi TiepeMe-
IeHni, nedpopMalnii 1 HATIPSDKEHUI B KOH-
TPOJIbHBIX TOUYKAX U BUPTYaTbHBIX JaTYMKAX
JUTSI BCEX PACCMOTPEHHBIX PACUETHBIX CITy4aeB,
Si— HaTskeHue apMatyphl (tadnauna 1). Pac-
YETHBIE JAHHBIE COTJIACYIOTCS C TTOTyYeHHBIMU
9KCIIEPUMEHTAILHO aBTopami |14, c. 165; 15,
c.45;16, c. 48—51;17,¢. 67; 18, c. 278].

BbiBOA4bl

W3 ananm3a mosyuyeHHBIX PACUETHBIM ITy-
TEM TepeMeleHn, neopMaruii U Hampsi-
JKEHWI 0ATOYHBIX 3KeJ1e300€ TOHHBIX MTPOJIET-
HBIX CTPOEHUI TTyTeTIPOBO/IA CIIEIYET, UTO JIJIsT
orpeneeHus HampsKEHHO-1ehOpMUPOBAH-
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Ta6mamua 1
PacuéTnble 3HaYeHus nepeMenieHnii, nedopmMaimii U HANPSKEHUA B KOHTPOJIbHBIX TOYKAX
MPOJIETHBIX CTPOEHMIA MMyTENPOBOAA

Pacuéthrpiii | [lepemenienue, Mm ITpupaieHue nepeMenieH1s OT BpeMEHHOM
ciyyai Harpy3ku, MM

T1C0—-1 nci-2 c2-3 T1Co—-1 TC1-2 nc2-3
S, 0,00 24,63 0,00 - - -
110 -4,36 17,41 -4,36 - - -
Cl -9,23 17,46 -4,36 4,87 0,05 0,00
C2 -8,92 13,55 -4,34 4,57 3,86 0,02
C3 -6,18 11,38 -4,30 1,82 6,03 0,06
C4 -4,29 11,52 -5,18 0,07 5,89 0,81
C5 -4,34 14,48 -9,14 0,02 2,93 4,78
C6 -4,36 17,44 -8,88 0,00 0,03 4,51
L1 -9,21 17,46 -4,36 4,86 0,05 0,00
L2 -9,62 11,69 -4,29 5,26 5,72 0,08
L3 -7,59 11,75 -9,01 3,23 5,66 4,65
L4 -4,28 11,70 -9,53 0,07 5,71 5,17
LS -4,36 17,10 -8,93 0,00 0,31 4,57
Pacuérnprii | Jledbopmarust, MKM/M TTpupaieHue nechopmaiimy OT BpeMEHHOM
cayyai Harpy3ku, MKM/M

dat12 dat34 dat56 dat12 dat34 dat56
S, 0 -666 0 - - -
110 146 -524 146 — — —
Cl 300 -524 146 154 0 0
C2 291 -443 146 145 81 0
C3 204 -408 146 58 115 0
C4 146 -410 169 0 113 24
C5 146 -466 299 0 57 153
C6 146 -524 290 0 0 144
L1 299 -524 146 153 0 0
L2 316 -410 146 171 113 0
L3 260 -411 301 114 113 155
L4 146 -410 317 0 113 172
L5 146 -519 313 0 5 168
Pacuérnbiii | Hanpsixenue, MITa TTpupanieHre HaPsIKEHUsT OT BpEMEHHOM
ciyyai Harpy3ku, MIla

dat12 dat34 dat56 dat12 dat34 dat56
S, 0,00 -22,87 0,00 - - -
110 4,50 -17,97 4,50 - - -
Cl 9,26 -17,97 4,50 4,76 0,00 0,00
C2 8,98 -15,20 4,50 4,48 2,77 0,00
C3 6,29 -14,01 4,50 1,79 3,96 0,00
C4 4,50 -14,08 5,23 0,00 3,89 0,73
C5 4,50 -16,00 9,24 0,00 1,97 4,74
C6 4,50 -17,97 8,96 0,00 0,00 4,46
L1 9,24 -17,97 4,50 4,74 0,00 0,00
L2 9,77 -14,08 4,50 5,27 3,89 0,00
L3 8,02 -14,10 9,30 3,52 3,87 4,80
L4 4,50 -14,08 9,80 0,00 3,89 5,30
L5 4,50 -17,81 9,68 0,00 0,16 5,18
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HOTO COCTOSTHUS TIPOJIETHBIX CTPOCHMI Ke-
JIE3HOTOPOXHOTO MyTEeNpoOBOaa C ILEJbI0
CpaBHEHUSI C HOPMUPYEMbIM AHAMa30HOM
B KaueCTBE CTaTUYECKOI HAarpy3Ku ObLIU ITPH-
MEHEHBI cllenka (JIJOKOMOTUB + BaroH)
U CIIJIOTKA (TP IOKOMOTHBA).

JaHHble O MepeMelleHnu, nepopmanumn
W HaTIPSDKEHUU OaIOYHBIX KeJ1e300€TOHHBIX
MPOJETHBIX CTPOECHUI MyTENpPOBOIa MOXHO
MCIIOJIb30BaTh B pacuy€Tax MOJOOHBIX COOPY-
XEHUM Ha CEICMOCTOMKOCTD, a TAKXKE B -
HaMWUYECKMX pacuéTrax YCTOMIMBOCTU IPHU
YBEJMYEHUH KCITyaTalliOHHON HAarpy3Ku Ha
JKeJIE3HOAOPOXKHbBIE MOCTHI.

Hns onpeneneHus: hakTUUECKOro TeXHU-
YECKOI'0 COCTOSIHUSI KOHCTPYKIIMIA MOCTOB
1 Hanbosee 3(pPeKTUBHOM OLIEHKN X HATEXK-~
HOCTH, YCTAHOBJICHUSI COOTBETCTBUS MEXKIY
pPacUYE€THOI CXeMOU U JelCTBUTEIbHOI pabo-
TOW COOPYXKEHM I Ha MaruCTpaJlbHbIX TUHUSX
Kazaxcrana u Poccuu 1ienecoobpasHo ocy-
IIECTBISATh MEePUONUYECKUIT MOHUTOPUHT
HaIpsKEHHO-Ie(OPMUPOBAHHOTO COCTOSI-
HUST MOCTOBBIX COOPY>KEHUI MO 9KCILTyaTa-
LIMOHHBIMY Harpy3KaMu.
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ABSTRACT

The article considers the results of the design
analysis of supporting structures of overpasses with
a single-track railway line. The obtained stress-
strain states in the elements of reinforced concrete
span structures and intermediate supports under

given loads using spatial finite-element models
allow us to compare them with the normalized load
range and the level of real stability and reliability of
bridge objects. In this case, the need arises to
monitor such states to maintain viability of the
structures in use.

Keywords: railway, overpass, beam span structures, calculation, finite element method, stress-strain

state.

Background. Creating a design model for the
analysis of the stress-strain state of supporting
structures of overpasses, it should be borne in
mind that the regulatory rules differ in different
countries.

In the USA, the Cooper scheme, consisting of a
five-axle steam locomotive, a four-axle tender and a
uniformly distributed carload, is still used. The
pressure from the axis on the rails in this scheme is
taken in proportion to some constant coefficient K. In
1922, the bridges were designed for E10 loads, in
1935 - E72, and now they are designed for ES0 loads.

Besides the United States, the Cooper model is
used in the design of bridges in Mexico and Australia.
Similar schemes of vertical regulatory loads of rolling
stock, consisting of concentrated loads and evenly
distributed rolling stock loads, were used in Belgium,
France, Italy, Yugoslavia, Mozambique, Norway,
Poland, Switzerland [1, pp. 117-120].

Objective. The objective of the authors is to
consider calculation of stress-strain state of
overpasses.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
simulation.

Results.

Description of design models

The design models for the analysis of the stress-
strain state (SSS) of the structure are based on the
data provided in the form of working documentation
for an overpass on a single-track railway line. The
overpass parameters are 16,5 + 23,6 + 16,5 m. A
general view of the design model of the structure
under consideration is presented in Pic. 1.

Models of reinforced concrete elements of supporting
structures of the overpass take into account the joint work
of reinforcing elements and concrete filling [2, pp. 222—
224; 3, p. 53; 5, pp. 54-55]. The concrete filling of the
span blocks of 16,5 m and 23,6 m, as well as the frames
and pedestals of the intermediate supports of the
overpass are given by volume elements. Reinforcing
elements of span structures(frames, grids, wire bundles
for prestressing concrete) and intermediate support
structures are specified by core elements and take into
account their spatial arrangement in concrete filling.

Track superstructure

Elastic mass characteristics of ballast and
assembled rails and sleepers (rails, counter rails,
sleepers) are taken into account in the computational
models by directly specifying volumetric elements
with the corresponding physical and mechanical
properties of materials (Pic. 2). Section of wooden
sleepers is of 180 x 250 mm (type IA).

Side pavements

Elastic mass models of side pavements (metal
consoles, reinforced concrete flooring) and railings
are simplified (Pic. 3).

Supporting parts

Each supporting part of the span is presented in
a simplified way — by combining a group of concrete
nodes adjacent to the bordering box or supporting
sheet into a single rigid body. The masses of the
bearing parts are marked with point elements of the
type MASS.

Between the rigid body of the intermediate
support pedestal and the corresponding rigid body of
the block of the span structure, kinematic links are
given realizing the following types of support:

16,50m

Pic. 1. Deformable finite
element model of the
overpass. General view.
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Pic. 2. Track
superstructure
(span structures
of 16,5 m and track
superstructure on them
are not shown).

Pic. 3. Side
pavements and
railing.

+ in the places of installation of fixed support
parts — «cylindrical joint»;

« in the places of installation of movable support
parts — «roller» (cylindrical joint + translational
degree of freedom along the local axis, initially
parallel to the track axis).

23,6 m span structure block

The finite-element mesh of the concrete block
takes into account the presence of holes for the
drain pipes. Reinforcing elements are divided into
groups according to the assigned classes:

+ prestressing reinforcement (bundles of 24
05 Bll wires with installation in a concrete mass
using frame-bar anchors);

- fittings of classes Al, All.

For prestressed reinforced concrete blocks, the
voltages in the reinforcing beams are set according
to the working documentation:

« upper straight bunches of 7100 kgf/cm?;

+ polygonal bunches of 10500 kgf/cm?;

« lower straight bunches of 10400 kgf/cm?.

16,5 m span structure block

The finite-element grid of the concrete block
takes into account the presence of holes for the
drain pipes. The reinforcing elements are allocated
in groups according to the designated classes Al,
All.

Concrete of the assembly joints of the blocks is
allocated to a separate group of elements (Pic. 4).

Intermediate support

The model of intermediate support consists of
a frame R-2 and a support bollard. The reinforcing
elements are allocated in groups according to the
designated classes Al, All, Alll.

Fasteners

The ground level of the jumpers of the P-2
intermediate frames is about 1,0 m. For the nodes
of the frame struts not higher than the specified
level, the fasteners for any movements are set.
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Due to the symmetry of the structure and the
observed loads relative to the plane of track
symmetry in the design models for the analysis of
stress-strain states, symmetry conditions are
provided (fasteners of the corresponding group of
nodes from displacements along the transverse
track axis).

For the calculated analysis of the forms and
frequencies of natural oscillations of a structure, a
model without symmetry conditions across the track
axis is considered.

Loads

All values of loads are taken without taking into
account the various coefficients of Russian SP
[Construction Rules] [6, p. 33] and SNiP
[Construction Standards and Rules] [7, p. 12]
(working conditions, reliability regarding loads and
strength responsibility, etc.).

The own weight of the structures is taken into
account assuming inertial load — gravity [8—12].

Temporary loads are set according to the
following types of effects:

- static load on the weight of the coupling
according to the «<locomotive—car» scheme;

- static load on the weight of a raft of three
locomotives.

The impact of the weight of the locomotive is
given in the form of a concentrated force of 202,7
kN/axis in the nodes of the rail track model in
accordance with the distances:

+ 16900 mm between axles of automatic
couplings;

+ 8800 mm between the pins of bogies
(locomotive base);

+ 1850 mm between bogie axles.

The impact of the weight of the car is given in
the form of a concentrated force of 228,7 kN/axis
in the nodes of the rail track model in accordance
with the distances:
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« 11520 mm between axles of automatic
couplings;

« 7200 mm between the pins of bogies (car base);

« 1850 mm between bogie axles.

The considered schemes of temporary loads are
presented in Pic. 5 and 6 (a total of six schemes for
the «locomotive—car» connection and five schemes
for the raft of «three locomotives»).

The results of the calculated static analysis

The calculations of the stress-strain state of the
elements of the structure under given combinations
of loads [13, pp. 101-120].

12 cases are considered:

« PO. «Tension of reinforcement of the blocks
23,6 m + own weight»;

- C1. «P0 + coupling (middle of the locomotive
over middle of PSO0-1)»;

= C2. «P0 + coupling (middle of the car over the
middle of PSO-1)»;

- C3. «PO + coupling (middle of the car above the
support K)»;

= C4. «P0 + coupling (middle of the coupling over
the middle of PS1-2)»;

- C5. «P0 + coupling (middle of the coupling over
the support T)»;

- C6. «P0 + coupling (middle of the car over the
middle of PS2-3)»;

« L1. «PO + raft (middle of the locomotive No. 1
over the middle of PS0-1)»;

- L2. «P0O + raft (middle of the locomotive No. 2
above the support K)»;

- L3. «P0 + raft (5™ axis of the 2“ locomotive over
the middle of PS1-2)»;

- L4. «PO + raft (2" axis of the 3 locomotive over
the middle of PS1-2)»;

« L5. «PO + raft (2" axis of the 3 locomotive over
the middle of PS2-3)»,
where are marked: K, T — stations before and after
the overpass; PSO-1 — span from the station K;
PS1-2 — span of 23,6 m; PS2-3 - span from the
station T.

Pic. 4. Deformable finite element model of the span
of 16,5 m. Concrete of the assembly joints of the end
diaphragms.

The results of the calculations are presented as
displacement and deformation values at the control
points obtained using virtual sensors (pliable core
elements with an initial length of 60 mm with linear
elastic properties of steel) installed on the concrete
of the span of the overpass. Control points are
selected on the lower belt in the middle sections of
the span structures of the structure:

- «dat1,2» — sensors in the middle of the span
PSO-1;

- «dat3,4» — sensors in the middle of the span
PS1-2;

- «dat5,6» — sensors in the middle of the span
PS2-3.

The results of calculations of elements of the
structure under given loads are present in the form of
distributions of displacements and stresses in
reinforcement and concrete blocks of span structures
of the overpass for the design case PO and in the form
of displacements, deformations and stresses at

b

=l

Pic. 5. Schemes
of temporary loads from
the coupling «locomotive—

car» (C1-C6).

A : . | ZT.\:_ﬁ -
oW WM
- B Y

w
13

™
(3

E

E L | T H T " ‘ﬂ' I
| Zj
i

LNELRLEE ]

Pic. 6. Schemes
of temporary loads
from the raft «three

LR R IR
1 @ Ly i

TR
_. i

locomotives» (L1-L5).

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 58-69 (2019)

Bondar, Ivan S., Burombaev, Sultan A., Aldekeeva, Dinara T. Calculation of Stress-Strain State

of Overpasses




Table 1

Calculated values of displacements, deformations and stresses at the control points of the span
structures of the overpass

Design case Displacement, mm Displacement increment from temporary load, mm
PSO0—1 PS1-2 PS2-3 PS0—1 PS1-2 PS2-3
S, 0,00 24,63 0,00 — — —
PO -4,36 17,41 -4,36 - — _
Cl -9,23 17,46 -4,36 4,87 0,05 0,00
C2 -8,92 13,55 -4,34 4,57 3,86 0,02
C3 -6,18 11,38 -4,30 1,82 6,03 0,06
C4 -4,29 11,52 -5,18 0,07 5,89 0,81
C5 -4,34 14,48 -9,14 0,02 2,93 4,78
C6 -4,36 17,44 -8,88 0,00 0,03 4,51
L1 -9,21 17,46 -4,36 4,86 0,05 0,00
L2 -9,62 11,69 -4,29 5,26 5,72 0,08
L3 -7,59 11,75 -9,01 3,23 5,66 4,65
L4 -4,28 11,70 -9,53 0,07 5,71 5,17
L5 -4,36 17,10 -8,93 0,00 0,31 4,57
Design case Deformation, pm/m Deformation increment from temporary load, pm/m
datl12 dat34 dat56 datl12 dat34 dat56
S, 0 -666 0 — — —
PO 146 -524 146 — - -
Cl 300 -524 146 154 0 0
C2 291 -443 146 145 81 0
C3 204 -408 146 58 115 0
C4 146 -410 169 0 113 24
C5 146 -466 299 0 57 153
C6 146 -524 290 0 0 144
L1 299 -524 146 153 0 0
L2 316 -410 146 171 113 0
L3 260 -411 301 114 113 155
L4 146 -410 317 0 113 172
LS 146 -519 313 0 5 168
Design case Tension, MPa Tension increment from temporary load, MPa
dat12 dat34 dat56 dat12 dat34 dat56
S, 0,00 -22,87 0,00 — — —
PO 4,50 -17,97 4,50 — — —
Cl 9,26 -17,97 4,50 4,76 0,00 0,00
C2 8,98 -15,20 4,50 4,48 2,77 0,00
C3 6,29 -14,01 4,50 1,79 3,96 0,00
C4 4,50 -14,08 5,23 0,00 3,89 0,73
C5 4,50 -16,00 9,24 0,00 1,97 4,74
C6 4,50 -17,97 8,96 0,00 0,00 4,46
L1 9,24 -17,97 4,50 4,74 0,00 0,00
L2 9,77 -14,08 4,50 5,27 3,89 0,00
L3 8,02 -14,10 9,30 3,52 3,87 4,80
L4 4,50 -14,08 9,80 0,00 3,89 5,30
L5 4,50 -17,81 9,68 0,00 0,16 5,18

control points and virtual sensors for all considered
design cases, S, - tensioning of the steel (Table 1).
The calculated data are consistent with the data
experimentally obtained by the authors [14, p. 165;
15, p. 45; 16, pp. 48-51; 17, p. 67; 18, p. 278].
Conclusions. From the analysis of the calculated
displacements, deformations and stresses of girder
reinforced concrete span structures of the overpass it
follows that for determining the stress-strain state of the
span structures of the railway overpass for the purpose
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of comparison with the normalized range, the coupling
(locomotive + car) and raft(three locomotive) were used.

Data on displacement, deformation and tension
of girder reinforced concrete span structures of the
overpass can be used in calculations of similar
structures for seismic resistance, as well as in
dynamic calculations of stability with increasing
operational load on railway bridges.

To determine the actual technical state of the
bridge structures and the most effective assessment
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of their reliability, to establish the correspondence
between the design scheme and the actual operation
of structures on the main lines of Kazakhstan and
Russia, it is advisable to periodically monitor the
stress-strain state of the bridge structures under
operational loads.
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co3gaHue anekTpornoesga DI2TB Moxenu
62—4496. OCHOBHOI1 ITPEMOCHUTKON MOSIBIIE-
HUSI 3JIEKTPOIIOE3/la HOBOIO MOKOJIEHUS I10-
CIIy>XKMJ1a HeOOXOAMMOCTh MOBBIIIEHUS 9KO-
HOMUYECKOM 3(D(PEKTUBHOCTU TTACCAKUPCKIX
IIEPEBO30K BHYTPUTOPOACKUM PEIbCOBBIM
TPAHCIIOPTOM M 00ECIIeYeHUSI COBPEMEHHOTO
YPOBHST KoMopTa A1 TTacCakupoB.

B cocras anekTporioesaa BXOAST BaTOHbI
TPEX THUITOB: TOJJOBHON Momenu 62—4497,
MOTOpPHBIN Moxenan 62—4498 u HemoTOp-
HBII (DpullenHoi) Moaenu 62—4499. Cxe-
MbI GOPMUPOBAHMUS ITOE30B OIPEICISIOT-
Cs 3aKa34MKOM U MOTYT BKJIIOYaTh B ceOs
oT 5 10 12 BaroHoB pa3JIMYHBIX TUIOB.
B tabnuie 1 mpuBeneHbl OCHOBHBIE TEXHU -
yeckue mapameTpsl DI2TB. I[Ipu sTtom
MIPUHATO clienylolnee 0003HAYEHUE MOJE-
JIeii BaTOHOB: TOJIOBHOM — I, MOTOpHBI# —
M, HemoTopHB&I# (TpunienHoi) — H. ABu-
JKEHME 2JIEKTPOIIOE3/1a OCYILIECTBIISIETCS CO
ckopocTsaMu 10 120 kM/4 Ha 3JeKTpudu-
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Puc. 1. 9nexktponoe3n 3r2Te «Usonra» Ha nonurone BHUMNKT. ®doto: C. [l. KopLuyHos.

Ta6mmua 1
OcCHOBHbBIE TEXHHYECKHE napaMeTpbl JICKTPOIIOE31a U BArOHOB
HaunmeHoBaHue mapamMeTpoB 3HavyeHre mapaMeTpoB
On. 1. 2I'+3M | BaroHoB aJiekTpornoesia

r M H
Macca tapsbl, He OoJjiee, T 249.,7 48,5 50,9 45,5
KonmnuecTBo MecT Uit CUICHMS, TIT. 226 24+2 58 58
Pacu€TtHast HaceN€HHOCTD (MPU TUIOTHOCTH 836 130 192 192
CTOSIIIMX IMACCaXUPOB 3 Yelr./M?), Jell.
MaxkcuManbHast Harpy3ka oT KOJIECHO# nmapbl | — 19 20,5 19
Ha peJibc, He bosiee, TC
OO01as MOIIHOCTD (YacoBasi), KBt 3600 - 1200 —
JITHa 371eKTPOIIoe3/1a OCHOBHOM cocTaBHO- | 116 23,8 22,8 22,8
CTH, M
baza BaroHa, M - 15,0 15,0 15,0
basa tenexku, m — 2,6 2,6 2,6
Macca tenexku, He 6ojee, KT — 7000 10000 7000
CpoK CITyX0bI, J1eT 40 40 40 40

LIMPOBAHHBIX Y4aCTKaX HalpsixkeHueM 3 KB
IMOCTOSIHHOTO TOKA.

OO0MMif BUJ MOTHOCTBIO C(POPMUPOBAH-
HOTO 3JIEKTPOIOe31a oKa3aH Ha puc. 1.

l.

Hecyiye MeTasIoKOHCTPYKLIUKM KY30BOB
BaroHOB 3JIEKTPOIIOE3/1a B LIEJIOM aHAJIOTUYHbI,
M3rOTOBJIEHBI U3 ONMHAKOBBIX CTAJIEH 1 OTJIU -
YaIOTCS JIUILIb OTAEIbHBIMU KOHCTPYKTUBHBIMU
y3j1aMU, OOYCJIOBJICHHBIMU Ha3HAY€HWEM Ba-
roHoB. Ky3oBa BaroHOB ITpeACTaBIISIOT COOOT
LIEJIbHOMETAJIMYECKYIO HECYLIYIO KOHCTPYK-
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IIMIO TUTIA 3aMKHYTON 000JI0YKHU C BBIpE3aMH
JIUISI OKOH U IBEepe, TJIOCKOM Hapy>KHOM 00-
IIMBKOI OOKOBBIX ¥ TOPLIEBBIX CTEH, KPBIIIIEH
paMHOM KOHCTPYKIIUU C TIJIOCKO-TO(DpUpo-
BaHHOI1 OOLIMBKOI U BhIpe3aMU I101 000py-
JIOBaHUE, a TAKXKE ITOJIOM U3 TOPPHUPOBAHHBIX
nuctoB. Hecyiias o6ojiouka nmoakperieHa
MIPOHOJBHBIMU U TIOTIEPECYHBIMU DJIEMEHTAMM
XKECTKOCTU. PaMbl Ky30BOB COCTOSIT U3 IIPO-
IOJBHBIX U TOTIEPEYHBIX 0ajloK (XpeOToBast
banka, 0OBsI3Ka paMbl, IITKBOPHEBBIC, TTOTIC-
peuHbIe OaIKM), Ha KOTOPHIC YyCTaHABIMNBACT-
cs1 OOIIMBKA T10J1a.

CkaukoB A. H., CamowikuH C. J1., KopwyHos C. 1. UccnepoBaHne NPO4YHOCTH Ky30BOB BaroHOB
aneKkTponoesna HOBOro NOKoNeHus




Taomuna 2
MexaHuyecKkure XapakTepUCTUKH U TomycKaemble Hanpskenns (MIla) nas craneii
Kiacc npoyHocTH, Mapka craiu G, in c, 1 pexxum 11 pexxum
[o] [o]
EN10088—2-X6GrNiTi 18—10+2B 370 260 260 175
34511, 09T2C/(09T2CT) 480 345 345/326 220/210

KabuHa MalMHKCTa TOJIOBHOIO BaroHa
BBIMTOJIHEHA B BUJE OTACIbHOIO MOIYJIS
U KPEIUTCS K HeCYIIei KOHCTPYKIIUM Ky30-
Ba 00JTOBBIMU coenuHeHUsIMU. CTajbHOI
KapkKac KaOMHBI MMeeT (PepMEHHYI0 KOH-
CTPYKIIMIO, 3JIEMEHTBI KOTOPOI1 IIPEeICTaBIIsI-
10T c000i1 cCBapHBIE 3aKPbIThie MPODUIN
MPSIMOYTOJbHOTO ceyeHus. OrpaxkaeHue
KaOuHbBI (pOpMUPYETCS U3 MIACTUKOBBIX IMa-
Heneil. Hecyiue ajeMeHThl paMbl Ky30Ba
M3rOTOBJICHBI U3 HU3KOJIETMPOBAHHOM CTaIn
09I2C o 'OCT 19281, Hapy>kHasi OOILIMBKa,
KapKac Ky30Ba — M3 HepKaBelollel cTaiu
EN10088—2-X6GrNiTi 18—10+2B.

OCHOBHBIE Y3JIbI TEJIEXKEK: paMa, JBe KO-
JIECHBIE TIaphbl, YEThIPe KOMILIEKTa OYKCOBBIX
MOABEIIMBAHUI, LIEHTPAJIbHOE MOIBEIINBA-
HKE, TOPMO3 IUCKOBbII, JIEMHUCKATHBIM Me-
XaHU3M, OJIOKM OUMCTKM OaHmaxa (rmpu HaIu-
Y1K), 000pPYIOBaHUE CUCTEMBbI TpeOHECMa3bl-
BaHMsI, KPOHILTEHHBI KaTyIlIeK JIJIsl MOHTaXa
MPUEMHBIX KaTyIIeK PeIbCOBBIX CUTHAJIOB
KII-PC, snektpomoHTax Tenexku. Pama siB-
JIIETCS HECYILIUM 3JIEMEHTOM KOHCTPYKIIMM.
Becb komIuiekc 000pynoBaHusl, 00ecreyrBato-
LIMIA paboTY TEJIeKKH, CMOHTUPOBAaH B OCHOB-
HOM Ha paMe WU C OTIOPOii Ha Hee.

PeccopHoe mojBelimBaHue IBYXCTYIIEH-
yaToe — MPYXXMHHOE OYKCOBOE U IMTHEBMATH -
YyecKoe LieHTpajibHoe. B ieHTpajibHOM ToBe-
IIMBAHUW NTPYMEHEHBI IBE TTHEBMAaTUUECKUE
peccopbl, Ha KOTOPBIE ONMKMPAETCs KY30B Baro-
Ha.

[THeBMOpeECcCOpBl C Pe3MHOKOPAHBIMU
00oJI0uKaMU JradparMeHHOTro TUIIa ¢ BUOPO-
MOMIOIIAIOIIMMU PE3MHOMETA/NIMYECKUMU
OIOPaMU YCTAHOBJIEHBI Ha OTIOPHBIE TTOBEPX-
HocTU paMbl. [IprMeHeHbI aeMIicbepbl TUi-
paBIMYeCKUE: BEPTUKAJIbHbIE — JIJISI TAllIeHUST
BEPTUKAJIbHBIX KOJIEOAHUI Ky30Ba OTHOCH-
TEJbHO PaMbl TEJEXKH, TOPU3OHTAIbHbIE —
JUISI TAllICHUSI TOPU30HTAIbHBIX KOJIeOaHUI
B MONEPEYHOM HampaBJIeHUU U JeMIIpepbl
BUWJISTHMSI — JUIsI TallleHMsI KOJIeOAHMI BUJISTHUS
TEJICKKMU.

Kon€cHbie mapbl BHIITOJHEHBI C LIEJIbHO-
KaTaHbIMU KOJIECAMM U 3aKPEIUIEHHBIMU Ha
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HMX TOPMO3HBIMU AMCKaMU, OYKCOBBIMU
y3JlaMU C POJMKOBBIMU MOAIIMIHUKAMU
KayeHusi. B OykcoBoM moaBelIMBaHUU
MPUMEHEHBI OYKChI PhIYaXKHOTO TUIIA C pe-
3UHOMETANJIMYECKMMU HapHUpAMU I8
CBSI3U KOJECHOI Maphbl C paMOM TEJIEXKKH,
KOMIJIEKThl HMJIMHAPUYECKUX BUHTOBBIX
MPYXUH 1 OYKCOBbIE NeMM(epbl TUAPABIU-
YECKME — IJI51 TAllE€HUs BEPTUKAJIbHBIX
KoJIeOaHM I paMbl TEIEXKHU.

Bce ky3oBa BaroHoB 2JieKTponoe3naa
MMEIOT OOJIbIIYIO JJUHY MO CpaBHEHUIO
C BarOHaMM 3KCIUJIyaTallMOHHOTO Tapka
W YIIMPEHHbIE IBEPHBIE TPOEMBbI, TTOBBIILIECH -
HYI0 BMECTUMOCTb U IOTIOJHUTEJIbHOE 000-
pyaoBaHUe 11 00ecTieYeHUsI COBPEMEHHO-
ro ypoBHs KompopTta. B cBsI3u ¢ aTUM Tpe-
OoBaHMs K rabapuTHO-BECOBBIM Iapame-
TpaM KY30BOB M UX Hecylleil ClmocOOHOCTU
npuoOpeTaloT MEPBOCTENEHHOE 3HaYEHUE
[1,¢.37;2,c.34;3,c.204; 4, c. 61].

.

PaccMmoTpuM juts Havaia pacy€r Ky3oBa Ha
nmpuMepe HanboJyiee CIOXHOIO T'OJIOBHOTO
BaroHa.

B Tabauue 2 nmpuBeaeHbl MPOYHOCTHBIE
XapaKTepUCTUKKM M TOIYyCKaeMble HaIlpsoKe-
HUST MaTepUAaJIOB ITPY U3TOTOBJIEHUH Ky30BOB.
B 3HameHaTese yKa3aHbl pacU€THBIC HaIpsi-
JKEHMS JUTSl XpeOTOBOM M IIKBOPHEBBIX OAJIOK
[5,¢c.33;6,c.10;7,c. 12; 8, c. 47].

TTpu BeIMOTHEHU M pacUETOB ObLTU ITPUHSI-
THI CJIEMYIOIIME UCXOMHbIC TaHHBIE:

JnuHa Ky3oBa no pame — 22,140 M.

baza Barona — 15,000 M.

IlluprHa Ky30Ba HapyxXHasl IO 00BsI3Ke
paMbl — 3,476 M.

BricoTa Ky30Ba OT Bepxa IIKBOPHEBOM
0asIKu 10 Bepxa rodpa Kpblu — 2,925 M.

KoHcTpykimmonHas ckopocth — 33,3 M/c
(120 km/4).

KoadduimeHT BepTuKanbHO IMHAMUKI
(c yu€tom BausiHUSI 00KOBBIX cuit) — 0,214,

Tapa Ky30Ba B 3KUITMPOBAHHOM COCTOSI-
Hun — 36000 kL.

ITonesnas Harpy3ska — 19310 kr.

CkaukoB A. H., CamowikuH C. J1., KopwyHos C. 1. UccnepoBaHue NPpO4YHOCTU Ky30BOB BaroHOB

JNeKTponoe3ana HOBOro NOKoJIEHUs



PacuéThl Ha MPOYHOCTH MPOBOAWIUCH Ha
Harpy3Ku, oka3aHHble B Ta0biule 3.
1-ii pexxuM — yCcJTIOBHBIN pexxuM Ge3orac-

HocT. OH yYUTHIBAET BO3MOXKHOCTb BO3HUK- | PacuéTnble napameTpbl | PacuéTHble pexxumbl
HOBCHMA 3HAYUTCJIbHbLIX ITPOJOJbHBLIX CUJI, 1 11
00yCIOBJIEHHBIX MaHEBPOBOI pPabOTOI,
. . [pononbhas cuna, MH |-2.5 +0,4
TPAHCIIOPTUPOBKOU N aBaApUMHBIMU COydape-
HUSIMU. BeptukanbHas cratnye- | OpyTTO Ky30Ba | OpyTTO
I1-i1 peXXuM — 3KCITyaTallMOHHbBIM, yuu- | CKad Harpyska KysoBa
o - _ *
THIBAaeT CHJIBI, IEHCTBYIOIINE Ha Ky30B Mpy | BEPTHKAIbHAsi IMHamu- | HE yauThiBa- | K * Gpyrro
. yeckas Harpyska etcs Ky30Ba
pas3roHE mnoe3aa 10 KOHCTPYKIIMOHHOU CKO-
BoxoBbie cuiibl He yuuTbiBa- | 12,5 % ot
pOCTH, IBVKEHUM Ha BbIOETE MM TOPMOXKe- e Br—
HUU C BTOM CKOPOCTH NIPU MPOXOKIACHUN Ky30Ba

KPUBOWA.

Hns coznaHust pacu€THOM CXeMbl METOA
KOHEYHbIX 37ieMeHTOB (MKD) ncnonbs3oBai-
Csl TIPOEKTHO-BBIYUCIUTEbHBI KOMITJIEKC
SCAD [9—10]. [nankuie aucThl IpU pacuére
MOJIEJIMPOBAJINCH U30TPOITHBIMU TIIIOCKUMU
3JIeMEHTaMHU, MaHeJu robpupoBaHHON 00-
IIWBKU — IJIOCKUMU OPTOTPOITHBIMM 2JIEMEH -
TaMM, UMEIOIIMMHU TTPUBEAEHHYIO TONIINHY

Taoamna 3
BeauunHa OCHOBHBIX CHJI ISl pacyéTa
HA MPOYHOCTH

[pyMeuaHue: 3HAK «+» IS CUIIbI PACTSKEHMSI, 3HAK
«—» JUISI CUJIBI CKATHSI.

(Snp). ITpuBenEHHbIE TOMIIMHBI TaHeJeil 00-
IIMBKU (Snp), a TaKxXe MOIYJIM YOPYTOCTH U
koaduumentsl ITyaccona Bronb (E, v) u
nonepék (E, v ) naHeseii 1aHbl B Ta0JIMLe 4.
JLJ1sl TUTOCKMX M30TPOITHBIX DJIEMEHTOB E = Ey,
Vv, =V, 3]IeMEHThI KapKaca MOJEIMPOBalIiCh
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Puc. 2. PacuyétHas cxema MK3 ky30Ba rosioBHOro BaroHa asieKTpornoesga (3/1eMeHTbl Kapkaca).

Ta6mma 4
IIpuBeéHHDbIE TOMIMHBI (6np), Moy ynpyroctu u ko3 duumentsi Ilyaccona (E, v , E, vy)
IUISI IaHeJIeli OOIMMBKH Ky30Ba

HaunmeHoBaHue naHenun S5, MM BHD, MM E,MIla |v, Ey, MIla v,

[Ton rnankwuii 4,0 4,0 200000 0,3 200000 0,3
IMon robpupoBaHHbIit 1,5 1,55 200000 0,3 479,4 0,00072
HwxHuii u cpenHumii nosica 6okopoi | 2,0 2,0 200000 0,3 200000 0,3
CTEeHBI

BepxHuii mosic 60KOBOI CTEHBI 2,0+1,0 3,12 200000 0,3 14652 0,022
Kpsla rimaakas 2,0 2,0 200000 0,3 200000 0,3
Kppiia roppupoBaHHas 1,5 1,74 200000 0,3 323,0 0,00048
TopiieBas creHa 2,0 2,0 200000 0,3 200000 0,3
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Ta6mna 5
3HaYeHNsT MAKCUMAJIbHBIX PACYETHBIX HANPSKEHUI (c, MIla) B 00LIMBKE Ky30Ba
HaumeHoBaHue 3j1eMEHTa KOHCTPYKIIUHT o,
1 pexxum 11 pex.(—) I pex.(+) TPU PeM.
Harpyskax
Hacrun nona B caione -235 114 144 94
Hacrtu nona B kabuHe MalIMHKUCTa -114 30 61 125
Boxkonas cTeHa 1 -202 -118 141 -195
BokoBast creHa 2 -204 -119 144 -98
Kpsiira 40 -50 -60 -72
TopiieBast creHa 36 14 24 -30
Tab6uuna 6

3HayeHus1 MAKCMMAJIbHBIX PACYETHBIX HOPMAJIbHBIX HAaNpsuKenuii (o , MIIa)
B 3JileMEHTAaX KapKaca Ky30Ba

HaumeHoBaHuMe 271eMeHTa KOHCTPYKLIUN

JlnarnasoH HanpspKeHit
no I pexxumy

xpe6ToBas Ganka cepeiiHa BaroHa

or -183 1o -223

3a IBCPbIO MalllMHUCTA

ot -291 10 -298

Mo OKHOM

ot -221 10 -269

KOHCOJIb 3a IIKBOPHEBOI OATKOM

o1 -225 o -320

KOHCO!JIb I'0OJIOBHOI'O KOHIIA

ot -141 mo -256

HIKBOpHEBas Oasika MpaBblil KOHEL BaroHa

ot -187 no 214

rOJIOBHOM KOHE1] BaroHa

ot -147 no -159

OOBSI3KU PaMbl B 30HE [IPaBOM ABEPU

oT -245 5o -252

B 30HE Cpe/IHeil 1Bepu or-156 o -175
ToTiepevYHbIe GaTKn 100x60x4 or-251 mo 169

100x60x5 or 228 no 264

80x60x5 ot -189 o 234

MPOaOJIbHbIE Oanku JABEPHBIC CTOUKHN

or -168 10 230

00BsI3Ka KPBIILIKA

ot 138 10 263

CTPUHTEP KPBILIN

ot -145 o -301

0asky KaOWHbBI

ot 120 o 204

CTEp>KHEBBIMU 2jJiIeMeHTaMU. [Ipu co3maHuu
pPacuy€THOM CXeMBbl YYTECHO 3KCLIEHTPUYHOE
COeIMHEHNE 3JIEMEHTOB KapKaca C OOIIMB-
Koii. ®parMeHT pacy€THOM CXeMbl MOKa3aH
Ha puc. 2. Cxema coaepxut 6650 y3nos, 11845
3JIEMEHTOB, MOPSIIOK CUCTEMbl YpaBHEHUI
0k0J10 40000 HEU3BECTHBHIX.

3akpervieHue pacy€THOM CXeMbI B IIPO-
CTPAHCTBE KaK TBEPIOTO Tejla IIPK pacyETe 1o
pexrumaM 00ecreurBalId YeThIPe BEPTUKAIIb-
HbIe 10 OCU Z JIMHEWHbIE CBSI3U B MECTax
YCTAaHOBKM Ky30Ba Ha ITHEBMOPECCOPHI, JIBE
MPOIOJIbHBIC TMHEMHBIE CBSI3U I10 OCU X B Me-
CTe MPUIOXKEHMS MPOAOJbHON HArpPy3KuU
(Ha OTHOM KOHIIE paMbl), a TAKXKE JBE TOITOJI-
HUTEJIbHBIC MONePEYHbIE IMHEIHBIC CBSI3U T10
ocu Y o KOHIIaM Ky30Ba.

BeprtukanbHast pacnpenea€HHass Harpy3ka
MPUKJIAIbIBAJIACh MO IO T10JIa U TOPU-
30HTAJIbHOM ITPOEKIIMU KPbIU. BepTukaib-
Hasl Harpy3ka OT 00OpYyJIOBaHUsl, UMEIOILIEro

CYIIECTBEHHYIO MACCy, YUUThIBAIACH OTAEIBHO
Kak y3joBas. [IponoibHbIe YCUIIUS ¢ IIPUCO-
eNMHEHHBIM MOMEHTOM IPUKJIaIbIBAJIUCh
K mepeaHuM (pacTATMBaOIIMe) WK 3aJHUM
(cXuMmalone) yropHbIM YTOJIbHUKAM.

PesynbraThl pacu€ToB IpeacTaBICHBI
B Tabymuax 5 u 6, rie NpuBeIeHbI 3HAUCHUS
HOPMaJIbHBIX HaIpsKeHUI s HauboJee
Harpy>Ke€HHbBIX 3JIEMEHTOB OOIIMBKY 1 KapKa-
ca Ky30Ba.

AHaJlu3 pe3yJbTaToB pacy€ToB IOKa3all,
YTO Ky30Ba I'0JIOBHOI'O BaroHa 3JIEKTpOIIoe3/1a
BI'2Ts, kak 1 MoTopHOTrO (M) 1 HEMOTOPHO-
ro (H) BaroHoB, 110 TPOYHOCTH YIOBJAETBOPSI-
10T TpeboBaHusIM |35, ¢. 179].

.

WcnbiTanus KY30BOB Ha IIPOYHOCTH IIpU
CTaTUYECKOM JIEUCTBUU HOPMaTUBHBIX HAarpy-
30K IMPOBOAUINCH B IMTOMCHICHUUN IKCIICPH-
MCHTAJIbHOI'O 1I€Xa MHCTUTYTa BaroHOCTPOEC-
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Puc. 3. Peannsauns BepTukasbHOM Harpy3ku Ha MeTasl/IOKOHCTPYKUMIO Ky30Ba BaroHa C rnomoLybio
nHeBMOOOGOpPyAOBaHUS.
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Puc. 5. Cxema ycTaHOBKM TeH3o4aT4ymnkoB B ce4eHusix 0—0 u I-1 ky3oBa Barona mogesnu 62—-4497.
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Puc. 6. Cxema pacrnosoxeHus ce4eHurii U yCTaHOBKN TeH304aTYNKOB Ha OCHOBHBIX HECYLUNX 3JIeMEHTax Ky30Ba
ros1IoBHOro BaroHa mogesnv 62—4497.

HUS Ha CITeIIMaJbHOM CTEHIe, 000pyIOBaH-
HOM TUAPABIMNYECKON CUJIIOBOM CUCTEMOM
C CUJIOU3MEPUTEIbHBIMHU YCTPONCTBAMHU
1 MTO3BOJISIOIIEM CO3IaBaTh MPOIOJIbHBIEC
(pacTsoKeHHMe-cXaTue), a TakKXKe BepPTHKAIb-
HbIE ¥ peMOHTHBIE Harpy3ku [11, 12].

BepTtukanbHble Harpy3ku Tapa u OpyTTO
CO3aBAINCh INTATHBIMU ITHEBMAaTUIECKUMU
MPUCTIOCOOJICHUSIMU CTEHIIA, TUCKPETHO pac-
MpeaeIe HHBIMU IT0 TTOJTy Ky30BOB BaroHoB. Ha
puc. 3 mokazaHa peajr3alnsl BEpTUKAIbHOMN
Harpy3Ky Ha METaJZIOKOHCTPYKIIMIO MOTOPHO-
IO BaroHa ¢ ITOMOIIIBIO ITHEBMOOOOPYIOBAHNS.

[Tpu ucnbITaHUAX Ky30Ba MTOABEPTraINCh
TIEWCTBMIO HOPMATUBHBIX CTATUYECKUX HATPY-
30K, MPELYCMOTPEHHBIX [3, ¢. 179; 6, c. 10].

ITpononbHBIE HATPY3KU:

* CcXaTue MO OCSIM CIICTTHBIX YCTPOMCTB
1,0 MH;

* CcXaTue MO OCSIM CIICITHBIX YCTPOMCTB
2,0 MH;

* PACTSDKEHHE 10 OCSIM CIIETTHBIX YCTPOMCTB
1,0 MH.

BepTtukaabHble Harpy3Ku (COTJIacHO pac-
YE€Ty Ha TIPOYHOCTD):

* BepTUKaJIbHAsI Harpy3Ka, UMUTHPYIOIIIast
Tapy Ky30Ba BaroHa;

* BepTUKaJIbHAsI Harpy3Ka, UMUTHPYIOIIIast
OpyTTO Ky30Ba BaroHa.

Harpysku, Bo3HMKaoIIKe IMpu peMOHTE:

* TTOMBbEMKA TTOPOKHETO Ky30Ba IO KOH-
LIbI IIKBOPHEBOI 0aJIKU;

* MObEMKA TPY>KEHOTO Ky30Ba IO KOHIIBI
LIKBOPHEBOI OaJIKU;
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* TTOXBbEMKA ITOPOXKHETO Ky30Ba MO KOH-
1Bl ITKBOPHEBBIX 0AJIOK HA TPEX TOMKpaTax;

* TTOXBbEMKA ITOPOXKHETO Ky30Ba MO KOH-
IIbI ITKBOPHEBBIX 0AJIOK T10 TMAaTOHAJIH;

* aBapuiiHasI MOIBEMKA TTOPOKHETO Ky30-
Ba MOJ CLUEMHOE YCTPOUCTBO C MMUTALIEHN
Macchl MOTOPHOI Teaexkku 10 T.

CxeMBbI pacTIoIOXKEeHHUsI CEUeHUH 1 paccTa-
HOBKY T€H30IaTYNKOB Ha Ky30BE€ FOJIOBHOTO
BaroHa rnokxasaHbl Ha puc. 4—6. g apyrux
MoJesieil BarOHOB OHU MPUHIMITHAIBHO HE
OTJIMYAIOTCS.

ITomyyeHHBIE SKCTIEpUMEHTATBHBIC JTaHHBIC
TIPY UCTTBITAHUSIX METAJZIOKOHCTPYKIIMH Ky30-
Ba TOJIOBHOTO BaroHa ITOKa3ajiu, YTO OIpe/ie-
JISTIOLIEN HArpy3KOM ¢ TOYKM 3PEHUS IIPOYHO-
CTU SIBJSIETCSI CXKATHE IO OCSIM CIEIHBIX
YCTPOMCTB, 2 OCHOBHBIM Harpy>K€HHBIM y3-
JIOM — paMa Ky30Ba. [1pr 3ToM 0OCHOBHasI 9acTh
MPOIOJIbHBIX HAarpy30K BOCIIPMHUMACTCS
XpeOTOBOI M IIKBOPHEBBIMU Oankamu. Hau-
OOJTbIIIME 3HAYCHUST HATIPSTDKEHUIM 3apernCcTpy-
pOBaHBI B 30HAaX COeAMHEHUN XpeOTOBO
¥ IIKBOPHEBOU 0aJyioK, TIe OHU TOCTUTIHN
331 MIla B XBOCTOBO#1 4acTH Ky30Ba, U He-
CKOJIBKO HIKE B TOJIOBHOI YaCTH, UTO CBSI3aHO
cTiepeaaydeii YacTu Harpy3Ku OajaKaMu KapKaca
KaOMHBI MAIIMHUCTA HA HECYIINE 3JIEMEHTHI
Ky30Ba. [1o 3Toi1 XXe mpuurHe HaIpsLKeHUS
B IIKBOPHEBOI OaJTKe TOJIOBHOT'O KOHIIA Ky30Ba
HIKE, YeM B IIIKBOPHEBOI 0aKe XBOCTOBOTO
KOHIIa, TA¢ WX BEJIWYMHA HE ITpeBbIIIaga
187 MIla. Pacrnipenenenue HampsKeHU 110
CEeYeHMSIM XpeOTOBOI 0K XapaKTepHO IS

CkaukoB A. H., CamowukuH C. J1., KopwyHos C. 1. UccnepoBaHne NPOYHOCTU Ky30BOB BaroHOB

JNeKTponoe3ana HOBOro NOKoJIEHUs



Tab6umua 7

3HaueHus1 MAKCUMAJIbHBIX HANIPSKEHUH B 3JIEMEHTAX KOHCTPYKIIMU KY30BOB I'0JIOBHOTO
¥ MOTOPHOTO BATOHOB (0pa0OTaAHHAS KOHCTPYKIHSI)

DnemMeHT JlomyckaeMmbie MakcumManbHbie MakcuManbHbie

KOHCTPYKLIMH HaMpsDKEHUST 9KCIIEPUMEHTAIbHbIE 3KCIEPUMEHTAIbHbIC
o I pacuérHomy HaIPSDKEHUsT Ha Ky30Be HaIpPSDKEHUST Ha Ky30Be
pexumy, MIla rojioBHOro Barona, MIla MOTOpHOro BaroHa, MITa

Kppiira 260 28 35

JIBepHOI MPOEM 260 130 76

Pama Barona. 345 331 301

Banka xpe6ToBas

Pama Barona. 345 271 244

Banka mkBopHeBast

Pama Barona. 345 238 220

BoxkoBas 6ajika pambl

Pama Barona. 345 128 213

[Tonepeunas Gajika pambl

U3rnba B ropu30HTATBHOM IJIOCKOCTH U CBSI3aHO
C I3MEHEHUEM ¢€ TeoMeTprH B TutaHe [13—15].

bokoBbie TPo0JIbHBIE OATKW BOCTIPUHU-
MalOT 3HAYUTEJbHYIO JOJIO MPOJOJIbHBIX Ha-
TPYy30K, HO UMEIOT BhIPAXKEHHYIO HEpaBHOMED-
HOCTb pacripeae/ieHUs] HaMpsDKeHUH o ceve-
HUSIM, OOYCJIOBJIEHHYIO IBEPHBIMU BbIPE3aMU
B OOKOBMHAX U, KaK CIE€ICTBUE, 3HAUYNUTEIIbHbBI-
MU U3MEHEHUSIMU TeOMETPUYECKUX XapaKTe-
PUCTUK HECYIMX 2JIEMEHTOB Ky30Ba. Tak, Ha-
MPSDKEHUS B 30HaX CThIKA MPOAOJIbHBIX OAJTOK
CO IIIKBOPHEBBIMU IMOYTH B IBa pa3a BbILLIE, YeEM
B CpeJHell yacTu Ky3oBa. [lelicTBue Apyrux
WUCIIBITATEIbHBIX HAarpy30K (BepTUKAIbHOM,
PEMOHTHBIX U aBAPUIHBIX MOABEMOK) BbI3bIBA-
eT HanpspkeHus nopsaka 100—110 MITa iviib
B OTIEJbHBIX TOYKAX KOHCTPYKIMU. CpenHuii
K€ UX ypOBEHb HaxomuTcs B Ipeaesiax 30—
60 MITa.

W3 pe3ynbTaToB MpenBapuTeIbHbIX UCTIbI-
TaHWI MOTOPHOTO BaroHa CJIeyeT, YTO Haubo-
Jiee HaMPSDKEHHBIM 3JIEMEHTOM KOHCTPYKIIMU
SIBJISIETCST XpeOToBast Oajika B CeUeHUsIX 3—3
U 5—5, Tae Opu NepBOM PACUETHOM PEXUME
HanpskKeHUsl BIUIOTHYIO MPUOINXKATUCh K
JonyckaembiM. Harpyskoii, onpenesnsitonieit
HanpsKEHHOE COCTOSTHUE 3TUX 30H, CTAHOBUT-
cs CXKMMarollasl Harpy3Ka Mo ocsiM CLEMHBIX
yerpoiicts 2,0 MH. Ona mipuBena K He3HAUM-
TEJIbHOM AehopMaliuy YIIOPHO MIUTHI CLET-
HOTO ycTpoiicTBa. MeHee Harpy>keHHoOii moka-
3aja cebs IKBOpHEBas 0ajka, B CEUCHMUSIX
KOTOPOI OTCYTCTBYIOT HAIpPSKEHUS, MPEBbI-
1aroiue nomyckaemole. Haubompiue 3Haue-
HUS 3aUKCUPOBAHbI HA paguycax mepexoaa
HWXKHETO JIMCTa U 0 KPOMKaM BEPXHETO JIUCTa
B ceueHMsIX Imi-Imr m OImr-Olor. B ocrambHBIX
3JIeMEHTaX IIKBOPHEBOUN OalKKU HAMpPSKeHUS
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He npesbiatoT 100 MIla, u MoxHO npenrno-
JIOKWTH U3JIAIITHUIA 3a1mac TPOYHOCTH TS pe-
Kuma 1.

JlocTaTouHO BBICOKAsI KECTKOCTH IITKBOP-
HEBOI1 OaJIKM TIO3BOJISIET TIepeaBaTh 3HAUM -
TeJTbHbIE Harpy3Ku Ha OOKOBBIE OATKK PaMBbl,
YTO OIpeesIsIeT UX ONTUMAJIbHYIO Harpyxke-
HOCTb B IIKBOpHEBOM ceyeHuu [—I. B yrnax
OKOHHBIX BBIPE30B CPEMHHBIC 3HAYECHUSI Ha-
NpspKeHuii Haxoastest B ipenesiax 70—80 MITa,
TaKOM Xe YpOBEeHb OTMEUEH B yIJIaX ABEPHOTO
BbIpE3a, OKOHHBIX CTOMKAX, CTPUHTEpaXx, Mpo-
cTeHKax. JleficTBre peMOHTHBIX HAarpy30K He
BBI3BIBACT CYILICCTBEHHBIX N3MEHEHMI B HAITPSI-
KEHHOM COCTOSTHMM HECYIIUX 2JIEMEHTOB TI0
CPaBHEHUIO C AEWCTBUEM BEPTUKAIBbHOM Ha-
rpy3Ku OpyTTO. MICKII0ueHUE COCTABISIIOT YIJIbI
OKOHHBIX M IBEPHBIX BEIPE30B, HO U B 3THX
30HAX YPOBEHb CPEAVHHBIX HAIIPSLKEHU He
npesbinaer 70—80 MITa. ITpu moabEmKe 1mo-
POXKHETO Ky30Ba MacCoil Tapa IByMsI JOMKpa-
TaM¥ TI0 JUaroHaJv HabJoganach MeCTHasI
ynpyras aedopmariust oOIIMBKY Ky30Ba B 30HE
YCTaHOBKM JOMKPATOB.

DKcnepTru3a pes3yabTaTOB CTaTUYEeCKUX
HCTIBITAaHWI B 30HAX MAaKCHUMAaJTbHBIX HAIPsDKe -
HUI TTOKa3aJia, 9YTO 3TO OTHOCUTCS K HVZKHUM
MOJIKaM TIPOJOJIbHBIX 2JIEMEHTOB XpeOTOBOM
6anku. Tak, 1o ceyeHu1o XxpedToBoi 6anku 3—3
(cM. puc. 6), pacronoXeHHOMY B KOHCOJIbHOI
YaCTU PaMBbl, BeJIMIMHA MAKCUMAJIBHBIX HATIpsI-
JKEHUI JIEXWT B rpenenax ot 315 no 332 MIla
(Touku 4 u 04). ITo ceueHnIo XpeOTOBOI OATKHI
5—35, pacnojoXeHHOMY B €€ CpelHel JyacTu
W HE3HAUNTEJIHHO YIaIEHHOMY OT IIIKBOPHEBOI
0aJIK1, BeJTMIMHA MAaKCUMAaJTbHBIX CYMMAapHBIX
HaIpssKeHUH HECKOJTBKO Bbilile (Touku 3 1 03
Ha puc. 6).

CkaykoB A. H., CamowukuH C. J1., KopwyHos C. 1. UccnepoBaHne NPpO4YHOCTU Ky30BOB BaroHOB
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7151 CHUXKEeHUS ypOBHS CyMMapHbBIX HaIpsi-
JKEHUI OBUIM TIPEUTOKEHBI KOHCTPYKTUBHBIC
peuleHus], HanpaBJIeHHbIE Ha COBEPIIEHCTBO-
BaHUE 3TUX 30H:

* YBEJIMYEHUE TOJIIUHBI YITOPHOMN TIIUTHI
cuernHoro ycrpoicraa ¢ 40 1o 60 MM;

* YBEJIMYEHUE TOJIIIMHBI HYKHUX TUTACTUH
TPOIOTBHBIX 3JIEMEHTOB KOHCOJILHBIX YacTei
xpebToBoit 6anku ¢ 10 10 12 Mmm;

* MpUBapKa BAOJb OCU BaroHa MeXmIy
LIKBOPHEBOI OAJIKOIl M monepeyHol Oankoit
Ne 1 mponoIbHOTO 2JIeMeHTa, COCTOSIIIIETO U3
JIByX THYTBIX LIBEJIJIEPOB BbICOTON 80 MM U TOJI-
IIIMHOI 5 MM, CBapeHHBIX MeXAy CO0O0i IO
BepTUKaIU (00pa3yloT COCTAaBHOM ABYTaBp);

* HaydyacTKe OT rorepeaHoi 6anku Ne 1 1o
crenyrolei monepeyHon danku (K cepenuHe
BaroHa) BBapka JBYX KOCBIHOK pazMepoMm 550
X 350 X 6 MM ¢ OTOTHYTOI KPOMKOW BBICOTOIA
40 MMm.

OTH ycuIeHUS ObLTU PeaTu30BaHbl HA BCEX
TOJIOBHBIX, MOTOPHBIX 1 HEMOTOPHBIX BarOHaX
JIBYX TIEPBBIX COCTABOB 3JieKTporioe3na DI 2Ts.
[ToBTOpHBIE KOHTPOJBbHBIE UCITBITAHUS TTOJI-
TBEPIUIN PAITMOHAIBHOCTD TPUHSITHIX Pellle-
HUA.

B tabnuue 7 npuBeneHbl 060001IEHHBIE
JTAaHHBIE TIPOYHOCTHBIX CTATUIECKMUX UCTIBITA-
HU1 10pabOTaHHON KOHCTPYKIIMM.

BbiBOdbl

1. ITo pe3ynapTaTaM pacy€THO-3KCHEPU-
MEHTAJbHBIX MCCJIEOBAHWN BBHITTOJTHEHA
OLIEHKA HECYIIEH CITOCOOHOCTH Ky30BOB Ba-
TOHOB BJIEKTPOIOE3/1a HOBOTO MOKOJIEHUS
OI2Ts.

2. YCcTaHOBJIEHO, YTO B OTIEJIBHBIX y3JIaX
¥ 30HaX paMbl Ky30BOB HOPMaJIbHbIE HATIPSI -
JKeHUSI BIUIOTHYIO TTPUOJIMKAIOTCST K JIOTY-
CKaeMbIM YPOBHSIM T10 TIEPBOMY PEXUMY Ha-
rpyxeHus ypoBHH [5]. K HUM oTHOCATCS:

* yMOpHas IJIUTA CLEMHOTO YCTPOWCTBA;

* TIPOJOJbHBIC 2JIEMEHTHI KOHCOJBbHBIX
yacTeit XxpeOTOBOM OaNIKu;

* 30HA COEAUHEHUS TPOAOJIbHBIX DJIEMEH-
TOB XpeOTOBOI OaKK C MONepeyHbIMU OaT-
KaMU paMbl 3a IIKBOPHEBOI Oajikol K cepe-
JIMHE BaroHa.

3. IlpoBenénHas nopaboTka paMbl Ha
BCEX MOJEJSIX BarOHOB 3JEKTPOIoe3aa

OI'2TB, HanmpaBieHHasd Ha ONTUMU3ALUIO
METaJJIOKOHCTPYKIIUU Ky30BOB, O3BOJIMIA
CHU3UTH YPOBEHb CyMMapHBIX HANIPSIKEHUIA,
KOTOpbI€ MPU BO3IEHCTBUA HOPMATUBHBIX
Harpy3o0K He MpeBbIIIaJd TOMyCKaeMbIX
3HAYEHUM.
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STUDY OF BODY STRENGTH OF NEW GENERATION ELECTRIC TRAIN CARS

Skachkov, Alexander N., CJSC Scientific Organization «Tver Institute of Wagon Building», Tver, Russia.
Samoshkin, Sergey L., CJSC Scientific Organization «Tver Institute of Wagon Building», Tver, Russia.
Korshunov, Sergey D., CJSC Scientific Organization «Tver Institute of Wagon Building», Tver, Russia.

ABSTRACT

Basing on computational-experimental methods,
theoretical and experimental studies were carried
out in Tver on carrying capacity of car bodies of
electric trains of the new generation EG2Tv under the
influence of various normative stresses. Based on
the preliminary evaluation of stress-strain state
individual components of the metal structure of

bodies were changed. The results of static strength
tests showed that the main indicators of strength of
the body fully comply with the requirements of
standards and thus the rationality of the decisions
made is confirmed. Taking into account the positive
results of the tests, the bodies were transferred for
further tests, namely, to determine the parameters
of flexural vibrations.

Keywords: EG2Tv electric train, body metalwork, strength, bearing capacity, regulatory requirements,

permissible stresses.

Background. The creation of EG2Tv electric train
model 62-4496 was one of our joint innovative works
with OJSC «Tver Car Building Plant». The main
prerequisite for emergence of a new generation of
electric trains was the need to improve economic
efficiency of passenger transportation by intracity rail
transport and to provide a modern level of comfort for
passengers.

The train consists of three types of cars: the head
model 62-4497, the motor model 62-4498, and the
non-motored (trailed) model 62-4499. The train
composition patterns are determined by the customer
and may include from 5 to 12 cars of various types.
Table 1 shows the main technical parameters of
EGZ2T1v. In this case, the following designation of car
models is accepted: head — H, motor — M, non-
motored (trailed) — N. Electric train movement is
carried out at speeds of up to 120 km/h in electrified
sections of 3 kV DC.

A general view of a fully formed electric train is
shown in Pic. 1.

Pic. 1. Electric train EG2Tv «Oriole» (Ivolga) at the testing track of VNIIZhT. Photo: S. D. Korshunov.

Objective. The objective of the authors is to
consider the issue of strengthening body strength of
cars of the new generation train EG2Tv.

Methods. The authors use general scientific and
engineering methods, simulation, computational and
experimental methods, evaluation approach,
statistical method.

Results.

I

The bearing metal structures of an electric train’s car
bodies are generally similar, made of the same steel, and
differ onlyin individual structural units, due to the purpose
of the cars. The car bodies are an all-metal supporting
structure of a closed shell type with cutouts for windows
and doors, flat exterior paneling of side and end walls, a
roof of the frame structure with flat corrugated paneling
and cutouts forequipment, as well as a floor of corrugated
sheets. Bearing shell is supported by longitudinal and
transverse stiffeners. Body frames consist of longitudinal
and transverse beams (main beam, framing, pivot,
transverse beams), on which floor paneling is installed.
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Table 1
The main technical parameters of electric trains and cars
Parameter name Parameter value
ElL tr. Electric train cars
2H+3M H M N
Tare weight, not more, t 249,7 48,5 50,9 [45,5
Number of seats, pcs. 226 24+2 |58 58
Estimated occupancy (with a density of standing passengers 3 people/m?), 836 130 192 192
people
Maximum load from the wheel set on the rail, not more, tf — 19 20,5 19
Total power (hourly), KW 3600 — 1200 |—
Length of the electric train of the main composition, m 116 23,8 22,8 (22,8
Car base, m — 15,0 15,0 15,0
Bogie base, m - 2,6 2,6 2,6
Bogie weight, not more, kg — 7000 | 10000 | 7000
Service life, years 40 40 40 40
Table 2
Mechanical characteristics and allowable stresses (IMPa) for steel
Strength grade, steel grade G, min G, I mode 11 mode
[o] [o]
EN10088—2- 370 260 260 175
X6GrNiTi 18—10+2B
345D, 09G2S/(09G2SD) 480 345 345/326 220/210
Table 3
Magnitude of main forces for calculating strength
Design parameters Design modes
| 11
Longitudinal force, MN -2,5 10,4
Vertical static load gross body gross body
Vertical dynamic load not taken into account K * gross body
Lateral forces not taken into account 12,5 % from gross body

The driver’s cabin of the head car is made as a
separate module and is attached to the supporting
structure of the body by bolted connections. The steel
frame of the cabin has a truss structure, the elements
of which are welded closed profiles of rectangular
cross section. The cabin safe guard is formed of
plastic panels. The supporting elements of the body
frame are made of low-alloy steel 09G2S according
to GOST [Russian state standard] 19281, the exterior
paneling, the body frame is made of stainless steel
EN10088 2 X6CrNiTi18-10+2B.

The main units of bogies comprise frame, two
wheel sets, four sets of axle box suspensions,
central suspension, disk brake, lemniscate
mechanism, bandage cleaning units (if any),
equipment of the combing system, mounting
brackets for mounting KP-RS rail signals, electrical
installation of the bogie. The frame is the supporting
element of the structure. The whole complex of
equipment ensuring the work of the bogie is
mounted mainly on the frame or with support on it.

Two-stage suspension is axle box spring and
pneumatic central. In the central suspension, two
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Note: sign «+» for tensile strength, sign «—» for compressive strength.

pneumatic springs are applied, on which the car body
rests.

Air springs with rubber-cord diaphragm shells
with vibration-absorbing rubber-metal supports
are installed on the supporting surfaces of the
frame. Hydraulic dampers are used: vertical — to
dampen the body’s vertical oscillations relative to
the bogie frame, horizontal — to dampen horizontal
oscillations in the transverse direction, and wobble
dampers — to dampen the oscillation of wobbling
of the bogie.

The wheel sets are made with wrought wheels and
brake disks fixed on them, axle boxes are with roller
rolling bearings. In axle box suspension, lever-type
axle boxes with rubber-metal hinges are used to
connect the wheel set to the bogie frame, sets of coil
springs and hydraulic axle box dampers — for damping
vertical oscillations of the bogie frame.

All bodies of electric train cars are longer
compared to the cars of operational fleet and have
wider doorways, increased capacity and additional
equipment to ensure the modern level of comfort. In
this regard, the requirements for the overall weight
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Table 4

Reduced thickness (5 ), elastic moduli and Poisson’s ratios (£, v,, £, v,) for body panels

Panel name 3, e E, v, E,, vy

mm mm MPa MPa
Floor smooth 4,0 4,0 200000 0,3 200000 0,3
Floor corrugated 1,5 1,55 200000 0,3 479,4 0,00072
Lower and middle sidewall belts 2,0 2,0 200000 0,3 200000 0,3
Top belt of the side wall 2,0+1,0 3,12 200000 0,3 14652 0,022
Roof smooth 2,0 2,0 200000 0,3 200000 0,3
Roof corrugated 1,5 1,74 200000 0,3 323,0 0,00048
End wall 2,0 2,0 200000 0,3 200000 0,3
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Pic. 2. Calculation scheme of the FEM of the body of the head car of the electric train (frame elements).

Table 5
Values of maximum design stresses (¢, MPa) in body paneling
Name of the structural element G
I mode I mode(-) 11 mode(+) at repair loads
Flooring in the cabin -235 114 144 94
Flooring in the driver’s cab -114 30 61 125
Side wall 1 -202 -118 141 -195
Side wall 2 -204 -119 144 -98
Roof 40 -50 -60 -72
End wall 36 14 24 -30

parameters of the body and their carrying capacity
are of paramount importance [1, p. 37; 2, p. 34; 3,
p. 204; 4, p. 61].

1.

Let’s start with the calculation of the body at the
example of the most complex head car.

Table 2 shows the strength characteristics and
allowable stress of materials in manufacture of the
body. The denominator indicates the calculated
stresses for the spinal and pivot beams [5, p. 33; 6,
p. 10, 7, p. 12; 8, p. 47].

When performing calculations, the following initial
data were taken:

Length of the body frame — 22,140 m.

Car base — 15,000 m.

Body width outside framing — 3,476 m.

Height of the body from the top of the pivot beam
to the top of the corrugation of the roof — 2,925 m.

Constructional speed — 33,3 m/s (120 km/h).

Coefficient of vertical dynamics (taking into
account the influence of lateral forces) — 0,214.

Tare of the body in the equipped state —
36000 kg.

Workload — 19310 kg.

Strength calculations were performed regarding
the loads shown in Table 3.

| mode — conditional safety mode. It takes into
account the possibility of occurrence of significant
longitudinal forces due to shunting, transportation
and emergency collisions.

I mode — operational, takes into account the
forces acting on the body during acceleration of the
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Pic. 3. The application of the vertical load on the metal work of the car body with pneumatic equipment.

Table 6

Values of maximum calculated normal stresses (c_, MPa) in the elements of the body frame

Name of the structural element

Stress range on I mode

main beam center of the car from -183 to -223
behind the driver’s door from -291 to -298
under the window from -221 to -269
console behind the pivot beam from -225 to -320
console of the head end from -141 to -256

pivot beam right end of the car from -187 to 214
head end of the car from -147 to -159

frame binding in the area of the right door

from -245 to -252

in the area of the middle door

from -156 to -175

cross beams 100x60x4 from -251 to 169
100x60x5 from 228 to 264
80x60x5 from -189 to 234

longitudinal beams door pillars from -168 to 230
roof framing from 138 to 263
roof stringer from -145 to -301
cabin beams from 120 to 204

train to the design speed, running on the coast or
braking from this speed when passing the curve.

To create the FEM computation scheme, the
SCAD design and computing complex was used [9—
10]. In the calculation, smooth sheets were modeled
by isotropic flat elements, and the corrugated siding
panels — by flat orthotropic elements having a reduced
thickness (6,,,). The given thickness of cladding
panels (5,,), as well as elastic moduli and Poisson’s
ratios along (E, v,) and across ( Ey, vy) of the panels
are given in Table 4. For flat isotropic elements E =
E, v.=v, the frame elements were modeled by core
elements. When creating a design scheme, an
eccentric connection of frame elements with paneling
was taken into account. A fragment of the design
scheme is shown in Pic. 2. The scheme contains 6650
units, 11845 elements, the order of the system of
equations is about 40000 unknowns.
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Fixing the design scheme in space as a solid when
calculating by the modes was provided by four vertical
Z-axis linear connections in the body mounting points on
the pneumatic springs, two longitudinal linear connections
along X axis at the place of application of the longitudinal
load (at one end of the frame), as well as two additional
cross linear links along Y axis at the ends of the body.

The vertical distributed load was applied across
the floor area and the horizontal projection of the roof.
The vertical load from equipment having a substantial
mass was taken into account separately as a nodal
load. Longitudinal forces with attached moment were
applied to the front (tensile) or rear (compressive)
resistant squares.

The results of the calculations are presented in
tables 5 and 6, where the values of normal stresses
for the most loaded elements of paneling and body
frame are given.
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Pic. 4. The layout of the considered sections on the body of the head car model 62-4497.
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Pic. 6. Layout of cross sections and installation of strain gauges on the main bearing elements of the body
of the head car model 62-4497.

Analysis of the calculation results showed that the
head car bodies of EG2Tv electric train, as well as the
motor (M) and non-motor (N) cars, meet the
requirements for durability [5, p. 179].

Body tests for durability under static action of
normative loads were carried out in the premises of
the experimental workshop of the car building institute
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on a special stand equipped with a hydraulic power
system with load-bearing devices and allowing to
create longitudinal (tension-compression), as well as
vertical and repair loads [11, 12].

Vertical dead weight and gross loads were
created by regular pneumatic devices of the stand,
discretely distributed on the floor of the car bodies.
Pic. 3 shows the application of the vertical load on
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Table 7
Values of the maximum stress in the structural elements of the body of the head and motor cars
(modified design)
Structural element Allowable stresses on | Maximum Maximum
I design mode, MPa | experimental stresses | experimental stresses
on the body of the on the body of the
head car, MPa motor car, MPa
Roof 260 28 35
Doorway 260 130 76
Car frame. Main beam 345 331 301
Car frame. Pivot beam 345 271 244
Car frame. Side beam of the frame 345 238 220
Car frame. Cross beam of the frame 345 128 213

the metal structure of a motor car using pneumatic
equipment.

During the tests the bodies were exposed to the
standard static loads provided [5, p. 179; 6, p. 10].

Longitudinal loads:

« compression along the axles of coupling devices
1,0 MN;

« compression along the axes of coupling devices
2,0 MN;

+ stretching along the axles of coupling devices
1,0 MN.

Vertical loads (according to the strength
calculation):

« vertical load, imitating dead weight of the car
body;

« vertical load, imitating gross weight of the car
body.

The loads arising during repair:

- lifting the empty body bearing against the ends
of the pivot beam;

- lifting the loaded body bearing against the ends
of the pivot beam;

- lifting the empty body leaning on the ends of the
pivot beams and using three jacks;

- lifting the empty body diagonally, bearing
against the ends of the pivot beams;

- emergency lifting of the empty body leaning on
the coupling device with imitation of the mass of the
motor bogie of 10 tons.

The layouts of cross sections and placement of
strain gauges on the body of the head car are shown
in Pic. 4—-6. For other models of cars they are not
fundamentally different.

The experimental data obtained during testing of
the metal structure of the head car body showed that
the decisive load in terms of strength is compression
along the axes of the coupling devices, and the main
unit loaded is the body frame. In this case, the main
part of the longitudinal loads is perceived by main and
pivot beams. The highest stresses were recorded in
the zones of connection of the main and pivot beams,
where they reached 331 MPa in the rear section of the
body, and slightly lower at the head, which is associated
with transfer of the part of the load by the beams of the
driver’s cab frame to the bearing elements of the body.
For the same reason, the stresses in the pivot beam of
the head end of the body are lower than in the pivot
beam ofthe rear end, where their value did not exceed
187 MPa. The stress distribution over the cross-section
of the main beam is typical for bending in the horizontal
plane and is associated with a change in its geometry
in the plan [13-15].

Side longitudinal beams perceive a significant
proportion of longitudinal loads, but have a pronounced

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 70-85 (2019)

uneven distribution of stresses across sections, due to
door cuts in the sidewalls and, as a result, significant
changes in the geometric characteristics of the bearing
elements of the body. Thus, the stress in the areas of
joint of the longitudinal beams with the pivots is almost
two times higher than in the middle part of the body.
The effect of other test loads (vertical, repair and
emergency lifts) causes stresses of the order of
100-110 MPa only at certain points of the structure.
Their average level is within 30-60 MPa.

From the results of the preliminary testing of the
motor car, it follows that the most intense structural
element is the main beam in sections 3-3 and 5-5,
where, in the first design mode, the stresses came close
to the allowable. The load that determines the stress
state of these zones becomes a compressive load of
2,0 MN along the axes of the coupling devices. It led to
the slight deformation of the hitch plate of the coupling
device. The pivot beam proved to be less loaded, its
sections showed no stresses exceeding the allowable
ones. The largest values were fixed at the radii of
transition of the lower sheet and along the edges of the
upper sheet in the sections Ish-Ish and Olsh-0Ish. In the
other elements of the pivot beam, the stresses did not
exceed 100 MPa, and itis possible to assume an excess
safety factor for mode I.

The sufficiently high rigidity of the pivot beam makes
it possible to transfer considerable loads to the side
beams of the frame, which determines their optimal
loading in the pivot section I-I. In the corners of the
window cut-outs, the median stress values are within
70-80 MPa, the same level is noted in the corners of the
door cut-out, window pillars, stringers, and piers. The
effect of repair loads does not cause significant changes
in the stress state of the bearing elements compared to
the effect of the vertical gross load. The exceptions are
the corners of the window and door cuts, but in these
zones the level of median stresses does not exceed
70-80 MPa. When lifting an empty body with unladen
weight with two jacks diagonally, the local deformation
ofthe exterior paneling of the body in the jack installation
zone is observed.

Examination of the results of static tests in the
areas of maximum stresses showed that this applies
to the lower shelves of the longitudinal elements of
the main beam. Thus, over the cross section of the
spinal beam 3-3 (Fig. 6), located in the console part
of the frame, the magnitude of the maximum
stresses lies in the range from 315 to 332 MPa
(points 4and 04). Over the cross section of the main
beam 5-5, located in its middle part and slightly
removed from the pivot beam, the magnitude of the
maximum total stresses is somewhat higher (points
3 and 03 in Pic. 6).
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To reduce the level of total stresses constructive
solutions were proposed aimed at improving these
zones:

- to increase thickness of the hitch plate of the
coupling device from 40 to 60 mm;

- to increase thickness of the lower plates of the
longitudinal elements of the cantilever parts of the
main beam from 10 mm to 12 mm;

« to weld along the axis of the car between the
pivot beam and the transverse beam No. 1 a
longitudinal element consisting of two bent channels
80 mm high and 5 mm thick, welded vertically together
(form a composite I-beam);

« to weld into the area from the transverse beam
No. 1 to the next transverse beam (to the middle of
the car), two sheet plates measuring 550 x 350 x 6 mm
with a bent of 40 mm high.

These reinforcements were implemented on all
head, motor and non-motor cars of the first two trains
of EG2Tv electric train. Repeated control tests
confirmed the rationality of the decisions taken.

Table 7 summarizes the static test data of the
modified structure.

Conclusions.

1. According to the results of computational and
experimental studies, assessment was made of the
load-carrying capacity of the car bodies of the new
generation EG2Tv electric train cars.

2. It has been established that in certain units and
areas of the body frame normal stresses come close to
the allowed in the first loading mode [5]. These include:

- hitch plate of the coupling device;

« longitudinal elements of the console parts of the
main beam;

« zone of connection of the longitudinal elements
of the main beam with the transverse beams of the
frame behind the pivot beam to the middle of the car.

3. The carried out final development of the frame on
all models of electric train EG2Tv cars, aimed at
optimization of metal structures of bodies, allowed to
reduce the level of total stresses, which under the
influence of normative stresses did not exceed the
allowed values.
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OKCINPECC-NHDOPMALIWA

OBHOBJIEHUE NOABUXXHOIO COCTABA
MOCKOBCKOIro MeTPO

mé TpU 1moe3na HOBOTO IMOKOJICHUS

«MockBa» HayaJIu IepeBO3UTH ITacca-

KMPOB B CTOJIMIHOM METPO C Havasia
2019 roma. OHuM KypcupylooT Ha TaraHcko-
KpacHomnpecHeHCKOM TMHWUH.

«Tenepb B MeTpononuTeHe xoauT 105
MHHOBAIIMOHHBIX COCTaBOB Ha TaraHCKO-
KpacHonpecHeHckoit, Kanyxkcko-Puxckoit,
Ddunésckoit, Connuesckoil n boapioi
KOJIblIeBOM TUHUSX. 10 KOHIIAa rofa B METPO
nocTaBiT eié 66 moe3nos «MockBa». [Tocite
MX 3aIlycKa Ha JUHUSX OyaeT padoratsh 171
MHHOBAalLIMOHHBIN cocTaB — 3TO nopsaka 20
IIPOIICHTOB OT OOIIEro KOJUYECTBA IT0E310B
METPOTIOJIMTEHA», — paccKasall 3aMeCTUTEITb
M3pa MOCKBBI, pyKOBOIMTE/b IeTIapTaMeH-
Ta TPaHCIOPTAa U Pa3BUTUS TOPOKHO-TPAHC-
MOPTHOM UHGPACTPYKTYpbl Makcum JIukcy-
TOB.

BrepBric moe3ma «MocKBa» 3aITyCTUIIN
B 2017 romy Ha caMoii 3arpyXeHHOI JMHUYN
nmoa3eMku — Tarancko-KpacHorpecHeH-
CKOI, Ile CYTOUYHBIN MaccakupomoTOK J0-
cturaet 1,2 MWUIMOHA 4YeJloBeK. A BECHOI
2018-ro MHHOBALIMOHHBIE COCTaBbI MOSIBU-
Jauch Ha KanyKcko-PUXCKOM JIMHUM.

B moe3max «MockBa» eCTh CKBO3HOU
MPOXOoJ, uepe3 Bce BaroHbl. OHU yIOOHBI 1S
MaJOMOOUJIbHBIX ITACCaXKMPOB: B HUX OoJiee
LIIUPOKUE ABEPHBIC TTPOEMBI, a B TOJOBHBIX
BaroHax eCTh CIICIIMAJIbHBIC MECTa IUIST MHBA-
JIMAHBIX KoJsgcoK. KpoMe Toro, B BaroHax

® MUP TPAHCMNOPTA, Tom 17, N2 1, C. 86-87 (2019)

MOXHO 3apsixkaThb CMapT(OHbBI U TIAHIIEThI
¢ nomoibio USB-mmopToB, a ceHCOpHBIE
MOHHUTOPEI Ha CTEHAX ITIOMOTaIOT HANTH HYK-
HBbIC CTAHIIMU, TIPOJIOXKUTHh MapIIPyT U pac-
CUUTATh BPEMsI B IIYTH.

HoBrie cocTtaBbl Ha 15 TIpOLIEHTOB BMe-
cTuTenbHee. biarogaps 6osbieMy Koauue-
CTBY MECT, YJIYYIIIEHHO! CUCTeMe KOHAULIMO-
HUPOBAHUSA, YCUJICHHON ITYMOU3OJISIINNA
IMOE3IKNA B METPO CTaJIM KOMpOpTHEe.

Ha ®uiéBckoit TMHUN XOAAT MOAEPHM -
3upoBaHHBIE oe31a «MockBa». Mx nopaba-
THIBAJIU CIIEIIMAJIBHO [JII ABMXKEHMUS IO OT-
KPBITBIM yyacTKaM (CeMb U3 TPUHAIIATH
CTAaHLIMI TOJIyOOM BETKM HAXOASATCI Ha I10-
BEpXHOCTH). B TOIOBHBIX BaroHax 4acTh
CUNIEHUI pa3BEPHY/IU MOMEPEK, YTOOBI Mac-
caxkupaM ObLIO ynoOHee CMOTPETh B OKHA.
BMmecTo 0OBIUHBIX HAaBUTAallMOHHBIX Ta0JI0
Haja IBEPsSIMU YCTAHOBUJIU SIDKUE JAUCIUICH:
nHGOpMAIIMS Ha HUX BUIHA JaKe Ha COJTHIIE.

Ha mBepsix MogepHU3UPOBAHHBIX TTOE3-
OB MMOSBUJINCH KHOTIKHY, 0J1aromapst KOTo-
PBIM OHU OTKPBIBAIOTCS IO Mepe HeOo0X0-
IUMOCTH. DTO MO3BOJSIET COXPAHUTH
B BaroHax NpoxJjaay JIeTOM U TEMJI0 3UMOM.
3a KoMGOPTHBINT MUKPOKINMAT OTBEUAET
COBpeMEHHasI CUCTeMa KOHINIIMOHUPOBa-
HUS ¥ OTOTLJICHUS.

B omHOM M3 IpOMEXYTOYHBIX BarOHOB
HEKOTOphble Kpecsia clenalu CKIaaHBIMU,
YTOOBI B OE31T MOTJIO TOMECTUTHCS OOJIbIIIe
yenoBeK. KoxaHylo 0OOMBKY CUACHUI 3aMe-
HUJIU Ha TKaHeBylo. CorjlacHO MCCIeaoBa-
HUSIM CTOJTMYHOTO IerlapTaMeHTa TPaHCIIop-
Ta U Pa3BUTHUS TOPOXKHO-TPAHCIIOPTHOU
MHOPACTPYKTYPhI, Maccaxupbl CUUTAIOT €€
0oJee ynoOHOIA.

Ha ConHueBckoii u boJibiioit KoblieBoit
muHusx (BKJI) moesma «MockBa» Hayanm
XOINTh B IeHb OTKPBITUSA CTaHIUU «CaBé-
nosckass» BKJI — 30 nekadps 2018 roxga.

B Oynymem niaaHupyercs pa3paboTaTh
VIYYLIEHHYI0 MOJEJb Moe310B «MOoCKBa».
OOHOBJIEHHYIO BEPCUIO MOTYT 3aIllyCTUTh
B MeTpo B 2020 romy.

Hudopmamus ¢ caiita mapa MocCKBbI:
https://www.mos.ru/news/item/50578073 ®

OGHOBNEHne MNOABUXKHOIo Coctaea MOCKOBCKOIro MeTpo



RENEWAL OF MOSCOW METRO TRAINS

T hree new-generation Moskva trains have
started carrying passengers on the
metro’s Tagansko- Krasnopresnenskaya
Line (No. 7) since early 2019.

«The metro now operates 105 innovative
trains on the Tagansko-Krasnopresnenskaya,
Kaluzhsko-Rizhskaya (No. 6), Filyovskaya
(No. 4), Solntsevskaya (No. 8A) and Big Circle
(No. 11) lines. Additional 66 Moskva trains will
have been delivered by the end 2019, bringing
their total number to 171. They will account
for about 20 percent of all metro trains», said
Deputy Moscow Mayor and Head of the
Department of Transport and Road
Infrastructure Development Maxim Liksutov.

In 2017, the first Moskva trains started
operating on the most congested Tagansko-
Krasnopresnenskaya Line that handles up to
an average of 1,2 million passengers daily. Since
spring of 2018 these innovative trains have
started running on the Kaluzhsko-Rizhskaya
Line.

Moskva trains have gangway connections
and provide comfortable accommodation for
people with disabilities. They have wider doors,
and their head-end carriages have places for
wheelchairs. It is also possible to recharge
smartphones and tablet computers using the
carriages’ USB ports, and their wall-mounted
touchscreens help passengers plan their travel
and calculate how long they will take.

The new trains carry 15 percent more
passengers. They have more seats, an improved
heating system, ventilation and air conditioning
and additional soundproofing that provide for
more comfortable trips.
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The improved Moskva trains running on
the Filyovskaya Line have been especially
adapted for an open-air environment because
7 of the line’s 13 stations are located on the
surface. Some of the head-end carriages’
seats are located perpendicular to the
windows, providing an excellent view.
Standard navigation panels above the doors
have been replaced with brighter screens that
are clearly visible even in broad daylight so
all passengers know where they are going and
won’t get lost.

It is possible to open the doors of the
upgraded trains simply by pushing a button.
This will help keep the trains warm in winter
and cool in summer. A modern HVAC system
maintains a comfortable microclimate.

A carriage in the train’s midsection has
additional folding seats for accommodating
even more passengers during the rush hour. The
seats’ former faux leather upholstery has now
been replaced with fabrics. According to
experts of Moscow Department of Transport
and Road Infrastructure, passengers enjoy
sitting on the seats made of such material and
find it much more comfortable.

Savyolovskaya station opened on 30
December 2018, with Moskva trains serving it
via Solntsevskaya and Big Circle lines.

There are plans to develop an improved
modified version of Moskva trains, that can be
operated in metro in 2020.

Information retrieved from Moscow
Mayor Web-site: https://www.mos.ru/en/
news/item/50578073 @
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SKCMPECC-NHDORPMALWA

HOBbBIE ABTOBYCbI, SJIEKTPOBYCbl U TPAMBAU
A1 MOCKBbI B 2019 roay

Domo: Tpecc-cayncoa mapa u npasumenscmea Mockewl. Jenuc Ipuwikun.

2019 romy no ynuiaM MoOCKBBI Ha4-

HYT xoauTh 1700 HOBBIX aBTOOYCOB,

TpaMBaeB U 3JieKTpooycoB. OO 3TOM
Ha 3aceJaHuM Mpe3uanyMa MpaBUTEIbCTBA
MoOCKBBI COOOIIMIT 3aMECTUTEb M3pa CTOJIH-
1IbI, PYKOBOJIUTEIb IeapTaMeHTa TPaHCIIOp-
Ta ¥ pa3BUTHUS TOPOXKHO-TPAHCIOPTHOMN MH-
dpactpykTypsl Makcum JIMKCYTOB.

[Tomumo 3TOTO, IITAHUPYETCSI O0YCTPOUTH
32 KujoMeTpa BhIIEJIEHHBIX 1T0J0C 1 60 K-
JIOMETPOB 000COOJEHHBIX TPAMBaHBIX My-
Teil. Takke ropon OyIeT pa3BUBaTh aJbTep-
HaTUBHBIE BUIBI TpaHcmopTa. «Oxumgaem
K JIETHEMY CE30HY MOCTYIJIEHUE B IYHKTHI
BeJIONpOKaTa ThICSIYM HOBBIX BEJIOCUIICIOB,
a Takxke 15 ThICSIY HOBBIX aBTOMOOMJIEH TaK-
CH B TEUCHHUE BCEIO roJia U MSTh ThICSY HOBBIX
aBTOMOOMJIEH KapllepuHTa», — OTMETUI
JIukcyToB.

OTneabHOe BHUMAHUE YICTST YIyIIICHUAIO
3JIEKTPOHHBIX CEPBHUCOB: MOOMJIBHBIX TTPUIIO-
XKEeHUI cucTeMbl «MOCKOBCKUIA TPAHCIIOPT»,
MporpaMMBel JiosibHOCTH «[opom» mist Biia-
IeblieB KapThl « Tpoiika» 1 Ipyrux.

[Tpomozxat pabOTy 1O TTOBBILIEHUIO 0€3-
OITaCHOCTH JOPOXKHOTO ABMKEHUS U CHIXKE-

® MUP TPAHCMNOPTA, Tom 17, N2 1, C. 88-89 (2019)

HUIO aBapUIHOCTU Ha JOpOTax CTOJMIIHI.
I[InanupyeTrcs pa3BUBaTh MepCcOHaNbHbBIN
MOJIXOJ, K KaXKJI0MY Taccaxkupy ¢ Y4ETOM ero
MOTPeOHOCTEIA.

Bcero ¢ 2010 roga 0b110 3akyruieHoO 9993
aBToOyca, TpaMBasi, TpoJuieiidyca U 3JeKTpO-
Oyca. B mpo1iom roay B CTOJMIIE MOJHOCTHIO
3aBepLINIM OOHOBJIEHUE aBTOOYCHOTO Map-
Ka — Terepb B HEM TOJIbKO HOBbBII HU3KOITOJIb-
HBIN 5KOJIOTUYECKU YUCTBIN TTOIABUKHOM CO-
CTaB.

B centsa6pe 2018 roga Ha yauiiax MOCKBBI
MOSIBUJICS 3JEKTPpOOyC — MmaccCaxkMpCKUil
TpaHCIOPT HOBOToO MokojeHus. CerogHs
B cTONUlEe padoTaioT 45 3JIeKTpoOYCOB Ha
ATy Mapiipyrax. OHU TIiepeBe3In yxe 6osee
MUJUIMOHA TTacCaXkKpOoB.

OO11eCTBEHHBIN TPaHCIIOPT CTAaHOBUTCS
Bcé monyaspHee. Tak, 3a 2018 rog Ha HEM
OBLIO COBEPIICHO 5,6 MIJITMAapAa MOEe3I0K —
570 Ha 460 MUJUTMOHOB ITOE3I0K OOJIbIIE, YeM
B 2010-M.

Hudopmamms ¢ caiita mapa MocCKBbI:
https://www.mos.ru/mayor/
themes/2299/5348050 ®

Hoeble aBTOGYCHI, 3n1eKTPo6ychl U Tpameau ansa Mockesl B 2019 roay
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NEW BUSES, ELECTRIC BUSES,
TRAMS FOR MOSCOW IN 2019

he Moscow city is to
start operating 1,700
new buses, trams and

T

electric buses in 2019, Deputy
Moscow Mayor and Head of
the City Department of

Metro

Tr ans p ort an d R oa d ”Ji 224'“50"!- g.‘ 31 stations, 54 km - L 1 6«&:‘9«1’.4.?!..\1—
Infrastructure Development S Votnes, 3B1im QT Moscow Concal Circe ) Moranl
Maxim Liksutov said at a . Openstinghours: i Trsins run every 90 Y
Moscow Government S 5.30umt0lam Lol [oooncncuingpesk &

“a0f larssary 20T

Presidium meeting.

The city also plans to set
up 32 kilometres of designated
vehicle lanes and 60
kilometres of enclosed tram
tracks. In addition, the city
will continue to develop
alternative transport systems.
«Bike-sharing stations are to

Moscow public transport

Bus, trolleybus, tram, e-bus

TS

HalF-express: fast connections
betwesn the city centre and
remate districts

@ Free Wi-Fi

receive 1,000 new bicycles in
the run-up to the summer
season. Moreover, 15,000
new taxi cabs and 5,000 car-
sharing vehicles will be

Arrives in
minutes

Aeroexpress train

5-7 £ 070,000

s Average age of car: 2.7
) tanis

o years

delivered throughout 2019»,
Mr Liksutov noted.

The city will also improve
online services, including
Moscow Transport mobile
apps, the City loyalty

30-40 minvte

ride to the sirport

Commuter trains

programme for Troika card
holders, and others.
Efforts will be made to boost

Leave from 9
railway stations

Connect Moscow
and the suburbs

a Free Wi-Fi

MOS.RU

road traffic safety and to reduce
road accident rates. Local
authorities also want to focus on each passenger’s
personal requirements.

Since 2010, the city has purchased 9,993
buses, trams, trolleybuses and electric buses.
Thelocal bus fleet had been renewed completely
by 2018, with the introduction of new, low-floor
and environmentally-friendly vehicles.

September 2018 was the month of the
inauguration of the first electric bus launched
to operate a city line, marking the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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implementation of a new-generation passenger
system. Today, the city operates 45 electric
buses on five routes; they have carried over one
million passengers to date.

The public transport system is becoming more
and more popular, carrying 5,6 billion passengers
in 2018, 460 million more than in 2010.

Information retrieved at Moscow Mayor
Web-site: https://www.mos.ru/en/news,/
item/50354073 ®

.17,1ss. 1, p. 88-89 (2019)



SCIENCE AND ENGINEERING

ﬁZ[K 621.372.54.

Makcum MOPO30B
Maxim S. MOROZOV

AHatonuii BOJIKOB
Anatoly A. VOLKOV

Improving Noise Immunity of Digital Radio
Systems with Angular Modulation

(TeKkcT cTaTby Ha aHr. 3. —

English text of the article — p. 95)

Ans noBeiwenns B ABa pa3a
MoMexoycToN4YNBOCTU LNppPOBOH
panunocBsI3u TPAHCMOPTHBIX CUCTEM

C YaCTOTHOM MaHUNyNsLnen

npeanaraeTcs UCMOJIb30BaTh CIIOCO6
KOrepeHTHOro AeTeKTupoBaHUs 4aCTOTHO-
MaHunynupoBaHHbIx curHanos (YMH) BmecTo
AeTeKTupoBaHus rno orunbaiowlei. lNpu aTom
AocTuraeTcsl ycTpaHeHue oobpaTHoui
paboTbl KOrepeHTHOro AeTeKTopa CUrHasioB
c abcosnoTHOV pa3oBori maHunynsaumeii
(DMu) Ha 180° 3a c4ET nocnefaeTeKTOPHOI
06paboTku curHanoB. Takass o6paboTka
BO3MOXXHa C y4acTUeM 4aCTOTHOIroO
AeTeKTopa Ha pacCTPOEHHbIX KOHTYpax

C NMoAK/IIOYEHHBIM K HEMY TPUITEPOM.

Knwoyesbie caoBa: xxene3Hasi

Jopora, paanocBa3b, 4acTOTHas,

amnanTyaHas n pasoBas MaHUMyISLng,
MTOMEX0YCTONYNBOCTb, KOrePEeHTHOEe
JeTekTupoBaHune, ornopHoe KosiebaHue,
abcosnoTHas paszoBasi MaHUNyASUMs Ha

180°, o6parHas paboTa KOrepeHTHOro
AeTekTopa v e€ ycTpaHeHue.
|
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HAYKA N TEXHUNKA

lNoBbilLeHUe
NOMexXoyCTOUYMBOCTU LNPPOBbLIX
CUCTEeM pPaguoCBS3U C Yr1IOBOU
MoAaynauuen

Boakoe Anamoauii Anexceeeun — doxmop
mexHuveckux Hayk, npogheccop Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Mopo3zoe Makcum Cepeeesun — utoicerep
omadena agmomamuxu, meaemMexanuKu u ces3u
AO «Mempoeunpompanc», Mockea, Poccus.

XKEJE3HOAOPOXHON paarocBssu [1]

WCTIOJB3YEeTCS UCKITIOUNTENTBHO Y3KO-

nojiocHast YM, a ypoBeHb ITOMeEX NpU
9TOM CYIIIECTBEHHO BBICOK, JIeJiasi CBSI3b HE
BCeT/Ia yIOBIETBOPUTEIbHOIA.

TToMexoycTOMIMBOCTD M YacTOTHAST 3(pheKk-

TUBHOCTbD SIBJISIIOTCS HanOoJyiee 3HAYUMbBIMU
moKa3aTeIsIMU KauecTBa PaJuoCBsI3U, TO0-
CKOJTbKY TIOMEXOYCTOMYMBOCTD CBsI3aHa ¢ Oe3-
OTIACHOCTHIO NBUXEHUSI TPAHCTOPTHBIX
CPEICTB, a YacTOTHAST 3(P(HEKTUBHOCTH CIIOCO0-
CTBYET CHMXKEHUIO Ie(DUITUTAa YaCTOTHOTO pe-
cypca. Ob(heKTUBHOCTh PaTIMOCBSI3U XapaKTe-
puU3yeTCsl KpUTEpUsIMU, KOTOPBIE CIEAYIOT U3
u3zBectHOU hopmyb Lllennona [2, c. 308] mst
MPOTYCKHOI criocobHoctn C KaHama CBSI3U.
ABTOpamu 11oKazaHo [3, c. 29], uro dopmyna
[IleHHOHA MO3BOJISIET CBSI3ATh MEXIY COOOI He
JIBa, Kak 00bI4HO [4. ¢. 3;5,¢. 69;6,c. 117;7,
c¢. 120], a Tpu ocHOBHBIX KpuTtepwsi. [{7st aTOoTO0
HEO00XOIMMO Pa3IeIUTh JIEBYIO U TTPABYIO YaCTh
YKa3aHHOU (OpPMYJbI, a TaKKe MOIIHOCTH
curHana P myma P mion e€ torapudmom Ha
cKOpoCTh mepenaun nHdopmanuu R, a He
mpocto 3ameHuTh C Ha R [3] ¢ nenenunem non
norapudmom. B pesynsrare numeem:
C/R=F/R * log(1+P/P - R/R),
w1 =n/a * log(1 + o/p),



Puc. 1. MpuHunnuanbHas cxema
pa3paboTaHHOIro 4acTOTHOIoO AeTeKTopa.
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()
rne o = R/F — kputepuii yactotHoI ahdek-
TUBHOCTH;

R
f = ———— — KpuTepuii 3HEPreTUYECKOI
P. /N,
3 HEKTUBHOCTH;

n=R/C — xputepuii appexTuBHOCTHU
KCIIOJIb30BaHUsI TIPOITYCKHOM CITOCOOHOCTH
KaHasa (nHpopMmauuoHHbiit KITJT).

B sTom ciryuae tpetuil kputepuii (n-3d-
(beKTUBHOCTB) CBSI3aH aHATUTUYECKHU C KPH-
TepusiMu o 1 3 cornacHo (1). K B-apdexTun-
HOCTH OTHOCSIT ITOMEXOYCTONIMBOCTD JKEJIe3-
HOJOPOXKHOM paiMOCBsI3H.

1. KOFEPEHTHOE OETEKTUPOBAHUE

ITepexon ¢ aHamoroBoro Ha UMQpPOBOI
monynmpyromii curdan [ 10, c. 147; 11, ¢. 197;
12, c. 195], KOTOPBIM OCYIIECTBIISICTCS YaCTOT-
Hasl MOIYJISILIMS, Yallle Ha3blBaeMasl 4acTOT-
Hoit MaHumyassuneir (YMH), obecrieunBaeT
00Jiee BLICOKYIO [IOMEX0YCTOMYMBOCTD, HO HE
npeaebHylo. YacTOTHO-MaHUITYIMPOBAHHbIIA
CUTHAJI COCTOUT U3 IBYX aMILIUTYIHO-MaHM-
nyaupoBaHHBIX (AMH) CUTHAJIOB Ha CBOUX
noxHecymux. [Toaromy nerekrop YMH cur-
HaJla COCTOUT U3 ABYX IapalIe/IbHbIX AeTEK-
TOPOB I10 orudaloieil pachUILTPOBAHHBIX
AMH CHUTHAJIOB, BBIXOAbI KOTOPKIX TTOIKITIO-
YEHBI K BBIYMTAIOLEMY YCTPOICTBY.

IIpu KOrepeHTHOM JE€TEKTUPOBAHUU KUC-
KJII0oYaeTCsl KBaJApaTypHasl COCTaBJISIONIAs
IIOMEXH, OTYEr0 3Ta MOIIHOCTh YMEHbIIAET-
CsI B CpeIHEM B JBa pa3a, a IOMEXOYCTOMUM-
BOCTb YBEJMYMBAECTCS B TO XK€ YMCJIO pas,
Yero HeT MpU IeTeKTUpoBaHUU AMH curHa-
J1a 110 orubaroiieii. [IpuMeHUTh KOrepeHTHOe
JIIeTeKTUpOBaHue Npu pachuiabTpoBke YMH
KoJie0aHUs 3aTPYAHUTEbHO M3-3a BEPOSIT-
HOCTH IOJIy4eHUs KoieOaHusl Hecyllei ya-
CTOTBI. ABTOpaMU NPEJIOKEH MHOI cr1oco0
[8, c. 2] KOorepeHTHOTro AETEeKTUPOBAHUS
CUTHAJIOB C YIJa0BoI mopynsuueii. CurHa
YUMH npeobpa3yercsd B AMH cuUTHaJj, Hecy-
1M KoJiebaHeM KOToporo saBisietcss YMH
KojebaHue, T.e. mpeodpasyercsas B AUMH
KoJyiebanue. ITocnenHee 3aTeM TepeMHOXKA-
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eTCs C eT0 Xe KoJebaHneM HecyIlel 4acTo-
Tol — YMH KoJIe0aHueM.

Cxema pa3paboTtaHHOro [8, ¢. 2] KorepeHT-
Horo gerekropa YMH CUTHAJIOB ITpeCcTaBIeHa
Ha puc. 1. OHa COCTOMT U3 3aBepIIAIOIIETO
kackaga YITY npuéMHuKa, Harpy3Koi KoTo-
poTo SIBJISIETCS KOJie0aTeIbHbIN KOHTYp, Ha-
CTPOEHHBIN B PE30HAHC Ha MPOMEXYTOUHYIO
gactoty f . OTOT KOHTYp MHIYKTHBHO CBs3aH
C IByMsI KOHTYpaMU, PacCTPOEHHBIMU CUMME-
TPUYHO 1 POTHBOIOIOXHO OTHOCHTEIBHO f
Kak ImokasaHo Ha puc. 2. O6a KOHTypa coeIu-
HEHBI MEXIY CO0OI HEIOCPEACTBEHHO, a MX
BBIXO/IbI IMTOAKJTFOUEHBI KO BXOAaM KOJIbIIEBOTO
6anaHcHoro nepeMHoxutesist (KBIT). Boixoab
KBIT B cBotO ouepeb MOAKIIOUEHBI K BXOIaM
nByx RC nenouek, coeAMHEHHBIX MEXIY CO-
6oi1. Ha Bxone YITY BkimouéH TpaHchopmaTop,
BTOpMYHAsi OOMOTKA KOTOPOTO TMOIKIII0YeHa
K cpenHuM Toukam KBIT — Toukam coenuHe-
HUSI pacCTPOEHHBIX KOHTYpPOB M RC-11emouex.
AMTIUTUTYIHO-YaCTOTHasI XapaKTepuCTUKa
(AYX) paccTpoeHHBIX KOHTYpOB oOpa3yeT
JMHEIHbI y9acTOK BOKpyr f . B Tpu pasa
OOJIBIIINIA, YeM Y OMMHOYHOTO PACCTPOSHHOTO
KOHTYypa. DTOT IMHEeHbIN yuacTok AUX mnpe-
obpa3zyeT BxogHoit YUMH curHaia B AMH cur-
HaJI, HeCyIIUM KojIie0aHUEM KOTOPOTO SIBJISIET-
cs1 BxogHoe YMH kosiebaHue, TO €CThb Mpeod-
pasyeT B AYMH konebaHue.

Ha cpennue Touku KBIT nmopaércs Bxoa-
Hoe UYMH konebaHue MOCTOSTHHOM aMILIUTY-
IIBI, KOTOPOE SIBJISIETCS KOJIeOaHUeM HeCyIIei
yacToThl 179 AYMH curHazia. B pesynbrare
nepemHoxeHust B KbII curnanos AUYMH
1 YMH u punsrpauuu B RC-1ienoykax mosy-
yaeTcs MepeaaHHbli NUGpPOBOl CUTHA
(puc. 2). AHaTUTUYECKHU ITO MPOLLE MoKa3aTh
IS TADMOHUYECKOTO MOAYJIMPYIOIIETO CUT-
Haza b(t) = UsinQt.
un(t) = uA‘-IMH(t) * ul[MH(t) =
=U_ - [l + McosQt] - cos[wnpt +
+MsinQt] - Umcos[(nnpt + MsinQt] =
=U_? ¢ [1 + MsinQt] * cosz[conpt +
+MsinQt] = U 2 « [1 4+ MsinQt] -

«(1+ cos2(conpt + msinQt)/2) =

=0,5M - U 3%inQt + C + B.u., (2)

BonkoB A. A., Mopo3og M. C. lNoBbilLieHe NOMEX0YCTONYMBOCTU LIM(PPOBbIX CUCTEM PaAVNOCBA3U
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Puc. 2. MpeobpasoBaHune curHanos: YMH B AYMH.

IJIe B.9. — BBICOKOYACTOTHAS COCTABJISIONIA,
Kotopast yctpansietcs: hunsrpoM (RC-nienou-
kamu), a C — IOCTOSTHHAsI COCTaBJISIOIAS,
KOTOpasl yCTPaHSIEeTCS pa3neIuTeIbHBIM KOH-
JIEHCATOPOM, UTO ITOATBEPKIACT KOMITBIOTEP-
HOE MOAEINPOBaHHUE.

XoTs KorepeHTHoe AeTeKTupoBaHue YMH
CHTHAaJIa TIPEUIOKEHHBIM CTIOCOOOM TTO3BOJISI -
€T ITOBBICUTH IIOMEXOYCTONIMBOCTD XKeJIe3HO-
JIOPOKHOW pagnoCBsI3N B JBa pa3a, OHa He
SIBIISICTCSI, KaK yKe IOTIEPKIUBAJIOCh, MAKCH-
MaJIbHO BO3MOXXHOM. MaKCMMaIbHO BO3MOXK-
HYIO, COTJIACHO TEOPETUIECKUM ITOCTyJIaTaM,
obecrieunBaeT abcomoTHass @MH Ha 180°.

2. MAKCUMAJTIbHASA
NOMEXOYCTOW4YUBOCTb

AobcomorHas @MHu Ha 180° He McTONB3Y-
eTCd Ha MpaKTHUKe M3-3a «00paTHOM pabOTh»
KOTEePEHTHOTO ACTeKTOpa €€ CUTHAJIOB, KOTIa
«I» mudposoro curHaia mpuHUMaeTcs 3a «0»,
a «0» — 3a «1», T.e. HA0OOPOT. BMecTO abco-
JIIOTHOM MCIIOJIb3YeTCsl OTHOCUTEIbHAass DMH
(O®MH) Ha 180°, koTOpast HE TOJBKO YCTY-
naeT abCOMIOTHOM MO MOMEXOYCTOMYMBOCTHU
B IIBa pa3a, HO U MMeeT 00JIee CIIOKHYIO aIlra-
patypy. [loaToMy mpeacTaBiasieT HHTEpeC
pa3paboTKa cIrocoba KOTepeHTHOTO IeTeKTH -
pOBaHUs CUTHAIOB ¢ abcooTHoii PMH Ha
180° 6e3 06paTHOI pabOTHI.

KorepeHTHBII 1eTeKTOp COCTOUT U3 ITepe-
MHoxwuTess curHanos ¢ ®HY Ha ero BeIxoze,
B KOTOPOM TIEPEMHOXKAIOTCSI MEXIY CO0O0i
BXOJIHO## curHai u (t) ¢ abcomornoit ®Mu
Ha 180° u omopHoe Kosebanue u (t), monydyeH-
HOE M3 3TOTO BXOMTHOTO CUTHaja. ABTOpaMK
IMoKasaHo [9, c. 74], 9T0 BO BceX KOT€pEHTHBIX
JIETEKTOpaX CUTHAJIOB ¢ abcosoTHoi @MH Ha
180° monmyyeHHOE OMOpPHOE KoJiebaHME

u, (t)= £\/u,*(t) . TlocKobKy repes KBaapar-
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HBIM KOpHEM CTOWT 3HaK T, TO y OIIOPHOTO
KoyebaHus u (t) OyayT caydaiHble CKauyKu
¢a3bl Ha 180° He TOIBLKO OT AEHCTBUS TTOMEX,
HO ¥ OT APYTUX ITPOLIECCOB B IPUEMHUKE. DTH
cKauku ¢a3bl Ha 180° 1 MopoXKaal0T 0OPaTHYIO
paboTy KOTEpEeHTHOTO IeTeKTOopa CUTHAIOB
¢ abcomoTHOIt @MH Ha 180°.

Tax xak #,(t)=%\u, ’(t), To obparHas

paboTa KOTrepeHTHOro AeTEKTOpa CUTHAJIOB
¢ abcomotHoit ®MH Ha 180°, cocTostiero nu3
nepemuoxutesass, ®HY u dbopmuposarens
OIOPHOro KoJjiebaHMsI, HeyCTpaHUMa, 4TO
JI0Ka3aHo Ha npakTuke. OMHAKO IMOCIeAeTeK -
TOpHas1 00paboTKa €€ CUTHAIOB JOTIOJTHUTE b~
HBIMM OJIOKaMHU MO3BOJISIET YCTPAHUTh 00paT-
HYy10 pabOTy KOTepeHTHOro aerekropa |9,
c. 73]. Hanmpumep, B netekrope IMucronbkop-
ca u (t) punsTpyeTcs IByMsl pE30HAHCHBIMU
KOHTypaMU IEepBOM M BTOPOI TapMOHUK,
U TTI03TOMY OIIOPHOE KOJIeOaHME TTOTyYaeTCs,
10 CYTH, O3 IToMeX, HO CO CITy4ailHbIMU CKay-
Kamu ¢a3bl Ha 180°.

ABTOpaMu npemioxkeHo Ha Beixoge ®HY
JIETEKTOpa MCII0JIb30BaTh pereHeparop (He-
JIMHEHOE YCTPOMCTBO — MOIMYCTUM, YCUIIH -
TeJIb-OrpaHUYNTE]Ib aMIUIMTYIbI), BOCCTa-
HaBJIMBAOIMIA MCKaXKEHHBIE UMITYJIbChI
M MOAABJISIIOLIUIA [TOMEXU, HO HE MCITPABJISIIO-
LM 0OpaTHYIO PabOTy KOT€PEHTHOIO JIeTEK -
Topa. Eciau xe mepeMHOXUTh 3HAKOIEepe-
MEHHBIN MPOAETEKTUPOBAHHBIN curHan b(t)
M OMOPHOE rapMOHMYECKOe KojiebaHue, TO
MOJYYUM CUTHaJ ¢ abcomoTHoii @MH Ha
180° 6e3 ckaukoB ¢a3bl Ha 180° 1 6e3 momMex.
OTcyTcTBME CKAYKOB (Da3bl MpOlile MoKa3aTh
MPU IIEPEMHOXEHU Y TapMOHUYECKUX CUTHA -
JIOB:

u,(t) =b(t) * u (t) = U (t) » cos(Qt + 180°) *
* Uyt) * cos(ot + 180°) =
=U,U,[cos(w + Q)t + cos(w — Q)t].

Takoit ®MH Ha 180° curHan 6e3 momMmex
M MCKaXXEHM I MOXXHO KOT€PeHTHO MPOACTEK -
TUPOBATh CXeMOM, ITOKa3aHHOM Ha puc. 1,
no6asuB K Beixoxy @HY tpurrep.

AocomotHass ®MH Ha 180° MOXeT ObITh
MOJIy4eHa IyTEM ITePeMHOXEHMS 3HAKOIepe-
MEHHBIX JUCKPETHBIX CUTHAJIOB U TapMOHM-
4eCKOro Hecylero konebanus u, ()=U_cosot,
YTO IO3BOJIIET €€ MPeICTaBUTh aHAJIUTHYE-
CKU:

u ¢MH(t) =7y(t) * u () =y() » U cosot =
= U_cos(ot + v(t)90° — 90°) =

= U, cos(ot + (y(t) — 1) = 90°), 3)
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Usx(t)

a)'—C{

UBbIX(t)

R
) L

rre y(t) = =1 — 3HaKomepeMeHHbIN MOy -
pYIOLLMI CATHAI.

WsBectHO, uTo @M Bcerza cormpoBoXaa-
ercss UM, Tak Kak KpyroBas yactora w(t)
u daza ¢(t) cBsI3aHbI COOTHOIIIEHUEM ®(t) =
d¢(t)/dt. HactoTy w(t) MOXHO OTIPEIETUTh 11O
HavasibHO# aze (1), T.e. o b(t) =y(t) * 90°—
90°. 1151 aHATUTUYECKOro BhIpaxkeHus YMH
cocraBisgioneit (3) pasIoXuM IMepUOINIC-
CKUI MOOYJIMPYIOIIUNA OUCKPETHBIA CUTHAI
npssMoyToJibHOM (opMel B psit Dypee [6, ¢. 61]

W TIONYYNM:
b() =1+ LS 120K Gy, )
2 mid
Ortcrona
db(t ) -
L = —Zkﬂ(ﬂcoskgtj.
dat  r©e k

g HarJssAHOCTU 3TOTO BbIpaXKeHUS
MNPOMYCTUM MEePUOAUYECKYIO MOcaea0Ba-
TEJbHOCTh MPSIMOYTOJbHBIX UMIYJIbCOB
yepes3 auddepeHuupytomyo RC-1enouky,
MpencTaBIeHHYIO Ha puc. 3a, U BbIBEAEM
BBIXOIHOU curHan Ha ocuujtorpad. Ipu
5TOM TMOCTOsSIHHAasA nuddepeHIUpPYIolIe i
nernouyku T = RC<<T, roe T — 11UTeIbHOCTD
3JIEMEHTAPHOUW MOCHUIKU (MMITYJbCa WU
nay3bl). Kak BUgHoO, Ha Beixoae nuddepeH-
nuatopa (puc. 30) uMeeT MECTO TOJIbKO
(GpPOHT U cpe3 KaxkA0ro BXOAHOTO MPSIMO-
YroJIbHOTO uMIlyjabca. Eciau K Beixony aud-
dbepeHIUpPYOIIEH EMOYKU MOIKIIOYUTH
Tpurrep (MHTErpupyloliee ycTpoiicTBo), TO
Ha ero BbIXOJE MOJYYUM BXOIHBIE MPSIMO-
YTOJIbHbIE UMITYJIbCHI.

CxeMa pa3pabOTaHHOTO KOIE€PEeHTHOTO
JIETEKTOpa CUTHAJIOB ¢ abcomoTHoii @MH Ha
180° mpeacrapneHa Ha puc. 4. OHa COCTOUT U3
nepemMHoxkutesst curHanos I11, ®HY wHa ero
BBIXOJIE, (POpMUPOBATENSI ONTOPHOTO KoJieba-
g (POK), yepe3 KOTOPHIN COeTUHEHBI
MEXIy cO00li IepBbIE U BTOPBIE BXOIbI ITepe-
mHoxuTeas I11, a Takxke MOAKIIOUYEHHbIE
nocienoBatresbHo K @HY perenepatop P,
BTOpOIi IepeMHOXUTeNb [12, nonmoJHEeHHbII
KOTePEHTHBIM YacCTOTHBIM AeTeKkTopoM KJ/I,
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6) UBx(tZ)T ™ T S

Usen(t)
0¢ )

t Puc. 3.
Andpepernunpyrowas
RC-yenouka (a), rpagpuk
MMIy/IbCOB Ha BXoAax
u Bbixogax uenoykm (6).

tpurrepa TI. Bropoii Bxon I12 coeqnHén
¢ BbixogoM ®OK.

B »TOoM cnyyae Ha TUMHEWHBIN y4acTOK
®DUX paccTpoeHHBIX KOHTYPOB (pHC. 2) m0o-
crynaeT curHai ¢ abcomorHoii ®MH Ha 180°
M €ro 4acTOTHAasl COCTaBJISAIOLIast IIpeodpasy-
€TCs1 B aMILIATYIHO-MOIYJIMPOBAHHOE KOJIe-
0aHue, HECYIIMM KoJieOaHHEM KOTOPOTO SIB-
ssieTcst BxonHoit @MH curnai (3), T.e mpeo0-
pasyercsa B ADMH KosebaHue:

o 1-coskx N
M=k k|-
Uow (1) =1 T coskQt

scos(wt +y(t)90" - 90’

910 KoJebaHue rocrymnaet Ha Bxoa KBIT,
a B TOUKE COeMHEHUST pACCTPOECHHBIX KOHTY-
poB u RC-1ienouek mogaércst ®MH Koeba-
HME CO BTOPUYHOM OOMOTKHU TpaHCchOpMaTo-
pa, noakiaoyeHHoro ko Bxoay YITY. Ot atoro
nepeMHoxeHus Ha Beixone KBIT oopasyercs
KosiebaHue:

Ussn (t)zUA(DM (t)'UrpM (t):

= 1—-coskr N
I+ M=YkQ| & g
= Tt yeoskOt )

scos(wt +y(t)90"—90’
-cos(a)t +7(1)90" + 90°) =

[+ M—Zkﬂ[ﬂ+ costt)] .
k=1

*cos’ (a)t +7(1)90" -90° ) =
| 1—coskrx .

[+ M=Sko| T & L
TEt | feoskQt

l(1 —cos2ot) =

2
- o,SMLZkQ(M+ costtj +
=1
+BY +C,

rae M — miyOMHa aMIUTMTYTHON MOIYJISILINA
(M=kU ), ak— nocTosHHas COCTaBJISIONIAs.
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Puc. 4. Cxema popmupoBarens
abconoTHoii PMH Ha 180°.

BricokouyacToTHBIe cocTaBagiomme BY
yerpansitorcst RC-nermoukamu (puc. 1), a mmo-
cTosiHHas1 cocTasisiomasi C — pa3aennTesb-
HBIM KOHJIEHCATOPOM.

B pesynsrate curHan ¢ Beixoga KBI1 B Bu-
Jie (hpoHTA U cpe3a MPSIMOYTOJIbHOTO UMITYJTb-
ca (cM. puc. 30) mocTymaeTt Ha BXOJ TPUTTepa
(MHTETpaTOpa), Ha BHIXOIE KOTOPOTO 00pasy-
I0TCSI TIepeiaBaeMble MPSIMOYTOJIbHBIE UM-
ITyJThChI LIM(POBOTO cUTHANA. JIeiCTBUTETHHO:

. 1—-coskr N
Up (1)=105M=kQ & di =
Tt yeoskQt

=
~0,5M LS KT G .
ok
Bb1OpaB MOCTOSTHHYIO MHTETPUPOBAHUS
C,=0,5 + (1 +M), nony4nm aHaTUTUYECKOE
BBIPaKEHUE TIPSIMOYTOTbHBIX UMITYJIHCOB (4).
MakcruManbHO BO3MOXHYIO TOMEXOYCTOM -
YUBOCTb PAIMOCBSI3U 00ECTIeYnBaET HE TOJb-
KO omHOKpaTHast abcomoTHass @MHu Ha 180°,
paccMOTpeHHasI BhIllle, HO U ABYKpaTHasi a0-
comotHast ®MH Ha 180°, korna nmepeaaya 1Byx
LM GPOBBIX CUTHAJIOB BEAETCS Ha KoJieOaHU
OJTHOW HecyIleW 4acTOThbl, CABUHYTOU I10
(haze Ha 90° c ucTiOTb30BaHMEM OJTHOKPATHOM
abcomoTtHoit @MH B KaxoM KaHase. B atom
CJlydae MCIIOJIb3yeTCsl T0JI0Ca YacTOT TOJIBKO
OJIHOTO KaHajia, T.e. YBEJIMYMBAIOTCS B JBa
pasza M MOMeXOYCTOMYMBOCTb, U YaCTOTHAs
5(GGEKTUBHOCTD.

BbiBOAbl

1. AHaIMTUYIECKM TIOKa3aHO, 9TO (popMyJia
IlleHHOHA MO3BOJISIET CBSA3aTh MEXIY CO0Oi
Tpu Kputepusi 3pHeKTUBHOCTHU, a HE Ba, KaK
ObLIO paHee.

2. [penoxkeHo KOTepeHTHOE NETEKTUPO-
BaHue YMH cuUrHaioB, MOBBILIAIOIIEE TTOME-
XOYCTOWUYMBOCTD XKeJIE3HOAOPOXKHOM 1T po-
BOW paiuOCBSI31 MPUMEPHO B JIBa pa3a.

3. AHAIUTUYECKU MTOKA3aHO, YTO MPU U3-
BECTHOM KOTE€PEHTHOM JeTEeKTUPOBAHUU
curHaoB ¢ abcomotHoit @MH Ha 180° 13 HUX
dopmupyeTcst ormopHoe KojiebaHWe COo CIy-
yaiiHbIMU cKaukamu (as3sl Ha 180°, uz-3a
KOTOPBIX BO3HUKAET «00paTHas paboTa» KO-
TePEHTHOTO JIETEKTOpa.

4. I1pennoxeHa rnocieneTeKTopHas oopa-
0O0TKa CUTHaja KOTePEHTHOTO JIETEKTOpa,
KOTOpasl YCTpaHsIET ero o0paTHYIO padoTy.
HoBusHa nipemioxeHust TOATBEPXKIeHA TMa-
TEHTOM Ha U300peTeHuE.

5. AHaJIUTUYECKHU MOKa3zaHo, YTO A
MOCJIeIeTEKTOPHOI 00PaOOTKY MPOAETEKTH -
POBaHHOTO CUTHAJIa, TTOJTY4eHHOTO 13 abCco-
JIIOTHOM (pa3oBoii MaHUMyIssMu Ha 180°, o
1. 4 11esecoo0pa3HO UCITOIb30BaTh KOT€PEHT-
HBI YaCTOTHBIN JETEKTOP Ha pACCTPOCHHBIX
KOHTYpax C MOAKJIIOYEHHBIM K HEMY TPUTITE -
pOM.
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IMPROVING NOISE IMMUNITY OF DIGITAL RADIO SYSTEMS WITH ANGULAR

MODULATION

Volkov, Anatoly A., Russian University of Transport, Moscow, Russia.
Morozov, Maxim S., JSC Metrogiprotrans, Moscow, Russia.

ABSTRACT

To double the noise immunity of digital radio
communications of frequency-managed transport
systems, itis proposed to use the method of coherent
detection of frequency-manipulated signals (FMn)
instead of envelope detection. At the same time, the

reverse operation of the coherent detector of signals
with absolute phase manipulation (PMn) at 180° is
achieved due to the post-detector signal processing.
Such processing is possible with participation of a
frequency detector on frustrated circuits with a
trigger connected to it.

Keywords: railway, radio communication, frequency, amplitude and phase manipulations, noise immunity,
coherent detection, reference oscillation, absolute phase manipulation at 180°, reverse operation of a coherent

detector and its elimination.

Background. /n railway radio communications
[1], only narrowband frequency modulation is used,
and the level of interference is substantially high, and
the connection is not always satisfactory.

Noise immunity and frequency efficiency are the
most significant indicators of quality of radio
communications, since noise immunity is related to
safety of vehicles, and frequency efficiency helps to
reduce the shortage of the frequency resource. The
efficiency of a radio communication is characterized by
criteria that follow from the well-known formula of
Shannon [2, p. 308] for bandwidth C ofthe communication
channel. The authors showed [3, p. 29] that the Shannon
formula allows us to connect not two, as usual [4, p. 3;
5,p.69;6,p.117; 7, p. 120], but three main criteria. For
this, it is necessary to separate the left and right parts
of the specified formula, as well as the power of signal
P, and noise P, under its logarithm by the information
transfer rate R, and not just replace C with R [3] with the
division under the logarithm. As a result, we have:
C/R=F/R + log(1+P/P_+ R/R)or
1=n/a - log(1+a/B)or2=(1+a/p)v (1)
where o = R/F — criterion of frequency efficiency;

p=

R
P/N, criterion of energy efficiency;

n =R/C - criterion of channel bandwidth efficiency
(information efficiency).

In this case, the third criterion (n-efficiency) is
connected analytically with the criteria o and
according to (1). The B-efficiency includes noise
immunity of railway radio communication.

Objective. The objective of the authors is to
consider the issue of improving noise immunity of
digital radio systems with angular modulation.

Methods. The authors use general scientific and
particular radio engineering methods, comparative
analysis, mathematical methods, simulation.

Results.

1. Coherent Detection

The transition from analog to digital modulating
signal [10, p. 147; 11, p. 197; 12, p. 195], which is
frequency modulation, often called frequency
manipulation (FMn), provides a higher noise immunity,
but the immunity provided is not the finite. The
frequency-manipulated signal consists of two
amplitude-manipulated (AMn) signals on its
subcarriers. Therefore, the FMn signal detector
consists of two parallel detectors along the envelope
of the filtered AMn signals, the outputs of which are
connected to a subtractor.

With coherent detection, the quadrature
component of interference is eliminated, which is
why this power is reduced on average by two times,
and the noise immunity increases by the same

number of times, which is not the case when AMn
detects an envelope signal. It is difficult to apply
coherent detection when the FMn oscillation is
filtered out because of the probability of obtaining
a carrier frequency oscillation. The authors
proposed a different method [8, p. 2] for coherent
detection of signals with angular modulation. The
FMn signal is converted into an AMn signal, whose
oscillation is carried by the FMn oscillation, i.e.
converted to the AFMn oscillation. The latter is then
multiplied with its own carrier frequency oscillation,
the FMn oscillation.

A diagram of the coherent detector of the FMn
signals developed by [8, p. 2] is shown in Pic. 1. It
consists of the final stage of the IFA receiver, the load
of which is an oscillating circuit tuned in resonance to
the intermediate frequencyf, , . This circuitis inductively
coupled with two circuits, symmetrically and oppositely
disturbed with respect to f, ., as shown in Pic. 2. Both
circuits are interconnected directly, and their outputs
are connected to the inputs of a ring balanced multiplier
(RBM). The outputs of RBM, in turn, are connected to
the inputs of two RC circuits connected to each other.
At the input of IFA, a transformer is turned on, the
secondary winding of which is connected to the
midpoints of RBM — the connection points of the
disconnected circuits and RC chains. The amplitude-
frequency characteristic (AFC) of the detuned circuits
forms alinear region aroundf, , three times larger than
that of a single detuned circuit. This linear AFC section
converts the input FMn signal to the AMn signal, whose
oscillation is the input FMn oscillation, that is, converts
the oscillation into the AFMn oscillation.

At the midpoints of RBM, an input FMn constant
amplitude oscillation is applied, which is the carrier
frequency oscillation for the AFMn signal. By multiplying
AFMn and FMn signals in RBM and filtering in the
RC-chains, the transmitted digital signal is obtained
(Pic. 2). Analytically it is easier to show this process for
the harmonic modulating signal b(t) = Usin€Qt.
uft)=u,.,(t) - u,, (t)=U_-[1+McosQt] -

* cos[w, t+ MsinQt] + U _cos[o, t + MsinQt] =

=U 2« [1+MsinQt] « cos?[w, t + MsinQt] =

=U 2+ [1+MsinQt] « (1+cos2(w,t+msinQt)/2) =
= 0,5M - U ?sinQt+ C + h.f, (2)
where h.f. — high-frequency component, which is
eliminated by the filter (RC-chains), and C - the
constant component, which is eliminated by the
coupling capacitor, which is confirmed by the
computer simulation.

Although the coherent detection of the FMn signal
by the proposed method makes it possible to increase
the noise immunity of railway radio communication
twice, itis not, as already emphasized, the maximum
that can be achieved. The maximum possible one,
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Pic. 1. Schematic diagram of the developed frequency detector.
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according to theoretical postulates, is provided by an
absolute FMn at 180°.

2. Maximum noise immunity

Absolute FMn at 180° is not used in practice
because of the «reverse operation» of a coherent
detector of its signals, when «1» of a digital signal is
taken as «0», and «0» is taken as «1», i.e. vice versa.
Instead of absolute, relative PMn (OPMn) at 180° is
used, which is not only inferior to the absolute in noise
immunity by half, but also requires more complex
equipment. Therefore, it is of interest to develop a
method for coherent detection of signals from the
absolute PMn at 180° without reverse operation.

A coherent detector consists of a multiplier of
signals with a low-pass filter at its output, in which the
input signal u,(t) with the absolute PMn at 180" and
the reference oscillation u (t)obtained from this input
signal are multiplied together. The authors showed
[9, p. 74] that in all coherent signal detectors with
absolute PMn at 180°, the resulting reference

oscillation y (t)= +./u, *(t) was obtained. Since the
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Pic. 2. Signal conversion: FMn to AFMn.

square root is preceded by a sign *, then the
reference oscillation u(t) will have random phase
jumps at 180°, not only from the effects of interference,
but also from other processes in the receiver. These
phase jumps at 180° generate the reverse operation
of a coherent detector of signals with the absolute
PMn at 180°.

Since u, ()= £\/u,’(t) , the reverse operation of the

coherent detector of signals with the absolute PMn at
180°, consisting of a multiplier, a low-pass filter and a
driver ofthe reference oscillation, is unavoidable, which
has been proven in practice. However, the post-detector
processing of its signals with additional blocks allows us
to eliminate the reverse operation of the coherent
detector [9, p. 73]. For example, in the Pistolkorsa
detector, u(t) is filtered by two resonant circuits of the
firstand second harmonics, and therefore the reference
oscillation is obtained, in fact, without interference, but
with random phase jumps at 180°.

The authors proposed to use a regenerator at the
output of the low-pass filter of the detector (a nonlinear
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Pic. 4. Scheme of the absolute PMn driver at 180°.
device — say, an amplitude limiting amplifier), which Hence
restores distorted pulses and suppresses interference, db(t) 1& 1—coskr
but does not correct the reverse operation of the a Z;;kg % coskQr |.

coherent detector. If, on the other hand, we multiply
the alternating detected signal b (t) and the reference
harmonic oscillation, we obtain a signal from the
absolute PMn at 180° without phase jumps at 180°
and without interference. The absence of phase jumps
is easier to show with multiplication of harmonic
signals:

ut)=b(t) - u(t) =U[(t) - cos(Qt+ 180°) * U[t) *

+ cos(ot +180°) = U,U,[cos(w + Q)t + cos(® — Q)t].

Such PMn at 180° signal without interference and
distortion can be coherently detected by the circuit
shown in Pic. 1 by adding a trigger to the output of the
low-pass filter.

Absolute PMn at 180° can be obtained by
multiplying alternating discrete signals and harmonic
carrier oscillations u (t)=U_cosot, which allows it to
be represented analytically:

u, (t)=y(t) - u (t)=y(t) - U cosot=

cos(ot +y(1)90° - 90°) =
=U, cos(wt+(y(t)-1) - 90°), (3)
where y(t) = £1 — alternating modulating signal.

Itis known that PM is always accompanied by FM,
since the circular frequency o(t) and phase ¢(t) are
related by the relation o(t) = do(t)/dt. The frequency
w(t) can be determined from the initial phase (1), i.e.
with respectto b(t) =y(t) - 90°- 90°. For the analytical
expression of FMn component (3), we expand the
periodic modulating discrete rectangular signal into
a Fourier series [6, p. 61] and obtain:

b(t)=%+%g%smkﬂt, (4)

For clarity of this expression, let us skip the
periodic sequence of rectangular pulses through the
differentiating RC-chain presented in Pic. 3a, and
head the output signal to the oscilloscope. In this case,
the differentiating chain constant 1 = RC<<T, where
T is duration of a unit element (impulse or pause). As
can be seen, at the output of the differentiator
(Pic. 3b), only the front and section of each input
rectangular pulse takes place. If a trigger (integrating
device) is connected to the output of the differentiating
chain, then at its output we will receive input
rectangular pulses.

A scheme of the developed coherent detector of
signals with the absolute PMn at 180° is shown in
Pic. 4. It consists of the multiplier M1, the low-pass
filter (LPF) at its output, the reference signal former
(RSF), through which the first and second inputs of
the multiplier M1 are connected, as well as the
regenerator R connected in series to the LPF, the
second multiplier M2, augmented by a coherent
frequency detector CD, trigger TG. The second input
of M2 is connected to the output of RSF.

In this case, the linear section of the PFC of the
disturbed circuits (Pic. 2) receives a signal from the
absolute PMn at 180° and its frequency component
is converted to an amplitude-modulated oscillation,
the carrier oscillation of which is the input PMn signal
(3), i.e. is converted into the APMn oscillation:

1+ Mlikﬂ(ﬂ + costtj] .
Uypy (t) = = k .
scos(ot +y(t)90"—90°
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This oscillation is fed to the input of the RBM,
and at the point of connection of the disconnected
circuits and RC-chains, an PMn oscillation is from
the secondary winding of the transformer connected
to the input of the IFA. From this multiplication at
the output of the RBM, an oscillation is formed:
Usan (1) =U ipay () Upyy (2) =

1+ MleQ (ﬂ

= =
«cos(et +(t)90"—90°

~cos(@r+y()90"+90°) =

(I—COSkﬂ

+ costt)] .

=
—[(1+M;2kQ

k=1

+ costt]] .

«cos* (a)t +7(1)90° —90") =

=11+ MLZkQ(ﬂ+ coskgt]]l(l —cos2mt) =
= k 2
1< 1—coskx
=0,5M =Y k| 5L | coskQt |+ HF +C,
=

where M - depth of amplitude modulation (M =kU ),
and k — constant component.

The high-frequency components HF are
eliminated by the RC chains (Pic. 1), and the
constant component C is eliminated by a coupling
capacitor.

As a result, the signal from the output of the
RBM in the form of a frontand a slice of a rectangular
pulse (see Pic. 3b) is fed to the input of a trigger
(integrator), at the output of which the transmitted
rectangular pulses of a digital signal are formed. In
fact:

e
Up (1)=] 0.5M—3 kO

k=1

(ﬂ + costtj dt=

=0,5M —
s

Choosing the integration constant C,=0,5+(1+M),
we obtain the analytical expression of rectangular
pulses (4).

The maximum possible interference immunity of
the radio communication is provided not only by a
single absolute PMn at 180°, considered above, but
also by a double absolute PMn at 180°, when two
digital signals are transmitted by oscillation of one
carrier frequency shifted in phase by 90° using a single
absolute PMn in each channel. In this case, the
frequency band of only one channel is used, i.e. both
noise immunity and frequency efficiency are doubled.

Conclusion.

1. It is analytically shown that the Shannon
formula allows connecting three criteria of
efficiency, and not two, as it has been previously.

2. The proposed coherent detection of FMn
signals, which increases the noise immunity of the
railway digital radio communication approximately
twice.

3. It is analytically shown that with known
coherent detection of signals with absolute PMn at

! zﬂst’nkgt +C,.

180°, a reference oscillation with random phase
jumps at 180° is formed from them, due to which
the «reverse operation» of the coherent detector
occurs.

4. The post-detector signal processing of a
coherent detector, which eliminates its reverse
operation, is proposed. The novelty of the proposal
is confirmed by a patent for an invention.

5. It is analytically shown that for the post-
detection processing of the detected signal
obtained from the absolute phase manipulation at
180°, according to point 4, it is advisable to use a
coherent frequency detector on detuned circuits
with a trigger connected to it.
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Mpouecc pegpopmupoBaHus
JKesie3HOA0POXHOIro TpaHcrnopTa Tpebyer
nPUMeHeHUs1 COBPeMEeHHbIX MeTo40B

Y UHCTPYMEHTOB 3KOHOMWYE€CKOJi paboTsl.
OAHUM U3 KJTI0YEeBbIX UHCTPYMEHTOB
ynpassieHusi, obecrneYynBaloLLum
B3auUMOCBSI3b CTpaTternn KOMmrnaHnn

C 3agadyamMuv MHOIroYnNCJ1eHHbIX
noapasaeneHunii, sBasieTcsa TeXHO10rvs
6roaxeTupoBaHus. Heobxogumeie

AJ1s1 BbINOJIHEeHUS njiaHa rnepeBo30K
pecypcsi onpeaensieT TeEXHN4eckKoe
HOPMUPOBaHUe 3KCIJ1yaTaunoHHON
pabortbl. Bonee TecHoe B3aumoaericTeue
6roaxeTa Npon3BoACTBa U TEXHUYECKOIro
HOPMUPOBaHUSl, MO MHEHUIO aBTOPOB,
Mo3BOJINT paynoHa/ibHEE OPraHU30BaTh
nepeBO304HbIN MPOLECC C HAUMEHbLUNMU
mMaTtepunasibHO-TEXHUY€CKUMU U PUHAHCOBO-
OKOHOMUYEeCKNMU 3aTtpaTtamMu.

KntoyeBbie croBa: xenesHbie noporu, 6roaxet
rpou3BOACTBA, TEXHUYECKOE HOPMUPOBaHNE
9KCIyataLMoOHHOV paboTbl, PbIHOYHbIE
YCI0BYISI, HATYpPaJibHbIE 1MoKa3aTesv,
¢uviHaHcoBbIe nokasaresy.
|
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IKOHOMWKA

B3anmoaemncreue GoaxeTa
NPou3BOACTBa U TEXHUYECKOro
HOPMUPOBAaHUSA

Jleeun /Imumpuii FOpvesuu — doxmop mexnuvecKux
Hayk, npogheccop Kaghedpuvt ynpasaenus
SKCNAYAMAYUOHHOU pabomoll u 6e30NaACHOCMbIO

Ha mpancnopme Poccuiickoeo ynugepcumema
mpancnopma (MUHUT), Mockea, Poccus.
Iyavncenxo 3unauda Ceamocaasna — 3amecmument
HA4anbHUKA 3KOHOMU4eCcKoU cayicowl LlenmpanvHoi
duperyuu ynpaenenus osuxceruem — guauara OAO
«PXXJl», Mockea, Poccus.

€pexoll POCCUIMCKOTO phIHKA Mepe-
BO30K TPY30B XEJE€3HOIOPOXKHBIM
TPAHCHIOPTOM K €T0 HBIHELIHEU
koHburypaunu Hauasncs B 2003 rony. Torna
B COOTBETCTBUU C TPABUTEIBCTBEHHOM MTPO-
TpaMMO CTPYKTYpPHOI pedOpMBI BeCh XO-
39MUCTBEHHBI KOMIUIEKC MarucTpajbHOTO
KEJIE3HOJOPOXHOTO TPAHCIOPTa MEepeIen
OT MUHUCTEPCTBA MyTE COOOLIEHUS B BE-
JeHUE €IUHOTO XO3SMCTBYIOLIETO CYyOBEK-
Ta — OAO «Poccuiickue xkeje3HbIe TOPOTH».
OngHOBpeMeHHO ¢ pechopMOil HavasCs Mpo-
LIECC CO30aHUS HE3aBUCUMBIX OT BJIaJiesiblia
JKEJIe3HOJOPOXKHON NH(MPACTPYKTYPBI KOM-
MaHUN — OMEPaTOPOB I'PY30BBIX BATOHOB,
BITOCJIEICTBUM C(HOPMUPOBABIINX KOHKY-
PEHTHOE T0JIe PhIHKA.
Ilepexon K pBIHOYHBIM OTHOIIEHUSIM
B Poccuu TpeOyer agekBaTHOrO M3MEHEHUs
CTWJISI U METONIOB TUTAHUPOBAHMS U YTIPABJICHUS
SKCILTyaTalMOHHOM pabOTOM XKeJIE3HbIX TOPOL.
TocymapcTBo — emHCTBeHHBIN akinoHep OAO
«P2K]1» 1, 6e3ycIIOBHO, pellIeHHE TOCYIAPCTBEH-
HBIX 3a[1a4 SIBJISIETCS [JIABHBIM MPUOPUTETOM
KOpPMOpPaTUBHBIX CTPYKTYp. B TO ke Bpems
KOMITaHUS KaK KOMMepUYecKas OpraHu3alus
00s13aHa paboTaTh NPUOBUTEHO. Y HEE NOJKHBI
OBITb PECYPCHI ISl PA3BUTUSI, BOZMOXKXHOCTHU



npeajaraTb KJIMEHTaM HOBBIE MPUBJIEKATE/Ib-
HbI€ TPAHCMIOPTHBIE NPOMYKTHI [1, c. 2].

«XOPOLLUO 3ABbITOE CTAPOE»

st coBeplIeHCTBOBaHUS Olo/KeTa Mpo-
WM3BOJICTBA TIPUHSITO PEIIEHNE O TTOBBIIIIEHUN
KavyecTBa IJIAaHMPOBAHUS 3aKa3a JIOKOMOTH -
BOB (KaK OJHOTO M3 HamboJjiee 3aTpaTHBIX
PECYPCOB) M OTBETCTBEHHOCTHU 3a MCIIOJH30-
Banue pecypcoB OAO «PX]Jl». Ha mepBom
aTarie BHePEH MHCTPYMEHT 9KOHOMUYECKOM
oneHKH («MeTognueckue yKazaHus 1mo dhop-
MMPOBAaHUIO 9KOHOMUIECKON OLIEHKY HapsIIT -
3aKa3a Ha cojiepKaHKe JIOKOMOTHUBOB B 9KC-
TUTyaTUPYeMOM TTapKe B TPY30BOM BUJIE JIBU -
>keHust», pacriopspkeHre OAO «P2KJT» Ne 2830
ot 30.12.2017 1.). K xonmy 2018 roma mo xomy
pPabOThI B HOBBIX YCJIOBUSIX OBUIO TIPEIYCMOT-
PEHO CO3/1aHNe CUCTEMBI OTBETCTBEHHOCTHU
CTPYKTYPHBIX TTOApPA3IEICHUI XOJIUHTA 3a
Hajiexaiee (hopMUpOBaHUE U UCTIOTHEHUE
TPOM3BOJICTBEHHOI MPOTPaMMBbI U OIOIKETa
3aTpart, a yke Ha ITOCJIeTHEM 3Tare — aBToMa-
TH3anus mpoiecca hopMUPOBaHUS TTOTPEO-
HOCTH B pecypcax JOKOMOTWUBHOU TSATHU
(2019—2020 rr.). B pe3ynsraTe OymyT yBsS3aHbBI
CHUCTEeMBI HapsII-3aKa30B MeXay (yHKIIMO-
HaJTbHBIMU (DUTMAIaMU U TTPOTIECCOM OIOKe-
TUPOBAHUSI, YTO TTO3BOJIUT TTO-HOBOMY OpTa-
HU30BaTh B3aUMOJICHICTBIE, OIICHUTh CTETIEHb
OTBETCTBEHHOCTU UCTIOJHUTENEH U 3ddeK-
TUBHOCTb TIPEITTPUHSITHIX YCUIIHIA.

CoBepIlIeHCTBOBAHUE CUCTEMBI OIOIKET-
HOTO YTIPaBJIeHUS U TIIAHUPOBAHUS O0BEM-
HBIX U KQUeCTBEHHBIX MTOKa3aTeseil Tpe/o-
JlaraeT MCITOJIb30BaHUE TPEINKTUBHON OU3-
HEC-MOJIEJTN TPY30BbIX MIEPEBO30K, B KOTOPOU
COBMEIIIEHBI TUTAHNPOBAHWE Ha TIPEICTOSIITN I
MECHLI C JeTaNn3alMen 10 CTAHLIUHI ITOTPY3KHU
U BBITPY3KH, pa3paboTkKa IJIaHOBOM «11axmar-
KI» BaTOHOTIOTOKOB MEXKTy CTAHIIASIMU U TEX -
HUYECKOEe HOPMUPOBAHME IKCILTyaTallMOH -
HOI paboThl (COOTBETCTBYIOIIAS METOAMKA
yrBepxkaeHa pacriopsokeHueM OAO «PXK]»
Ne 290p ot 14.02.2018 1.).

TexHnueckoe HOPMUPOBAHWE IKCTUTyaTa-
IIMOHHOI PabOThI, KOTOPOE OTPEesIeT pe-
CYpCHI JUTSI BBITIOJTHEHUS TTaHA TTePEeBO30K
TPy30B U TIPU3BAHO PAIlMOHAIBHO OPTaHU30-
BaTh MIEPEBO30YHBII MIPOIIECC C HAUMEHBIITH -
MW MaTepraIbHO-TEXHUUECKUMU 3aTpaTaMu,
KakK U Tpexnie, JUITb (hOpMaIbHO CBSI3aHO
¢ OI0IKeTHBIM TIJITAHUPOBAHMEM U (PUHAHCO-
BBIMHU TTOKa3aTeIsIMA. B phIHOYHBIX YCTIOBUSIX

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 100-115 (2019)

[JIABHBIMM TTOKA3aTeISIMU SIBJISTFOTCS TIPH-
OBbLIb, TOXOJ U PAcXoll, a B IJIAHUPOBAHUU
U yIPaBJICHUM IKCIUTyaTallMOHHOU paboToii
MO-TIPEKHEMY YYaCTBYIOT TOJIBKO HATypasib-
HbI€ TTOKa3aTean. DTO He TaK 0€300UIHO, KaK
MOXET MTOKa3aThCsI.

CoBpeMeHHbIe pIHOYHBIE OTHOIIIEHUS HE
SIBJISTIOTCST Y€M-TO HOBBIM, 3TO BCETO JIUIIb
XOpOIII0 3a0bITOe cTapoe. byaymmit MUHUCTD
MmyTeil cooOIIeHnsI, MUHUCTP (DUHAHCOB,
npenacenareas Komurera MunuctpoB Cepreit
Butre B 1880 roay mosyuyns Ha3HauyeHUE Ha
JTOJKHOCTh HadaJIbHUKA CITY>KOBI 9KCIUTyaTa-
uuu B agMuHuctpauuu O6mectBa KOro-
3amnagHbIX XeJIe3HBIX TOPOT, KOTOpbie ObLIN
yobITOuHBI. CBOEH IIaBHOI 3a/1a4€ii OH cCUrTal
MaKCUMAaJIbHOE YBEJIMYeHME DKCIUTyaTallioH-
HBIX TOXOJI0B, O€3 Yero HUKaK HeJIb3s1 ObUIO
YCTPAaHUTh NePUITUT, yKe YCTIEBIIUI CTaTh
XPOHMYECKUM. DTy 3a1a4y OH Pl — 3a T1e-
puon ¢ 1881 mo 1885 roa. YucTelit 1oxoa ot
9KCIUTYyaTallui €ro JOPOT BBIPOC C 4 MJIH
300 ThIc. py6. 1o 13 MutH 600 THIC. pyO. , UJTH B TPH
C TMUIHUM pa3a [2, ¢. 132]. Y3 nocneayrommx
PYKOBOIUTEIEH JKeJIe3HBIX IOPOT TAKMM Pe3yJib-
TaTOM, YBBI, TIOXBACTATHCS YK€ HUKTO HE MOKET.
Jns aroro Butte, mpaBsaa, npuiuiock pazpado-
TaTh, HA MHOTO, HY MaJl0, OCHOBHBIE TTPUHIINTIBI
Teopuy TaprOB 1 peaTn30BaTh X HA IIPAKTHKE
(Ha cBoei xesie3HOI Jopore).

A BOT MPOTHBOTIOJIOXHBIN ITPUMED U3
Haiero BpeMeHu. B bobiioi sHImKIIoneium
TpaHcIopTa HamucaHo: «[ToBblllleHNEe Beca
1oe3/1a T03BOJISIET CHU3UTD IKCILTyaTallnoH-
HBIE PACXO/Ibl Ha COMIEP>KaHNE TOKOMOTHUBHBIX
Opwuraj, MpuodpeTeHNEe U ColepKaHue JTOKO-
MOTHUBOB, Ha TOTIJIMBO U JIEKTPOIHEPTHUIO,
MaHeBpOBY10 padboTy. C BecoM 1oe3a CBsI3aHO
15—20 % TeKyluX pacXomoB KeJe3HbIX TOPOT.
B nepuon 1990—1999 rr. cpenHuii Bec nmoesna
Ha XXeJIe3HbIX Ioporax Poccuu moBbICHIICS Ha
252 1 (¢ 3093 T 1o 3345 T), 4YTO MO3BOJIWIO
COKOHOMUTH OoJiee 1,2 mupa pyo.» [3, c. 917].

BripoueM, mpuBengHHast 5)KOHOMUST OTHO-
CUTCS TOJIBKO K Ha3BaHHBIM SKCILTyaTallMoOH-
HBIM pacxoiaM, HO KpOMe HUX C BECOM TToe3/1a
CBsI3aH OOJIBIIONM ITepeYeHb U APYTUX SKCTUTya-
TallMOHHBIX pacxonoB. M ecim ux yuecTs, TO
TTOBBIIIIEHNWE CPETHETO Beca Moe3/1a B TOT Tie-
puon npuBeo K yobiTkaM. [Touemy? IToTomy,
4yTo B 1990-x romax o0bEM MepeBO30K Ha XKe-
JIE3HBIX IOpOrax CoKpaTujcs 6ojee yeM B 2,5
paza. A ¢ yMEeHbBIIIEHEM TPy30000poTa Cpe-
HUI Bec 1oe3aa J0JKeH ObUI CHUXKEH TpU-

JleeuH [. 10., LLynbxeHko 3. C. BsaumopaeiicTBue GloaxeTa NPOM3BOACTBA U TEXHUYECKOTO
HOPMUPOBaHUSA



MEpHO B \/E paza. Kpome atoro, Ha Kaxnoit
KeJle3HOU gopore 3(PHeKTUBHOCTD YBEINIE-
HUSI CPETHETO Beca MOEe3/I0B TOTIOJIHUTETEHO
3aBUCUT OT TEXHMYECKOTO OCHAIIICHUS U TPY-
30HAMPSIKEHHOCTH.

OuYeBUIHO, YTO B 3KCIIyaTallMOHHOM
paboTe BaXXHO COXPAHUTh KOJMYECTBEHHEIC
1 Ka4eCTBEHHBIC ITOKA3aTeJI, HO B PHIHOYHBIX
YCIIOBUSIX OHM TOJKHEI OBITH YBSI3aHBI ¢ (PU-
HaHCOBBIMHU ITOKA3aTEJISIMU, TO €CTh TEXHUYEC-
CKOe HOPMHUPOBAHUE DKCIUIYaTallMOHHOMK
paboTHI IIpeAITonaraeT u (pMHaHCOBBIE TTOKA-
3aTeNv, 1 9KOHOMHUUECKHNE MHCTPYMEHTHI.

COOTBETCTBEHHO U OIOIKET MTPOU3BO/I-
CTBa, YTOOBI OIIPEICIISATH TPOU3BOACTBEHHYIO
IIPOTrpaMMYy, TOKEeH He IIPOCTO UMETh COKpa-
IIEHHBIN TepeueHb KOJTMISCTBEHHBIX U Kaue-
CTBEHHBIX MOKa3aTejIeii SKCIUTyaTallMOHHOMK
paboThl, THBEHTAPHBIN 1 pabOUMii ITapK I10-
IBUKHOTO COCTaBa, TaHHBIE IT0 MHPPACTPYK-
Type, TPYIOBBIM pecypcaM, a KOOPIUHUPO-
BaTh NMPOU3BOJCTBEHHBIC U (PMHAHCOBBIC
IUTaHBI, OOBEMHBIE U CTOMMOCTHBIE TTOKAa3a-
TEJH, COIEePKaTh MEXaHU3MbI SKOHOMUYECKO-
ro peryaupOBaHUs IKCIUTyaTallMOHHOM pa-
OOTHI.

NMPOCTASA CBAJIAHCUPOBAHHOCTDb

JocTtaTouyHO OBICTPHII MePeXo/ K PhIHOY-
HBIM OTHOILIIEHUSIM B Poccru He conmpoBOX-
najcs afeKBaTHBIM M3MEHEHUEM CTUIS
U METOJOB IUIAHUPOBAHUS U YIPaBICHUS
SKCIUTYaTallMOHHOW U 3KOHOMUYECKOUN pa-
0O0TOIA.

OO0bekTaMU OIOIKETUPOBAHUS JTOJIKHBI
OBITh HE TOJIBKO JIOXO/IbI Y PACXO/IBI XKEJIE3HBIX
JIOPOT Y UX MONpa3ie/eHul, T.e. TeHEeXHbIe
MOTOKHU, CBSI3aHHBIE C MEPEBO30YHBIM IPO-
1IECCOM, HO 1 ITOKa3aTeJIh 9KCILTyaTallMOHHOMU
paboThl, KOTOphIe onpenesioT ux. [puuém
He popMasbHO, Kak ceifuac.

B dburHaHCOBOI 1eATeTbBHOCTH 3HAYUMBIM
MOHATUEM SIBISIETCS cOATaHCUPOBAHHOCTh
nokasateneil. He MeHee 3HaUMMO B 9KCILTya-
TallMOHHON paboTe NOJIKHA CTaTh COATaHCHU -
POBAaHHOCTh MOTPEeOHOCTEN B MepeBO3Kax
U MEPEBO30YHBIX BO3MOXKHOCTEH XKeJIe3HBIX
mopor [4, c. 240]. OTcyrcTBHE €€ TTPUBOIUT
K HEOIpaBIaHHBIM YOBITKAM KOMIIaHUW. DTU
YOBITKY BbI3BaHbI KaK BHEITHUMM, TaK U BHYT-
PEHHUMU U3IEePKKAMU.

HecbamancupoBaHHOCTB MTOTpeOHOCTEN
1 BO3MOXHOCTEH KeJIe3HOA0OPOXKHOTO TPAHC-
MOpTa BbI3bIBAET BHELTHUE U3IEPXKKU:
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* HEBBIITOJTHEHNE HOPMATUBHBIX CPOKOB
JIOCTaBKU IPYy30B;

* MaTepuaJbHble U MOPaJbHbIE 3aTPAThI
13-32 HEBBIMOJHEHUS JOTOBOPHBIX 00s3a-
TEJIbCTB;

* MOBBILIEHNE CEOECTOMMOCTH MEPEBO30K;

* CHUXEHHE KayecTBa TPAHCIIOPTHOTO
00CTy>KMBaHUS TPY30BJIaJIC/IbLIEB;

* CHUXEHUE KOHKYPEHTOCHOCOOHOCTU
OAO «PX]l» Ha BHYTpEHHEM U BHEUIHEM
PBIHKAX IPY30BbIX MTEPEBO30K.

BHyTpeHHUE TpyoqHOCTU B 9KCIUTyaTalld-
OHHOIf paboTe — 3TO HEBBITOJTHEHUE 3a1aH-
HBIX KOJIMYECTBEHHBIX U KAaUECTBEHHBIX I10-
Kazareseil, rpaduka IBUXEHUS MOE310B,
TEXHOJIOTUYECKUX HOPM BpeMeHU 00paboTKU
BaroHOB U COCTABOB, HEBOCTIOJTHUMbIE MIOTEPU
MPOMYCKHOM, mepepadaTbiBalOLIeil U BbITPY-
30YHOI crmocobHocTel, HedheKTUuBHOE
HCTOJIb30BaHUE MOIBUXKHOTO COCTaBa U MHG-
PacTpyKTyphl U B KOHEYHOM UTOTE CHIKEHUE
(UHAHCOBO-3KOHOMUYECKUX PE3YJIbTATOB
JKEJIE3HBIX TOPOT.

B onepatuBHOM pexume NMpuUBEIEHUE
B COOTBETCTBUE PA3MEPOB IBUXKEHUS TTOE30B
U MPOIYCKHBIX CIOCOOHOCTE! yJyacTKOB J10-
CTUTAETCS pELICHUEM 3a1auyl PETYJIUPOBAHUS
HaCBIIIEHUST YYaCTKOB MOE3AaMU.

CornacHo YcTaBy XeJle3HOAOPOXKHOTO
TpaHCITOPTa NMEPEBO3KU I'PY30B IO KEJIE3HBIM
JloporaM OCYIIECTBJISIOTCS MO 3asiBKaM Ipy-
3oo0TnpaBureneit (¢popma I'Y-12). 3agBku
nepeaalTcs B 3JIEKTPOHHOM BUJIE YEPE3 CUC-
temy OTPAH (aBromaTu3upoBaHHas cuctema
LIEHTPAJIN30BaHHOI MOJArOTOBKU 1 0(hopmJte-
HUS TEePEeBO30YHBIX JOKYMEHTOB), KOTOpas
nevictByet B Poccuu ¢ 2000 roza.

B cuctreme ODTPAH He npeanycmorpeHa
MpoBepKa 3asiBOK HAa COOTBETCTBUE MOTPEO-
HOCTEN B IepeBO3KaX IPy30B MEPEBO30YHBIM
BO3MOXHOCTSIM K€JI€3HOJOPOXKHOIO TPAHC-
nopta. [TouyTn aBTOMaTU4YECKU MOJTyYeHHbIE
3asBKM BKJIIOYAIOTCS B IUJIAaH MEPEBO30K.
B pe3ynbTaTe 4yacTh OTIIPAaBOK TOCTABISIOTCS
rpy30IM0JydyaTesIM ¢ MMPOCPOUYEHHBIM CPO-
KOM.

Coznanue DTPAH aBTOoMaTtusupoBajo
YUYET U TETeph CYIIECTBYET eArHas 0a3a 3as1BOK
rpy300TIpaBUTENIed B aBTOMAaTU3UPOBAHHOMN
KOMIUIEKCHOI cucteMe (hMPMEHHOTO TpaHC-
nopTHOTO obcmyxkuBanus (AKC ®TO).

Ha cnenytonem aTarne pa3BUTUSI CUCTEMBI
OTPAH nipu miaHMpoOBaHUM MEPEBO3OK TPy~
30B 11€71eC000pa3HO OPraHU30BaTh YYET MPO-
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MYCKHOW U IepepadaThIBatONIeii CTOCOOHOCTU
uH@pacTpyKTyphl. OT KauecTBa COrJIaCOBaHUS
3as/BOK Ha MepeBO3KY B 3HAUYUTEJIbHOU CTeIe-
HU 3aBUCST CO3JaHNE ONTUMAbHBIX YCTOBUMN
Moe31HOoN paboThl U UTOTOBbIE SKOHOMMYE-
CKUe MoKa3aTesu KeJIe3HOA0POXKHOT0 TPaHC-
nopra.

Tlpennaraercd UcCmnoab30BaTh TEOPUIO
rpacdoB U MOTOKU B CETIX /I BbIOOpA IMyTU
CJIeIOBaHUS BArOHOB C YYETOM:

* ce0ecCTOMMOCTHU MEPEBO3KU I'PY30B,
00BbEMa repepadboTKM BArOHOIOTOKOB, pacXo-
Jla TOTUIMBA, HEMMPOU3BOAUTEIBHOTO ITpobera
MOJBUXHOIO COCTABA;

* 3aTpaT BPEMEHU MPOJIBUXEHUS rpy3a
U IPYTUX TEXHUKO-IKOHOMUYECKUX MOoKa3a-
TeJIEH.

DTO MO3BOJSIET MPABUIBHO OLIEHUTD BO3-
MOXHOCTU KOHMUTYpalUU CETU KEJE3HbIX
JIOPOT, TEXHUYECKUX CPEJCTB (TIOKOMOTUBHOE
Y BarOHHOE XO31CTBa) U YCTPOMCTB (X035 -
cTBa myTtu, aHepreTuku, CLIb u cBsI31) U BbI-
OpaTb HauboJee 3(PPEeKTUBHOE UX UCTOIH30-
BaHUe, YIOBJIETBOPSIIOLIEE TPeOOBAHUSIM ITe-
PEBO3UYMKOB.

CbalaHCUPOBAHHOCTbH MOTpeOHOCTEN
B IIEPEBO3KaX U MEPEBO30YHBIX BO3MOXKHOCTE N
JKeJIE3HBIX IOPOT, KaK paHee yKa3bIBajlocCh |3,
c. 21-23], obecrnieunBaeTcsl MO KPpUTEPUIO
MOJlyYeHUsI HAauOOJIbIIIel TPOBO3HOM ILIAThI
(mpudbLIN).

MOZEJ1b IPA®A JOPO)XXHOW CETU

PetreHue 3amaum TuiaHMpOBaHUS TTIEPEBO3-
KU TPY30B TIpeIycMaTpUBaeT «HAJTOXEHUE»
3asiBOK Ha MOJeJib Tpada CeTu XeJIe3HBIX
Jopor. Ha kaxkmom ydacTke «ITpoXoIsIine» 1o
HeMy 3as1BKU (BaroHbl) cyMMupytotcs. Cymma
BaroHOB JIEJINTCSI Ha CPEAHUI COCTaB TIOE3/0B.
TTonyyaemoe ynco moe3n0B COMOCTABISETCS
C HAJIMYHOU TIPOTYCKHOHW CITOCOOHOCTHIO
yuactka. Eciu 3asiBKa He MpeBBINIAeT MPo-
MYCKHOU CITOCOOHOCTH YY4aCTKOB, TO BKJTIOYA-
€TCS B TUIaH TIePEBO30K I'PY30B.

ITpu npeBbIllIeHUN MPOITYCKHOM CIOC00-
HOCTH OJTHOTO M3 y9aCTKOB TPY300TITPABUTEITIO
TpeIaraeTcs epeBo3ka KpyKHOCThIO (B 00-
XOJl y9acTKa, MCUEpIaBIIero HATMIHYIO TIPO-
IyCKHYIO CTIOCOOHOCTB) C TIPOBO3HOM TUTATON
3a (pakTruecKoe paccTosiHue epeBo3ku. [1pu
OTKa3e TPy300TIPABUTEIS OT IEPEBO3KU KPYK-
HOCTbIO 3asiBKa OTKJIOHSIETCS. B uTore Bo3HU-
KaeT coueTaHue 3asiBOK, IPU KOTOPOM YUCTIO
BaroHoB (MPUObLIb, FPY30000pOT WU BEC TMe-
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PEBO3UMBIX 'PY30B) Ha y9acTKax Oy/IeT MaKCu-
MaJIbHBIM M TIPU 3TOM MPOITYCKHAsT CITOCO0-
HOCTb He OyJIeT TIpeBbIIICHA.

Hanpumep, BOT Kak BBITJISIIMT pa3paboTka
TJIaHa TIEPEBO30K M0 KPUTEPHUIO TTOTyUEHUS
HauOoJIbllIel MPOBO3HOM MaThl. OnucaHue
CTaTUCTUYECKOU MHGMPACTPYKTYPHOU MOJEIN
CETU XKEeJIE3HBIX TOPOT MOAPOOHO MOKa3aHO
B [5, ¢. 21-23]. Paciuupum mMonesb, pu He-
00XOIMMOCTH BO3BpaIasiCh M yTOUHSISI paHee
MpeACTaBICHHBIE PE3YJbTaThl, B TOM UYHCIIE
C Y4ETOM UCTOYHUKOB JaHHBIX.

Crarucrtuyeckast ”HOpacTpyKTypHast MO-
JIeJIb CETH XKeJe3HBIX JOPOT OMUCHIBACTCS
rpaom:

G, ={Vi R},

rae V, — Bce v, BeplMHbI rpada — CTaHLIUK;
R, — Bce r, pébpa rpaa — y4actku; k — mo-
PSIIKOBBII HOMEP WJIM 0003HAUEHWE BEPIITMHBI
b0 pebdpa Ha rpage [35, c. 21].

Bce nanHbie, onpezessieMble Kak TapaMeT-
pbl UTHOPACTPYKTYPHOI MOJENN, TIPU U3Me-
HEHUU OOHOBJISIIOTCS.

OCHOBHBIE UICTOYHUKH MTApaMETPOB MOJIE-
JIN:

* IJIST CTAHIIMI — aBTOMATU3MPOBAHHBIN
0aHK JaHHBIX TEXHUYECKO-PaCIIOPSIUTETb-
HBIX aKTOB CTAHLUWI M TEXHOJOTHUYECKUX
IPOLIECCOB;

* nas yyactkoB — Cetb-3, ACOVYII-2,
HOpMAaTUBHBIC U BApUaHTHBIC I'pahUKH IBU-
JKEHUS W TUTaHbl (OPMUPOBAHUS TTOE3IO0B,
coctaBieHHbie B B OAO «P2K/I».

Hanee, Kak yKa3blBaJOCh, OMpeAesieM,
YTO KaxJI0My pedpy pacu€THOro rpaca cooT-
BETCTBYeT HaOOp mapaMeTpoB (M3 CUCTEMBI
Cetb-3):

R, :{LR’V;;’D;;} )

rae L, — nIvHa ydacTKa, OrpaHMYeHHOro
CTaHLMAMU (BepLIMHAMU) V, KM; Vi —y4acrt-

KOBasi CKOPOCTb CJICTOBAHUSI IPY30BbIX MOE3-
OB Pa3JWYHBIX KATETOPUI | TTO y4acTKYy,
KM/4; D} — TeXHOIOrMYECKOE BPEMS CIIENO0-

BaHUA 110 y4aCTKy Rk Io€340B KaT€ropmuun |,
uac (Dy =Ly /vy).

Ha cranuuu V moctynaer ynopsao4eHHOE
MHOXECTBO 3asIBOK. AJITOPUTM ITIPOCMATPUBA-
€T TaOJINIIBI 3asIBOK 1 (POPMUPYET MHOXKECTBO
S B BUIE TaOIUIIBI 3asIBOK, YIIOPSIHOUYEHHBIX
110 BpeMeHU. B cOOTBETCTBUU C aTbOOMOM
KpaTJaiIIX pacCTOSTHUI 3aIBKU «HAKJIaIbl-
BaloTCsI» Ha rpad ceTu xene3Hbix nopor. Ha
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Cetb 6e3 3aABOK, Npegesibl NPONYCKHOM cnocobHoCTH
B noespax

60 noespos

45 noespos.

40 noespos

M
( 25 noesaos

90 noe3aos

60 noe3aos

Puc. 1. CeTb xene3Hbix 4OPOr C MPOMnyckHOW COCOBGHOCTbIO y4acTkoB [5, c. 21].

KaXXJIOM Y4acCTKe <«IIPOXOISIINe» 10 HEMY
3as1BKU (BaroHsl) cyMmmupytorcs. Cymma Ba-
TOHOB JIEJINTCSI HA CPETHUI COCTaB TIOE3/I0B.
[Monydyaemoe yncio moe3noB COMOCTaBISIeTCS
C HAJIMYHOW MPOMYCKHOU CIMOCOOHOCTHIO
yyactka n, (puc. 1) [5, ¢. 21-22].

3anmava 3akja04YaeTcs] B ONTUMU3ALNYU
TPUOBLIA F, TIOJTy9aeMOM OT 3asIBOK .

[pencraBnenue eneBoit GyHKINY 330291
JIJISI TIEPBOTO BapuaHTa, €€ pellieHue yepe3
PEKYPPEHTHYIO NBYXIIATOBYIO MPOLIEAYPY
MPUBEIEHEI B [5, ¢. 22—23].

Ha kaxaom atare nmocnenoBaTesbHO pac-
CMaTpUBAETCSI MHOXECTBO 3asIBOK W BBIUMC-
JIsieTcsl MaKCUMasbHasi TPUObUTH OT BATOHOB
(TIpUHSTHIX 3asIBOK) TI0 CJICAYIOIIEMY ajiro-
pUTMY:

1. YnopsimoueHHOEe MHOXECTBO .S IIUKJIH -
YECKHU MPOCMATPUBAET HAIUUYME HEoOpabo-
TaHHBIX 3asBOK (0J10K 1).

2. N3 ymopsimoueHHOTO MHOXecCTBa S 0e-
péTcs ouepemHast 3asiBKa s (010K 2).

3. Jly1s1 3asIBKU S TIO aJTbOOMY KpaTJaiImmx
PaCCTOSIHUIA OTIPENETISIIOTCS MAPIIPYT MIEPEBO3-
KU L Y BXOIALIME B HETO yJacTKM /, (G110K 3).

4. llykiimyecku mpocMaTpUBAIOTCS y4acT-
KU lj 3a49BOK s, (0110K 4).

5. IlocnenoBateabHO MPOCMATPUBAOTCS
Y4acTKH lj T10 TIyTH cliegoBaHMS (OJIOK 5).

6. B cOOTBETCTBMU C PACCTOSTHUEM 10
KpaTryaifiieMy Iy T CJIeI0BaHUSI OTIPEAETIsIeT-
sl IIPOBO3Has I1aTa MepeBo3KHu # (6JI0K 6).

7. OnpenensieTcs TEKyIee YUCI0 BATOHOB
1, IUTS KaXX10TO y4acTKa /, 110 IyTH CJIe10BaHMsI
(610K 7).

8. B xone paccMoTpeHus Kaxa0ii 3asBKU
s, HapacCTaKoIIUM UTOTOM CyMMUPYETCS TEKY-
1€ YMCII0 BATOHOB HA y9acTKax, T.€. K TeKY-
IIEMY YMCITy BATOHOB 7, Ha KaXIIOM y4acTKe
[, BXOzAIIEM B MapIIpyT MepeBo3ku L, jio-
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OaBJisIeTCs YMCIIO BATOHOB p U3 3aBKHU S,
(610K 8).

9. lNonyyeHHOE HapacTalollee TEeKyIlee
KOJIMYECTBO BarOHOB { ICIIUTCS Ha HOPMY
BaroHOB B COCTaBe M U Mpeodpasyercs B I10-
€3I0I10TOK [V [IJIs1 KaxKI0ro ydactka (010K 9).

10. IMomydeHHBIN TTOE300ITOTOK N COTIO-
CTaBJISIETCS] C HAJTMYHOM MTPOIYCKHOM CIToco0-
HOCTBIO YyJacTKa #:

i <n; (onox 10).
m;

11. TIpu N > n HaxonuTcs 06X0[ yyacTKa
KPY>KHOCTBIO C COOTBETCTBYIOIIUM YBeJIMYE-
HUEM IIPOBO3HOM 1Atk (010K 11).

12. Tlpu Hamuumu 0O6XoJa ITOTO yyacTKa
TPy300TIIPABUTEIIO TIPEJIaraeTcsi OTIpaBKa
BaroHOB KPYXXHOCTHIO (010K 12).

13. Tlpu 3aBepiieHnn 1IMKIIA TPOCMOTPA
BapUaHTOB ITyTeii CIeI0BaHUST OTITPABKY MIPO-
BepsieTcsl, ObLI JIM OH YCIEUIHO HalIeH
(6mmoxk 13)

14. Tpu HenpeBbIILIEHUH BATOHOTIOTOKOM
MPOITYCKHOM CTIIOCOOHOCTH y4acTKa WM CO-
[JIaCUU TPY300TIPABUTENSI UCITOJH30BATh
KPY>XHOCTbD 3a51BKa BKJTIOUAETCsI B IIJIaH Mepe-
BO30K P ¢ COOTBETCTBYIOIIMM yBETUUYECHUEM
ob11eit TprobUTH (010K 14).

15. Tlpu Hecoracuu rpy300TIPABUTENS
KCITOJIB30BaTh KPY>KHOCTb UJTU TTPU €€ OTCYT-
CTBUY 3asiBKa He BKJIIOYAETCS B IJIaH NepeBO-
30K P (06s10k 15) 1 mepeHoCcUTCs B yIopsio-
YEHHOE MHOXECTBO S| CIIEAYIOLIEro Mecaua
(610K 16).

Peanuzarniis anroput™a B Bujie 0J10K-CXeMBbI
TpeacTaBieHa Ha puc. 2.

HOPMbI HE AJ19 NIPO®OPMbI
Ha ocHoBe u1aHa repeBO30K IPy30B TOTO-
BSITCSI TEXHMUYECKUE HOPMBI 9KCIUTyaTalliOH-
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Puc. 2. Bnok-cxema pa3paboTku niaHa nepeBo30K M0 KpUTepuio MakCMMasibHOlM CTOMMOCTHU
otnpasok [5, c. 23].

HO# paboThl. Lleapio TeXHNYeCKOro HOpMU-
POBaHWSI SIBIISIETCSI 00OeCIIeUeHIE BBITTOTHEHUS
MECSTYHOTO TIJTaHa MepeBO30K. IJIsT TOCTIKe-
HUSI 9TOM LeJTN PeIaroTCs CIeIyroIIre 3a1a-
qH:

* omnpeaelieHne 00bEMa MepeBO30K Ha
MPEICTOSIINIA Mecsll (B CpeIHEM 3a CYTKH)
W pacrpeesIeHre ero o 10poraM U KPYITHBIM
CTaHIVSIM;

* pacu€T rmokasareseil, 00ecreYMBaOIINX
BBITIOJIHEHUE 3TOr0 00bEMa paboThI;

* pacripefie/IeHUe TEXHUUECKUX CPEACTB
W PECypCcoB 10 KeJIE3HONOPOKHBIM ITOApa3-
JIIeJICHUSIM B COOTBETCTBUU C OOBEMOM HX
pabdoThI.

PesynsraToM penieHus 3TUX 3a1a4d CTaHO-
BUTCS CHCTeMa IOKaszaTesel, MMoIIeXKallnx
BBITIOJTHEHUIO B TEUEHUE BCETo Mecsira, KOTO-
pBbIe Ha3bIBAIOTCS TEXHUUECKUMU HOPMaMMU.

Ha ctagny TeXHU4YeCKOTo HOPMHUPOBAHHUST
YCTaHaBJIMBAIOTCSI 0OBEM ITEPEBO30K, HAIIPAB-
JIEHWE CJIeIOBaHMsI BAarOHOITOTOKOB, ITepeaaya
BaroHOB IO CTHIKOBBIM ITYHKTaM MEXIY I0-
poramu, 3afaHus 1o IepeBO3KaM, HeOOXOI1 -
MBbI€ JIJISI 3TOrO PEeCYPCHI, KOJMYECTBEHHBIE
M KauyeCTBEHHBIE ITOKa3aTeln, MoKa3aTelIn
WCITOIb30BaHMUS TTOABMKHOTO COCTaBa, pery-
JINPOBOYHBIE MepHI U T.11. K coxalleHrio, Bcé
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9TO JEJIAaeTCsl, UCXOMs TOJbKO U3 MOTPEeOHO-
CTell B IepeBO3Kax Irpy30B — 0e3 yuéTa nepe-
BO30YHBIX BO3MOXHOCTEI KEJIe3HBIX TOPOT.
BrI3BaHHBIE T€M caMbIM HeOIlpaBIaHHBIE
YOBITKY U3-3a OTCYTCTBMSI CBSI3M MEXKITy HATy-
paJibHBIMU U (PUHAHCOBBIMU ITOKA3aTeISIMU
ocTaloTcs 0€3 JTOJKHOW 3KOHOMUYECKOM
OLIEHKH.

TpeOyIOT ycTpaHEeHUST U APyrue Heoo-
CTaTKM B TEXHUYECKOM HOPMUPOBAHUM.
Hopwmbl akcrutyaTalilmoHHOM paboThI OIpe-
JIEJISTIOTCS 10 Havauia IJTaHMPyeMOro Mecsilia,
HO B 3TO BpeMs IUIaH COAEPXKUT OOBIYHO
Bcero nmpuMepHo 30 % MpencTosiimero 0one-
Ma repeBo3okK. To ecTb COBpeMEHHBbI MIaH
MepPeBO30K IepecTall 1aBaTh MOJHYIO U J10-
CTOBEPHYIO UCXOAHYIO MH(pOPMAINIO, OBITH
0a30ii 11 TEXHUYECKOTO HOPMUPOBAHUS.
AJTBTEpHATUBOI CTAJIM SKCIIEPTHBIE METOIBI.
I[Ipuyém sKCHEepTHO OIEHMBAIOTCS KakK
MpeacTosue 00bEMBI MEPEBO30K, TakK
M TEXHUYECKUE BO3MOXKXHOCTHU TpaHCIIOPTa,
MMPOMYyCKHasi U MPOBO3HAasl CIIOCOOHOCTH
y4acTKOB, IepepabdaTbiBaolasi crocoo-
HOCTb CTAHLMI. A TTEpeBO30YHBIE PECYpPChI
JKEJIE3HBIX IOPOT, MOrPY304HO-BHIIPY304-
Hble BO3MOXHOCTHU TPY30BBIX (DPOHTOB
M CTAaHIMI, HAJIMYME BaTOHOB 1 JIOKOMOTH -
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BOB MPAaKTUYECKU HUKAK HE OLIEHUBAIOTCS.

Ha ocHoBe pa3BEpHYTHIX TUIAHOB MEPEBO3-
KU TPY30B COCTaBJISIIOT TaOIUIbI MOTPY3KU
B BaroHax Io joporaM HazHayeHusi. OObEMBI
MOrpy3Ku rpy30B MO JOpOoramM HazHauyeHUs
U POy MOIBUKHOIO COCTaBa UCIOIb3YIOTCS
I pa3paboOTKU CBOIHOIO CETEBOro IJiaHa
MepeBO30K, KOTOPBI HA3bIBAIOT «IllaXMaT-
Koit». Takue «1maxMaTKW» COCTaBJISIOT IS
KaXJIoro poja MOABUXHOIO COCTaBa, C UX
MOMOIIIBIO MO KaXA0W mopore IIaHUupyeTcs
norpyska u Bbirpy3ka. B I'BL OAO «PXK]1»
OIpPEAeJISIIOT pa3Mepbl TPYKEHBIX BATOHOIIO-
TOKOB IO KaXXIOMY MEXIOPOXKHOMY CTBIKO-
BOMY IYHKTY.

OnHako 1Mo «IIaxmMaTKe» CETeBOTO IlJlaHa
MepeBO30K HEBO3MOXKHO OMpPENETUTh pa3me-
Pbl ABUXKEHUSI TPYKEHBIX BATOHOMOTOKOB T10
KOHKPETHBIM ydyacTKaM, HalpaBJIeHUIM
U MEXIOPOXKHBIM CTBIKOBBIM MYHKTaM, IO-
CKOJIbKY OHa TTOKa3bIBaeT JIMIIb MEXI0POXK-
HYIO KOPPEeCTOHAECHIIUIO MOrpy3ku. [ToaTomy
OT MEXIOPOXKHBIX KOPPECITOHAECHIIUI TTepe-
XOJISIT K KOPPECITOHAEHLIUU MEXY CThIKOBBI-
MU CTaHLUMSIMU JOPOT.

CyIIecTBYIOT IBa CITOCO0a OIpeneeHUst
IUIAHOBBIX IPY>KEHBIX BATOHOMIOTOKOB IO Ha-
MpaBJIeHUSIM:

* pUOJMXKEHHBIM, KOra pa3Mephl Tpy-
JKEHBIX BATOHOITOTOKOB IOJTy4YaloT, UCTIOJIb3YS
«IlIaXMaTKy» NpU MOMOIIMU CHelraTbHbIX
pacU€THBIX TaOJUII, TaK Ha3bIBAEMbIX 3TAJIO-
HOB;

* «TOYHBI», KOTJIa 1O JaHHBIM Pa3BEPHY-
TBIX IIJITAHOB MEPEBO30K C yKa3aHUEM CTaHLIU I
Ha3HAYeHWIl WJIM JOTOBOPOB Ha MOCTaBKY
MPOAYKIMUU, Ucnoab3ys DBM, HaxondT mno-
YYaCTKOBBIE pa3Mepbl IPYKEHBIX BarOHOIIO-
TOKOB.

B nmnaHax mepeBO3KM I'Py30B CTaHLIWU
Ha3HauyeHUsl YKa3blBalOT TOJIbKO B MECTHOM
coobwmeHuu. [ToaToMy IS onpeaeseHUs
MJIaHOBBIX TPYXEHBIX BAarOHOIIOTOKOB MC-
MOJIb3YIOT MPUOJIUKEHHBIN cocob. dns
KaXJI0TO MEXJI0POKHOTO CTBIKOBOTO ITyHKTa
JIOPOTU pa3pabdaThIBAIOTCS JABE PACUETHBIE
TaOaULIbl (2TAJIOHBI): OJHA IJIsI HEYETHOTO
U Ipyras U1 YETHOTO HaIlpaBjieHui. B ieBoii
YacTU 9TUX TaOJIMIIL 11O BEPTUKAJIM 3aITUChIBa-
I0TCS BCE IOPOTU MOTPY3KU, BATOHbBI C KOTO-
PBIX JTOJKHBI MIPOCIeNoBaTh Yepe3 JaHHbIM
CTBIKOBOA ITyHKT, a BBEPXY IO TOPU30HTAIN —
JIOPOTH, HA KOTOPbIE MOCTYNAIOT 3TU BarOHbI

TIOJ1 BBITPY3KY.
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PacuéTHble Tabau1IbI (3TATIOHBI) CITy>KAT He
TOJIBKO BBISIBJIEHUIO TPY30ITOTOKOB ST M€-
CS'YHOTO TEXHUYECKOTO HOPMUPOBAHUS IKC-
TUTyaTallMOHHOI paboThI, HO U /15 pa3paboT-
KU TU1aHa OpMUPOBAHUS U TpaduKa ABUKE-
HUS MOE3I0B.

Pacnipenenenvie morpy3ku mno BBIXOAHBIM
MYHKTaM OMpPenessieTcsl 3KCIePTHO, UCXOIs
U3 CYLIECTBYIOUIMX CBSI3€ MEXIY TOPOTraMu.
DTU CBSI3M TOBCEIHEBHO MOJBEPKEHBI U3ME-
HEHUSM B IPOCTPAHCTBE U BpeMeHU. [ToaTomy
pa3Mephl U HaIpaBJIeHUs CJEI0BaHUS Baro-
HOMOTOKOB 3HAYUTEIbHO KOJIEOTIOTCS.

E111€ 0o1HO HECOOTBETCTBUE CBSI3aHO C BbI-
0opoM HampaBJIEeHUSI BarOHOMOTOKOB.
IIpumeHsieTcs KpaTJyalllinii myTh clieaoBa-
HUS, 32 KOTOPBI B3UMaeTCsd MpPOBO3HAs
nuata. Hanpumep, uz Omckoro ysia
B CBepMJIOBCKUIA y3ea KpaTyaluuii myTh
ciaenoBaHusd 4yepe3 TioMeHb, HO yepe3s
Kypranckuii y3esn BpeMs Xo1a MEHbIIIE Ha MSTh
YacoB, a pacXoj TOILIMBa Ha 15 % MeHblile.
TakuM 006pa3zoM, KpoMe KpaTdailiiero myTu
CJIeIOBaHUS MOXET CYILIECTBOBATh €I1IE U 9KO-
HOMUYECKU 1iesiecoo0pa3Hbiil xoa. [Toatomy
MpU BBIOOPE MYTH CJIeIOBAHUS BaTOHOB CJie-
JIyeT YIUTHIBATh:

* ce0eCTOMMOCTB ITEPEBO3KU IPY30B, 00b-
€M mepepaboTKU BaroHOMOTOKOB, pacXon
TOIUTMBA, HEMTPOU3BOAUTEIbHBINA MPOOET MOo-
JIBUXKHOTO COCTaBa;

* 3aTpaThl BpEMEHU MPOABIKEHUS Tpy3a
W IpyTve TeXHUKO-3KOHOMUYECKUE MoKa3a-
TeJU.

MWHUMU3ALNA BPEMEHU
U PECYPCOB

[Tpu rmaHMpPOBaHUY Pa3MEPOB IBUKCHHUS
T0€e310B Ha pa3BeTBIEHHBIX MOJIUTOHAX BaXK-
HEUIINMU, KaK BUIUM, SIBJITIOTCS HE TOJBKO
BpeMeHHBIC (DaKTOPHI, HO W (haKTOPHI, CBSI-
3aHHBIC ¢ HAIMINEM PECypPCOB IIJIST BBITTOTHE-
HUS epeBo3oK. ONMTUMU3aLNs TUIAHUPOBA-
HUSI IOe30HOM pabOTHI IO BPEMEHM U pecyp-
caM IO3BOJISIET 00ECTIEUNTD MTPOTTYCK HEOOXO0-
IVUMOTO TIOTOKA IT0€3I0B B IJIaHUPYEeMBIil
MEePpUOI TP MUHUMAJIBHBIX pecypcax W
B MUHUMAaJIbHO BO3MOXKHBIE CPOKM TIpU 3a-
JNaHHbIX pecypcax. [TogoOHbI oaxo1 K mpoo-
JleMe OCOOEHHO 3HAYMM IIpH TeXHUIECKOM
HOPMUPOBAHUHU 3KCITTyaTallMOHHOI padOTHI
JKEJIe3HBIX JIOPOT M CMEHHO-CYTOYHOM I1JIa-
HupoBaHUU. OH ITO3BOJISIET IIPABIILHO Olle-
HUTH BO3MOXHOCTH KOH(PUIYpallMU CETH,
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TEXHUUYECKUX CPEICTB U YCTPOUCTB, BHIOPAThH
HanboJiee 2(PHEeKTUBHOE UX UCMOJIb30BaHNE
[6, c. 276].

3ajaya MUHUMM3AllM CTOMMOCTH TTPOTTY-
cKa MOTOKOB MOE310B B MaTeMaTUYECKOM
(dopMe MoxeT ObITh chOPMYIMPOBAHA TaK:
KaxJIoMy pedpy CETU COOTBETCTBYET ITPOIMYCK-
Hasl CIIOCOOHOCTB 71, YKA3bIBAIOIIAs MaKCH-
MaJIbHYIO BEJIMYMHY TTOTOKA T0e3/10B, KOTO-
PYIO MOXHO MPOIYCTUTh Yepe3 3TO pedpo.
Kpome Toro, kaxmomy pedpy bij MOoCTaBJIeHa
B COOTBETCTBUE CTOMMOCTh C,.j MpoITycKa Ofl-
HOTO [10€3/1a U3 BEPIINHbI ¢, B BEPIINHY d, 110
pedpy b,-,-- Heob6xoa1mo HaliTH TOTOK MOE310B
M3 UCTOYHUKA B CTOK, UMEIOIINI 3aIlaHHYIO
BEJIMUMHY U 00JIaA0IINii MUHUMAaTbHOMN
crouMocThio. McTOYHMKAMU M CTOKaMu
B 9TOM 3a/1a4e BBICTYIAIOT MPEUMYIIECTBEHHO
CTBIKOBBI€ MYHKTHI MOJUTOHA. A Tak Kak
MECTHBIH ITOTOK TTO€3/I0B UMEET CBOU TTYHKThI
Ha3Ha4YeHWUs B Ipeeiax MOoJUroHa, To B AaH-
HOM CJIy4yae OrpeesisieTCsl MOTOK MUHUMAJTb-
HOI CTOMMOCTH JIJISI TPAH3UTHBIX TIOE3/I0B.

DopmasibHO CTaBUTCS 3a1a9a MUHUMU3H -
poBath Z = Z, Cij bij Z TIPU YCIIOBUSIX:

—N, ecau j =3,
Z.:bij _%bjk =<0,ecau j#S§,t;
: N,ecau j=t;

0< b[j_ <n, (Tipu Bcex i, j).

[Tpu aTOM IOIPa3yMEBaETCS, UYTO BEINU -
Ha N He TIPeBBIIIaeT MAKCUMAaJIbHBIN MOTOK
U3 a_B a, NHAYe 3a/1a4a HE MMEET PELICHHUS.
Ecnu 661 He ObIIO OTpaHUYEHU HA TIPOITYCK-
Hbl€ CMTOCOOHOCTU pEOEp, TO AOCTATOUYHO
ObUTO ObI HAUTU CaMblil 5KOHOMUYHBIN MyTh
U3 a_B a, M IPOIYCTUTh 10 HEMY BECh MTOTOK
TOE3/10B.

B nuHeitHOM mporpaMMUpOBaHUM CYIIIE-
CTBYIOT JOCTaTOYHO 3(D(HEKTUBHbBIE B BHIYKC-
JINTEJIbHOM OTHOIIEHUY AJITOPUTMBI (HATIpU -
Mep, cM. [7, c. 132]), KoTopble MO3BOISIIOT
MMOJIy4aTh MOTOKM MOE3/0B MUHUMAJTbHOMN
CTOMMOCTH.

B cBsI311 ¢ ce30HHOI 1 CYyTOUHOI HEpaBHO-
MEPHOCTbIO 3arPY3KH IMHUI B TIEPUOJTBI «TTUK»
YacThb MOE3I0TTOTOKOB HE MOXET ObITh TIPOITY -
1IeHa TI0 KpaTyaimm myTsMm. B To ke Bpemst
Ha pa3BeTBIEHHBIX TIOJIMTOHAX CETU JTAXe TPr
TPOTTYCKe MaKCUMAaJTbHOTO MTOTOKA TTOe310B Ha
HEKOTOPBIX y4aCTKaX HE PeaTn3yeTcsl IPOITyCK-
Hasl criocoOHOCTh. CliejoBaHNE TTIOTOKOB T10
OOXOITHBIM ITyTSIM YBEJTMUMBAET 3arpy3Ky CETH
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U MOXET yXyIIIUTh YCJIOBUS MPOIYCKa MOe3-
JIOB, JIJIS1 KOTOPBIX 3TU IMYTU SIBJISIOTCS KpaT-
yaiiMu. B HEKOTOPBIX CydyasiX BO3HUKAET
LIeTTHAsI peaKiivs HalpaBeHUs TOTOKOB MOe3-
JI0OB O0XOJHBIMU MYTIMU. B cBoto ouepenb,
YBEJMYECHUE 3arpy3Ku y4acTKOB 3aMeJIseT
JIBVDKEHUE TTOTOKA U YXY/IIIAET UCTIOIb30BaAHUE
MPOITYCKHOI crtocoOHOCTU. CBS3aHHbBIE C 3TUM
3aTpaThl U ONpenesstor 3 MEeKTUBHOCTh MPU-
MEHEHUS OOXOHBIX MyTeil.

JI1s1 KaXIoro pa3BeTBIEHHOIO MTOJIMTOHA
KeJaTeJIbHO OMpPeeSUTh TaKylo 3arpysKy,
MPEeBBILIEHUE KOTOPOi AenaeT HeaheKTUB-
HBIM MCMOJIb30BaHUE OOXOAHBIX MyTEH.
B yacTHOCTU, MOXHO 3aPETUTh UCHOJb30Ba-
HUE YYaCTKOB ISl TPOIYCKa KPY>KHBIX MOE3-
JIOTTIOTOKOB, KOTJJa UHTEHCUBHOCTD JABUKEHUS
Ha 3TUX yYyacTKaX MPEBBICUT MPOIMYCKHYIO
cnocoOHOCTh. Takoil MOAXo/ BIOJHE BEPOSs-
TE€H MpU TUHAMUYECKOM YMpPaBJICHUU MOTO-
KaMU MO€3710B Ha CETH XKeJE3HbIX TOPOT.

Jns1 5 peKTUBHOIO UCIOJIb30BAHMS y4acT-
KOB 11eJ1eC000pa3HO [UTS KaXK/10r0 Ha3HAYeHUS
BaroHOMOTOKOB B IUIaHe (hDOPMUPOBAHUS TO-
€3[10B OMpeaesiTh MPSIMO MyTb (OH MOXET
OBITh U HE CAMBIM KpaTyaliimm) 11 TpoITycKa
OCHOBHOI Harpy3ku U OOXOIHBIE MYTU I
MpoITycka U30bITOYHOI Harpy3ku. B obiem
CJydae BECh OTOK MOE310B KaXK/I0ro Ha3Haye-
HUS SIBJISIETCS TPOCTENUILIMM (ITyaCCOHOBCKUM).
OpnHako noesa, COCTaBISIoIIMe U30bITOK, YXKe
He OyAyT TaKUM MPOCTEUIIUM MOTOKOM.
ITonoOHBIM OH CTAHOBUTCS TOJBKO B MOMEH-
ThI, KOTJJa UHTEHCUBHOCTD IBVDKEHMS IO KpaT-
YaWIIUM MyTSIM MPEBBIIIAET UX MPOMYCKHYIO
CIMOCOOHOCTD, T.€. BOBHUKHOBEHUE U30bITOY-
HOTO TMOTOKAa COCPEeTOTOYEHO JUIIb Ha YacTU
paccMaTprMBaeMOro MHTepBaia BpeMeHU. DTO
3HAYUT, YTO U3OBITOYHBIH MOTOK IMOE3/10B OoJiee
KOHILIEHTPUPOBaH, 00J1a1aeT OOJIbILIEH HepaB-
HOMepHOCTHIO. [Tpy oiHOI 1 TOI XKe cpenHel
MHTEHCUBHOCTH JABMXXEHUSI OH TpeOyeT 00Jb-
1LIe TPOMYCKHOM CMOCOOHOCTH y4acTKa, YeM
MPOCTENUIINIA TTOTOK.

ITpaBWIBHOCTD pacué€ra Irpy>KEHBIX Baro-
HOMOTOKOB IO CETH KEJIE3HBIX JOPOT B LIETOM
MPOBEPSIETCS MO NMPUEMY U cade. DTU BeIu-
YMHBI JOJIKHBI OBITh MEXy COOOI paBHBHI |8,
c. 253].

MHTErPALNA C BIOOXKETOM
TexHUUECKOEe HOPMUPOBAHME DKCILTyaTa-

LIMOHHOW pabOTHI XKeJIEe3HBIX JOPOT, OIpe/e-

JISIIOIlIee€ OPUEHTUPBI OIIEPATUBHOTO YIIpaBJie-
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HUS TIEPEeBO30YHBIM MPOLECCOM, TOJXKHO
YETKO (POPMYIUPOBATH 1IEJIb: YETO MBI XOTUM
JIOOUTHCS, MPUHUMAS TO UM UHOE PEILIEHUE.
JnvrensHOoe BpeMsl, C OJHOU CTOPOHBI, TPe-
OyeT MOBBILICHUSI CPEIHEro Beca IMmoe3aa.
C npyroii CTOpOHBI, HYXXHO MOBBIIIATH
U YYaCTKOBYIO ckopocTb. O0a mokazaTess
BXOJISIT B YMCJIO OIOIKETHBIX 3aJaHUI TPOU3-
BoacTBa. Ho crosiue 3a HUMU LeIu TPOTH -
BOpEUYMBBI. MeX1y 3TUMU MOKa3aTeIsIMU —
00paTHO MPOMOPLMOHATbHAS 3aBUCUMOCTh
[9, c. 18]. IIpn HeM3MEHHOM TEXHUYICCKOM
OCHAILIEHU U TTOBBIIEHUE BeCa MOE310B BbI3bI-
BaeT HEOOXOAUMOCTb CHUXKEHUS YYaCTKOBOM
CKOPOCTU U HA000POT. JT0OUTHCS OJHOBpE-
MEHHO Y YBEJIMUEHUS CPEHETO Beca MOe310B,
U TIOBBILIEHUS YYACTKOBOI CKOPOCTU MOXHO
JIMIIIb B TOM CJy4yae, ecly yBEeIUYMUBaeTCs
MOIIIHOCTb JJOKOMOTHUBOB, YJIY4lIaeTCs CO-
CTOSIHW€ TTYyTU U T.JI., TO €CTh MEHSETCS TeX-
HUYECKOE OCHAIIIEHUE.

ITomoGHas cuTyalus OTpaxaeTt MPOTUBO-
peyursi COBPEMEHHOTO HOPMUPOBAHUS MOKa-
3aTesieil aKCruTyaTalluoOHHOM paboThl, Koraa
CYLIECTBYET HECKOJIbKO 1eneil. [Ipobiema
MHOXECTBEHHOCTH LIeJIel 0 CUX MOp penla-
eTcs «aIMUHUCTPATUBHO-KOMAHAHBIMU Me-
Tomamu». Toraa Kak Ueau AOJKHBI OBITh
paHXXUPOBaHBI IO MpUOpPUTETaM. B Halem
cily4yae Bec moe3aa J0JKEH UMETh TPUOPUTET
MPU WCYEPIIAaHUU WIU BBICOKOM YPOBHE UC-
MOJIb30BaHUS MPOIMYCKHOU CIIOCOOHOCTU
ydacTtkoB. Kak 310 66110 B 1980-x rogax. [Tpu
OTCYTCTBUHU CTPOUTEJIHCTBA HOBBIX Pa3rpy-
XKaWIUIMX JIMHUU U BBICOKOUW MPOIYCKHOW
CIOCOOHOCTHU MOBBIIIEHUE CPEeIHEro Beca
10oe3/1a MO3BOJIAJIO B TO BpeMsI €XKEeTrOTHO yBe-
JINYMBATh OOBEM TePEeBO3UMBIX IPYy30B. B co-
BPEMEHHBIX YCJIOBUSIX, KOTAAa MOCIe YMEHb-
meHust 06 bEMa repeBo3okK B 1991 romy mosisu-
JIUCh PEe3ePBbI MPOITYCKHOU CITOCOOHOCTH, HO
CYIIECTBYET Ne(UIUT HEKOTOPHIX POJOB Ba-
TOHOB, TPUOPUTET TOKEH ObITh OTIAH YJacT-
KOBOW CKOPOCTH, KOTOpasi MO3BOJISIET YCKO-
puTh 000POT BaroHa, COKPAaTUTh AeHUIUT
MOJABUKHOTO COCTaBa U CYIIECTBYIOIIUM
MapKOM BaroHOB MepeBe3TU OOJIbIIE IPY30B.
XOTSI Ha HEKOTOPBIX HAIPABJIEHUSX C MOIII-
HBIMU BarOHOMIOTOKAMU MOXET COXPaHSThCS
JIOMMHAaHTA MOBBIIIEHUS BECA MTOE30B.

U1t TOro 4TOOBl JOOUTHCS YIYUYIIEHUS
OJIHOTO M3 ToKa3aTreyieid, OMHOU U3 LeNeH,
MPUIETCS KEPTBOBATh IPYTUMU MOKA3aTeIs -
MU. BeIOUpaTh «XepTBYy» LeJIecO00pa3HO
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C TTIOMOIIIBIO PAaHXXUPOBaHUS Lesei. B TexHu-
YeCKOM HOPMHUPOBAHUU M OIIEPATUBHOM
YIIpaBJIEHUU TIePeBO3KAMU OHO JOJIXKHO Be-
CTUCH IO (PYHAHCOBO-3KOHOMUYECKUM MOKa-
3aTesIsIM.

HopmupoBaHue nmoe3aHoii paboThl Ha
TPY30HAIIPSIKEHHBIX HAIIPaBJICHUSIX paIyio-
HaJIbHO TPOU3BOIUThL UCXOAs U3 CO3IaHUS
OITUMAJIbHBIX SKCIUTYaTalIMOHHBIX YCIOBUIA.
151 TOro BepTUKaAJIbHBINM pa3pe3 B HOpMa-
THUBHOM rpaduKe IBIKCHUS Ha TPy30HAIIpsI-
JKEHHBIX yJacTKax oIpeessieT MaKCUMMabHOe
YUCJIO MOe310B, KOTOPOE OJHOBPEMEHHO
MOXKET TaM HaXOAUThCs. A TToceaHee JOJKHO
OMpenesIsiTh YMCIIO MOE310B, KOTOPOE MOXKHO
MOIBOAUTH K YYAaCTKY U HEOOXOOUMBIC IS
3TOTO PECYPChI U, KaK CJIeACTBUE, PACUETHOE
MpaBo Ha KOHEYHbIE Pe3yabTaThl, SKCILIyaTa-
LIMOHHbIE U (PMHAHCOBbIE MTOKA3aTeJIHN.

TInan o00s13aH coaepKaTh He TOJBKO IMO-
KazaTeJu, HO U CIIOCOOBI UX JOCTUXKEHMUS.
Wcnonb3oBaHue pexXuMOB pabOThl COPTUPO-
BOUYHBIX CTAHLIMI MO3BOJISIET CO3AaBaTh
¥ MOAACPKUBATH ONTUMAJIbHBIC YCIOBUSI.
AHAJIOTUYHO PEXKNM YIaCTKOB — OIITUMAJIb-
HbI€ YCJIOBUS MOE3IHOMN PabOTHI.

Tenepb 0 HegoCcTaTKaXx COBPEMEHHOTO
O10/KeTa, KOTOPbIE YCTPAHSIIOTCS €r0 00be 11~
HEHHEM C TeXHUYECKMM HOPMHUPOBaHUEM
9KCIUTyaTallUOHHOW padoTHI.

bromxeT nmpou3BoACcTBa onpeaessieT mpo-
HM3BOACTBCHHYIO IIPOTpaMMYy IPEITTPUSTIS Ha
npeacTosiuii nepuo. st Keae3Ho10pOX-
HOW OTpac/iy XapaKTepHO OTpaxkeHUe B 010/ -
KeTe 00BEMHBIX I KaUeCTBEHHBIX ITOKa3aTe-
neit [10, c. 85].

MudbopmanoHHoit 6a3oii 6roaKeTUpoBa-
HUSI CETOJHS SIBJISIETCSI CUCTeMa yIpaBjieHYe-
CKOTO YY€Ta IpeAnpusITUsI, a MpolLle TOBOPST —
OTYETHBIE JAaHHbIE 32 Y>Ke MPOILIeIIINIA TeproI.
Tak, Ha ocHOBe paHee IpoaeJaHHON PadOThI
MPOTHO3UPYETCS pacipeneeHue 010IKETHBIX
rokasareJsieit, B TOM YMCJIe 3aTpaThl oApase-
JICHU Ha TEXHUYECKOe 00CTy>KMBaHUe, Karu-
TaJIbHBIA PEMOHT, OOLIEX0351IICTBEHHbIE pac-
XOIbl U T.A. B uTore rnojydyeHHbIe IeHOHN 3Ha-
YUTEIBHBIX YCUJIMU TIJIAHBI HE CTaAHOBSTCS
JOCTATOYHO IEHMCTBEHHBIM MHCTPYMEHTOM
YIIpaBJIeHHsI, KOTOPOE OCYILECTBIISIETCS Tpe-
MMYLIECTBEHHO IMO-MPEeXKHEMY MyTEM 9KCIepT-
HOTO pacnpeaeaeHus: 000POTHBIX CPEACTB I10
PAa3IMYHBIM TEKYIINM CTaThSIM.

Tlepexon OT CTaTUYUHOTO K TMOKOMY 01071 -
JKETy 3aTpaT JaéT BO3MOXHOCTb aJeKBaTHOM
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OLIEHKU IeSITeIbHOCTU (DUINAIOB, ONIpenesie-
HUSI TIPaBUIILHOTO pa3Mepa nx puHaHCUPOBa-
HUS ¥ COBEPIIIEHCTBOBAHUS CUCTEMBI YITpaB-
JICHUS pacxofaMHu.

BaxHeiias npo6iemMa B 3Toit o6jacTu —
peaJbHOCTh (popMUPYEMBIX (PUHAHCOBBIX
TU1aHOB. D deKTUBHOE yIIpaBieHNE BO3MOX-
HO JIUIIIb TIPY HAJTMIUU 000CHOBAHHOTO I1JIa-
Ha Ha OTHOCHUTEJIBHO JITUTEJIbHBIN TTPOMEKY -
TOK BpEMEHU — TofI, KBapTasl. HepeaibHOCTh
TUTAaHOB BBI3bIBAETCS, KaK MpaBUjIo, Heoboc-
HOBaHHBIMU TUITAHOBBIMY TAHHBIMM 10 COBITY,
TUTAHOBOW J10JIe JIEHEXXHBIX CPEJCTB B pacué-
Tax, 3aHUXXEHHBIMUA CPOKAMU TIOTallleHUS
JIeOUTOPCKOU 3aI0JKEHHOCTHU,, «PA3AYThIMU»
noTpedHOCTIMU B GMHAHCUPOBAHUU (3aTpa-
ThI TTOAPA3ACICHNUI Ha TEXHUYECKOe OOCTy-
JKUBaHWE, KalTUTAJIbHBIN PEMOHT).

O6benuHeHue OroakeTa MPOU3BOACTBA
¥ TEXHUYECKOTO HOPMUPOBAHUS KCTLTyaTa-
LIMOHHOM pabOThI MO3BOJIUT:

* 00BEAMHUTH CUCTEMY DKCIUTyaTallMOH-
HBIX U (DUHAHCOBBIX MMOKAa3aTelel Ha OCHOBE
TUTAaHOBBIX PACcYETOB, 00ECeUNBAIOIINX Phl-
HOYHYIO OILIEHKY MepeBO30YHOr0 MPOIIecca;

* N1OOUTHCST YCTAHOBJICHUS LIeJIEN U CTpa-
TETWU UX JOCTHKEHMUSI 10 TIPUHITUITY «CBEPXY
BHU3»;

* ONTUMHU3UPOBATH UCTIOJIB30BAHUE PE-
CypCOB IO MUHUMYMY KCILJTyaTallMOHHBIX
3aTpar;

* COCTaBJISITh OIOIXKET HE TI0 OTYETHBIM
JMAHHBIM TIpOIIenieid padboThl, a TIPOTHO3M -
poBaTh (hpUHAHCOBBIE MTOTOKU U TTOBBICUTH
3((HEKTUBHOCTb UX paclipeaeeHus;

* cOaJlaHCUPOBATh MOTPEOHOCTU B Mepe-
BO3Kax U peaJibHble IEPEBO30YHBIE BO3ZMOX-
HOCTHU X€JIE3HOI TOPOTH;

* TIpu AeULIUTE PECYPCOB MOJyYaTh HAU-
OOJIBLIN I SKOHOMUYECKU I 3P DeKT;

* JICHEXXHbBIE TIOTOKY IIPUBECTU B COOTBET-
CTBUE C pecypcaMu U YCTaHOBJIEHHBIMU HOP-
MaMU MX UCTIOJTb30BaHUS;

* 00eCcTeunTh ONTUMAaJTbHbIE (PUHAHCOBBIE
pe3yJIbTaThI;

* yBsI3aTh TUIAHUPOBaHUE (HDMHAHCOBBIX
00513aTeJICTB TTPEITPUSITUI, MX BHITIOJTHEHNE
U MaTepUaibHOE CTUMYJIMPOBaHUE PAOOTHU -
KOB.

J1st peai3aliiyl TIEPeYCIAEHHBIX TIPUH-
LIMIIOB HEOOXOMIMMO OCO3HAHUE CTaBSIIUXCS

MHTErpalMOHHbBIX 3a1ay aAjs obeux chep
JIeSITEIbHOCTU — OIOIKETHOM U TEXHUYECKOTO
HOPMUPOBaHMSI, SKCIUTyaTallMOHHOMI pabOThI.

BbIBOAbI

1. Kak TexHn4ecKoe HOpMUPOBAHUE DKC-
TUTyaTallMOHHOM paboThl JOKHO COAEPXKATh
SKOHOMMYECKYIO OIICHKY OpTaHM3aI1H ITepe-
BO30YHOTO Mpolecca, Tak U OI0IXKET Mpou3-
BOJICTBA JIOJI>KEH OCHOBBLIBAThCSI HA MOKa3aTe-
JISIX TEXHUYECKOTO HOPMUPOBAaHMSI, a HE Ha
MPOTHO3€ MO OTYETHBIM JAHHBIM YK€ MPOILLEe-
11IeTO BPEMEHMU.

2. TexHn4yeckoe HOpMUPOBAHUE DKCILTya-
TallMOHHOI paboThl 00513aHO BKJII0YATh B CBOM
apceHall GMHAHCOBbIE MMOKAa3aTeIu U 3KOHO-
MHUYECKHE UHCTPYMEHTHI, MTO3BOISIONINE
peann30BBIBATh CTPATETUIO KOMITAHMHU 1 00eC-
nevyurBalolIue CHUXEHUE ce0eCTOMMOCTH
MepeBO30YHOrO Mpoliecca.

3. Bromxer mpou3BoaCTBA JOKEH CTaTh
peaJbHBIM MHCTPYMEHTOM IUIAaHUPOBAHUS
W yIpaBJeHUST MEepeBO30YHBIM ITPOLIECCOM,
JIJIST 9TOTO BMECTO DKCIEPTHOI OLIEHKU 00b-
€MHBIX 1 Ka4yeCTBEHHBIX ITOKa3aTeJieil mpej-
roJlaraeTcs MCMoJIb30BaTh JOCTOBEPHbI TJ1aH
MEePEBO3KU IPY30B.
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ABSTRACT

The process of reforming railway transport
requires the use of modern methods and tools of
economic work. One of the key management tools
that ensures the interrelation of the company’s
strategy with the tasks of numerous divisions is
budgeting technology. Technical regulation of

operational work determines resources which are
necessary for implementation of the transportation
plan. A closer interaction of budget of production and
technical regulation, in the authors’ opinion, willmake
the transportation process more rational and will
result in least material, technical, financial and
economic costs.

Keywords: railways, production budget, technical regulation of operational work, market conditions,

physical indicators, financial indicators.

Background. The transition of the Russian rail
cargo transportation marketto its current configuration
began in 2003. Then, in accordance with the
government program of structural reform, the entire
economic complex of the mainline railway transport
was transferred from the Ministry of Railways to the
authority of a single economic entity — JSC Russian
Railways. Simultaneously with the reform, the process
of creating companies that are operators of cargo
wagons that later formed the competitive field of the
market, independent of the owner of the railway
infrastructure, began.

The transition to market relations in Russia
requires an adequate change in the style and methods
of planning and managing the operational work of
railways. The state is the only shareholder of JSC
Russian Railways, and, of course, solving state tasks
is the main priority of corporate structures. At the
same time, the company as a commercial organization
must work profitably. It should have resources for
development, the ability to offer customers new
attractive transport products [1, p. 2].

Objective. The objective of the authors is to
consider relationship between business budgeting
and technical regulations.

Methods. The authors use general economic and
management methods, comparative analysis,
evaluation approach, scientific description,
mathematical methods.

Results.

«Everything new is well overlooked old»

To improve the production budget, a decision was
made to improve the quality of planning of the use of
locomotives (as one of the most costly resources) and
responsibility for the use of resources of JSC Russian
Railways. At the first stage, an economic assessment
tool was introduced («Guidelines for development of
an economic assessment of the service order for
maintenance of locomotives in the fleet operated in a
cargo type of traffic», order of JSC Russian Railways
No. 2830 dated December 30, 2017). By the end of
2018, in the course of work in the new conditions, it
was planned to create a system of responsibility of the
holding company’s structural units for proper
development and execution of the production program
and cost budget, and at the final stage — to automate
the process of forming the demand for locomotive
traction resources (2019-2020). As a result, the
systems of service ordering will be linked between the
functional branches and the budgeting process,
making it possible to organize interaction in a new way,
to assess the level of responsibility of executants and
effectiveness of the efforts made.
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Improving the system of budget managementand
planning of volume and quality indicators involves the
use of a predictive business model of cargo traffic,
which combines planning for the coming month and
specification up to the level of loading and unloading
stations, developing a pivot table of planning of car
flows between stations and technical regulation of
operational work (appropriate methodology was
approved by Order of JSC Russian Railways No. 290r
dated February 14, 2018).

The technical regulation of operational work,
which determines the resources for implementation
of the cargo transportation plan, and is intended to
rationally organize the transportation process with the
lowest material and technical costs, as before, is only
formally related to budget planning and financial
indicators. In market conditions, the main indicators
are profit, income and expense, and only physical
indicators are still involved in planning and
management of operational work. This is not as
harmless as it may seem.

Modern market relations are not something new,
it is just a well forgotten old. The future Minister of
Transport, Minister of Finance, Chairman of the
Committee of Ministers Sergei Witte, in 1880, was
appointed as the head of the operations department
in the administration of the Society of South-Western
Railways, which were unprofitable. He considered his
main task to be the maximum increase in operating
income, without which the deficit, which had already
become chronic, could not be eliminated. He had
solved this problem for the period from 1881 to 1885.
Net income from operation of his roads increased
from 4 million 300 thousand rubles up to 13 million
600 thousand rubles, or more than three times [2,
p. 132]. No one of the subsequent leaders of the
railways can boast this result. To do this, Witte,
however, had to develop, neither more nor less, the
basic principles of the theory of tariffs and put them
into practice (on his own railway).

And here is the opposite example from our time.
In the Big Transport Encyclopedia it is written:
«Increasing the weight of a train makes it possible to
reduce operating costs for maintenance of locomotive
crews, acquisition and maintenance of locomotives,
for fuel and electricity, and shunting work. 15-20 %
of the current cost of railways is associated with the
train weight. In the period 1990-1999 the average
train weight on the railways of Russia increased by
252 tons (from 3093 tons to 3345 tons), which saved
more than 1,2 billion rubles» [3, p. 917].

However, the above savings relate only to the
mentioned operating costs, but apart from them, a
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large list of other operating costs is associated with
the train weight. And if we take them into account, the
increase in the average train weight at that time led
to losses. Why? Because in the 1990s, the volume of
transportation on railways decreased by more than
2,5 times. And with a decrease in cargo turnover, the
average train weight should have been reduced by

about \/ﬁ times. Besides, on each railway, the
efficiency of increasing the average train weight
additionally depends on the technical equipment and
load capacity.

Obviously, it is important to maintain quantitative
and qualitative indicators in operational work, but in
market conditions they should be linked to financial
indicators, that is, the technical regulation of
operational work implies both financial indicators and
economic instruments.

Accordingly, the production budget, in order to
determine the production program, should not just
have a shortened list of quantitative and qualitative
indicators of operational work, inventory and working
fleet of rolling stock, infrastructure data, human
resources, but coordinate production and financial
plans, volume and cost indicators, contain
mechanisms for the economic regulation of
operational work.

Simple balance

A fairly quick transition to market relations in
Russia was not accompanied by an adequate
change in the style and methods of planning and
managing operational and economic work.

The objects of budgeting should not be only
incomes and expenses of railways and their
subdivisions, i.e. cash flows associated with the
transportation process, but also operational
performance indicators that determine them. And
this should not be formal as now.

While the balance of indicators is a significant
concept for financial activities, the balance of
transportation needs and transportation capacity
should be not less important for operational work
[4, p. 240]. Its absence leads to unjustified
corporate losses. These losses are caused by both
external and internal costs.

The imbalance in the needs and capabilities of
rail transport causes external costs:

« failure to comply with regulatory deadlines for
cargo delivery;

« material and moral costs due to non-fulfillment
of contractual obligations;

- increase in transportation costs;

« reduction in the quality of transport services
for cargo owners;

« reduction in competitiveness of JSC Russian
Railways on the domestic and foreign cargo
transportation markets.

Internal difficulties in operational work are non-
fulfillment of specified quantitative and qualitative
indicators, train schedules, technological standards
for processing cars and trains; irreplaceable losses
in throughput, processing and unloading
capabilities; inefficient use of rolling stock and
infrastructure, causing lower financial and economic
results of railways.

In the on-line mode, the adjustment of the size
of movement of trains and carrying capacity of
sections is achieved by solving the problem of
adjustment of saturation of sections by trains.

According to the Charter of rail transport, the
carriage of goods by rail is carried out following the
applications of shippers (form GU-12). Applications

are transmitted electronically through ETRAN
system (an automated system for centralized
preparation and editing of transportation
documents), which has been operating in Russia
since 2000.

The system ETRAN does not provide for
verification of compliance of applications for
transportation of goods with the transportation
capabilities of railway transport. Almost
automatically received, applications are included
in the transportation plan. As a result, a part of
shipments is delivered to consignees within an
overdue period.

The creation of ETRAN automated accounting
and now there is a single database of applications
for shippers in an automated integrated system of
branded transport services (AKS FTO).

At the next stage of development of ETRAN
system, when planning cargo transportation, it is
advisable to organize the accounting of the
throughput and processing capacity of the
infrastructure. The quality of the coordination of
applications for transportation largely determines
the creation of optimal conditions for train operation
and the final economic indicators of rail transport.

It is proposed to use the theory of graphs and
flows in networks to choose the route of wagons
taking into account:

+ the cost of carriage of goods, the volume of
processed car flows, fuel consumption, non-
productive mileage of rolling stock;

« the cargo transit time and other technical and
economic indicators.

This allows to correctly assess the possibilities
of existing configuration of the network of railways,
technical means (rolling stock), facilities and
devices (tracks, power supply, signaling and
communications) and select their most efficient use
that meets the requirements of carriers.

The balance of transportation needs and of
transportation capabilities of railways, as previously
indicated [5, pp. 21-23], is provided by the criterion
for obtaining the highest fare (profit).

Railway network graph model

The solution to the problem of planning the
transportation of goods provides that applications
are superimposed on the model of the graph of the
railway network. At each section applications (cars)
«passing» on it are summarized. The amount of cars
is divided by the average number of wagons in
trains. The resulting number of trains is compared
with the available capacity of the section. If the
application does not exceed the capacity of the
sections, it is included in the cargo transportation
plan.

If the carrying capacity of one of the sections is
exceeded, transportation in a roundabout (bypassing
the section that has exhausted the available carrying
capacity) with a charge for the actual distance of
transportation is offered to the shipper. If the
consignor refuses transportation in a roundabout,
the application is rejected. As a result, a combination
of applications arises, in which the number of cars
(profit, cargo turnover, or weight of the cargo
transported) in the sections will be maximum and the
carrying capacity will not be exceeded.

For example, this is how the development of a
transportation plan looks like if it is considered by
the criterion for obtaining the highest fare. The
description of the statistical infrastructure model of
the railway network is shown in detail in [5,
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Pic. 1. A network of railways with carrymg capacity of sections [5, p. 2 1 ]

p. 21-23]. We will expand the model, returning to
and refining previously presented results, if
necessary, taking into account data sources.

The statistical infrastructure model of the railway
network is described by the graph:

Gk = {Vk" Rk}’

whereV, - allv, vertices of the graph — stations; R, —all
r, edges of the graph — sections; k - sequence
number, or designation of the vertex, or the edge on
the graph [5, p. 21].

All data, defined as the parameters of the
infrastructure model, are updated when a change is
made.

The main sources of model parameters:

+ for stations- an automated databank of
technical and administrative acts of stations and
technological processes;

- for sections — Network-3, ASOUP-2 software
systems, normative and variant schedules and train
formation plans drawn up at the Main Computer
Center of JSC Russian Railways.

Further, as indicated, we determine that each
edge of the calculated graph corresponds to a set of
parameters (from the Network-3 system):

R, :{LR7V;;5DI‘;}

s

where L,— length of the section bounded by stations

(vertices) V,, km; Vi — section speed of cargo trains
of various categories u along the section, km/h;
Dy - technological time of travel on the section R, of
trains of the category u, h (D,’{ =L, /vy ) .

V, station receives regularized set of orders. The
algorithm scans the tables of orders and forms the set
S in the form of a table of orders, ordered by time. In
accordance with the album of the shortest distances the
applications are «superimposed» on the graph of the
network of railways. At each section applications (cars),
«passing» on it, are summarized. The amount of cars is
divided by the average composition (number of wagons)
of trains. The resulting number of trains is compared
with the available capacity of the section n;(Pic. 1) [5,
pp. 21-22].

The task is to optimize profit r, received from
applications s.

The representation of the objective function of
the problem for its first variant, its solution through
a recurrent two-step procedure are given in [5,
p. 22-23].

Ateach stage, the set of applications is sequentially
considered and the maximum profit from transported
wagons (accepted applications) is calculated
according to the following algorithm:

1. The ordered set S cyclically considers presence
of unprocessed applications (block 1).

2. From the ordered set S, the next application s
is taken (block 2).

3. Forthe application s, the route of transportation
L and the sections I, included in it are determined
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according to the album of the shortest distances
(block 3).

4. The Ij sections of applications s, are cyclically
viewed (block 4).

5. Sections lj along the route (block 5) are
consistently viewed.

6. In accordance with the distance along the
shortest route, the freight charge r is determined
(block 6).

7. The current number of cars tl.is determined for
each section I/, along the route (block 7).

8. During the consideration of each application s,
by the accrued method, the current number of wagons
in the sections is summarized, i.e. the number of
wagons p from the application s, is added to the
current number of cars t. in each segment I, making
part of the transportation route L (block 8).

9. The resulting increasing current number of cars
tis divided by the normal number of cars in composition
m and converted into a train flow N for each section
(block 9).

10. The resulting train flow N is compared with the
available transit capacity of section n:

t.
m71< n; (block 10).
J

11. With N > n, the bypass of the section is found
with a corresponding increase in the fare (block 11).

12. If there is a detour around this section, the
shipper is offered to send the cars via an alternative route
(block 12).

13. At the completion of the cycle of viewing the
options for transporting the dispatch, it is checked
whether the option had been successfully found
(block 13).

14. If the traffic capacity of a section is not
exceeded or there is the consignor’s consent to use
an alternative route, the application is included in the
transportation plan P with a corresponding increase
in total profit (block 14).

15. If the consignor disagrees to use the
alternative route, orin its absence, the application
is not included in the transportation plan P (block
15) and is transferred to the ordered set S, of the
next month (block 16).

The implementation of the algorithm in the form
of a flowchart is presented in Pic. 2

Rules are not for form’s sake

On the basis of the cargo transportation plan,
technical standards for operational work are being
prepared. The purpose of technical regulation is to
ensure the implementation of the monthly
transportation plan. To achieve this goal, the following
tasks are solved:

« determining the volume of traffic for the
upcoming month (on average per day) and its
distribution along the roads and large stations;

- calculation of indicators to ensure the
implementation of this amount of work;
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Pic. 2. The flowchart
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« distribution of technical equipment and resources
by railway units in accordance with the volume of their
work.

The result of solving these problems is a system of
indicators to be performed during the whole month,
which are called technical norms.

At the stage of technical regulation, the volume of
traffic, the direction of car flows, the transfer of cars to
the junction points between roads, the tasks for
transportation, the necessary resources, quantitative
and qualitative indicators, indicators of rolling stock use,
adjustment measures, etc. are set. Unfortunately, all this
is done based only on the needs for transportation of
goods — without taking into account the transportation
capacity of the railways. The resulting unjustified losses
due to the lack of a link between physical and financial
indicators remain without a proper economic
assessment.

Elimination of other shortcomings is required in
technical regulation. The norms of operational work
are determined before the beginning of the planned
month, but at this time the plan usually contains only
about 30 % of the upcoming traffic. That is, the
modern transportation plan has ceased to be a
complete and reliable information source, a basis for
technical regulation. So expert methods have become
an alternative option. Moreover, upcoming traffic
volumes, as well as the technical capabilities of
transport, carrying capacity and transit capacity of
sections, processing capacity of stations are
assessed expertly, while transportation resources of
railways, loading and unloading capabilities of cargo
facilities and stations, availability of cars and
locomotives are almost never evaluated.

On the basis of detailed plans for transportation of
goods, tables of loading in cars on the destination
railways are compiled. Cargo loading volumes along
destination railways and types of rolling stock are used
to develop a consolidated network transportation plan,
which is called «checkerwork». These «checkerworks»
are compiled for each kind of rolling stock, with their
help on each railway loading and unloading is planned.
At the Main Computing Center of JSC Russian Railways,
the size of loaded car flows for each inter-road joint point
is determined.

However, it is impossible to determine the size of
movement of laden traffic on specific sections,
directions and inter-road joint points according to the
«checkerwork», as it shows only inter-road loading
correspondence. Therefore, it is necessary to go from

the inter-road correspondence to the correspondence
between the joint stations of railways.

There are two ways to determine the planned
laden car flows by given directions:

« approximate, when the volumes of laden car
flows are obtained using the «checkerwork» with the
help of special calculation tables, the so-called
standards;

+ «accurate» when according to the data of
detailed transportation plans with indication of
destination stations or contracts for the supply of
products using a computer, the volumes of car flows
for each section are found.

Inthe plans for transportation of goods, destination
stations are indicated only in local traffic. Therefore,
to determine the planned laden car flows the
approximate method is used. For each inter-road joint
point of the railway, two calculation tables (standards)
are developed: one for the odd and the other for even
directions. In the left part of these tables, all loading
railways, the wagons from which should pass through
this joint point, are recorded verically, and the railways
to which those cars arrive for unloading are recorded
horizontally at the top of the table.

Calculation tables (standards) serve not only to
identify cargo flows for monthly technical regulation
of operational work, but also to develop a plan for
formation and schedule of trains.

The distribution of loading at the exit points is
determined by experts, based on the existing
connections between the railways. This relationship
is subject to daily changes in space and time.
Therefore, the size and direction of car flows vary
significantly.

Another discrepancy is associated with the choice
of the direction of car flows. The shortest travel route
is applied for which a freight charge is collected. For
example, for a delivery from Omsk node to Sverdlovsk
node the shortest route is through Tyumen, but
through Kurgan node the running time is five hours
less, and fuel consumption is 15 % less. Thus, in
addition to the shortest route, an economically viable
route may also be considered. Therefore, when
choosing the route of cars, itis necessary to take into
account:

+ cost of transportation of goods, volume of
processed car flows, fuel consumption, unproductive
mileage of rolling stock;

« time spent on cargo transit and other technical
and economic indicators.
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To minimize time and resources

When planning the size of movement of trains
within the areas with numerous branched sections,
as we see, notonly temporary factors are important,
but also factors related to availability of resources
for transportation. Optimization of planning of train
work in time and resources allows for transit of the
necessary train flow in the planned period with
minimum resources or as soon as possible with the
specified resources. Such an approach to the
problem is especially significant in the technical
regulation of the operational work of railways and
shift-daily planning. It allows to properly assess the
capabilities of the network configuration, technical
means and devices, to choose the most effective use
of them [6, p. 276].

The task of minimizing the cost of processing
train flows in a mathematical form can be formulated
as follows: each edge of the network corresponds to
the throughput n, indicating the maximum train flow
that can be processed through this edge. In addition,
each edge bi]. is associated with the cost CU of
processing of one train from the top a, to the top a
along the edge b,.i. Itis necessary to find the train flow
from the source to destination, which has a given
value and has a minimum cost. Joint points of an area
are mainly considered as source and destination
points. And since the local train flow has its
destinations within the area, in this case the flow with
the minimum cost for transit trains is determined.

Formally, the task is to minimize Z = z Cijb,,iz when:

=N,if j=S,
b ~Xby =100 j*S.1;
i7 ok N,if j=t;

0<p, < n,.l.(for all i, j).

his implies that N does not exceed the maximum
flow from a_ to a, otherwise the problem has no
solution. If there were no restrictions on the carrying
capacity of the edges, then it would be enough to
find the most economical way from a_to a, and to
process the entire train flow through it.

Inlinear programming, there are computationally
efficient algorithms (for example, see [7, p. 132])
that allow to get train flows of minimal cost.

Due to the seasonal and daily uneven loading of
the lines during the «peak» periods, part of train flows
cannot be processed along the shortest routes. At
the same time, even if the maximum train flow is
processed at some sections, the carrying capacity
of an area with many branches of sections is not
achieved. Movement of flows along alternate routes
increases the network load and may worsen the
conditions for processing of trains for which these
routes are shortest. In some cases, there is a chain
reaction caused by directing of train flows through
alternative routes. In turn, an increase in the load of
sections slows down the flow and impairs the use of
the capacity. The costs associated with this determine
the effectiveness of the use of alternative routes.

For each area with many branches of sections,
it is desirable to determine such a load, the excess
of which makes it inefficient to use bypass routes. In
particular, itis possible to prohibit the use of sections
for processing roundabout train flows when the
intensity of traffic in these sections exceeds the
capacity. Such an approach is quite likely when using
the dynamic management of train flows on the railway
network.

For efficient use of sections, it is advisable for
each destination of car flows in terms of train
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formation plan to determine the direct route (it may
not be the shortest) to process the main load and
detours for processing the excess load. In general,
the entire flow of trains at each destination is the
simplest (Poisson). However, the trains that make
up the excess will no longer be such a simple flow. It
becomes simple only at the moments when the
intensity of movement along the shortest routes
exceeds their carrying capacity, i.e. the occurrence
of an excess flow is concentrated only during a part
of the considered time interval. This means that the
excess flow of trains is more concentrated, more
irregular. With the same average traffic intensity, it
requires larger capacity than the simplest flow.

The correctness of the calculation of loaded car
flows on the railway network as a whole is checked
for acceptance and delivery. These values should be
equal to each other [8, p. 253].

Budget integration

The technical regulation of operational work of
railways, which defines the guidelines for operational
management of the transportation process, should
clearly formulate the goal: what we want to achieve by
making this or that decision. Longer time, on the one
hand, requires an increase in the average train weight.
On the other hand, itis necessary to increase the local
speed. Both indicators are among the budget tasks of
production. Butthe goals behindthem are contradictory.
There is an inversely proportional dependence
between these indicators [9, p. 18]. While using one
and the same technical equipment, increasing the train
weight causes the need to reduce section speed and
vice versa. Atthe same time, an increase in the average
train weight and an increase in section speed can be
achieved only if the power of locomotives increases,
the condition of the track improves, etc., that s, if the
technical equipment changes.

This situation reflects the contradictions of the
modern rationing of operational performance
indicators, when there are several goals. The problem
of multiplicity of goals is still being solved by
«administrative-command methods». Whereas goals
must be prioritized. In our case, the train weight should
take precedence when the capacity of sections is
exhausted or is at a high level. As it was in the 1980s.
In the absence of construction of new unloading lines
and high throughput, the increase in the average train
weight allowed at that time to increase the volume of
annually transported cargo. In modern conditions,
when after decrease in the transportation volume in
1991, we witnessed excessive capacity but a shortage
of certain types of cars, priority should be given to the
section speed, which allows to speed up the car
turnover, reduce the effects of deficiency in rolling
stock and use the existing fleet of cars to transport
more cargo. Although in some directions with powerful
car flows the dominant idea of increase in train weight
can remain.

In order to achieve improvement in one of the
indicators, one of the goals, it will be required to
sacrifice other indicators. It is advisable to choose a
«victim» by ranking the targets. For technical
regulation and operational management of
transportation the choice should be carried out
following financial and economic indicators.

It is most efficient to carry out regulation of train
work on cargo-intensive areas developing optimal
operating conditions. For this, the vertical section in
the standard schedule of traffic on cargo-intensive
sections determines the maximum number of trains
that can simultaneously be there. And the latter should
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determine the number of trains that can be brought
to the section and the necessary resources for this
and, as a result, the calculated achievement of final
results, operational and financial indicators.

The plan must contain not only indicators, but also
ways to achieve them. Using the operating modes of
shunting stations allows to create and maintain
optimal conditions of their work. Similarly, the choice
of optimal modes for the use of sections allows to
create the optimal conditions for train work.

It is also timely to comment on the shortcomings
of the modern budget, which are eliminated by its
combination with the technical regulation of
operational work.

The production budget determines the production
program of the enterprise for the upcoming period.
The railway industry is characterized by provision of
volume and quality indicators in the budget [10, p. 85].

Information base of budgeting today is the
management accounting system of the enterprise,
and more simply — the reporting data for the past
period. Thus, on the basis of the work done previously,
the distribution of budgetary indicators is forecasted,
including the expenses of the subdivisions for
maintenance, overhaul, general business expenses,
etc. Asaresult, the plans obtained through significant
efforts do not become a sufficiently effective
management tool, which is carried out mainly as
before by the expert distribution of working capital for
various current budget items.

The transition from a static to a flexible budget of
expenditures makes it possible to adequately assess
the activities of branches, determine the correct
amount of their funding and improve the system of
cost management.

The most important problem in this area is the
realness of developed financial plans. Effective
management is possible only if there is a reasonable
plan for a relatively long period of time — a year, a
quarter. The unreality of plans is caused, as a rule, by
unreasonable sales planning data, a planned share
of funds in calculations, underestimated repayment
terms of receivables, and «bloated» financing needs
(subdivisions’ costs for maintenance, major repairs).

Combining the production budget and technical
regulation of operational work will allow:

« to combine the system of operational and
financial indicators on the basis of planned
calculations, providing a market assessment of the
transportation process;

« to establish goals and strategies to achieve them
basing on the top-down principle;

« to optimize the use of resources at minimum
operating costs;

« to budget not according to the reported data on
the past work, but to forecast financial flows and
increase the efficiency of their distribution;

- to balance the needs for transportation and the
actual transportation capacity of the railway;

- to obtain the greatest economic effect with a
shortage of resources;

« to adjust the cash flows in accordance with the
resources and established norms for their use;

« to ensure optimal financial results;

 to link planning of financial obligations of
enterprises, their implementation and material
incentives for employees.

For implementation of these principles, it is
necessary to realize the integration tasks for both
spheres of activity — budget and technical regulation,
operational work.

Conclusions.

1. As the technical regulation of operational work
must contain an economic assessment of organization
of the transportation process, the production budget
should be based on indicators of technical regulation,
but not on the forecast based on the reported data on
the past time.

2. Technical regulation of operational work must
include financial indicators and economic instruments
that allow to implement the company’s strategy and
ensure a reduction of the costs of the transportation
process.

3. The production budget should become a real
tool for planning and managing the transportation
process; for this, instead of an expert assessment of
volume and quality indicators, a reliable cargo
transportation plan is to be used.

REFERENCES

1. Krasnoshchek, A. A. Development relay | Estafeta
razvitiya). Gudok, 2016, 26 June, pp. 2—3.

2. Levin, D. Yu. Witte, S. Yu. Outstanding railway
worker [Witte S. Yu. Vydayushchiisya zheleznodorozhnik].
Moscow, Infra-M publ., 2018, 418 p.

3. The Big Transport Encyclopedia: In 8 vol., Vol. 4:
Railway transport [ Bolshaya entsiklopediya transporta: v 81.
T. 4: Zheleznodorozhniy transport]. Moscow, Great Russian
Encyclopedia, 2003, 1039 p.

4. Levin, D. Yu. Needs for transportation and
possibilities of railways: Monograph [Potrebnosti v
perevozkakh i vozmozhnosti zhelznykh dorog: Monografiya).
Moscow, Infra-M publ., 2017, 247 p.

5. Levin, D. Yu. Consistency in Transportation Process
Control. World of Transport and Transportation, Vol. 16,
2018, Iss. 6, pp. 20—32.

6. Levin, D. Yu., Pavlov, V. L. Calculation and use of
the throughput capacity of railways | Raschet i ispolzovanie
propusknoi sposobnosti zheleznykh dorog|. Moscow, TMC
for education on railway transport, 2011, 364 p.

7. Hu, T. Integer programming and flows in networks
| Tselochislennoe programmirovanie i potoki v setyakh].
Moscow, Mir publ., 1974, 519 p.

8. Smetanin, A. I. Technical regulation of operational
work of railways [Tekhnicheskoe normirovanie
ekspluatatsionnoi raboty zheleznykh dorog]. Moscow,
Transport publ., 1984, 295 p.

9. Levin, D. Yu. The theory of operational management
of the transportation process [ Teoriya operativnogo
upravleniya perevozochnym protsessom]. Moscow, TMC for
education on railway transport, 2008, 625 p.

10. Tereshina, N. P., Shkurina, L. V. [ef a/]. Budgeting
on railway transport: Textbook [Byudzhetirovanie na
zheleznodorozhnom transporte: Uchebnik]. Moscow, TMC
for education on railway transport, 2010, 344 p.

Information about the authors:

Levin, Dmitry Yu. — D.Sc. (Eng), professor of the department of Management of operational work and
transport safety of Russian University of Transport, Moscow, Russia, levindu@yandex.ru.

Shulgenko, Zinaida S. — deputy head of Economic service of Central Directorate of Traffic Management —
branch of JSC Russian Railways, Moscow, Russia, shulgenkozs@center.rzd.ru.

Article received 30.08.2018, accepted 10.11.2018.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 100-115 (2019)

Levin, Dmitry Yu., Shulgenko, Zinaida S. Relationship between Business Budgeting and Technical

Regulations




ECONOMICS

(YZ[K 336.763.3; 656.2

Mapuxa SSKOBJIEBA
Marina A. YAKOVLEVA

Jliopmuna KOYHEBA
Lyudmila F. KOCHNEVA

Analysis of Financial Indicators of Bond
Issues of a Holding Company

(TeKCT cTatby Ha aH. 93. —

English text of the article — p. 123)

Ha poccuiickom pbiHKe TPaHCMOPTHbIX
o6nurauwnii OAO «P)X/[» 3aHnmaert

Beayujee nonoxexnne. C 2010 rona

XOJIAUHI BbIMyCKaeT eBpoobnrauun.
MesxayHapopaHbie npoekTbl Tpe6yioT
60/1bLLIOrO KOJIN4EeCTBa PecypCcoB

B MHOCTpaHHoWi Basiiote. Ho B coBpeMeHHOo
CUTyaLmn BbIMyCK 06nravLnii ConpsikéH

C cepb&3HbIMU pUckamu. Cpeamn HUX npexae
BCero BaJIIOTHbINA, PUCK Hepa3MeLLeHUs],
MPOLEHTHbIN, pernyTaunoHHbii. lpumeHeHne
HecTaHAapTHbIX MeTo[0B PUHaAHCOBOM
MaTemMaTUKu No3BOJISIET OL€HUTb PUCK
BbIMYyLLEHHbIX 00IUraymnii C TOYKU 3PEeHNS X
noraweHus. YTo6bI NPUHATL NPaBUIIbHOE
peLieHne OTHOCUTE/IbHO BJ/IOXXEHUS
cpeAcTB, UHBECTOPaM peKoOMeHAyeTCs
cocpeaoTo4YNTb BHUMaHNE Ha Taknx
nokasartesnsix, Kak gropawus u OTHOLLUeHne e€
K MOJIHOMY CPOKY o6 amuravuii.

Kntovesbie croBa: prHaHChl, 9KOHOMUKA,
XOJIANHT, PbIHOK KOPNOPaTUBHOIO A0Jra,
KpPeaUTHbIE PeUTUHIN, €BPO0BIMraLmm,
YSA3BUMOCTb AMUTEHTA, PUCKU, AlopaLms,
J10/1IroBas Harpy3ka, KpeauTHbIV MopToeib.

DOI: 10.30932/1992-3252-2019-17-1-116-127

IKOHOMWKA

AHanun3 UHaHCOBbIX
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BbIMYCKOB XOJIANHra

Kouneea Jlioomuaa Dédoposena — kanouoam
MexXHu4ecKux HayK, doyenm, 3a6edyruids Kagpeopoi
mamemamuru Poccuiickoeo ynueepcumema
mpancnopma (MHUHUT), Mockea, Poccus.

Sxoeaeea Mapuna Asexcandposna — Kanouoam
IKOHOMUMECKUX HAYK, DoyeHm, 3agedylouas Kagheopoii
IKOHOMUHECKOU meopuu U MUPO8ol S3KOHOMUKU
Poccuiickoeo ynusepcumema mparcnopma (MUHUT),
Mockea, Poccus.

JIST ppIHOYHOUW 2KOHOMWKHU Xapak-

TEPHO HAaJM4YUE OMpPENeJTEHHBIX

YCIIOBUIA, KOTOPBIE TOXKHBI YYUTHI-
BaTbCs COBPEMEHHBIMU KOMMAHUSIMU.
Cpenu HUX clieyeT OTMETUTh, BO-TIEPBBIX,
YKpYNHEHUE MPOU3BOACTBA B PE3yJIbTaTe
pocTa KOHLUEHTPALUMU U LEHTpaJIU3alUU
KanuTajla, a BO-BTOPbIX, OTPAHUYEHHOCTh
pecypcoB. [locnenHee oTHOCUTCS U K U-
HaHCOBBIM pecypcam. [Ipu ux orpaHuYeH-
HOCTHU Jaxe KPYIMHbIM KOMIAHUSIM He XBa-
TaeT COOCTBEHHBIX CPEACTB st (hMHAHCH -
pOBaHUS CBOEW TEKyIIEW NESITEIbHOCTH
U pa3BuTus. PelieHuemM npo6ieMbl SIBISET-
CS UCITOJIb30BaHUE MPUBJIEYEHHBIX CPEICTB.
OaHuM 13 HauboJsiee aKTyalbHBIX UHCTPY-
MEHTOB B 3TOM CMBICJIE CYUTAIOTCS 0OJIUTa-
LUU.

CErMEHT OBPEYEH PA3SBUBATbCSH

B Poccuu peIHOK KOpIIOpaTUBHOTO JI0JI-
ra Wjix KOpropaTUBHBIX O0IUTaluil BOSHUK
B 1999 roay. baHkoBckoe KpenuToBaHUE He
MOTJIO IOKPBITh MOTPEOHOCTU KPYIIHBIX
KOMIIaHUMII B pecypcax, U TOrjJa B CTpaHe
MOSBUJIMCH TTepBhie oonmurauun. C Tex mop
39TOT CEIMEHT (DMHAHCOBOIO PhIHKA JMHA-
MUYHO Pa3BUBAETCS.
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CeroHs1 pOCCUNACKUIA PIHOK OO TUTalIU i
WCTIBITHIBAET BIUSHUE TTPOTUBOPEUYMBHIX
(bakTOpoB. DTUM OOBSICHSIETCSI COUeTaHUE
TpeHJa Ha POCT 00OBEMOB PBIHKA C €ro Co-
KpalleHUsIMU B OTHeIbHbIC TTepuoabl. Tak,
o JaHHBIM aHanuTUKOB Cbonds, mo co-
ctosHUI0O Ha 1 Hos0pg 2018 roga 00BEM
PBIHKA KOPITOpaTUBHBIX oouraiumii Poccun
yBeanumics 3a Mecsan Ha 0,21 %. OOumii
00BEM BCEX BBIITYCKOB KOPIMOPATUBHBIX 00-
aurauuii coctaBua 11,666 TpaH py6aeii,
KOpHopaTUBHBIX eBpoobguranuit — 112,3
MJIpA aojuiapoB. B oOpallieHUM HaXoaUTCs
1353 sMuccum obauranuii, BIMYIIEHHBIX
401 smutenTomMm [1].

OJIHUM U3 MEPBLIX YYaCTHUKOB POCCUIA-
CKOTO pbIHKA 00JIMTaInii OblIa KOpIIopaIust
«Poccuiickue xenesHnble goporu». IlepBoe
pasMellieHre O0JIUTAINid €0 OBLTIO OCyIIIe-
ctieHO B 2004 romy.

Heine OAO «P2K]/1» — omHa U3 KpynHeii-
WX TPAHCTOPTHBIX KOMITAHWUH CTpPaHBI,
EBpornbl 1 MupoBoit akoHoMuku. OHa OT-
HOCHUTCS K CTpAaTernyecky BaXKHBIM KOMTIIA -
HusMm Poccuu, pasmep e€ BkJaga B Halry
5KOHOMUKY 1o utoram 2017 roga coctaBisin
okouio 1,4 % BBII. B coGCTBEHHOCTH XOJI-
JIMHTA HAaXOJIUTCS TPEThsI B MUPE T10 ITPOTSI -
JKEHHOCTH XeJIe3HOIOpoXKHas ceTb, 100 %
aKIMil KOMIIAaHUW TIPUHAIIEKUT POCCUI-
CKOMY TOCYIapCTBY.

«P2XKJI» cTtaBut nepen coboil Mmacmrabd-
HBIE 11eJT1, BKJTIouasi QOpMUPOBAHUE SIMHO-
ro TpaHCIIOPTHOTO TpocTpaHcTBa Poccun
Ha 0a3e cOaTaHCMPOBAHHOTO OTIEPEXKATOIIIE -
ro pa3BUTHS 3(PHEKTUBHON TPAHCTIOPTHOMN
UH@PacTpyKTyphl, 00ecredeHUe JOCTYITHO-
CTU M KayecTBa TPAHCIOPTHO-JOTUCTUYEC-
ckux yciayr. O0bEM NeHEeXHBIX CPeACTB,
M3PacXO0BAHHBIX XOJIIMHTOM Ha MHBECTH -
IIMOHHBIE 1IeJIM, B MEePBOM IOJYTOIUU
2018 roma mpeBbicy 287 Mupa pyosaei (1s
cpaBHeHUS: B 2017 Tromy — 251,495 Mupn).
Brina mpomomkeHa peanusalus MpoeKTOB,
HaIlpaBJIeHHBIX Ha OOHOBJIEHME TapKa JIo-
KOMOTHBOB, TTOBBIIIIEHUE TTPOITYCKHOM CTIO-
cobHocTU U obecrieyeHue 0e30MacHOCTHU
JKeJIE3HOTOPOXKHOU MH(PPACTPYKTYPHI.

MNuBectuuumonHasa nporpamma OAO
«PXK]I» na 2018 rox cocrasisiia 549,6 mipa
py6aeit. CymmapHble UHBECTULIUY B Pa3BU-
THE XKEeJIE3HOJOPOXKHOr0o TpaHCIIoOpTa 10
2025 roga oueHuBaroTcs B 7,553 TpyH pyo-
Jieit, u3 Hux okoso 150 mupna py6iaeit maa-
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HUPYETCS TOTPATUTh Ha BHeIpeHNe TG po-
BBIX cCepBUCOB [2—4]. B uncie MmaciTabHbIX
MMPOEKTOB MOXHO Ha3BaTh MOJEPHU3AIIMNIO
bAMa u Tpanccuba, pa3Butue UHOPACTPYK-
Typbl B MOCKOBCKOM 3K€JIe3HOJOPOXKHOM
y3Jie, 0OOHOBJIEHUE XEJIE3HOJOPOXKHON UH-
bpacTpykTypsl Ha ToAxonax K MopTam
AzoBo-YepHoMopckoro 6acceiiHa, co3aa-
HUE BBICOKOCKOPOCTHOM PEJIbCOBOW Maru-
ctpanu MockBa—KazaHb, CTpOUTENbCTBO
CeBepHOro MUPOTHOTO XOJa.

EcrecTBeHHO, Ha BCe 3TU LIEJIM TIPUBJIC-
KaloTcs 3HaUUTeNIbHbIE cpenacTBa. M He ciy-
YaiiHO Ha PBIHKE TPAHCITOPTHBIX OOIUTAINIA
OAO «PX]l» 3aHuMaeT Beaylliee MoJ0XeHUE.
C MOMEHTa CBOETO MPUCYTCTBUSI Ha PhIHKE
KOPTIOPAaTUBHOTO J0JITa KOMITAHUS TT0JTyJasia
JMIOCTOWHBIE PEUTUHTU OT aBTOPUTETHBIX
KPEAUTHO-PEUTUHTOBBIX areHTCTB Moody’s,
Standard & Poor’s, Fitch [6].

KpenuTHble pedTUHTH UCTIOJB3YIOTCS
JIJIST OLIEHKM TIIAaTEXECITOCOOHOCT SMUTEH -
Ta IOJTOBBIX 00s13aTebcTB. DUHAHCOBBIN
CMBICJT 3aKJIFOYAETCS B TOM, UTO YeM BBIIIE
KPEAUTHBIM PEUTUHT, TEM HallEKHEE 00bEeKT
TSI THBECTUPOBAHUS M TEM HUXKE TTOTEHIIH -
aJibHasl IOXOJHOCTD IO JOJTOBBIM UHCTPY-
MeHTaMm. Hajmuue peliTuHra 1a€t BO3MOX-
HOCTb 9MUTEHTY Tpejiarath CBOU IIeHHbIE
OyMmaru mupoKOMY KpYTy UHBECTOPOB.
B 11e10M KpeauTHBIN pEUTUHT IeaeT Kpe-
nuTOpa 6oJiee M3BECTHBIM U MTOJTHUMAET eT0
peryTaiuio Ha BHYTPeHHEM U MEXXIyHapO/I-
HOM (pMHAHCOBBIX pbIHKaX. Tak Kak y peii-
TUHTOBBIX aT€HTCTB CYIIIECTBYIOT OCOOEHHO-
CTU B OlleHKe ()aKTOPOB, BIUSIOMIMX Ha
TMO3ULIMY SMUTEHTA JOJITOBBIX 00513aTETLCTB,
MHOTHE KOMITAaHUM IMPEANOYUTaIoT odpa-
maThbcsl cpa3y K OlleHKaM HECKOJbKHUX
areHTCTB.

PEATUHIN HADEXXHOCTHU
KpenutHbie peTUHTY UMEIOT ABE IIKa-
JIBL: TI0 MEXIYHApOIHOMN LIKAaIe SMUTECHTHI
JIOJITOBBIX 00513aTENbCTB CPABHUBAIOTCS
C APYTMMU CTPaHAMU U MEXAYHAPOAHBIMU
KOMIIaHUSMHU, a [0 HALlMOHAJIbHON LIKaje
CPAaBHEHUE SMUTEHTOB OCYLIECTBISETCH
B paMKax olHO# cTpaHbl. KoppecnoHnaeHIIus
MEXIYHAPOAHBIX IIKaT BEAYIIUX MUPOBBIX
areHTCTB NpuBeAeHa B Tabsuuie 1. [1pu aTom
MEXIYHAPOAHBIM KPEAUTHBIA PEUTUHT Op-
TaHW3allMU HE MOXET MPEeBbIIIATh KPEIUT-
HBIA PEUTHUHT €€ CTPaHBbI.

KouHeBa J1. ®., AkoBneea M. A. AHanu3 Gp1HaHCOBbIX NOKa3aTesneil 06/INraLMOHHbIX BbIMYCKOB XOJAUHra




Taoimuna 1
CooTBeTCTBHE MEXKIYHAPOIHBIX IKAJI

aHCKBaTHOﬁ, a CTCIICHb pUCKa MCHACTCA
B 3aBUCHMMOCTMH OT 3Talla pa3BUTUA 3KOHO-

Moody’s, Standard & Poor’s, Fitch

Ne Moody’s S&P Global | Fitch Ratings
Investors Service | Ratings

1 Aaa AAA AAA

2 Aal AA+ AA+

3 Aa2 AA AA

4 Aa3 AA- AA-

5 Al A+ A+

6 A2 A A

7 A3 A- A-

8 Baal BBB+ BBB+

9 Baa2 BBB BBB

10 Baa3 BBB- BBB-

11 Bal BB+ BB+

12 Ba2 BB BB

13 Ba3 BB- BB-

14 Bl B+ B+

15 B2 B B

16 B3 B- B-

17 Caal CCC+ CCC+

18 Caa2 CCC CCC

19 Caa3 CCC- CCC-

20 Ca CC CC

21 © © ©

ITo aHHBIM PYIITBI MEXIYHAPOIHBIX TPOEKTOB
000 «Cbonds.Ru» [5, c. 2].

JIns olleHKU HaAEXHOCTU O0beKTa MH-
BECTUPOBAHUS UCMOJb3YETCS TaKXKe Mpo-
THO3, KOTOPBIIi BapbUPYeTCS B paMKax 4e-
TBHIPEX BApUAHTOB: TTO3UTUBHBIN (3HAUCHUE
peiTUHTa MOXET OBITh TIOBBIIIIEHO), HETa-
TUBHBIN (BEpOSITHOCTh TTOHMKEHUST), CTa-
OUJNBbHBIN (3HAYEHUE pPEUTUHIA CKOpee
BCEro He U3MEHUTCS), pa3BUBAIOIIUICS
(3HaYeHWEe MOXET OBITh MOBBIIIEHO WJIU
NOHUXEeHO). [OpU30HT MPOTHO3UPOBAHUS
COCTaBJISIET OT LIECTU MECSIIEB 0 IBYX JIET.

Hpyrum nmapamMeTpom SIBJISIETCS KaTero-
pus peutuHra. lllkana pedTUHTOB BceX
AreHTCTB MOJpa3iessieTcsl Ha JABE KaTero-
puu: 1) ”THBECTUIIMOHHASI 0003HAYAET IPYyTI-
ny CTaOUJIBbHBIX, YCIIEIIHBIX SMUTEHTOB;
2) crnekyJsaTUBHasE — OoJjiee pUCKOBaHHas
rpymmna MuTeHTOB. Tak, peiitunru BBB+,
BBB, BBB- oTHOCSTCSI K M”HBECTULIMOHHOM
KaTeropuu U 0003HAYalT JOCTATOYHYIO
CIMIOCOOHOCTh SMUTEHTA ToTalarh (PuHaH-
COBbIE 00$13aTeNbCTBA MPU BBICOKOW UYB-
CTBUTEJBHOCTHU K HEOJIarONpPUSITHON 3KOHO-
MUYECKOUW KOHBIOHKTYpe. BeposaTHOCTh
BBITJIATHl 3aliMa U MPOLEHTOB CUUTAETCS
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MUKU cTpaHbl. PeiitTunr BBB- npu satom
caMblii HU3KWUW B JaHHOW KaTETOpPUM.
HaupiCIIMM peATUHIOM B CIIEKYJISITUBHOU
kateropuu BbeicTynaeT BB+. OH o3Havaer
HEOOJBIIYIO YSI3BUMOCTh SMUTEHTA B KpaT-
KOCPOYHOI MepcrneKTuBe U 060Jiee BBICOKYIO
€ro 3aBUCUMOCTb OT HETaTUBHbBIX U3MEHE-
HUI B 3KOHOMUYECKON U (pMHAHCOBON
cdhepax. BrlruiaTel o 3aiiMaM TOCTaTOYHO
XOPOUIO 3alIUIIEHBI.

3a BpeMs MpUCYTCTBUSI Ha PbIHKE OOJIM-
rauuii OAO «P2K/I» mompnepkuBajo cTabUib-
HBII peUTUHT, Bapbupylomuiics or BB+ 1o
BBB+ (o mikane S&P). Haubosee Huskue
rmokasatesin otMedanuch B 2004 1 2016 rogax.
B 2004 romy 5T0 MOXHO OOBSICHUTH BEIXOJIOM
KOMMAaHUU Ha PBIHOK MOJTOBBIX 00s3a-
TEJbCTB, a pedTHHT 2016 roma mpeacTaBisi-
eTcsl MOCJEACTBUEM CHUXXEHHUS Kypca poc-
CUICKON BaJIIOTHI U YMEHBILIEHUSI MOTPeOu-
TEJIbCKOTO CITPOCca, MOBAUSBIINX HA PE3yJib-
TaThl ACATEIBHOCTU XEJIE3HBIX TOPOT.

AKTyaJibHblEe PEUTUHTU U MPOTHO3BI
MpUBEIEHBI B Tabaule 2.

S&P 1 Moody’s moBbicunu peiituHr OAO
«PXKI», a Fitch B 2018 roay He BbICTaBJISIIIO
OLICHKY. B 11eJToM KOMITaHUSI UMEET BBICOKUE
PEUTUHTU: TOJTOBbIe 00sI3aTebCTBA MEpe-
BE€IEHBl U3 CIEKYJSITUBHOU KaTeropuu
B UHBeCcTULMOHHYI0. O6nurauuu «P2K]I»
SIBJISIIOTCS OMHUMU U3 CAMBIX HAJEXHBIX Ha
POCCUIICKOM PBIHKE, a KPETUTHBIE PEUTUH-
Y OT HALIMOHAJIbHBIX PEUTUHTOBBIX aTEHTCTB
HaXoAsTCS Ha MaKCUMaJbHOM ypoBHEe AAA.

OBJIUTALUOHHBLIE BUAbl U PUCKU

Bce obnuranuu, Beimymenusie OAO
«PXK», nensarcs Ha ciaenyouie BUIbI:

* OUpKeBbIe OOJUTAIIMM JTOKYMEHTap-
HbIE MMPOIEHTHbIE HEKOHBEPTUPYEMble Ha
MPEeIbSIBUTEIIS C 00sI3aTETbHBIM IIEHTPAJIH -
30BaHHBIM XpaHeHuem cepuu 001P-R;

* OUpXeBbIe OOJUTALIMK TIPOIIEHTHBIE
JIOKYMEHTapHbIE Ha MPEIbSIBUTENST HEKOH-
BepTUPYEMBbIE C 00sI3aTeILHBIM IIEHTPAJIM -
30BaHHBIM XpaHeHueM cepun bO;

* HEKOHBEPTUPYEMBbIC TTPOIIEHTHBIEC 10~
KyMEHTapHbIE OOJIUTAIINN Ha TIPETbIBUTES
cepun 08 ¢ 00s13aTETLHBIM IIEHTPATM30BaAH -
HBIM XpaHeHueM cepuu bOB;

* HEKOHBEPTHUPYEMBbIE TIPOIIEHTHBIC J0-
KyMEHTapHbIe €BPOOOIUTALIMY CEPUU «EBPO».

Kounega J1. ®., flkoeneea M. A. AHanu3 pUHAHCOBbIX NOKa3aTesnien 06AMraLMOHHbIX BbIMYCKOB XONAUHIa



Tab6umua 2

NuBecTunuonnbie peiiTuard u nporuo3sl OAO «P2KJI»

No AreHtcTBO | [laTa nocneaHe- | MexayHapoaHas nikajia
L9 (5 0L WMHocTpaHHas BaoTta HanumonanbHas Bajorta
PeittuHr TIporHos PeiituHr IMporHos
1. S&P 27.02.2018 BBB- CTaOuIbHBII BBB- CraOuIbHbII
2. Moody’s |29.01.2018 Baa3 TTo3uTUBHBII Baa3 TTo3UTUBHBII
3. Fitch 29.09.2017 BBB- ITo3uTUBHBII BBB- TTo3uTUBHBIN

CocraBjieHo 1o faHHbIM apxuBa peiTuHroB OAO «P2K]1»

AHalu3 CTPYKTYPhbl OOJUTallMOHHBIX
BBIITYCKOB IO cpokam 3a nepuoa ¢ 2009 nmo
2017 roa 1moka3bIBacT, UYTO XOJIIMHT cMellla-
€T MPUOPUTETHI K TUDHepeHIInpOBaHHOMY
MOAXOAY B BOMPOCE CPOKOB pa3MElICHUSI.
B 2014—2015 rogax B CTpyKType o0auraiui
MpeobJ1anain J0JAr0CPOYHbIE BBIMTYCKU OT 16
10 30 net. Ho B 2016 romy cutyauust u3ame-
HUJIach: CTadMu MpeobaaaaTh oOJaUranuu
cpokoM oT 4 1o 9 net. CoryiacHO JOATOBOM
nonmutnke OAO «PXK]I» moarocpodyHsbie 3a-
€MHbIE CpeICTBa KOMITaHUS HaIpaBJseT Ha
(rHaHCUpOBaHUE CTpaTeruyecku 3HAUYU-
MBIX U1 KOMMepUYecKU 3P HeKTUBHBIX UHBE-
CTUILIMOHHBIX MPOEKTOB, a TAKXXe Ha pedu-
HaHCHPOBaHMUeE MoTallaeMbIX 0053aTEIbCTB.
KpaTkocpouyHble 3aMMCTBOBaHUSI oOecIie-
YUBAIOT TMOKOCTh B YIIPaBACHUM TeKylIei
JIMKBUIHOCTHIO. J10J1s1 BATIOTHBIX 3aUMCTBO-
BaHUi B KpeauTHOM noptdeie OAO «PKT»
B 2017 rony cocrtaBwia 35 % (npenenbHoe
3HaueHue — 40 %), nojass KpaTKOCPOUYHOM
3a0JKeHHOCTH — 12 % (mpenenbHOe 3HA-
yeHue — 15 %), cpenHUi1 CPOK 3aMCTBOBA-
HUl — 8 jeT (mpeaejibHOE 3HAYeHUE —
7—10 net) [7, c. 120].

Komnanusa npusiexkana ¢pruHaHCUPOBa-
HUE KaK Ha POCCUICKOM, TaK U MEXIAyHa-
pOIHOM pBIHKAX. 49,8 % KpeaUTHOTO TTOPT-
denst xonauHTa MpeacTaBieHbl pyoJEBBIMU
oonuranusamu. M3 nux 23,7 % BBIIYCKOB
pa3MelleHOo B MOJIb3y PhIHOYHBIX MHBECTO-
poB Ha cpok oT 3 go 20 jger u 26,1 % —
B MOJb3Y TOCyAapCTBEHHBIX (POHIOB
(ITercnonusrit doun u MoHI HalIMOHAJB-
HOT0 0J1aroCOCTOSIHUS) B BUJIE MOJTOCPOY-
HbIX UHGPACTPYKTYPHBIX OOJIUTaLIUiA, pa3-
MeéHHbIX B 2013—2015 rogax Ha CpoK OT
15 no 30 ner.

B nepuon ¢ 2009 nmo 2017 ron OAO
«P2K» npuBiaek/o Ha pOCCUICKOM PbIHKE
605,25 mapna pyo6ueii. Ipu atom 40,6 %
KPEAUTHOTO MOpTdeist ObLIN MpeACTaBIeHbI

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 116-127 (2019)

6, c. 11.

eBpOoOOJIUTAIMIMU, pa3MEIIEHHBIMU Ha
cpok ot 4 1o 20 jieT B pa3HbIX BaitoTax (pyo-
au, nonnapsl CIIA, eBpo, mBelinapckue
¢panku). Lleab Takoro pazMelieHus B Ipu-
BJIEYCHUU BAJTIOTHI IS BO3MOXHOTO (DMHAH-
CUPOBaHUS JESITEIbHOCTA U TMPOEKTOB 3a
py0OexxoMm, a TakXke IMOTalleHUsT BaJlOTHOU
yacTu KpeauTHoro rnoptdens. MHTepecHo
OoTMeTUTh, uTo OAO «PXKI» cTano kpynHeri-
MM KOPMOPATUBHBIM 3aEMIIMKOM M3
Poccum Ha MeXIyHapoOaHBIX pBIHKAaX,
CYMEBIIIMM MPUBJIEYb 3HAUUTEIHLHOE YMCIIO
(10 40 %) nHOCTpPaHHBIX UHBECTOPOB B py0-
néBble odauranuu [7, c. 121—122].

OAO «PXK]I» BbiltycKaeT eBpoodIurauum
¢ 2010 roga. KoMmnaHust UMeeT psij MEXKIY-
HapoIHBIX MpoeKToB B pamkax MTK
«CeBep—IlOr», «Boctok—3anman»,
«IIpumopse-1» u «IIpumMopbe-2», a Takxke
OCYIIECTBIISIET YITpaBJIeHUE XKeJIe3HOTOPOXK-
HBIMU CUCTEMaMU, MHXUHUPUHT U peasi-
3a1Mio0 MHGPACTPYKTYPHBIX MMPOEKTOB 3a
pyoexxoM. MexayHapomaHble TTPOSKThI TPe-
OyIOT OOJBIIOTO KOJMYECTBA PECYypPCOB
B MHOCTpaHHOI Baytote. Ho B coBpeMeHHO
CHUTYallMU BBITTYCK OOJIUTAIIMIf B MHOCTPaH-
HOI BaJIlOTe COMPSIKEH C CePhE3HBIMU PUC-
KaMHu.

ITpu aHanu3e 0OBIYHO BBIIEIISIIOTCS Clie-
JIyIOIIE PUCKU.

BaarwomHuoeiii — pyucK U3MEHEHUS BaJIIOT-
Horo Kypca. OH B3aMMOCBSI3aH ¢ obOJiMra-
UMM, HOMMHUPOBAHHBIMU B MHOCTpaH-
HOI BaJlloTe, eBPOOOIUTALIMSIMU.

C nposBaeHusiMmu 3toro pucka OAO
«PXK]l» BnepBbie cToNKHYJI0Ch B 2014 rony.
B 1ies1s1x crpaxoBKU ce0s1 OT €ro Moc/eACTBUI
KOMIIaHUS BBIHYXXIeHa MPUHUMATh MEpHI.
YTtoObI MBMEHEHNE Kypca BATIOThI HE BIMSIIIO
Ha (DuHaHCOBOE MOJIOXEHWE IMUTEHTA, He-
00XxonrMo 06ecneYuTh CTAOWIbHbBIN U TOCTa-
TOYHBIN TOXO/ B BaJlOTe, K KOTOPOW OTHO-
cartcst obnurauuu. PacnpocTpaHEHHBIM MH-
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CTPYMEHTOM B MUPOBOI MPaKTUKE SIBJSIETCS
XeIKMPOBAHME: XOJAUHT UCTIOIb3YET €T0 IS
CTpaxoOBaHUsI BAJIIOTHBIX, IIPOLIEHTHBIX U IIC-
HOBBIX pUCKOB. ClesKu 3aKI104atoTcs ¢ poc-
CHICKMMU U TOYSPHUMHU OaHKaAMU KpyITHE -
X MEXKIyHAPOIHBIX 0aHKOB B pamKax SDA
(Securities dealers association — accormanmst
JIUJIEPOB IO LIEHHbIM Oymaram), rnmomMoraro-
1Ielt moaaep>XKMBaTh MPaKTUKY CBOIOB U Jie-
puBaTuBOB. KoMmaHus1 MOXeT OAHOBPEMEH -
HO C BBIIMYCKOM OOJIMraliMii KyMnuTh CBOII,
KOTOPBI CTpaxyeT OT MOHMXKEHUS Kypca
BaJIIOThI, HETaTUBHBIX MOCAEACTBUI pUCKa.
IMonutuka puck-meHemkmenta OAO «PXK/»
HUCKJIIOYAET CIEeKYJSITUBHbIE UHCTPYMEHTHI
yOpaBJeHUs, onepauuu ¢ HeHaaEXHbBIMU
KOHTpareHTaMu U OCHOBHOI 1I€JIbI0 CTaBUT
CHMXKEHHE BOJIATUJIBHOCTHU OIOIKETHBIX Ta-
paMeTpoB.

OlleHKa BEJMYMHBI BaJIOTHOTO puUCKa
OAO «P2K1» v moib30BaHUE UHCTPYMEHTOM
yIpaBJjeHUs TAKUM pUCKOM OCHOBBIBAIOTCS
Ha pa3Mepe OTKPBITOW BAIIOTHOU MO3ULIUU
(OBII), xoTopas onpeaesieTcsl Kak pa3HU-
1a MeXXAy BXOISIIUMU Y UCXOMSIIUMU JIe-
HEXHBIMU ITOTOKAMH B THOCTPAaHHBIX BaJTIO-
Tax. COOTBETCTBEHHO Ha PETYyJSIpPHON OCHO-
B€ MPOU3BOAUTCS MOHUTOPUHT U aHaJuU3
JIEHEKHBIX MOCTYMJIEHUI U OTTOKOB B pa3-
HBIX BaltoTax ajs pacuéta OBII.

ITocTosiTHHO CylIECTBYET pUCK HEpa3Me-
LLIeHUST OOJIMTAaLlMOHHOTO BbIMycKa. XOJINHT
«P2XK]I» Kak SMUTEHT HEPEIKO CTAJIKMBAET-
¢4 ¢ o00OHBIM puckoM. Hanpumep, us-3a
OTCYTCTBUS CIIpOCa B OOIIEN CIOXHOCTU
JIEBSITh BBIIYCKOB OOJIMraluii ObLIO aHHY-
JIMPOBAHO.

Ilpoyenmmubiil puck — 3TO yrpo3a U3MeHe-
HUS IPOLEHTHBIX cTaBoK. OHa oTpaxaeTcs
KaK Ha MHBECTOpe, TaK U OSMUTeHTe. Bcé
3aBUCUT OT TOTO, B KaKyl0 CTOPOHY OynyT
IBUTAThCS CTaBKU. [TOBBIIEHNE UX MOXKET
HeraTuBHO CKa3aTbCsl HA MUHBECTOPE, TOTrAa
KaK MOHMXEHHE OKa3blBaeT HeraTuBHOE
BiaussHue Ha aMuTeHTa. OAO «P2K]I», Hamo-
MHUM, UCITOJIb3YET [JIsI CTPaXOBaHMS TaKO-
ro pUCKa XeIKUPOBaHUE.

KommaHus Takke cTaJKuBaeTCs ¢ peny-
MAYUOHHBIMU PUCKAMU, XOTS TOJOBHAsS Op-
ranuzanusgs OAO «PXKJI» aBnsieTcsa 6e3-
VIIPEUYHBIM 3aEMIIIMKOM: HE HapyllIaeT Cpo-
KOB IOralieHus 00s13aTeIbCTB, UMEET CTaTyC
MOHOTIOJIMCTA B CBOEM OTPACIU U IMOAIEPK-
Ky rocynapctBa. OnHaKoO Ha pemyTaluio
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KOMITaHUU MOXET OKa3bhIBaTh BIUSHUEC
(urHaHCOBOE MOJIOKEHNE TOUSPHUX U 3aBU -
CUMBIX 00IIecTB, KOTOphIX B 2017 romy Ha-
cunthiBaioch 119 [7, c. 185—187].

Tak, HampuMep, Ha PeITyTalliy TOJIOBHOM
KOMITaHUM MOT CKa3aThCs TEXHUUYECKUI
nedont OAO «P2XK]I — Pa3Butre BOK3a/I0B».
B xadecTBe ero MpUIMH 3HAYMIOCH «OTCYT-
CTBME AEHEXHBIX cpeacTB». Jledpoat ObL1
JIOTTYIIIEH TI0 00 TUTaIusaM Ha cymmy 250 MITH
py6aeii. Ha tor MomenT 25,03 % akunoHep-
Horo kanuTtana «P2K/I—PB» npuHamiexano
AO «bAMwunBecT». B cBOIO ouepenb, TOJIS
OAO «PX/» B ycTaBHOM KamuTale
«BAMunBect» cocrabasia 82,84 % |7,
c. 185—187; 8]. Takum 0Opa3zoM, MpoOIEMBbI
JlouepHeil CTPYKTYphI C y3HaBaeMolt abbpe-
BUATYPOU ITyCTh KOCBEHHO, HO MOTJIM Hera-
TUBHO MOBJHATH Ha PEIyTallMIO TOJOBHOM
KOMITaHUH.

CPOKUM NOTALUEHUA
Jns mHBECTOpa BaXXHO TMOHWUMATh, Ha-
CKOJIBKO OH PUCKYET IMPU OCYIIECTBICHUN
BiroxeHuit B oonuranum OAO «PXJ».
Hecmotpst Ha TO, 4TO OOUTALINSI CIUTACTCS
OUYCHb HAOEXKHBIM MHCTPYMEHTOM, PUCK
MPUCYTCTBYET Bceraa. [1pu ero onieHke uc-
MOJIb3YeTCsl TAKOW MoKa3aresb, KakK Iopa-
us. Jopanusi — 3To cpelHEeB3BEIIeHHbIN
CPOK TIOTAIlleHWST UJIN CPeIHEB3BEeIIEHHAS
MPOAOJIKUTEILHOCTD TiaTexeit. JlaHHoe
noHsiTHe BriepBbie BBEN Ppenepuk Makoreit,
YTOOBI MOJYIUTh OLIEHKY MPOIOTIKUTEIHHO -
CTV WHBECTUPOBAHUS B OOJIUTAIIMIO U TEM
caMbIM OIIEHKY pUCKa JJisl €€ nepxkaTesst
[15].
st pacuéTa moparuu UCIoab3yeM hop-
MYITy:
neS,
z 1+10)"
o
1+0)"
rae n — o0LIMIA CpoK 00urauuu; S — cymma
IIaTexa; [ — CTaBKa ITOMEIICHMSI.
CraBKa ITOMEIICHUST HAXOIUTCS, UCXOISI
M3 ITIOTOKA JI0XOJI0OB, KOTOPBI OIpeae/IsIeT-
cs1 QOPMYJIOit:
_gN gN gN+N
1+i (1+i)2 (1+i)" '
rie g — cTaBka KyrnmoHa; N — HOMUHAN 00-
JIUTAIW; | — CTaBKa MMOMEIIECHUS.

D= (1)

()
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Ta6mma 3
Pacuér gropamuu psga oommrammii OAO «P2K]I»

Ne O6auranusi, Hauvano JlaTta mora- O0BeEM Tepuon IRR Hoxonnocts | D D/n
BBITTYCK pa3Mernte- | IeHUS SMUCCHH, obpauennst | B % B %
HUS MJIH pyO. (mHeit)
1 2 3 4 5 6 7 8 9 10
1. PXI-001P-01R | 07.04.2017 | 18.05.2032 15000 5441 8,70 7,48 8,76 0,59
2. P2XKJ1-001P-02R | 27.04.2017 | 02.04.2037 15000 7175 8,50 7,58 10,30 |0,52
3. PXKI-001P-03R | 18.05.2017 | 23.04.2037 15000 7175 8,40 9,05 9,65 0,49
4. PXKI-001P-04R | 17.08.2017 | 29.07.2032 15000 5382 8,25 7,57 9,00 0,61
5. PXI-001P-05R  [20.02.2018 | 01.02.2033 20000 5381 7,30 7,44 9,26 0,63
6. PXI-11-606 22.02.2017 | 04.02.2032 25000 5382 8,65 8,40 8,69 0,59
7. PXII-17-606 27.05.2016 | 26.04.2041 25000 8969 9,85 7,62 10,95 0,45
8. PX-17-06 27.07.2009 | 16.07.2018 15000 3229 7,50 6,75 6,74 0,76
9. PXI-18-06 27.07.2009 | 15.07.2019 15000 3588 8,45 7,58 7,01 0,71
10. | P2K/1-19-06 27.07.2009 | 08.07.2024 10000 5381 8,15 6,98 9,18 0,62
11. | PXK]/-23-00 04.02.2010 | 16.01.2025 15000 5382 11,75 4,67 9,15 0,62
12. | PXK]/1-28-00 09.04.2013 | 21.03.2028 20000 5382 8,20 7,05 9,15 0,62
13. | PXK/I-2-606 29.10.2015 | 16.10.2025 15000 3587 11,20 7,15 6,69 0,68
14. | PXXKII-30-06 26.11.2013 | 07.11.2028 15000 5381 7,65 6,92 9,32 0,63
15. | PXI-41-06 15.12.2016 | 27.11.2031 15000 5382 9,40 7,07 8,90 0,60
16. | PXK/1-7-606 06.04.2016 | 25.03.2026 20000 3589 10,30 7,15 6,80 0,69

[1pu pacuére ucnonb3oBaHbl faHHbIE [9, . 1-2].

Pacuér nropaiii HEKOTOPHIX O0JUTallMi  TTPUHSTH TPaBUILHOE PEIIEHNE OTHOCUTE b~
KOMIIAaHUU B OOpallleHUU MPEeACTaBI€H HO BJIOXEHUS CPENCTB, MOKYIATEISIM O0JIu-
B Tabnuie 3. raiuii peKoOMeHIyeTCsl OlIeHUBATh TaK1e T0-

PeasibHBIN CpPOK TTOTallleHUsT OOJIMTAallMi  Ka3aTesiv, KakK JIopalus U OTHOLIeHUE e&
CYIIECTBEH IS UHBECTOpPA, MOCKOJbKY OH K IMOJHOMY CPOKY OOJIMraluii.

OTPAXAET PUCK U SBJISIETCS MHAUMKATOPOM MPU ITo utoram 2017 roga odmuit 00BEM Kpe-
pelleHn Bonpoca O BIOXKEHUU CPECTB, Io-  auTHoro noptdesss OAO «PXK/1» ysenuunics
KyIaTeJlo BCerga XO4YeTcsl MOHMMAaTh, Kak Ha 17 % u cocrasun 1060,2 mapa py6:eii [10].
OBICTPO OHM OKYISITCS. 3aBUCUMOCTb Mexay JlanbHelillee HEeKOTOpOoe YBeTUUEHUE JOIT0-
CPEeTHUM CPOKOM OOJIUraliii U pUCKOBOCTBIO ~ BOW HArpy3Ku XOJJUHra o0yc/lOBJIEHO Hapa-
cJenyrolas: 4YeM OoJibllie OTHOLIeHUE Iopa- IIMBAaHUEM KPEAUTHOro mopTdess ¢ Leblo
LIMM K TTOJTHOMY CPOKY OOJTUTaLIViA, TeM OoJibllle  (hMHAHCHPOBAHUSI BO3POCIIEH MHBECTUIIMOH-
puck. ITo pesynbsrataMm pacy€ToB Mbl BUIMM, HOI MPOrpaMMBbI, a TAKXKE POCTOM pPYyOJIEBOTO
YTO HauOOMBIIMM PUCKOM 001aal0T O0IMra- SKBUBAJEHTa BAJIOTHBIX 0053aTEJbCTB Ha
uuu, pasmelnéHabie B 2009 rogy cpokoMm Ha  (poHe ocyiabjieHust pyoasi OTHOCUTEIbHO OT-
JIEBSITh JIET, a HANMEHEe PUCKOBBIC OOJIUTAlMK,  JIeJIbHBIX MUPOBBIX BAJIIOT MO CPAaBHEHUIO
BbInyieHHbIe B 2016 romy cpokoM Ha 16 1eT. ¢ HayanoM 2018 rona. B onpeae€HHOM cMbIC-

JIe 3TO pe3yJIbTaT JMHAMMKU KOHBIOHKTYPbI

AOPALNA C HATPY3KOU MUPOBBIX TOBAPHBIX PHIHKOB, Ha KOTOPYIO
IIpyumeHeHNe HeCTaHOAPTHBIX METOAOB  OKAa3bIBAIOT BIUSHUE ClieAylole (haKTOph:
(uHaHCOBOIT MaTeMaTUKM ITO3BOJISIET OILie- * HapacTaHWe Mep ITPOTEKIIMOHNUCTCKOTO

HUTb PUCK BBIIYIIEHHBIX OOJIMTaluii C TOYKU  XapakTepa, 4To, 10 MHEeHUIO riaBel MBD
3peHusT ux norameHus. st toro, 4tobsl  (MeXayHapOAHOIO BaJIOTHOTO (oHIA)
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K. Jlarapa, moBied€T yxyallieHue MporHosa
pocta MUPOBOI 9KOHOMUKU. [To olleHKaM
BcemupHoro 6anka yxe K 2020 roay TeMIbl
pocta BMII (BajiloBOro MMpOBOTO MPOIYKTA)
cHu3sTes 10 2,9 % [11, 12];

* KpU3UC MUPOBOU BAIIOTHOM CUCTEMBI,
BBIPAXKAIOIINIACS, BO-TIEPBBIX, B POCTE TO-
MYJIIPHOCTA COBPEMEHHBIX CyppOraTOB MM-
POBBIX JIeHEr — KPUIMTOBAJIIOT; BO-BTOPBIX
B TIepexojie Ha pacy€Thl B HAIIMOHAJTbHBIX
BaJIIOTax U OTKa3e OT pacy€ToB B JAoJUIapax
CIIIA;

* 10 MHEHMIO OCHOBATeJIsl KPYITHEHIIIeTO
B mupe xemkdonna Bridgewater Associates
P. lanuo, yxxe B Oauxaiilive aBa roga Mup
OXWIIAeT HOBBIM (hMHAHCOBBIN Kpusuc. K Ta-
KUM BBIBOJIaM OH TIPUIIEN B pe3yJIbTaTe aHa-
JIM3a CTPYKTYpPbl 9KOHOMUYECKOoro uukia [ 13];

* POCT MOJUTUIECKON HECTAOMIIBHOCTH;

* paciMpeHue MPaKTUKU MPUMEHEHUs
Mep CaHKIIMOHHOIO XapaKTepa 3a4acTyio 0e3
0/100peHusT TPOGMIBHBIX MEXIYHapOIHBIX
OpraHU3alui.

B 37011 CBS3M aKTyaIbHBIM 1 3aCITy>KHBalO-
IIIMM BHUMaHWUSI TIPENICTABIISIETCST OTYOJINKO-
BaHHBIN B ceHTsI0pe 2018 roma miaH yxoma ot
pacuétoB B gosutapax CIIA B moJjib3y HallMO-
HaJbHBIX BaJIIOT, U3JI0XEHHBIN rnaBoit BTH
A. KoctuHbIM. OWH U3 ITyHKTOB 3TOTO TIaHa
3aKJII09aeTcs B HEOOXOMMMOCTH TepeBoia Ha
POCCHUICKYIO TUIOLIAAKY pa3MelIeHUsT eBpo-
00JIMTaINii U IPOBEICHUST TULIEH3UPOBAHUS
BCEX YJaCTHUKOB (DOHIOBOTO PHIHKA TaKUM
00pa3oM, YTOOBI BCE OHU PabOTaIU MO eAu-
HBIM ITpaBWaM. B umciio Mep Takke BKITIOUe-
HO TIPEJIOKEHNE CO31aTh POCCUMCKUI IETI0-
3UTApUil 1T pa3MeIleHsT eBPOOOIMTALINIA,
T.€. 3aMEHUTh TEPBUYHBIN METO3UTAPUIA
B Buse Euroclear (MexayHapoaHbIN AeMO31-
TapHO-KJMPUHTOBBI IIEHTP, OCHOBAH
B 1968 romy, o6ciyXKuBaeT BHEOUPXKEBOM
MEXITyHApOIHbIN (POHIOBBIA PHIHOK) POCCUTA-
CKUM aHajorom [14].

151 BBIOOpA ONITUMaJIbHBIX MTHCTPYMEHTOB
WHBECTUPOBAHUS C TOMOIIIBIO SMUCCUN KOP-
TTOPAaTUBHBIX O0JUTAIMI TpeOyeTcsl MOUCK
HOBBIX OAX0A0B. Hy>XXHBI U YUE€T COBpEMEH-
HBIX peaivii, U cepbE3Hasi HayqHast MpopadoT-
Ka TEOPETUYECKUX U METOIO0JOTUIECKUX
Mpo0JieM MHBECTUPOBAHUSI B OCHOBHOM Ka-

MMUTAJI POCCUMCKUX KOMIIAHUI C ITOMOIIBIO
MHCTPYMEHTOB PhIHKA LIEHHBIX OyMar, BKJITIO-
Yas OLIeHKY 3(P(HEeKTUBHOCTH TAKOTO MHBECTH-
pOBaHUSI.
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ABSTRACT

JSC Russian Railways occupies a leading position
on the Russian market of transport bonds. Since 2010,
it hasissued Eurobonds. International projects require
a large amount of resources in foreign currency. The
issuance of bonds is fraught with serious risks, which
are particularly currency risk, risk of non-placement,
interest risk, reputation risk. It is important for an

investor to understand the scope of risks when making
investments in Russian Railways bonds. The use of
non-standard methods of financial mathematics
allows to estimate the risk of issued bonds in terms of
their redemption. In order to make the right decision
regarding investment, investors are encouraged to
focus on indicators such as duration and its relation
to the full term of the bonds.

Keywords: finance, economy, holding company, corporate debt market, credit ratings, Eurobonds, issuer
vulnerability, risks, duration, debt burden, loan portfolio.

Background. For a market economy, there are
certain conditions that must be taken into account
by modern companies. Among them, it should be
noted, firstly, consolidation of production as a result
of increasing concentration and centralization of
capital, and secondly, limited resources. The latter
applies to financial resources. Once they are limited,
even large companies lack their own funds to finance
their current activities and development. The solution
to the problem is the use of borrowed funds. Bonds
are among the most relevant tools in this sense.

Objective. The objective of the authors is to
analyze financial indicators of bond issues of JSC
Russian Railways.

Methods. The authors use general economic
and mathematical methods, comparative analysis,
evaluation approach, statistical method.

Results.

The segment is doomed to develop

In Russia, the corporate debt or corporate bond
market emerged in 1999. Bank lending could not
meet the resource needs of large companies, and
then the first bonds appeared in the country. Since
then, this segment of the financial market has been
developing dynamically.

Today, the Russian bond market is under the
influence of contradictory factors. This explains the
combination of the trend for growth in market
volumes with its contractions in certain periods.
Thus, according to analysts at Cbonds, as of
November 1, 2018, the volume of the corporate bond
market in Russia has increased over the month by
0,21 %. The total volume of all issues of corporate
bonds amounted to 11,666 trillion rubles, corporate
Eurobonds to 112,3 billion dollars. There are 1353
issues of bonds issued by 401 issuers [1].

One of the first participants in the Russian bond
market was Russian Railways corporation. The first
placement of bonds by it was carried out in 2004.

Today, JSC Russian Railways is one of the largest
transport companies in the country, Europe and the
world economy. It belongs to the strategically
important companies of Russia, the size of its
contribution to our economy at the end of 2017 was
about 1,4 % of GDP. The holding owns the third
largest railway network in the world, the state owns
100 % of the company’s shares.

Russian Railways has set ambitious goals,
including development of a unified transport space
of Russia based on the balanced priority development
of an efficient transport infrastructure, ensuring
availability and quality of transport and logistics

services. The amount of funds spent by the holding
for investment purposes in the first half of 2018
exceeded 287 billion rubles (for comparison: in
2017 — 251,495 billion). The implementation of
projects aimed at upgrading the fleet of locomotives,
increasing capacity and ensuring safety of the railway
infrastructure was continued.

The investment program of JSC Russian Railways
for 2018 amounted to 549,6 billion rubles. The total
investment in the development of railway transport
until 2025 is estimated at 7,553 trillion rubles, of
which about 150 billion rubles will be spent on the
introduction of digital services [2-4]. Among the
large-scale projects are modernization of BAM and
Transsib mainroads, development of infrastructure
at Moscow railway junction, renewal of railway
infrastructure at the approaches to the ports of Azov-
Black Sea basin, creation of Moscow-Kazan high-
speed rail line, and construction of the Northern
Latitudinal Railway.

Naturally, significant funds are attracted to
achieve these goals. And it is not by chance that in
the market of transport bonds JSC Russian Railways
occupies a leading position. Since its presence in
the corporate debt market, the company has
received decent ratings from reputable credit rating
agencies Moody’s, Standard & Poor’s, Fitch [6].

Credit ratings are used to assess the solvency
of the issuer of debt obligations. The financial
implication is that the higher is the credit rating, the
safer is the object for investment and the lower is
the potential yield on debt instruments. The
presence of the rating allows the issuer to offer its
securities to a wide range of investors. Overall, the
credit rating makes the lender more well-known and
raises his reputation in the domestic and
international financial markets. Since rating
agencies have peculiarities in evaluating factors
affecting the position of the issuer of debt
obligations, many companies prefer to turn directly
to the estimates of several agencies.

Reliability ratings

Credit ratings have two scales: according to the
international scale, issuers of debt obligations are
compared with other countries and international
companies, and according to the national scale,
comparison of issuers is carried out within one
country. The correspondence of the international
scales of the leading world agencies is given in
Table 1. At the same time, the organization’s
international credit rating cannot exceed its country’s
credit rating.
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Table 1
Correspondence of international scales Moody’s, Standard & Poor’s, Fitch
No. Moody’s Investors Service S&P Global Ratings Fitch Ratings
1 Aaa AAA AAA
2 Aal AA+ AA+
3 Aa2 AA AA
4 Aa3 AA- AA-
5 Al A+ A+
6 A2 A A
7 A3 A- A-
8 Baal BBB+ BBB+
9 Baa2 BBB BBB
10 Baa3 BBB- BBB-
11 Bal BB+ BB+
12 Ba2 BB BB
13 Ba3 BB- BB-
14 BI B+ B+
15 B2 B B
16 B3 B- B-
17 Caal CCC+ CCC+
18 Caa2 CCC CCC
19 Caa3 CCcC- CCc-
20 Ca cC cc
21 C C C

To assess reliability of the investment object, the
forecast is also used, which varies within four
options: positive (the rating value may be increased),
negative (the probability of decrease), stable (the
rating value most likely will not change), developing
(the value may be increased or decreased). The
forecasting horizon ranges from six months to two
years.

Another parameter is the rating category. The
rating scale of all agencies is divided into two
categories: 1) investment designates a group of
stable, successful issuers; 2) speculative — more
risky group of issuers. Thus, the ratings BBB+, BBB,
and BBB- belong to the investment category and
indicate a sufficient ability of the issuer to repay
financial liabilities with a high sensitivity to adverse
economic conditions. The probability of repayment
ofthe loan and interest is considered adequate, and
the degree of risk varies depending on the stage of
development of a country’s economy. The BBB-
rating is the lowest in this category. The highest rating
in the speculative category is BB+. It means a small
vulnerability of the issuer in the short term and its
higher dependence on negative changes in the
economic and financial spheres. Loan payments are
well protected.

During its presence on the bond market, JSC
Russian Railways maintained a stable rating ranging
from BB+ to BBB+ (according to the S&P scale). The
lowest rates were observed in 2004 and 2016. In
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According to the group of international projects LLC Cbonds.Ru [5, p. 2].

2004, this could be explained by the company’s entry
into the debt market, and the 2016 rating appears
to be a consequence of the depreciation of the
Russian currency and the decrease in consumer
demand, which affected the results of railways.
Actual ratings and forecasts are shown in Table 2.

S&P and Moody’s upgraded the rating of JSC
Russian Railways, and Fitch did not rate it in 2018.
In general, the company has high ratings: debt
obligations transferred from the speculative category
to investment. Russian Railways bonds are among
the most reliable in the Russian market, and credit
ratings from national rating agencies are at the
highest AAA level.

Bond types and risks

All bonds issued by JSC Russian Railways are
divided into the following types:

« exchange-traded documentary interest non-
convertible bearer bonds with obligatory centralized
storage of 001P-R series;

- exchange-traded bearer interest-bearing non-
convertible bonds with a mandatory centralized
storage of BO series;

* non-convertible interest-bearing documentary
bearer bonds of 08 series with obligatory centralized
storage of BOB series;

« non-convertible interest-bearing documentary
Eurobonds of euro series.

An analysis of the structure of bond issues by
maturity for the period from 2009 to 2017 shows that
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Table 2
Investment ratings and forecasts of JSC Russian Railways

No. Agency Last modified International scale
Foreign currency National currency
Rating Forecast Rating Forecast
1. S&P 27.02.2018 BBB- Stable BBB- Stable
2. Moody’s 29.01.2018 Baa3 Positive Baa3 Positive
3. Fitch 29.09.2017 BBB- Positive BBB- Positive

Compiled according to the archive of ratings of JSC Russian Railways [6, p. 1].

the holding company shifts priorities to a differentiated
approach to the issue of maturities. In 2014-2015,
long-term issues from 16 to 30 years prevailed in the
structure of bonds. But in 2016 the situation changed:
bonds for a period of 4 to 9 years began to prevail.
According to the debt policy of JSC Russian Railways,
the company allocates long-term borrowings to
finance strategically significant and commercially
viable investment projects, as well as to refinancement
of repayable obligations. Short-term borrowings
provide flexibility in managing current liquidity. The
share of foreign currency borrowings in the loan
portfolio of JSC Russian Railways in 2017 was 35 %
(the marginal value is 40 %), the share of short-term
debt was 12 % (the marginal value is 15 %), the
average borrowing period is 8 years (the marginal
value is 7-10 years) [7, p. 120].

The company attracted funding in both the
Russian and international markets. 49,8 % of the loan
portfolio of JSC Russian Railways is represented by
ruble bonds. Of these, 23,7 % of the issues were
placed in favor of market investors for a period of 3
to 20 years and 26,1 % in favor of state funds (the
Pension Fund and the National Wealth Fund) in the
form of long-term infrastructure bonds placed in
2013-2015 for term from 15 to 30 years.

Between 2009 and 2017, JSC Russian Railways
attracted 605,25 billion rubles in the Russian market.
At the same time, 40,6 % of the loan portfolio was
represented by Eurobonds placed for 4 to 20 years
in different currencies (rubles, US dollars, euro,
Swiss francs). The purpose of such placement is to
attract foreign currency for possible financing of
activities and projects abroad, as well as repayment
of the currency part of the loan portfolio. It is
interesting to note that JSC Russian Railways has
become the largest corporate borrower from Russia
in international markets, which managed to attract
a significant number (up to 40 %) of foreign investors
in ruble bonds [7, pp. 121-122].

JSC Russian Railways has been issuing
Eurobonds since 2010. The company has a number
of international projects in the framework of ITC
«North-South», «East-West», «Primorye-1» and
«Primorye-2», as well as regarding managing railway
systems, engineering and implementation of
infrastructure projects abroad. International projects
require a large amount of resources in foreign
currency. But in the current situation, the issuance
of bonds in foreign currency is fraught with serious
risks.

The following risks are usually highlighted in the
analysis.

Currency — the risk of changes in the exchange
rate. Itis interconnected with bonds denominated in
foreign currency, Eurobonds.

JSC Russian Railways encountered the
manifestations of this risk for the first time in 2014. In

order to insure itself against its consequences, the
company is forced to take action. For the change in the
exchange rate does not affect financial position of the
issuer, itis necessary to ensure a stable and sufficient
income in the currency to which the bonds belong. A
common tool in world practice is hedging: the holding
uses it to insure currency, interest and price risks.
Transactions are concluded with Russian and subsidiary
banks of the largest international banks in the
framework of SDA (Securities dealers association),
helping to support the practice of swaps and derivatives.
Atthe same time with the issue of bonds, the company
can buy a swap, which insures against currency
depreciation and the negative consequences of the
risk. The policy of risk management of JSC Russian
Railways excludes speculative management tools,
operations with unreliable counterparties, and the main
goal is to reduce volatility of budget parameters.

The assessment of the currency risk of JSC
Russian Railways and the use of a tool to manage
such risk are based on the size of the open currency
position (OCP), which is defined as the difference
between incoming and outgoing cash flows in foreign
currencies. Accordingly, on a regular basis,
monitoring and analysis of cash receipts and outflows
in different currencies is performed to calculate OCP.

There is a constant risk of non-placement of the
bond issue. Russian Railways holding as an issuer
often faces such a risk. For example, due to a lack
of demand, a total of nine bond issues were
canceled.

Interest risk is the threat of changes in interest
rates. It affects both the investor and the issuer. It all
depends on which way the rates will move. Their
growth may adversely affect the investor, while a
decrease has a negative impact on the issuer. JSC
Russian Railways, we recall, uses hedging to insure
such arisk.

The company also faces reputational risks,
although the parent organization JSC Russian
Railways is a flawless borrower: it does not violate
the terms of repayment of obligations, has the status
of a monopolist in its industry and state support.
However, the company’s financial standing may be
affected by the financial position of its subsidiaries
and affiliates, of which there were 119 in 2017 [7,
pp. 185-187].

For example, the technical default of JSC
Russian Railways — Development of railway stations
could affect the reputation of the parent company.
«Lack of funds» was mentoned as a cause. The
default was allowed for bonds at the amount of 250
million rubles. At that time, 25,03 % of the share
capital of JSC Russian Railways — Development of
railway stations was owned by JSC BAMinvest. In
turn, the share of JSC Russian Railways in the share
capital of JSC BAMinvest was 82,84 % [7, pp. 185-
187; 8]. Thus, the problems of a subsidiary with a
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Table 3
Calculation of duration of a number of bonds of JSC Russian Railways
No. |[Bond, issue Start of Maturity Issue Period of | IRR Yieldin |D D/n
placement date volume, |circulation |in % |%
min rub. | (days)
L. RZD-001P-01R |07.04.2017 | 18.05.2032 | 15000 5441 8,70 7,48 8,76 10,59
2. RZD-001P-02R |27.04.2017 | 02.04.2037 | 15000 7175 8,50 7,58 10,30 {0,52
3. RZD-001P-03R | 18.05.2017  |23.04.2037 | 15000 7175 8,40 9,05 9,65 10,49
4. RZD-001P-04R | 17.08.2017  |29.07.2032 | 15000 5382 8,25 7,57 9,00 (0,61
5. RZD-001P-05R | 20.02.2018 | 01.02.2033 | 20000 5381 7,30 7,44 9,26 {0,63
6. RZD-11-bob  |22.02.2017 |04.02.2032 |25000 5382 8,65 8,40 8,69 0,59
7. RZD-17-bob  |27.05.2016 |26.04.2041 |25000 8969 9,85 7,62 10,95 (0,45
8. RZD-17-0b 27.07.2009 | 16.07.2018 | 15000 3229 7,50 6,75 6,74 10,76
9. RZD-18-0b 27.07.2009 | 15.07.2019 | 15000 3588 8,45 7,58 7,01 0,71
10. |RZD-19-ob 27.07.2009 | 08.07.2024 | 10000 5381 8,15 6,98 9,18 0,62
11. |RZD-23-0b 04.02.2010 | 16.01.2025 | 15000 5382 11,75 | 4,67 9,15 (0,62
12. |RZD-28-o0b 09.04.2013 | 21.03.2028 {20000 5382 8,20 7,05 9,15 10,62
13. |RZD-2-bob 29.10.2015 | 16.10.2025 | 15000 3587 11,20 |7,15 6,69 (0,68
14. |RZD-30-ob 26.11.2013 | 07.11.2028 | 15000 5381 7,65 6,92 9,32 {0,63
15. |RZD-41-0b 15.12.2016 | 27.11.2031 | 15000 5382 9,40 7,07 8,90 0,60
16. |RZD —7-bob |06.04.2016 |25.03.2026 | 20000 3589 10,30 | 7,15 6,80 {0,69

‘When calculating the data [9, pp. 1—2] were used.

recognizable abbreviation, even if indirectly, might
have caused a negative effect for the reputation of
the parent company.

Maturity dates

It is important for an investor to understand his
risks when making investments in bonds of JSC
Russian Railways. Despite the fact that the bond is
considered a very reliable tool, the risk is always
present. When assessing it, the indicator such as
duration is used. Duration is the weighted average
maturity or weighted average duration of payments.
This concept was first introduced by Frederick
Macaulay in order to obtain an estimate of the
duration of investment in a bond, and thus an
estimate of the risk for its holder [15].

To calculate the duration, we use the formula:

oS

Z ln + in"

(75')’ ( 1)

Xy
(+i)

where n - total term of the bond, S — payment
amount, i — rate of placement.

The placement rate is based on the income
stream, which is determined by the formula:
sogN N NN

L+i (1+i) (1+i)"

where g — coupon rate, N — nominal value of the
bond, i — placement rate.

D=

(2)
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The calculation of duration of some of the
company’s bonds in circulation is presented in
Table 3.

The real maturity of bonds is essential for the
investor, since it reflects the risk and is an indicator
when deciding whether to invest. The buyer always
wants to understand how quickly they will be paid off.
The relationship between the average term of the
bonds and the riskiness is as follows: the greater is
the ratio of duration to the full term of bonds, the
greater is the risk. According to the results of the
calculations, we see that bonds placed in 2009 for a
period of nine years have the greatest risk, and the
least risky bonds are those issued in 2016 for a period
of 16 years.

Duration with load

The use of non-standard methods of financial
mathematics allows us to estimate the risk of bonds
issued in terms of their redemption. In order to make
the right decision regarding investment, bond buyers
are encouraged to evaluate indicators such as
duration and its relation to the full term of bonds.

Atthe end of 2017, the total volume of the loan
portfolio of JSC Russian Railways increased by
17 % and amounted to 1060, 2 billion rubles [10].
A further slight increase in the debt burden of the
holding is due to the build-up of the loan portfolio
in order to finance the increased investment
program, as well as the growth of the ruble
equivalent of foreign currency obligations against
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the background of the ruble weakening relative to
individual world currencies compared to the
beginning of 2018. In a certain sense, itis the result
of the dynamics of the conjuncture of world
commodity markets, which is influenced by the
following factors:

« the increase in protectionist measures, which,
according to the head of the IMF (International
Monetary Fund) C. Lagarde, will entail a deterioration
in the forecast of global economic growth. According
to the World Bank estimates, by 2020 the growth rate
of the GWP (gross world product) will decrease to
2,9%/[11,12];

« the crisis of the world monetary system, which
is expressed, firstly, in the growing popularity of
modern surrogates of world money — cryptocurrency;
secondly, in the transition to settlements in national
currencies and the refusal to settle in US dollars;

« according to R. Dalio, the founder of the world’s
largest hedge fund Bridgewater Associates, in the
next two years, the world expects a new financial
crisis. He came to such conclusions as a result of
analyzing the structure of the economic cycle [13];

« growing political instability in the global
economy;

- expansion of the practice of applying sanctions
measures often without the approval of relevant
international organizations.

In this regard, the plan for avoiding payments in
US dollars in favor of national currencies, outlined
by the head of VTB A. Kostin, published in September
2018 seems relevant and noteworthy. One of the
points of this plan is the need to transfer to the
Russian Eurobond placement site and conduct
licensing of all participants in the stock market so
that they all work according to the same rules. The
measures also include a proposal to create a Russian
depository for placement of Eurobonds, i.e. replace
the primary depository in the form of Euroclear (the
international depository clearing center, founded in
1968, serves the over-the-counter international
stock market) with a Russian counterpart [14].

Conclusion.

Selection of the best investment tools with the
issue of corporate bonds requires a search for new
approaches. We also need to take into account
modern realities, and serious scientific study of the
theoretical and methodological problems of
investing in the fixed capital of Russian companies
with the help of securities market instruments,
including assessment of effectiveness of such
investments.
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lMapk noaBM>XHOro cocrasa ropogCcKoro
naccaxupckoro TpaHcriopTa umeeTt
MOCTOSIHHO PacTyLLNi PU3nN4eckKknm

v MopaJsibHbIi u3Hoc. U Hago ceoeBpeMeHHO
ycrneBaTb ero peaHuMmMpoBaTb, OOHOBJISITb.
OaHako aTa 3aaaya npespatlyaercs

B npobnemy n3-3a gepuumta

AeHeXHbIX pecypcoB. PaHee peHoBauunsi
ocyuecTB/isiziacb 3a CYET amopTu3auun
OCHOBHbIX CPEACTB TPAHCMOPTHbIX
npeanpusaTuii. Tenepb 3TO NpeanUcaHo
Aenarb 3a CYET NPUOLININ, YTO BJIEYET 3a
co0oii onpeaenéHHble notepu n Tpebyet
nckarb Haf€XHble NCTOYHUKU L|eJ1IeBOro
¢unancupoBaHus. UMeHHO 0 Nogo6HOro
poaa NCTOYHUKaXx, criocobax ux
MCroJsIb30BaHNs, NoAAePXKe TeM caMbiM
pas3BUTUS NAaCCaXKMPCKOro TpaHcnopTa

B ropogax, co6CcTBeHHO, u UAET peyb

B ny6inKkyemMoii cTatbe.

KntouyeBbie c/ioBa: noaBMXHOM COCTas,
ropoLCKOM naccaxupCckuii TPaHCropT,
SKOHOMUIKA, aMOPTU3aLMst OCHOBHbIX

cpeacTB, peHoBauums MNoABUXHOIO COCTaBna,
MYHULMAANbHbBIV JIN3VNHI, GUHAHCUPOBaHNE
OBHOBJIEHUSI.
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Mamanuesa Oavea FOpo-
e6Ha — 00KMOpP IKOHOMU-
uecKux HayK, kanoudam
MexHU4ecKux Hayx,
3amecmument 2eHepaNbHO20
dupexmopa OAO «HUHAT>,
Mockea, Poccus.

Cnupun Hocugh Bacuave-
6uy — JOKMOp MexXHU1eCKux
Hayk, npogpeccop, enas-
HbLil HAYHHbLE COMPYOHUK
OAO «HHHAT>, Mockea,
Poccus.

boeymua Benuamun
Hukoaaeeuu — kanoudam
MEXHUYECKUX HAYK, O0UeHm
MAIIHU, Mockea, Poccus.

Bennamud BOrymui
Veniamin N. BOGUMIL

ypOaAHUCTUKE U YIIPABJICHUY TPAHCIIOP-

TOM TOJTy4YMJIa PaCTIPOCTPaHEHE MHHO-

BallMOHHAs! KOHIIETILIMST YCTOMYMBOTO
Pa3BUTHSI TPAHCIIOPTHBIX CUCTEM TOpooB [ 1, 2].
IIpu 3TOM cuUCTeMHBIMM MpOGIeMaMH Tacca-
JKMPCKOTO TPaHCIIOpTa JIjIsl HUX ocTatoTes [3]:

* MOBBIIEHNE KayecTBa U 3 (PEKTUBHOCTU
TePEBO30K MaCCaKMPOB;

* CO3MIaHKME PABHOIOCTYITHOM TPAaHCIIOPTHOMN
Cpenbl ST BCeX MOJIb30BaTeieii, B TOM YMC/Ie
M JIJIs1 MaJIOMOOMJTBHBIX TACCAXKUPOB;

* CHIDKEHME 3arpsi3HEHMST OKpYKaloliei
cpebl;

* TOBBIIICHUE OE30IMaCHOCTU MEPEBO30K
MacCaXMPOB U JOPOKHOTO IBIKCHUST;

* palMoHaaM3alMsI OTBETCTBEHHOCTHU 3a
TIePEBO3KU CO CTOPOHBI MTyOJIMYHO-TTPABOBBIX
00pa3oBaHMii, OM3Heca U MTHCTUTYTOB IpaKaaH-
CKOTO O0IIIECTBA;

* 3(b(heKTHBHOE UCTTOJIL30BAHKE TOPOICKMX
3eMeb;

* (hopMrpOBaHME COBPEMEHHOM TPAaHCTIOPT-
HOI MH(PACTPYKTYPHI;

* OCYIIECTBJIEHUE HAyYHO 0OOCHOBaHHO-
ro TJIAaHUPOBAHUS Pa3BUTHUSI TOPOICKOTO
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Crapas equHUIA Hogas eqununia

OCHOBHBIX OCHOBHBIX
CpEICTB CpeAcTB
A
Perynsapuoe Tlokynka
HayHCcJIeHHe
aMOpPTU3aLUN

Hosas equnnia
OCHOBHBIX

Crapas enuHHAIA
OCHOBHBIX

cpencTs CpeACTB
WMuBectunun
Perymsiproe B OCHOBHBIE
Ha4YUCIICHUE cpencTBa

| Haxonnenue Cp€ACTB B aMOPTHU3allMOHHOM (1)0HI[€ |

aMOpPTU3ALMH
@ CoOcTBeHHbIE U
Hcnonb3osanue MIPHUBIICKAEMBIC

CPEJICTB B TEKYLICH («¢ P cpezcTBa X03s1iCT-

JIEATENLHOCTH BYIOLIETo CyOBEeKTa|

)

0)

Puc. 1. AMOPTU3aLNOHHBIN UMKII: a) NPUMEHSIBLUMIICS paHee; 6) peann3yeMbiii npy UHBECTULIMOHHOM
¢puHaHCcupoBaHUM 3aKyrnoK OCHOBHbIX CPE/CTB.

naccaxupckoro tpancnopra (I'TIT) u ero
MHMPACTPYKTYypHI;

* COBEPIICHCTBOBAHME 3aKOHOJATE/b-
CTBa, PETyJIMPYIOIIETO pPabOTy MacCaXKUPCKO-
ro TOPOJCKOTO TpaHCHOpTa U IPaBOIpPUME-
HUTEJIbHYIO IMPAKTUKY.

VYeneuHocTh peleHus Kaxaoii u3 mpoo-
JIeM BO MHOT'OM OIIPEIEISIeTCS UCIOIb30-
BaHMEM JISI TIEPEBO30K MacCaXKupoB COBPE-
MEHHOTO MMOJBMXHOTO COCTaBa, KOTOPBI
COCTaBJISICT TJIABHYIO MO CTOMMOCTU U aK-
TMBHYIO 110 yY4aCTHIO B TPOU3BOJICTBEHHOM
Mpolecce 4acTh OCHOBHBIX (DOHIOB HAa3eM-
HbiXx BugoB I'TIT. B nenoMm mapk moaBux-
HOTI'O COCTaBa B ropojiaXx UMeeT 3HAYUTEIIb-
HBI (DU3UYECKUIl U MOpaJbHBIA M3HOC.
ToabKO B CBSI3U ¢ (PU3UYECKUM M3HOCOM
3aMeHe MOJUICXKUT 0oJiee MOJOBUHBI IKC-
IUIyaTUPYEeMbIX Ha MaplIpyTax aBTOOyCOB,
TpoJiIeii0ycoB U BaroHoB TpamBasi. s
HEMpPEPbIBHOI'O Y 9KOHOMMYECKM 0OOCHO-
BaHHOTO OOHOBJICHUSI TTOABUKHOTO COCTa-
Ba B CTOJIb HEMIPOCTOI peaJbHOCTU TPeOy-
I0OTCSI HEOpJIMHAapHBIE NCUCTBUS BJacTei
M CaMUX TPAHCIIOPTHUKOB.

UHBECTULU NN «<HE OOrTOHAIOT»

Panee B oTe4ecTBEHHOII 3KOHOMUKE MC-
MoJIb30BajlaCh aMOPTU3allMOHHAsT MOJE/b
obecrieyeHsI PeHOBAIIMU 3a CUET aMOpTU3a-
LIMU OCHOBHBIX cpencTB. COrjlacHO 3TOM MO-
JIEJTA TIPOMCXOTMIIN

* BO3BpAT MHBECTOPY BIOXEHHOIO KaIlH-
Tajia (4epe3 aMOPTU3aLIMOHHbBIE HAYMCIICHMS,
BKJIIOYaeMbIe B PACcXObl 1O Ce0ECTOUMMOCTH
M yIUThIBaeMbIe ITPU IJIAHUPOBAHUY TapUdOB
W IpUOBLIN);

* HaKOILIEHUE CPEICTB IS TPUOOPETEHMSI
OCHOBHBIX CPEJICTB B TIOPSIIKE MX PEHOBALIUU.
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TakuMm o6pa3om, amMmopTU3aLKS OOECIeUn -
BaJia IIPOCTOE BOCIIPOU3BOICTBO M3HOIIEHHBIX
OCHOBHBIX CPE/ICTB, U TOJIBKO JIJISI X PaCIlIv-
PEHHOTO BOCHPOM3BOACTBA TPpeOOBAIUCh
HOBBIE€ MHBECTULINU.

C BBenenueM B neiicteue [1BY 6/01 «Yuér
OCHOBHBIX CPEICTB» [5] M MOJIOKEHMI TJa-
BoI 25 Hanorosoro konekca P® Bropas u3
yKa3aHHBIX 33]1a4 BO MHOT'OM He peliaeTcs 1o
CJIeIYIOIIUM MpuYruHaM. TpaauliMoHHas MO-
JleJIb UCTIOJIb30BAHUSI aMOPTU3allMOHHBIX
OTUMCJIEHUI MUCXOAMIIA U3 3aKYIIKU HOBOIO
MMYIIECTBA B MOPSJIKE PEHOBALIMU aHAJIO0-
TMYHBIX MO0 Ha3HAYCHUIO (PU3NYECKU U3HO-
IIEHHBIX 00BbEKTOB, OTHOCSIIIMXCS K OCHOB-
HBIM CPeICTBaM. AMOPTU3aLIMOHHbBIC OTYMC-
JIEHUsI HaKaIlJIMBaJIUCh B AMOPTU3aIlIMOHHOM
domnze, a 3aTeM UCITOIB30BATMCH JIJIST OILIAThI
MPpHOOPETAEMbIX HOBBIX OCHOBHBIX CPEICTB
(puc. la) [4]. TToaTOMy OBLT OpraHU30BaH
KpPyroo6opor uHaHCOBBIX PECYpPCOB,
OJHaX/bl MHBECTUPOBAHHBIX B OCHOBHBIE
cpencrpa. JlonosHUTeIbHOE MHBECTUPOBAHKE
TpebOBAJIOCh TOJBKO JIJIsi 00ecIeYeH sl pac-
IIMPEHHOI'0 BOCIIPOM3BOJACTBA U B LIEJSIX
KOMIIEHCALIMU TEKYIIET0 YI0POXaHUS HOBBIX
OCHOBHBIX CPE/ICTB.

B HbIHENTHMX MPABOBBIX U IKOHOMMYE-
CKHX YCJIOBUSIX aMOPTHU3aLIMsI HE pacCMaTpy-
BaeTCsI KaK HEMOCPEACTBEHHO IS CTBYIOIIMIA
MEeXaHU3M, 00eCreunBaIOLINii CBOEBPEMEH-
HYI0O U TOJIHYI0O PEHOBAILIMI0O OCHOBHBIX
CPEJICTB XO3SIMCTBYIOIIETO CyObeKTa.

Cor1acHO CYIIECTBYOIEMY IMOPSIAKY Y€~
Ta PacxXxoJ0B U JOXOIO0B, NMIPUOOPETEHUE OC-
HOBHBIX CPEJICTB TPAKTYETCSI KAK MHBECTULIM -
OHHasl IeATeIbHOCTh. BKIIIOUEHHBIE B LIEHBI
U Tapudbl aMOPTU3AILIMOHHbIC HAYMCICHUS
HUTIE He HaKaIlJIMBalOTCS (aMOPTU3aLIMOH-

MartaHuesa O. 0., CnupwuH U. B., Borymun B. H. PeHoBauusa noaABNXHOro cocTaBa: MyHULIMManbHbIA
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HBII (POHI HBIHE OTCYTCTBYET), a B COCTaBe
BBIPYYKHU UCTIONB3YIOTCS B 000POTE IIJIST OCY-
LIECTBICHUS TEKYIITUX TutaTexxeit (puc. 10) [4].
Bo3BpaT MHBECTUPOBAHHBIX CPEICTB U PEHO-
BalIMsI OCYIIIECTBIISIIOTCS TOJILKO M3 PUOBLIH.
Kpyroo6opoT ogHax1bl MTHBECTUPOBAHHBIX
(hprHAHCOBBIX pecypcoB IS LieJell peHOBallUK1
HE OCYIIECTBIISIETCS, MTOCKOJbKY KaXKIbIi
WHBECTUIIMOHHO-PEHOBAIIMOHHBIN ITMKJT
peanusyetcsi aBToHOMHO. HeobxonnumMocTh
WHBECTUIIMOHHOTO criocoba peHOBallUU
(TO €CTb IOKYIIKa OCHOBHBIX CPEJCTB 3a CYET
MPUOBLIN) UMEET CJICACTBUEM JOTIOJTHUTEb-
HBIE 3aTpaThl B CBSI3W C yIUIATOW Hajora Ha
MPUOBLIE.

CrreryeT TakKe YUUTHIBATh 3HAUMTETbHOE
TIOBBIIIIEHYE 1IeH Ha TPAHCITOPTHBIE CPENICTBA
3a CPOK UX CJIYXObI (KakK 32 CUET MUHQDIISLIUU,
TaK U yI0opoxXaHUs 00Jiee COBPEMEHHOTO T10-
JIBUXKHOTO cocTaBa). HauncneHHas 3a 3TOT
CPOK aMOPTH3alIMs He TIOCTIEBAET 32 POCTOM
1IEH.

CyOBeKTHl MajJoro MpearpuHUMaTeb-
CTBa, KOTOPBIX OCOOEHHO MHOTO Ha aBTOMO-
OWJIBLHOM TpaHCIIOPTE, HE MOTYT OPraHn30-
BaTh KPYyroo0OpPOT aMOPTU3AIIMOHHBIX Ha-
YUCJIEHUI IS LIeJIei peHOBAlIM OCHOBHBIX
cpencTB (MPeuMyIIeCTBEHHO MpeATIpPUHUMA-
TeJIb OKCITTyaTUPYeT eAMHCTBEHHBII aBTOOYC).
[Toatomy B MajioM GU3HECe U ITPU MAaCCOBBIX
3aKyIKax MpruoOpeTeHrne HOBBIX OCHOBHBIX
CPENICTB MOXKET OCYIIECTBIISITHCS MCKITIOUM-
TEJTHHO B (popMe eTMHOBPEMEHHBIX MHBECTH -
LM KamuTaia, IpOU3BOIUMBIX U3 TIPUOBLITN
TepeBO3YMKa WY 3a CYET MTPUBJIEKAEMBIX UM
CPENCTB U3 CTOPOHHUX UCTOYHUKOB.

MaccoBas 3aKyIka TOJIBMXKHOTO COCTaBa
TpeOyeT 3HAUMTEIbHBIX PA30BbIX MHBECTULIMIA.
ITo okoHUaHWM CPOKa CITYKObI, IPY CITUCAHUT
TPAHCTIOPTHBIX CPEACTB BBUILY UX (PU3UUECKO-
ro M3HOCA MOTPEOYIOTCS aHAJIOTUYHBIE TTO
00BEMY CpeACTBa 111 UHBECTULIMI B TPOCTOE
BOCTIPOM3BOJICTBO M3HOIIEHHOTO TapkKa.
[Tpouee nmy1IecTBO TPAaHCTIOPTHOW OpTaHU-
3allMy, KaK MPaBUIo, B 3HAYMTEJILHOI Mepe
MU3HOIIEHO (aMOPTHU3aIus Ha HETO ObLIA IMOJT-
HOCTBIO HauMCJIeHa paHee) U He o0ecTieunBa-
€T TeKyIlel CyMMbl aMOPTU3aIIMOHHBIX Ha-
YUCJICHWI, KOTOpast MOTJIa Obl OBITH UCTIOJb-
30BaHa i1 (PMHAHCUPOBAHUS 3aKYITOK T10-
JIBUXHOTO COCTaBa M MHBIX OCHOBHBIX
TIPOU3BOJCTBEHHBIX CPEICTB.

Takum 006pa3oM, TPaHCTIOPTHBIE OPTaHU -
3allM HEe MMEIOT TOCTATOYHBIX CPEICTB IS
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CBOEBPEMEHHOU PeHOBAIIMU CBOETO UMYIIIE-
ctBa, 6ojiee 60 % KOTOPOro COCTABIISIET I10-
JBUXKHOI cocTaB. TeopeTnuecku (hpMHaHCOBO
OITOPOIi PeHOBAIIMM TTapKa IMOABUKHOTO CO-
cTaBa B CJIOXUBIIUXCS YCIOBUSX JTOJIKEH
CTAaHOBUTBCSI MEXaHU3M aMOPTU3AIIMKY OCHOB-
HBIX cpenctB [4, 7]. OnmHaKo BCeacTBUE
JUTUTEJILHOTO ACHCTBUS TOTAIIMOHHOTO TIO/I -
X07a K BO3MEIICHUIO MepeBO3YMKaM UX pac-
XOJIOB, ITOCTOSTHHO YCYTYOJISIIOIIIETOCST HE/lO-
CTaTOYHOTO OIOIKETHOTO (hMHAHCUPOBAHUS
TpaHCIIOPTa OOIIETO MOJb30BaHUS U MHQIIS -
IIMOHHBIX MIPOLIECCOB B 5KOHOMMKE BO3ZHUKIIA
CUTYaIysl, IPU KOTOPOI MMEIOIITNXCS CPEICTB
HE XBaTaeT Jaxe Il TPOCTOTO BOCTIPOM3BO/I -
CTBa OCHOBHBIX CPEJICTB.

AMOpPTHU3aIMs Ha YXKe TTOJIHOCTHIO U3HO-
IIEHHYIO YacTh MapKa JJIUTeTbHOE BpeMsT He
Hauuchsercs. [1o xony 0OHOBIEHUS MOJEb-
HOTO psiia M MOJIEPHU3AIINK BBITTYCKAeMOM
MPOAYKIIMY IIeHbl Ha MOJABUXHON COCTaB
MOCTOSTHHO yBenmuuBaioTcst. Cymma aMop-
TU3alIMOHHBIX OTYMCIEHUI HE TOKPHIBACT
M JECITON yacTu MoTpeOdHOCTE B peHoBa-
Y. AMOPTU3aIIMOHHAS COCTABJISIONIAsT Kak
YacTh BBIPYYKHU OT TMEPEBO30K MOCTOSTHHO
y4acTBYeT B 000pOTE CPEICTB TPAHCTIOPTHOM
opraHusainuu. B cBsi3u ¢ TeM, 4TO 3T Cpe/l-
CTBa YK€ M3pacXo0BaHbl (3aIyIeHbl B 000-
pOT), UX HEe YAaETCd OAHOMOMEHTHO MOOU-
JIN30BaTh TSI TOKYITKY ITOABUKHOTO COCTaBa
WJIM UHOTO UMYLIECTBAa. DTO MPUBEJIO K 00-
pPa30BaHUIO TaK Ha3bIBAEMbIX «aMOPTHU3AIIM -
OHHBIX HOXHUII».

Teopetuuecku aJist odecrieyeHust BO3MOXK-
HOCTU (pUHAHCUPOBAHUS TTPUOOPETEHUS
HOBOT'O aBTOOYyca 3a CYET aMOPTU3ALIMOHHBIX
OTYUCJIEHUI B TEKYIIIEM Mecsilie TIepeBO3UNK
JIOJKEH 9KCIUTyaTupoBaTh He MeHee 120 aB-
TOOYycoB. Torna, ucxo/st U3 pacy€THOIO CpoKa
clIyx0bl1 10 JieT, exxeMecslYHO Ha BeCh Mmapk
OyIeT HAYMCIISIThCS CyMMa aMOpPTHU3alluu,
JIOCTaTOYHAs JUIsl IPUOOPETEHUsI OTHOM HO-
Boii MammHbl. Ho 1 B 3TOM ciydae moHao-
OSITCS TOTTOJTHUTEbHBIE IEHBIM JUTSI KOMITEH-
calnu BBIPOCIIEH 1IeHBI aBTOOYCa 110 CpaBHE -
HUIO C IIeHaMU SKCIUTyaTUPyeMbIX aHAJIOTOB,
KymieHHbIX 10 et ToMy Hazazd. B pesynsraTte
MTOKYIIKY HOBOTO aBTOOYca, 110 CyTH, TIPUAET-
CsI OCYIIECTBIISITH B (hOpMe pa30BOM MHBECTH -
1Y 32 CUET CPEICTB CAaMOTO TIPEeAITPUHUMA -
TeJsl. DTO aBTOMAaTUIECKU IPUBEIET K YBEJTH -
YEHWIO HaJIOTOBOI HAarpy3Ku Ha IIepeBO3YMKa,
YTO TTOTPEOYeT TOTIOJTHUTEIbHBIX (PMHAHCOB.
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TTpakTuecKn MHBECTULIMHU B TIPUOOpETE-
HHME HOBOTO TTOJIBMKHOTO COCTaBa 4acTo OCY-
IIECTBIISIIOTCST 32 CYET OIOMKETHBIX CPENCTB,
0e3BO3BPATHO TPENOCTABIISIEMBIX €KETOHO
KPYIHBIM TPAHCIIOPTHBIM KOMITAaHMSIM (TaK
Ha3bIBAEMBbI «OI0IKETHBIN MOJAPOK»). B 00-
1Iei CyMMe CPEJICTB, HAITPaBJIsIeMbIX Ha 3aKYTI-
KU TIOIBMXKHOTO COCTaBa, JIOJIsl OroKeTa J10-
xomut 10 85—90 %. Takasi mpakTHKa MPUBOIUT
K CIICIYIOIIUM HETaTUBHBIM ITOCIICICTBUSIM:

* €XEeroJHO PacXOayIoTCsl 3HAYUTEIbHbBIE
OroKeTHbIE JeHbI (10 4 % 1 6oJiee GromKeTa
MYHUIIMITATBLHBIX 00pa30BaHMIT), HUKAK He
BOCITOJTHSIEMBIE 32 CUET NESITEIbHOCTH TIepe-
BO3YMKOB, IMPUYIUBIINXCI K MOCTOSTHHBIM
OIOIKETHBIM IOAapKaM U IIepeCcTaBIINX TyMaTh
0 HaJIaXXMBaHUY SKOHOMIYECKY IIPABUIBHOTO
TopsIIKa BOCIIPOM3BOICTBAa M3HOIIEHHBIX OC-
HOBHBIX CPEJICTB;

* aMOPTH3aLIMOHHBIN MEXaHW3M KaK CII0-
co0 obecrnieueHUs peHOBALlMM Ha TOPOJACKOM
MacCaXXUpPCKOM TPAHCIIOPTE HE JEUCTBYET,
a HauMCJICHHAs aMOPTU3allKs PACIIbLISICTCS
¥ COOTBETCTBYIOILIME PECYPCHI PACXOIYIOTCS HA
TEKyIINE 1IeJTH.

JINBNHIOBOE NAPTHEPCTBO

[TepemoMUTE pacCMOTPEHHYIO HETATUBHYIO
TEHICHLIMIO 32 CUET MOOUIMU3ALIMKA COOCTBEH-
HBIX UCTOYHNKOB (DMTHAHCUPOBAHUS OpraH’-
3alMsIMU TpaHCIIOpTa HE TpeIcTaBIsieTCs
BO3MOXHBIM.

Pazpents mpobeMy OOHOBJIEHUSI TTapKa
TIOOBIDKHOTO COCTaBa B M3BECTHOI Mepe CII0-
COOEH JIM3UHT, KOTOPHII B COBPEMEHHO 9KO-
HOMHKE MpEeICcTaBiIsIeT OBICTPOPACTYIIUI
CEKTOp (PMHAHCOBBIX YCIIYT.

Oco0bIit 3¢ dEeKT CyIUT UCIOIb30BaHIE
ToCyZapCTBEeHHO-YaCTHOTO MapTHEPCTBaA
B (hopMe TaK Ha3BIBAEMOTO «MYHUIIUTIATLHOTO
JIM3UHTa» , TIOPSTIOK OTHOIICHUIA CTOPOH KOTO-
poro u3noxeH B [4]. OCHOBHBIC TIPUHIIUITEI
MYHUILIUTTIAILHOTO JIN3WHTA:

* CHHTE3 BHYTPUIIOJUTUIECKOTO 1 SKOHO-
MUYECKOTO MOAXOA0B K MpodsiemMe odbecrieve-
HUSI TTOIBIKHBIM COCTABOM TPAHCITOPTa O0IIIe-
TO TTOJIb30BAHUS;

* MHTETpals YCUIN OM3Heca, OpraHoB
rocy1apCTBEHHON (MyHMUMMAIbHON) BAaCTU
W YIIpaBJICHUS U Pa3IMIHBIX NTHCTUTYTOB 00-
IIIeCTBa B MHTEepecaxX MacCaknpoB;

* nuddepeHManusg pa3MepoB U GopMm
IUBUICHIOB, TTOyYacMbIX YIACTHUKAMU JIH-
3MHTOBOTO TIPOEKTA;
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* ucnosb3oBaHue a(pdekTa MaciTada 3a
CYET KOHIIEHTPALIMY JIM3UHTOBBIX OTIePaIIVii;

* OTopa Ha IMPOU3BOJICTBEHHBIE BO3ZMOX-
HOCTU OTEYECTBEHHBIX TIPOU3BOIUTENCH TT0-
JIBDKHOTO COCTaBa.

[1aBHas naest MyHUITUMITAILHOTO JIM3WHTA
COCTOWT B TOM, YTO OH ITPOTUBOTIOCTABJISIETCS
CJIOKMBIIEHCS MPAKTUKE 3aKyMOK TTOIBMXK-
HOTO COCTaBa Pa3TMIHbIMU TPAHCTIOPTHBIMU
OopraHu3alnusIMu Mopo3Hb. [IpenmyiecTBa
obecrieynBaeT KOHIIEHTpaIMs paboThl TTO
3aKyIKe TOJBUXXHOTO COCTaBa B €IMHOM
1eHTpe. TaKuM IIEHTPOM MOKET CTaTh CITeIIN -
aJTbHO 00pa30BaHHOE [UTSI 3TOTO AKITMOHEPHOE
001IEeCTBO, JIMOO OH CMIOCOOEH CYIIECTBOBATh
KakK accoluanus, yapexnéHHas opraHamMmu
WCTIOJTHUTETLHON BJIACTHU, YIIOJTHOMOYEHHBI-
MM PacTiopseKaThCsl UMYITIECTBOM TPAHCIIOPTa
0O0I1IETO MOJIb30BaAHUSI TIPYU YUACTUN JTU3UHTO-
BBIX KOMITAaHU,, TPOU3BOIMTEEH ITOIBUKHO-
IO COCTaBa M TPAHCIIOPTHBIX OpraHU3aIniA.

OCHOBHBIMU 9KOHOMUYECKUMM OTJIAYHSI-
MM OT TPAJAWITMOHHBIX CXeM JIM3UHTA SIBJISIET-
CsI IpUBJICYEHNE K YIaCTHIO B ICSITEIbHOCTH
LIEHTpa IIUPOKOTO KPyra IpUINIECKUX JTUIT
1 TMOKOE PeryIMpoBaHNEe CUCTEMbI MHTEPECOB
U IUBUIEHAOB (Tabauua 1).

3a cy€T 60JIBIIOrO YKCa YYaCTHUKOB U3
pa3JIMYHBIX TOpOaOB Poccruu cTaHOBUTCS
BO3MOXHBIM ITPUOOPETATh TPAHCITIOPTHHIE
CpelcTBa y MPOU3BOIUTENICH B OOJIBIINX KO-
JINYECTBAX, a 3HAYMT 0 MMHUMAaJIbHOM 1IeHE.
OTKpBIBAIOTCSI TIEPCTIEKTUBBI JJIsT YETKOTO
1 000CHOBAHHOTO OTIPeIe/IEHNsI TIOTPEOHOCTH
B TIOJBIKHOM COCTaBe, YTO MAaET OCHOBaHUE
K 11eJIEBOI pa3paboTKe U 3aITyCKy B TTPOU3BO/I-
CTBO PallMOHAJILHOTO TIO MacCaKUPOBMECTH -
MOCTHU THUTIOPAa3MEPHOTO psila aBTOOYCOB,
TPOJLJIEI0YCOB U BaroHOB TpaMmBasi. 3aBOJIbl
IMOJTy4yaloT TapaHTUPOBAHHYIO TTPOU3BOJI-
CTBEHHYIO MporpaMMy Ha o003puMoe Oyay-
mee. Coznarorcst GbMHAHCOBBIE MPEATOCHUIKH
K pacIIMPEHUIO BBIITyCKa TTOJIBMKHOTO COCTa-
Ba, 00ECTIEUEHHOTO TMJIATEeXeCITOCOOHBIM
cripocoM. OTMETHM, YTO 3TU MPEUMYIIECTBA
0COOEHHO 1IEHHBI C TOUYKY 3pEHUSI aKTUBU3a-
LMY IEeATeIbHOCTU OTEYeCTBEHHBIX TOBAPO-
TMPOU3BOIUTEIIEH.

[nst duHaHCUPOBAHUS 3TOTO MPOEKTa
BMECTO €KETOIHO IIPOU3BOUMBIX €TMHOBPE-
MEHHBIX BIMBAaHWI OIOKETHBIX CPEICTB Ha
e OOHOBJIEHUS TOIBMKHOIO COCTaBa
JIOJIKEH OYyZeT OpraHu30BaH KPyroo0opoT
OIHOKPATHO BBIACJIEHHBIX (PMHAHCOBBIX pe-
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Ta0muua 1

Cocras YYaCTHHUKOB JIM3UHIOBOI0 MPOECKTA U UX HHTEPECHI

FOpunuueckwuii cratyc
yyacTHUKa (YupeauTesisi)

Crnioco6 o6pa3oBaHuUst
Kanurauaa KOMIaHUu1

B uém BbIpaxeH MHTEPEC yYacTHUKA

1. OpraH UCTIOJHUTEIbHOM
BJIACTH, OCYIIECTBIISIOIIUIT
pacropsKeHUe rocyIapCTBEH-
HBIM W MyHUILIATIATBHBIM
MMYIIIECTBOM.

OnHopasoBasi epeaada
OIOMKETHBIX CPEMICTB,
0OBIYHO HAIPABJISIEMbIX
Ha IPUOOpeTEHNE TSI
T'TIT HOBOrO MOJABMXK-
HOTO COCTaBa.

He TpeOyeTcst nMBUIEHIOB B IeHEXHOI (hopme.
B3ameH 3TOro ropoickoe X03sMCTBO MOIyYaeT Mpe/i-
METBbI JIN3MHTA JIelieBlie, YeM 00bruHO. [ToaToMy
MUBUICHIBI TOCTYMAIOT B (POPME MOTUTHYECKOTO
Karurajga — PeLIeHuUs COLMATbHBIX TPOOJIeM Toposa.

2. Kommepueckue opraHu3sa-
111U, HE YIIOMSTHYThIE Jajiee
B TabNIuUIIE.

JIt060i1 TOTTyCTUMBIIA,
TIPEUMYILIECTBEHHO

B (hopMe nepeuncieHust
JICHEXHBIX CPE/ICTB.

[MonyueHre OObIYHBIX TUBUACHIOB B ICHEKHOM
(opMe WM B BUIE pa3TIMYHBIX HATYPaJIbHBIX MPpaB,
MPETOCTABIIIEMBIX TOPOJIOM.

3. 3aBOJBI—TPOU3BOUTEN N
MPEeaIMETOB JIM3UHTA (ITPEKIE

BosmozkHa nepenava
B 3a4€T JOJU BHOCUMO-

3al'IyCK MEXaHU3Ma NMPpOM3BOJICTBA U cObITa npeame-
TOB JIM3MHIA IO KOHTPOJIEM IIPEACTaBUTEIIS IIPOU3-

BCETO aBTOOYCOB, TPOJUIEHOYCOB | rO KanmuTaua roToBOi
¥ BarOHOB TpaMBas).

TOB JIM3WHIA.

TMPOAYKLIUU — TIPeaMe-

BOJUTEJS! B IPAaBJIeHUM KoMnaHuu. B aToM ciyuae
NMBUACHIBI 32aBOJIa MOTYT ObITh MUHMMATbHBI — OH
MOJIYYUT OCHOBHOE MTPEUMYLIECTBO Yepes3 NpUuobLIb
OT YCTOMYMBOIA peain3aliiy MpoaAyKIIUU.

JleHexXHbIe CpeacTBa,
areHTCKUE YCIYTH.

4. BaHKU ¥ MHBIE YUPEKACHUS
KpeauTHO-(UHAHCOBOI cephl,
SIBJISIIOILIMECS areHTaMU 110
TIaTeXXaM OpraHoB rocynaap-
CTBEHHOI BJIaCTH U MECTHOTO
CaMOyYIpaBJIeHUS.

CoxpaHeHMe HaJTaXKEHHBIX areHTCKUX OTHOLICHUIA

C OpraHaMM BJIaCTH TIPH MOJYYEHUU YMEPEHHBIX
JNMBUIIEHIOB B ICHEXHOI (hopMe U B BUIE HATypasib-
HBIX TIPaB, MPEIOCTABISIEMBIX TOPOIOM.

cypcoB. [losBrseTcs 1maHC MOI0XUTh KOHEIl
MMOPOYHOI MpaKTHUKE pacxoaa 0e3BO3BpaTHO
MOTPeOJISIEMbIX JEHEXHBIX CPEACTB Ha «O10/1-
JKETHBIE MMOAAPKI» TIEPEBO3YNKAM.

JIM3WHT TTOABUKHOIO cOocTaBa BHITOACH
1 KOHEYHOMY IOJIyyaTealo TPaHCIOPTHOM
yclyru — naccaxkupy. OH IJIaTUT 3a IepeBO3-
Ky 1o Tapudy M Kak HaJoTOoIIaTebIINK
y4JacTByeT B (D)MHAHCUPOBAHUM TPAHCIIOPTA U3
LIEHTpaJIM30BaHHbBIX UCTOYHUKOB. [ToaToMy —
BasKHEHW NI CYyObEKT 9KOHOMUYECKUX OTHO-
LIeHUI U OCHOBHOM MCTOYHUK (PMHAHCOBBIX
pecypcoB. [ls maccaxkupa MyHULIATIATBHOTO
TpaHcrnopTa MpUMEHEHUe TU3MHTa BIACYET 3a
c000li MOBBIIIEHUE KayeCcTBa YCIYT 10 Tepe-
BO3KaM 3a CUET MOBBILIEHUS YaCTOThI U PETy-
JISPHOCTH ABMKEHUSI HA MapIIpyTax, a TakKe
palMoOHaIM3alUI0 UCTIOIb30BaHUS HAJIOrO-
BBIX IJIATEXXE.

3amMeTuM, 4TO HaTnure MyHUIIUTIAJTbHOTO
JIM3MHTA He UCKTI0YAET U LIEHTPaIM30BaHHOE
OroJXKeTHOe (PMHAHCUpOBaHUE Ha HYXKIbI
pasButus I'TIT [8].

B cnyyae mpumeHeHUSsT cXeMbl MyHUILIV-
MaJibHOTO JIM3MHTa CYMMBlI aMOpPTHU3alLluu,
BKJIIOYEHHBIE B CTOMMOCTb OKa3aHHBIX YCIIYT,
BITOCJIEJICTBUU HE PACTIBIISIIOTCS Ha (hpMHAH-
CUpOBaHUe Pa3IMYHbIX IJIATEXKEi, a LIeJIeBbIM
00pa3oM HaIpaBJISIOTCS Ha IPOCTOE BOCIIPO-
HU3BOJICTBO OCHOBHBIX CpeAcTB. JIist hopmu-
pOBaHUsI TOCTAaTOUHBIX PECYpPCOB Ha OOHOB-
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JIEHUE TIOJIBMXKHOTO cocTaBa (IIPOCTOE BOC-
IIPOM3BOACTBO) 11eJeCO00Pa3HO K CyMMaM
aMOpPTU3aLMKU 100aBJISATh YaCTh YMUCTOM ITPU-
ObLIu. PaciimpeHHOE BOCIIPOM3BOACTBO OC-
HOBHBIX ITPOM3BOACTBEHHBIX CPEICTB BCETna
OyneT TpeOoBaTh JOMOJHUTEIHLHOTO (PpMHAH-
CHpPOBaHUsI, TPUIYEM BO3MOXHBI JIBE CUTya-
LIMN:

* BO-IIEPBBIX, €CJIM PACIIMPEHHOE BOC-
MIPOU3BOICTBO OCYIIECTBIISICTCS 110 MHUIIMA-
THUBE TPAHCIIOPTHOI OpraHU3aluu, JOIOTHM -
TeJIbHbIC CPENICTBA OHA JOJDKHA M3bICKMBATh
CaMOCTOSITEIIBHO;

* BO-BTOPBIX, €CJIM PACIIUPEHHOE BOCIIPO-
M3BOJCTBO COBEpIIACTCS MO MHUIIMATHUBE
BHEIITHUX OPTaHOB (3aKa34rMKa MYHMIIUIIA/Ib-
HBIX IIEPEBO30K), CIIPAaBEJIMBO I10JIaraTh, YTO
OHH K€ JOJDKHBI 00€CITeYUTh U JOITOTHUTE b~
HOe (hDMHAHCHPOBAaHMUE.

B peaibHBIX YCIOBUSIX VISl IEPEBO3YUKOB
I'TIT, kak mpaBUJIO, OTCYTCTBYET BO3MOXKHOCTD
HCII0JIb30BaTh BHYTPEHHUE MUCTOYHUKU (Du-
HaHCUPOBAHUS B CBSI3U C OTCYTCTBUEM
cpenctB. [ToBceMecTHO 3ByYar 3asiBJICHUS 00
YOBITOUHOCTHU UX JIESITEJIbHOCTU 13-3a LIEHTpa-
JIN30BaHHO yCTaHaBJIMBaeMbIX TaprhoB (Co-
LIMAJIBHO GJIArONPUATHBIX, HO KOMMEPYECKHU
HEIMpUueMJIeMbIX). YOBITOUYHOCTh IepeBO30K
MacCaXUpOB TPAHCIIOPTOM OOIIEro IMOJIb30-
BaHUsI OOBSICHSIETCS HEYMEHUEM Tocyaap-
CTBEHHBIX (MYHUIIMIIAJIbHBIX) 3aKa34MKOB
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OCYIIECTBIIATh (DPMHAHCHPOBAHNE B COOTBET-
CTBHMU C pa3MepaMM CYIIECTBYIOIINX JCHEXK-
HBIX CPEICTB.

DTy npoblieMy HNpu3BaH pPELIUTH
DenepanpHblii 3ak0H oT 13.07.2015 Ne 220-
®3 «O6 opraHn3aLUH PETYJIIPHBIX ITIEPEBO30K
naccaxXXupoB M 0araxa aBTOMOOUJIBHEIM
TPAHCIIOPTOM Y TOPOICKMM Ha3eMHBIM 3JIeK-
TPUYECKUM TpaHcIopToM B Poccuiickoit
Denmepalit 1 0 BHECEHUH U3MEHEHUI B OT-
JleJIbHbIE 3aKOHOAaTeIbHbIe akThl Poccuiickoi
Denepanym». 3aKOH ycTaHABIIMBACT, 0Opa3HO
TOBOPSI, TIPUHIIUII «I10 OIEXKE MPOTITUBAM
HOXKW». A IMEHHO, Ha OpTaHbI UCITOTHUTEITb-
HOI BJTACTH BO3JIaraeTcsl 00sSI3aHHOCTb OpTa-
HU30BBIBaTh M (DMTHAHCUPOBATh IIEPEBO3KU IT0
peryaupyeMbIM TapudaM Ha MaplipyTax.
DopmupoBaHUEe CUCTEMbI TAKUX MapIIPyTOB
JIOJDKHO OCYIIECTBIISITECS B TIpeiesiaX MMeI0-
IIUXCST I UX (PUHAHCUPOBAHUST CPEICTB.
OcTajbHBIE IEPEBO3KKM MOTYT BEITTOTHSITHCS
Ha YCJIOBUSIX HEPETYJIMPYEMbBIX TOCYIapCTBOM
TapudoB.

AMOPTU3ALUUNA U KOMINEHCALUYA

B 6yxrantepckom y4yéTe nOMmycKaeTcs Jto-
0011 U3 YeTBIPEX CITOCOOOB HAYUCIIEHUST aMOP-
TU3AINU:

a) JIMHEHBII;

0) YMEHbBIIIAeMOTO OCTaTKa;

B) CITMCAHUSI CTOUMOCTH TI0 CyMMe€ YHCel
JIET CpOKa TI0JIE3HOTO UCTIONBb30BaHUS;

T) CITMCAHWST CTOMMOCTH TIPOTTOPITMOHAITb-
HO 00BEMY TTPOAYKIIUH.

Jtst maccaXkupCcKoro TpaHcmopTa 00bEM
MPOAYKIINY 32 OTpeNeIEHHBIN TTeproJ Bpe-
MEHU BBIpaXaeTcsl OMHUM U3 CJIECAYIONINX
TOKa3aTesei:

a) 00bEMOM MEPEBO30K, Macc.;

0) maccaxkxnpooOOPOTOM, TT1ACC.-KM;

B) MPOOETOM TPAHCIIOPTHBIX CPEJICTB IO
MapIIpyTam, KM.

B paGorax [6, 7] npeacTaBieHbl pEKOMEH-
JAIIAX TI0 BBIOOPY HanmboJIee pallmoHaIbHOTO
criocoba HAYMCIIEHUST aMOPTU3AINY C YIETOM
Pa3TMIHBIX CXEM OpPraHU3aluy TPAHCIIOPTA.
Kaxnplil 13 cnoco0oB Mo-cBOEMyY BIMSET Ha
TEMITbl HAaKOTUIEHUST aMOPTU3alIMOHHBIX OT-
YUCIICHUH.

IMpu nuHeitHOM criocobe Hauucsemast
CyMMa aMOpPTU3AIUM OCTAETCS HEeM3MEHHOM
B IIpefeiaxX OTBEAEHHOTO eif mepuomaa (roaa).

ITpu ncrionb30BaHUM CITOCOOA YMEHBIIIAe-
MOTO OCTaTKa TepBOHAYATLHO HAYMCIISIIOTCST
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OoJbIlIie CYMMBI aMOPTU3alinK (YCKOPEHHOE
HayucjeHrue amopTu3aiuu). B mocienyroiye
pacy€THBIEC TMePUOABbl CYMMBI TTPOTPECCUBHO
YMEHbIIAIOTCA. DTOT cIOCO0 HE PEKOMEHTY-
€TCsI ISl HAKOTUIEHUS CPEICTB Ha BOCTIPOU3-
BOJICTBO, TaK KaK CyMMa HauYMCJIEHHOM aMOp-
TH3aIlMKU He OyleT paBHa IepBOHAYaIbHOU
CTOMMOCTH JIaxKe 32 BECh CPOK CITYXKObI 00b-
eKTa.

Hawnyuive ycioBusi HaKOTUIEHUIO CO0-
CTBEHHBIX CPEJICTB JIJISI BOCIIPOU3BOICTBA
TTOABUKHOTO COCTaBa IMOCPENCTBOM aKKyMy-
JINPOBaHMST aMOPTU3AIIMOHHBIX OTUYUCIEHUI
00€eCcreunBaloT CIIOCOOBI IO CyMME YKCeJ JIeT
U MIPONOpLUMOHAJILHO pobery. B atux ciyya-
SIX B TeUEHME ITePBOIA MOJIOBUHBI CPOKa MOJIe3-
HOTO WCITOJTb30BaHUST MMYIIECTBA HaKaIlIh-
BaeTcs 0oJIbIIIasl YaCTh CYMMbI aMOPTHU3AIIUH.
Kpowme Toro, ob6a crioco6a mo3BoisitoT ocylie-
CTBJISITH KOMIIEHCAIIUIO MOCIEACTBUI MHOIISI-
LIMOHHOTO Jipeiida 1eH Ha aMOPTU3MpyeMble
00bexTHI [7, 10].

Hauucienune amopTu3auu mpornopmno-
HaJIbHO 00BEMY MPOAYKIIMU MPOU3BOAST
C Yy4€TOM COOTHOIIIEHUS MepBOHAYATbHOM
CTOMMOCTU O00BEKTa OCHOBHBIX CPEJICTB
U TIpeAriojiaraeMoro oobEMa cosznaBaemMoi
MMPOAYKIIUU 32 BECh CPOK ITOJIE3HOTO HUC-
MOJIb30BaHUS 3TOT0 00bekTa. Takoil cnmocod
1ejecoobpa3eH ISl MOJBUXHOTO COCTaBa
C YCTaHOBJIEHHO HOPMOI1 aMOPTHU3aIIMOH-
HBIX OTYMCJIEHUI B IMPOIIEHTaX OT CTOUMO-
CTU TPAHCIIOPTHOTO CPEACTBA Ha KaXXJble
1000 xm ero mpobera. B atom ciayuyae obec-
rnmeynBaeTcsl 0oJyiee TTOJTHOE COOTBETCTBUE
PAacYETHOTO (HAYUCISIEeMOro) U3HOca UMY-
IeCcTBa W peajbHOTO €Tro M3Hoca (ompee-
JISIEMOTO TT0 IPOOETry), YTO MO3BOJISIET YCKO-
puTh opMuUpoBaHUE 0ObEMA CPEACTB, He-
00XOIMMBIX JUISI TPUOOPETEHUSI HOBOTO
UMYIIECTBA.

[1pu HaYMCIeHNN aMOPTU3AIHY TIPOTTOP-
LIUOHAJILHO 00BEMY MPOAYKIIUU €€ HOPMY
YCTaHABJIMBAIOT PABHOI OTHOIIEHUIO ITEPBO-
HayvaJIbHOM 0aJlaHCOBOI CTOMMOCTH TpaHC-
noprHoro cpeactBa Cp; K ero HOpMaTMBHOMY
npobery no cniucanus Ly 3a pacyéTHEI me-
puon BgeMeHPIZ
H, =-1

LH

CyMMa HayMCIeHHOU aMOpTHU3aLlUuU 3a
PACcUYETHBIN Mepuo BpEMEHU COCTABUT:

AzLPH’HA,

, PyO./KM. (1)

()
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e L, — mpoGer 3a pacYETHBII TIEPUO BPe-
MEHU.

Hauyucnenue amopTtuszauuu npomnop-
LIMOHAJbHO Mpobery HauboJjiee COOTBET-
CTBYET (pU3UYECKOMY U3HOCY TPaHCIIOPT-
HBIX CpeacTB [6, 7].

AMOpPTU3allMOHHbIE HAKOTJIEHUS Ha
MOJHOE BOCHPOU3BOJACTBO OCHOBHBIX
CPEICTB OMPEESIIOTCS CATbJ0 MO PEryJn-
pywoiiemy cuety 02 «AMopTHU3aL U OCHOB-
HBIX cpencTB». OH MpeaHa3Ha4YeH IS
yuyéTa OCTAaTOYHON CTOMMOCTM OOBEKTa
OCHOBHBIX CPEICTB U HE MOXET CIYXUTh
JUTSL YCTaHOBJIEHUSI UCTOYHUKA (DUHAHCU-
pOBaHUS UX OOHOBJIEHUS.

Pa3zmep HeoOXOAUMBIX CPEACTB AJs hu-
HAHCUPOBaHUSI OOHOBJICHUS YCTaHABIUBA-
ercsa pacuétom. s 3TOro cieayetr BeCTU
AHAJTUTUYECKUN YUET HAUYUCIEHUS aMOPTHU -
3allMU, HampaBjiseMoil Ha OOHOBJIEHUE
OCHOBHBIX CPEJICTB.

3ape3epBUpPOBAHHBIE HA PaCYETHOM
CUETE CYMMbl HAUUCJIEHHOU aMOpPTU3aLUN
U YaCTU MPUOBLIM, HallpaBIsieMO Ha Ha-
KOTJIEeHUE, 00pa3yloT CpelcTBa, KOTOpPbIie
MOTYT UCMOJb30BATHCS:

a) Ha LIeJI1 TPOU3BOJACTBEHHOTO U Hay4-
HO-TE€XHUYECKOTO Pa3BUTHUSI;

0) obpaszoBaHUe (PUMHAHCOBBIX AKTUBOB
(npuoOpeTeHue LEHHBIX OyMmar, BKJaJbl
B YCTaBHBI KamuTal IPyIUX X034CTBYIO-
LIUX CYOBEKTOB).

Yto06b1 0OecrieyuTh rapaHTUPOBAHHOE
KUCIOJIb30BaHUE CPEACTB LIEJeBOro (prHaH-
CUPOBAaHUS MO Ha3HAYECHUIO, HEOOXOIUMO
BBECTU CHUCTEMY, MO3BOJSIONIYIO CHOopMU-
pOBaTh COOCTBEHHBIE UCTOUHUKU JIJISI UH-
BECTULIMII B OOHOBJIEHHUE TPAaHCIOPTHBIX
cpencts [8, 10]. Huist aTOrO B Maease ciemy-
€T IIPOBECTU KOPPEKTUPOBKY HOPMATUBHBIX
AKTOB ITO OYXTAJITEPCKOMY YUETY, 3aKPETTUB
B HEM HOPMBI, COTJIAaCHO KOTOPBIM OyIeT
BOCCTAHOBJIEHAa yTpauyeHHas GYHKIUSA
aMOpTHU3allUM OCHOBHBIX CPEICTB — CJy-
KUTh UCTOYHUKOM IS LIeJIEN UX TPOCTOrO
Bocmpou3BojacTBa. BoccTaHOBIEHHAs
(GyHKUIMS TO3BOJIUT OCBOOOIUTH NTEPEBO3-
YUKOB OT HAJIOTOOOJOXEHUST NEHEXHBIX
CPEeICTB, HaNpaBJseMbIX Ha PEHOBALUIO
B MOPSIIKE MCMOJb30BAHUS paHEe HauyuC-
JIEHHOW aMOpTHU3alIvH.

OnHako KOppeKTUpPOBKa aKTOB (ene-
pajJbHOTO 3aKOHOJATENbCTBA SBISETCS
JIOCTaTOYHO JOJTOW U CIOXHOW MpoLeay-
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poii. IToka e yacTUYHOE pelieHue mpoo-
JIEMBI MOXET OBITh JOCTUTHYTO MYTEM
YBSI3KU MPEIOCTaBICHUS 1IEJIeBbIX OI0IKET-
HBIX CPEJICTB C 00s3aTeIbCTBAMU TpaHC-
IMMOPTHBIX OPTaHU3AIN, TTOJYyYAIOIINX CO-
OTBETCTBYIOIIME PECYpChl, HAKATINBATh
aMOpPTHU3aIMI0 IO HUM B TE€UYEHHUE BCETO
CpOKa MX MOJIE3HOTO UCTIOJb30BaHUS. DTO
00ECIeYuT B UTOTE IMOJyYeHUE CYMMBI,
paBHOI MEPBOHAYAIBLHON CTOMMOCTH 3KC-
TUTyaTUPYEMOTO TPAHCIIOPTHOTO CPEICTBA,
K KOTOpOll Heobxonumo OyneT mo0aBUTH
JOTIOJTHUTEIbHBIE TeHbIM U3 YUCTOU TIPU -
ObLIM, YTOOBI MX OBIJIO HOCTATOYHO IJs
MpUOOPETeHUsT HOBOTO TPaHCIIOPTA.

Bo BpeMs cpoka MmoJjie3HOTro UCIOIb30-
BaHUsI BHEOOOPOTHBIX aMOPTU3UPYEMBIX
aKTUBOB CITMCAaHME CPEICTB CO CYETOB IIe-
JIeBOTO (DMHAHCUPOBAHUS TIPOU3BOJAUTCS
MEPUOIUIECCKH.

CpenacTBa 1eJeBOTO 0I0AXeTHOro Ghu-
HAHCUPOBAHMS OYAYT MCITOJIb30BaHBI (-
(EeKTUBHO, €CJIU TPAHCIIOPTHOM OpraHu3a-
IIMM CO3aAYT ITPaBOBbIE, SKOHOMUYECKUE
¥ OpraHU3allMOHHBIEC YCIOBUS 7151 00pa3o-
BaHUS COOCTBEHHBIX MCTOUHUKOB PEHOBA-
IIMM TIOJIBUKHOTO COCTaBa.

Heno B TOM, 4YTO aMOPTHU3aIUsl, HAUKC-
JissemMast Ha TPaHCITIOPTHOE CPENICTBO, TPHUOO-
PETEHHOE 3a CUET 1IEJIEBbIX OIOIXKETHBIX JIe-
HET, BKJTIIOYaeTCs B CEOECTOMMOCTD BBITION -
HEHHBIX pabOT 1 OTpaxkaeTcsl B (PMHAHCOBBIX
pe3yJibraTax opraHM3allMy TpaHCIopTa Ha
cuére «IIpouyre 10X0mbl U PacXOabl».

Hns obecrnieyeHUS MPUOBLIU MaCCaAXUP-
CKUM TPaHCIOPTHBIM OpPraHU3alUsIM He-
00XOIMMO OCYIIECTBISITh BO3MEIIeHUE
3aTpar Ha MepeBO3KM (BKIIOYasi aMOpTHU3a-
IIMI0) U HEAOIOJYYEHHBIX JOXOI0B aBTO-
MOOWMJIBHBIM TPAHCIIOPTOM OOIIETO IMOJIb-
30BaHUS, BOZHUKAOIIUX MTPU HAJUUUU
JIbTOT ¥ MIPEUMYIIIECTB IO Tapudam, ycra-
HOBJIEHHBIM 3aKOHAMU WJIM UHBIMW HOpMa-
TUBHBIMU ITPABOBBIMM akKTaMu Poccuiickoit
Denepanun, cyobekToB PO 1 MyHUIIN-
najJbHBIX 00Pa30BaHUI B MOJTHOM O0OBEME
3a CUET CPeaCTB OI0IXKETOB COOTBETCTBYIO-
1UX ypoBHei [9].

BMECTO 3AKJIKOHYEHU4A

B paMkax paccMOTpeHHBIX TTpoOIeM
¥ BapMaHTOB PEHOBAIINY MTOJBUKHOTO CO-
cTaBa ropoJCKOro Maccaxupckoro TpaHc-
OpTa ¥ ¢ YIETOM OTCYTCTBUS JJOCTATOUHBIX
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JIEHEXXHBIX CPEJICTB B MECTHBIX OIOIKeTax
u O01oKeTax cyobekToB PD mpeacrasiseT-
Cs 11eJ1€CO000pPa3HbIM U BO3ZMOXHBIM:

* 00ecrneynThb co3JaHue 11eIeBbIX 010/~
KETHBIX (DOHIOB MOMAEPKKU Pa3BUTHUS
MacCaXXMpCcKOro TpaHcImopTa (HampuMep,
3a cu€T mTpadHBIX CAHKIIMI 32 HaApyIIeHUE
MPaBUJI IOPOXKHOTO IBUXXEHUS M TIATHI 32
MapKOBKY) Uit QUHAHCUPOBAHUS PETYJISIP-
HBIX TTIePEBO30K aBTOMOOMJILHBIM U TOPOJI -
CKMM 3JIEKTPUYECKUM TPAHCTIOPTOM (B T.U.
(opMuUpoBaHUs NCTOYHUKOB DMHAHCUPO-
BaHUSI OOHOBJIEHMST TTOJBUKHOTO COCTaBa
JUTS1 TACCaXXUPCKUX MEePEeBO30K);

* OCYILECTBJISITh 32 CUET LIeIEBBIX O10/1-
JKETHBIX (POHI0B €IMHOBPEMEHHOE 11eJIEBOE
Olo0IXeTHOE (hrHAHCUPOBaHUE TpUOOpeTe-
HUS MOABMKHOTO COCTaBa C MOCENYIOUIUM
KOHTpOJIeM HaKOTIIJIEHWSI aMOPTU3allMOH -
HBIX OTYMCJIICHUN W UX IeJI€BOTO UCITOJIb-
30BaHUs 1Jis1 00ecrnedyeHus Mocaen1youero
nepexona Ha caModUHAHCUPOBaHUE 00-
HOBJIEHUST TPAHCIIOPTHBIX CPEJICTB;

* BHECTM M3MEHEHUSI B HOPMATUBHO-
MpaBoOBbIE aKThl (peaepasbHOro 3aKOHOAA-
TeJIbCTBA JIJISI COBEPIIEHCTBOBAHUS aMOP-
TU3alIMOHHOU MOJIMTUKY ITyTEM obecrieye -
HUS 11eJIeBOTO MCMOJb30BaHUS COOTBET-
CTBYIOIIIUX aMOPTU3ALIMOHHBIX OTYUCIICHU I
TOJbKO Ha OOHOBJIEHUE MOIBUXHOTO CO-
CTaBa;

* PeKOMEHJI0BaTh MPUMEHEHUE CTIOCO-
0a HaYMCJICHUs] aMOPTU3allMM — TIPOIIOP-
LIMOHAJIBHO MPOOETy TPaHCIOPTHOTO CPei-
CTBa — B IIEJISIX 00€CITeYeHUSI COOTBETCTBUS
peajbHOro M3HOCa 00bEeKTa OCHOBHBIX
CpPeJCTB CyMMe HauMCJIEHHON aMopTu3a-
LIUH.

YkazaHHbIE PEKOMEHIAIMU, TToJaraem,
MO3BOJIAT TTIOMOYb PEIIUTh MpodieMy hu-
HaAHCUPOBAaHMST OOHOBJICHUS TOIBUXKHOTO
COCTaBa ropoJCKOro aBTOMOOUJIBHOTO
U BJIEKTPUUYECKOTO MacCaKMPCKOTro TpaHC-
mopTta oOUIero MOJb30BAHUS.
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URBAN VEHICLE FLEET RENEWAL.:

MUNICIPAL LEASING AND FINANCING OF REPLACEMENT

Matantseva, Olga Yu., JSC Scientific and Research Institute of Motor Transport(JSC NIIAT), Moscow, Russia.
Spirin, losif V., JSC Scientific and Research Institute of Motor Transport (JSC NIIAT), Moscow, Russia.
Bogumil, Veniamin N., Moscow Automobile and Road Construction State Technical University (MADI),

Moscow, Russia.

ABSTRACT

The fleet of urban passenger transport has a
constantly growing physical and moral deterioration.
And it is necessary to have time to refurbish it and to
replace. However, this task is becoming a problem due
to the lack of financial resources. Previously, in Russia
renewal was carried out at the expense of depreciation
of fixed assets of transport enterprises. Now according
toregulations it has to be done at the expense of profit,

which entails certain losses and requires to look for
reliable sources of targeted funding. The article refers
to the study of possible sources of funding of renewal
of urban passenger vehicle fleet, their optimal use,
and their impact on the development of urban mass
transit systems. Target budget funding and
depreciation deductions, private public partnershipin
the form of so called municipal leasing are considered
with regard to Russian urban public transport.

Keywords: vehicle fleet, urban passenger transport, savings, depreciation of fixed assets, vehicle fleet
renewal, replacement, municipal leasing, financing of renewal.

Background. The innovative concept of
sustainable development of urban transport
systems [1, 2] has become widespread in urban
planning and transport management. At the same
time, systemic problems of passenger transport in
cities remain [3] as follow:

+ improving quality and efficiency of passenger
transportation;

« creation of an equally accessible transport
environment for all users, including those for people
with limited mobility;

+ reduction of environmental pollution;

+ improving safety of passenger transportation
and traffic;

« rationalization of responsibility for transportation
for public legal entities, business and civil society
institutions;

- efficient use of urban land;

« formation of a modern transport infrastructure;

- implementation of scientifically based planning
for development of urban passenger transport (UPT)
and its infrastructure;

+ improvement of legislation regulating the work
of passenger urban transport and law enforcement
practices.

The success of solving each of the problems is
largely determined by the use of modern vehicle fleet
for transporting passengers, which is the main cost
and active part in the production process of fixed
assets of land types of UPT. In general, the fleet of
passenger vehicles in cities has significant physical
and moral deterioration. Only due to physical wear
and tear, more than half of buses, trolleybuses and
tramcars operating on the routes in Russia are subject
to replacement. Continuous and economically
justified fleet renewal in such a complex reality
requires extraordinary actions by the authorities and
the transport organisations themselves.

Objective. The objective of the authors is to
consider different aspects of urban passenger vehicle
fleet renewal in terms of municipal leasing and
renewal financing.

Methods. The authors use general economic
methods, comparative analysis, evaluation approach,
legal analysis, particular methods of urban planning
and development evaluation.

Results.

Investments «do not catch up»

Earlier in the domestic economy, the depreciation
model of ensuring renewal at the expense of
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depreciation of fixed assets was used. This model
resulted in:

« return of invested capital to the investor (through
depreciation charges included in expenses at cost
and taken into account when planning tariffs and
profits);

« accumulation of funds for purchase of fixed
assets for their replacement.

Thus, depreciation ensured simple reproduction
of worn out fixed assets, and new investments were
required only for their expanded reproduction.

With the introduction of the Rule of acounting 6/01
«Accounting for fixed assets» [5] and the provisions
of Chapter 25 of Tax Code of the Russian Federation,
the second of mentioned tasks is largely not solved
for the following reasons. The traditional model of the
use of depreciation was based on the purchase of
new property in order to replace similar property that
had been physically worn and related to the fixed
assets. Depreciation charges were accumulated in
the depreciation fund, and then used to pay for the
acquired new fixed assets (Pic. 1a) [4]. Therefore, a
cycle of financial resources once invested in fixed
assets was organized. Additional investment was
required only to ensure expanded reproduction and
to compensate for current growth of cost of new fixed
assets.

In the current legal and economic conditions,
depreciation is not considered as a directly operating
mechanism that ensures timely and complete renewal
of fixed assets of an economic entity.

According to the existing procedure for recording
expenses and income, the acquisition of fixed assets
is treated as an investment activity. The depreciation
charges included in the prices and tariffs are not
cumulated anywhere (there is no depreciation fund
now), and as part of the revenue they are used in
turnover for making current payments (Pic. 1b) [4].
Return of invested funds and renewal are carried out
only from the profit. Cycle of once invested financial
resources for the purposes of renovation is not carried
out, since each investment and renovation cycle are
implemented independently. The need for an
investment method of renovation (that is, purchase
of fixed assets at the expense of profits) has the
consequence translated into additional costs in
connection with payment of income tax.

Consideration should also be given to a significant
increase in the price of vehicles over their lifespan
(both due to inflation and higher prices for more
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Pic. 1. Depreciation cycle: a) applied earlier; b) implemented with investment financing
of purchases of fixed assets.

modern fleet). Depreciation accrued over this period
does not keep pace with rising prices.

Small businesses, which are especially numerous
in road transport, cannot organize a cycle of
depreciation charges for the purposes of renovating
fixed assets (mainly the entrepreneur operates a
single bus). Therefore, in small business and in bulk
purchases, the acquisition of new fixed assets can be
carried out exclusively in the form of one-time capital
investments made from a carrier’s profit or from funds
raised from third-party sources.

Bulk purchase of fleet requires significant one-
time investment. At the end of the service life, when
vehicles are written off due to their physical
deterioration, similar volume of funds will be required
for investments in the simple reproduction of a worn-
out fleet. Other property of the transport organization
is usually worn out to a significant degree (depreciation
on it was fully accrued earlier) and does not provide
the currentamount of depreciation charges that could
be used to finance the purchase of fleet and other
fixed production assets.

Thus, transport organizations do not have
sufficient funds for timely renewal of their property,
more than 60 % of which is fleet. Theoretically,
financial depreciation of fixed assets should become
the financial pillar of replacement of the fleet in the
current conditions [4, 7]. However, due to the long-
term subsidiary approach to reimbursement to
carriers of their expenses, constantly aggravated by
insufficient budget financing of public transport and
inflationary processes in the economy, a situation
arose in which the available funds are not sufficient
even for simple reproduction of fixed assets.

Depreciation on the already fully worn part of the
fleet has not been charged for a long time. In the
course of renewal of the model range and upgrading
of the fleet, prices for fleet are constantly increasing.
The amount of depreciation does not cover even a
tenth of the needs for renovation. The depreciation
component as part of the revenue from transportation
is constantly involved in the turnover of the assets of
the transport organization. Due to the fact that these
funds have already been spent (put into circulation),
they cannot be mobilized at once to purchase fleet or
other property. This led to formation of so-called
«depreciation scissors».

Theoretically, to ensure the possibility of financing
acquisition of a new bus at the expense of depreciation
in the current month, the carrier should operate at least
120 buses. Then, based on the estimated service life of
10 years, monthly depreciation will be charged on the

entire fleet, sufficient to purchase one new car. Buteven
in this case, additional money will be needed to
compensate for the increased bus price in comparison
with the prices of the operated analogues purchased 10
yearsago. Asaresult, the purchase ofa newbus, in fact,
will have to be made in the form of one-time investment
at the expense of a businessman himself. This will
automatically lead to an increase in the tax burden on
the carrier, which will require additional finance.

Practically, investments in purchase of new fleet
are often made at the expense of budget funds
irrevocably provided annually to large transport
companies (the so-called «budget gift»). In the total
amount of funds allocated for purchase of fleet, the
share of the budget comes to 85-90 %. Those
practices lead to the following negative consequences:

- significant budget funds are spent annually
(up to 4 % or more of the municipal budget) that
cannot be replenished by carriers who have become
accustomed to constant budget gifts and have ceased
to think about establishing an economically correct
reproduction procedure for worn out fixed assets;

- depreciation mechanism as a way to ensure
renewal in the urban passenger transportis not valid,
and the accrued depreciation is sprayed and the
corresponding resources are spent on current goals.

Leasing partnership

It is not possible to reverse the considered
negative trend by mobilizing its own sources of
financing by transport organizations.

Leasing, which in the modern economy is a fast-
growing sector of financial services, is capable to
solve the problem of fleet renewal.

A special effect is promised by the use of private-
public partnership in the form of the so-called
«municipal leasing», the order of relations of the
parties of which is described in [4]. The basic
principles of municipal leasing:

« synthesis of internal political and economic
approaches to the problem of providing public
transport with fleet;

+ integration of efforts of business, state
(municipal) authorities and management and various
institutions of society in the interests of passengers;

- differentiation of the size and forms of dividends
received by the leasing project participants;

+ use of scale effect due to concentration of
leasing operations;

- reliance on production capabilities of domestic
fleet manufacturers.

The main idea of municipal leasing is that it is
opposed to the current practice of procurement of
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’f 3 Table 1
= @ The composition of participants in the leasing project and their interests

Legal status of the Method of formation of What is of the interest for the participant

participant (founder) capital of the company

1. The executive authority | One-time transfer of No cash dividend is required. In return, the urban

exercising disposal of state | budgetary funds, usually economy receives leasing items cheaper than usual.

or municipal property. allocated to the purchase of | Therefore, dividends come in the form of political

new rolling stock for UPT. capital —solution of social problems of the city.

2. Commercial Any permissible, mainly in Receiving ordinary dividends in cash or in the form of

organizations not the form of transfer of funds. | various natural rights granted by the city.

mentioned in the table

below

3. Factories — producers | It is possible to transfer to The launch of the mechanism for production and

of leased assets (primarily, | the credit of the share of marketing of leased assets under the control of a

buses, trolley buses and contributed capital of finished | representative of the manufacturer on the company’s

tram cars). products — leased assets. board. In this case, the plant’s dividends may be
minimal — it will receive the main advantage through
profit from the sustainable sales of products.

4. Banks and other credit | Cash, agency services. Preservation of established agency relations with the

and financial institutions authorities when receiving moderate dividends in cash

that are agents of and in the form of natural rights granted by the city.

payments for state and

local government bodies.

rolling stock by various transport organizations improvementin the quality of transportation services
separately. Advantages are provided through by increasing frequency and regularity of traffic on
concentration of efforts focused on purchase of fleet  routes, as well as rationalizing the use of tax payments.
in a single center. Such a center can be a specially It should be noted that availability of municipal
created joint-stock company, or it can exist as an leasing does not exclude centralized budget
association established by executive bodies financing for development of UPT [8].

authorized to dispose of public transport property with In the case of a municipal leasing scheme, the
participation of leasing companies, vehicle depreciationamountsincluded inthe cost of services
manufacturers and transport organizations. rendered are not subsequently disbursed to finance

The main economic differences from traditional  various payments, but are earmarked for simple
leasing schemes are involvement of a wide range of  reproduction of fixed assets. To form sufficient
legal entities and flexible regulation of the system of  resources for fleet renewal (simple reproduction), it
interests and dividends for participants in the center’s is advisable to add a portion of net profit to
activities (Table 1). depreciation amounts. Expanded reproduction of

Due to the large number of participants from  fixed production assets will always require additional
different cities of Russia, it becomes possible to  funding, and two situations are possible:
purchase vehicles from manufacturers in large - firstly, if expanded reproduction is carried out
quantities, which means at the lowest price. ontheinitiative of the transport organization, it must
Perspectives are being opened for a clear and  find additional funds on its own;
reasonable determination of the need for fleet, which « secondly, if extended reproduction is carried
gives grounds for targeted development and outon the initiative of external bodies (the customer
launching into production of a rational number of  of municipal transportation), it is fair to believe that
vehicels of a standard range of buses, trolleybuses they should also provide additional funding.
and trams. Plants receive a guaranteed production In reality, for UPT carriers, as a rule, there is no
program for the foreseeable future. Financial opportunity to use domestic sources of financing due
prerequisites are being created for expanding the to lack of funds. Everywhere there are statements
output of vehicles secured by effective demand. It — about unprofitability of their activities due to centrally
should be noted that these advantages are especially  set tariffs (socially favorable, but commercially
valuable in terms of enhancing the activities of unacceptable). Unprofitable transportation of
domestic producers. passengers by public transport is explained by the

To finance this project, instead of annually inability of state (municipal) customers to finance in
produced one-time injections of budget funds for accordance with the size of existing funds.
renewal of fleet, a cycle of once-allocated financial This problem is intended to be solved by the
resources should be organized. There is achanceto  Federal Law of July 13, 2015 No. 220-FZ «On the
put an end to the vicious practice of spending  Organization of Regular Transportation of Passengers
irrevocably consumed money on «budget gifts» to and Baggage by Automobile and Urban Electric
carriers. Transport in the Russian Federation and on

Vehicles’ leasing is also beneficial for the final Amendments to Certain Legislative Acts of the
recipient ofthe transport service who is the passenger.  Russian Federation» The law establishes, figuratively
He pays for transportation according to the tariffand,  speaking, the principle of «cut the coat according to
as a taxpayer, participates in financing transport from  the cloth». Namely, the executive authorities are
centralized sources. Therefore the passenger is the obliged to organize and finance transportation at
mostimportant subject of economic relationsandthe  regulated tariffs on routes. The development of a
main source of financial resources. For a passenger  system of such routes should be carried out within
of municipal transport, the use of leasing entails the limits of the funds available for their financing.
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The rest of the transportation can be carried out on
the terms of unregulated tariffs.

Depreciation and compensation

Inaccounting, any of four methods of depreciation
are allowed:

a) linear;

b) decreasing balance;

c) write-off of value by the sum of numbers of
years of useful life;

d) write-off of value in proportion to the volume
of production.

For passenger transport, the volume of
production for a certain period of time is expressed
by one of the following indicators:

a) volume of traffic, pass.;

b) passenger turnover, pass.-km;

c) vehicle mileage on routes, km.

In the works [6, 7] recommendations on the
choice of the most rational method of depreciation,
taking into account various schemes of transport
organization are presented. Each of the methods in
its own way affects the rate of accumulation of
depreciation.

With the linear method, the accrued depreciation
amount remains unchanged within the period (year)
referring to it.

When using the declining balance method, larger
amounts of depreciation are charged initially
(accelerated depreciation). In subsequent
accounting periods, amounts are progressively
reduced. This method is not recommended for
accumulation of funds for reproduction, since the
amount of accrued depreciation will not be equal to
the initial cost even for the entire service life of an
object.

The best conditions for accumulation of own
funds for reproduction of the fleet through
accumulation of depreciation allowances are
provided by means of the sum of the numbers of
years and in proportion to the mileage. In these
cases, most of the depreciation amount accumulates
during the first half of the useful life of the property.
In addition, both methods allow compensation for
the effects of inflationary price drift on depreciable
objects [7, 10].

Accrual of depreciation is in proportion to the
volume of products produced taking into account
the ratio of the initial value of the asset and the
estimated amount of the product created for the
entire useful life of this object. This method is
appropriate for the fleet with an established rate of
depreciation in percent of the cost of the vehicle for
every 1000 km of its mileage. In this case, a more
complete compliance of the calculated (accrued)
depreciation of property and its actual depreciation
(determined by mileage) is ensured, which allows
speeding up formation of the amount of funds
required for acquisition of new property.

When calculating depreciation in proportion to
the volume of products, its rate is set equal to the
ratio of the original book value of the vehicle Cy; to

its normative mileage Ly before being written off
over an accounting period:

C
N, == rub./km.
LN

The amount of accrued depreciation for the
accounting period will be:
A=Lg,-N,,

where L, — mileage for the accounting period.

(1)

(2)

Accrual of depreciation in proportion to the
mileage most corresponds to the physical wear of
vehicles [6, 7].

Depreciation accumulations for full reproduction
of fixed assets are determined by the balance on
regulatory account 02 «Fixed assets depreciation». It
is designed to take into account the residual value of
a fixed asset and cannot be used to establish the
source of funding for their renewal.

The amount of funds required to finance the
renewal is established by calculation. To do this, it is
necessary to conduct an analytical accounting of
depreciation, directed to renewal of fixed assets.

Amounts of depreciation accrued and part of the
profit allocated for accumulation reserved in the
current account form funds that can be used:

a) for the purposes of industrial and scientific-
technical development;

b) formation of financial assets (purchase of
securities, contributions to the authorized capital of
other economic entities).

To ensure the guaranteed use of earmarked funds
for their intended purpose, itis necessary to introduce
a system that allows to form own sources for
investments in renewal of vehicles [8, 10]. To do this,
ideally, itis necessary to adjust the regulatory acts on
accounting, fixing in it the norms according to which
the lost depreciation function of fixed assets will be
restored — to serve as a source for the purposes of
their simple reproduction. The restored function will
allow carriers to be exempted from taxation on funds
allocated for renovation in the order of using
previously accrued depreciation.

However, adjustment of acts of federal legislation
is quite a long and complicated procedure. In the
meantime, a partial solution of the problem can be
achieved by linking the provision of targeted budgetary
funds with the obligations of transport organizations
that receive the relevant resources to accumulate
depreciation on them during the entire useful life. As
a result, this will provide an amount equal to the
original cost of the vehicle being operated, to which
additional money from the net profit will need to be
added in order to have enough of them to purchase
a new vehicle.

During the useful life of non-current depreciable
assets, funds are withdrawn from the target financing
accounts periodically.

Means of target budget financing will be used
effectively if the transport organization creates legal,
economic and organizational conditions for formation
of its own sources of fleet renovation.

The fact is that depreciation accrued on a vehicle
acquired at the expense of earmarked budget funds
is included in the cost of work performed and is
reflected in the financial results of the organization of
transport at the «Other income and expenses»
account.

To ensure profits for passenger transport
organizations, it is necessary to reimburse
transportation costs (including depreciation) and lost
revenue by public transport, arising from the
availability of privileges and advantages of tariffs
established by laws or other regulatory legal acts of
the Russian Federation, federal entities of the Russian
Federation and municipalities in full volume at the
expense of the budgets of the respective levels [9].

Instead of conclusion

In the framework of the problems and options for
renovation of the fleet of urban passenger transport
and taking into account the lack of sufficient funds in
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the local budgets and the budgets of the regional
entities of the Russian Federation, it seems reasonable
and possible:

« to ensure creation of targeted budget funds to
support development of passenger transport (for
example, at the expense of penalties for violation of
traffic rules and parking fees), to finance regular
transportation by road and urban electric transport
(including formation of sources of financing for
renewal of the fleet for passenger transportation);

+ to carry out at the expense of target budget
funds one-time target budget financing of acquisition
of the feet with subsequent control of accumulation
of depreciation deductions and their targeted use to
ensure the subsequent transition to self-financing
vehicle renewal;

+ to make changes to the regulatory legal acts of
the federal legislation to improve the depreciation
policy by ensuring the targeted use of the
corresponding depreciation deductions only for urban
passenger vehicle fleet renewal;

« to recommend the use of the depreciation
method — in proportion to the vehicle’s mileage — in
order to ensure that the actual depreciation of the
fixed asset is consistent with the amount of accrued
depreciation.

These recommendations, we believe, will help to
solve the problem of financing of renewal of fleet of
urban automobile and electric passenger transport
of public use.
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BYAYLUEE: TPAHCIIOPT.
OBPASOBAHME. HAYKA

Havaune ¢pespans 2019 roga B Poc-
CUICKOM YHUBEpPCUTETE TpaHC-
nopta (MUHWT) B ouepenHoii pa3

MPOLIEN exXeroaHbIi hopyM «TpaHcropT-

HOe o0pa3oBaHKe U HayKa», IPUYpPOUYEH-

HbIii KO JIHIO pOCCUIICKOI HayKU.

B cBoEM MpuBETCTBUHU MO CIyYalo 3TOi
natel MuHuctp TpaHcnoprta Poccuu
E. W. AuTpux OTMETHUJI, UTO «COBpEMEHHas
TPaHCMOPTHAsI OTPACb BhICOKOTEXHOJIO-
TMYHa, MO3TOMY peau3alys MoCTaBlIeH-
HbIX [Tepe] HaMu 3a7a4 MOTpedyeT yCuIeH-
HOT'0 HayYHOTO MOVICKA U BHEAPEHMST HOBBIX
MHXEHEPHBIX 1 YIIPaBICHUECKUX PeLLICHUT.
HeobxonuMo obecrieunTh HerpepbIBHBIM
MHHOBALlMOHHBIA LMK — OT (hyHIAMEH-
TaJbHBIX Pa3pa0dOTOK 10 BHENPEHUST HOBOI
TEXHUKHU 1 TIEPETOBBIX TEXHOJIOTHA».

MuHuCTp 0c000 MOAYEPKHYI «XOPO-
1Iy10 paboTy MpohUIbHbIX 00pa30BaTeb-
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HBIX OpraHM3alIMii BHICIIIETO 00pa30BaHMUsI
IO CO3/IaHUIO YCIIOBUIA JUISI TIPOPBIBHBIX
MIE 1 HOBBIX Pe3YJITaTOB» U TO, YTO MX
«MHTEJUIEKTYaJIbHBIN ITOTEHLIMAJ, [TOMHO-
>KEHHBIN Ha MOmaepXKy MMUHUCTepCcTBa
TpaHcriopta Poccuiickoit @enepaunn,
CITOCOOCTBYET PEIICHUIO CaMbIX aKTyajlb-
HBIX TPAKTMYECKMX 3aad, a TakKe Mpo-
NBMKEHWIO MHHOBALIMIA M CO3IaHUIO CO-
BPEMEHHBIX TEXHOJIOTMYECKMX KJIaCTEPOB.
ITo nopyuenuto INpe3unenrta Poccurickorii
Denepanuy yxke HayaTa paboTa 1o co3aa-
HUI0 Ha 6a3e Poccuiickoro yHuBepcureTa
tpaHcnopta (MUNT) MmHOroyHKIIMO-
HaJbHOTO HAyYHO-TEXHOJIOIMYECKOTO
kjaactepa «O06pa3LoBo», KOTOPbI CTaHET
HaLMOHAIbHBIM LIEHTPOM TPAaHCTIOPTHOTO
HUMOPOBOro MHXWUHUPUHTA, TIPOTOTHUITH-
pOBaHUS, UCIIBITAHUIN M CePTUDUKALINI
MHTEJUIEKTYaJIbHBIX CUCTEM>.
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b,
TPAHCIMOPTHOE
OBPA3OBAHUE
U HAYKA

C NpuBETCTBEHHBIM CJIOBOM K y4acT-
HUKaM (popyma oOpaTUICS MOMOIIHUK
ITpesunenra Poccuu W. E. JleButuH. OH
OTMETWUJI, 4YTO B MaiickoM ykase [lpe3u-
neHrta Poccuiickoit @enepaiun mocTaB-
JIEHBI OOJIBLIIME 3a1a4YU MTePel TPAHCIIOPT-
HOI1 oTpaciblo. bynyT BHENPATHCS HOBbIE
TEXHOJOTUU U MOIEPHU3UPOBATHCH
uHdpacTpykTypa. JokHa cTaTh Oosee
3HAYMMOU U POJIb TPAHCIIOPTHBIX BY30B.
Hropsb JIeBUTUH TakKe MO3APaBUI BCEX
¢ 210-1eTrieM TpaHCMOPTHOTO BEIOMCTBA
U TpaHCIIOPTHOTO oOpa3zoBaHus B Poccuu.

3amecTuTe b MUHUCTpa TpaHCIOpPTa
A. A. IOpuuk, npuBETCTBYS rocteii hopy-
Ma, MMOTYEPKHYI: « MBI IIOHMMAaeM, 4TO
pPa3BUTUE COBPEMEHHOW TPAHCIIOPTHOMN
CUCTEMBbI HEBO3MOXHO 0e3 mpodeccuo-
HaJIOB BBICOKOI KBaTU(UKAIIUN».

B pamkax dbopyma cocrosisioch He-
CKOJIBKO TUIEHApHBIX IUCKYCCUA. YyacT-

HUKU OOCYIUJIN POJIb CUCTEMOOOPa3yIo-
IIMX OTpacjieBbIX BY30B, yBEJUUEHUE
Yyucaa MHOCTPAHHBIX CTYAEHTOB, MOAEIU
MOJTOTOBKU KaJpOB B 00J1aCTU MHXUHMU -
pUHra, BHEAPEHUE HOBBIX TEXHOJIOTUIA,
LM GPOBBLIX KOMOETEHIM I, MOJIOAEXKHOMN
MOJIMTUKM.

B pamkax npoeKTHOM ceccuu mpoluia
BCTpeya peKTOPOB TPAHCIOPTHHIX BY30B
C MepBBIM 3aMecTuTeseM MuHucTpa
tpaHcnopta Poccuu M. C. AnapuHOBbBIM,
B KOTOPOI1 MPUHUMAJIU yYaCTUE TUPEKTOP
aIMUHUCTPATUBHOTO JAerapTaMeHTa MU-
nuctepctBa K. A. TTammkoB, MpopeKTopbl
10 y4eOHOM, Hay4HOIi paboTe U MOJIOIEX-
HOW MOJIUTHUKE.

ITo undopmanuu

Muntpanca Poccun u co6. und.

®orto: IIpecc-ciayxk0a Munrpanca Poccun,
PYT (MUNT), 1. Apoy3oBa ®
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FUTURE: TRANSPORT.
EDUCATION. SCIENCE

t the beginning of February 2019,
Athe annual Forum «Transport

Education and Science» was held
at Russian University of Transport for the
second time. The forum traditionally
coincides with celebrations of the Day of
Russian Science.

In his greeting on the occasion of this
date, the Minister of Transport of the
Russian Federation Evgeny Dietrich noted
that «The modern transport industry is
high-tech, therefore the implementation
of the tasks set before us will require
enhanced scientific research and
introduction of new engineering and
management decisions. It is necessary to
ensure a continuous innovation cycle —
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from fundamental developments to
introduction of new machinery and
advanced technologies». The Minister
emphasized «the good work of transport-
focused universities in creating conditions
for breakthrough ideas and new results»
and the fact that their «intellectual
potential, multiplied by the support of the
Ministry of Transport of the Russian
Federation, contributes to solving the most
pressing practical problems, as well as to
promoting innovation and creation of
modern technology clusters. On the
instructions of the President of the Russian
Federation, work has already begun on
creating on the basis of Russian University
of Transport of a multifunctional scientific

wi




OBPA30BAHME

( TPAHCMOPTHOE
N HAYKA

and technological cluster «Obraztsovo»,
which will become the national center for
transport digital engineering, prototyping,
testing and certification of intelligent
systems».

In his welcome address to the forum
participants the aide to the President of
Russia Igor Levitin noted that the
Presidential Decree of May 2018
formulated large tasks for transport sector.
New technology will be implemented and
infrastructure will be updated, and the role
of transport universities should become
more significant. Igor Levitin also
congratulated everyone on the occasion of
the 210™ anniversary of the transport
ministry and transport education in Russia.

Deputy Minister of Transport
Alexander Yurchik, welcoming the guests
ofthe forum, said: «We understand that the
development of a modern transport system
is impossible without highly qualified
professionals».
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Within the framework of the forum
several plenary discussions took place. The
participants discussed the role of the
backbone industry universities, the increase
in the number of foreign students, the
model of training in the field of engineering,
the introduction of new technologies,
digital competencies, youth policy.

In the framework of the project session,
First Deputy Minister of Transport of
Russia Innokenty Alafinov held a meeting
with the rectors of transport universities,
attended also by director of administration
department of the Ministry Konstantin
Pahkov, and deputy rectors for education,
research, and youth policy.

Based on press releases of the Ministry

of Transport of Russia and own information.
Photos: press service of the Ministry

of Transport of Russian Federation,
Russian University of Transport,

1. Arbuzova @
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ADMINISTRATION, MANAGEMENT AND CONTROL

(YZ[K 338.47:656 (98)

nérp MANALLLYK
Petr A. MALASHCHUK

Anatonuiit KWCEJIEHKO
Anatoly N. KISELENKO

Vorkuta Transport Hub and its Role
in Development of the Arctic Area
(TeKCT cTartby Ha aHIJ1. 3 —

English text of the article — p. 149)

BOpPKYTUHCKWI TPAHCIOPTHBIN y3es
paccmaTtpuBaeTcs Kak oAuH U3 HEMHOI X
KPYMHbIX PEruoHasibHbIX LleHTPOB
poccurickoro CeBepa, KOTOPbIN B CUTY
CBOeEero pacroJioXXeHus siBJIsieTCsl CTOJb
Ba)XHbIM AJ151 Pa3BUTUSI KOMMYHUKaLMOHHBIX
cBsi3eli B 30He EBponevickoi

un Mpuypansckoii Apktuku. lNMokasaHo,

4YTO MOLLYHOCTY 3TOr0 y3/1a, UMEeIoLLero

B cocTaBe UHPPaCcTPyKTypbl BCe BUAbI
TpaHcrnopra, KpoMme BOAHOro, obecrne4nBaior
TekyLue noTpebHOCTU Kpasi B rPy30BbIX

M naccaxupckux nepeso3kax. [sa ocBoeHns
npupoAHbIXx 60raTcTB apKTU4ECKOro pernoHa
Y BbIMOJIHEHUS APYIrUX PacTyLunxX 3a8a4
HeobxoauMo, TeM He MeHee, YCUTUTb
cyLjecTByOLNI NoTeHunan BopkyTsl,

B riepBYyIo oyepenab 3a CHET peannsaunm
TPaHCMOPTHbIX MPOEKTOB, KOTOPbIe
Ha3bIBaloT U aHaJIN3UPYIOT aBTOPbI.

Knro4esbie cnoBa: ApkTvka, BopkyTta,
TPaHCMOPTHbIV y3€es, MHGPaCTPYKTypa, BUAbI
TpaHcropTa, NepCcrieKTUBHbLIE MPOEKTHI.

BOPKYTUHCKUN
TPaAHCMOPTHbLIN y3en: posb
B OCBOEHUU APKTUKU

Kuceaenxo Anamoauii Huxoaaeeun — doxmop
MexXHU4ecKux Hayk, OOKmMop S5KOHOMUHECKUX HAYK,
npogeccop, pykogooumens 1abopamopuu npoorem
mpancnopma Uncmumyma Cesepa Komu HayuHo2o
yenmpa Ypanvckoeo omoenenusi PAH, Coikmuigkap,
Poccus.

Maanawyx ITémp Anexcandposuy — kanouoam
MeXHU4ecKUx HayK, Cmapuiuli Hay4Holii compyoHUuK
aabopamopuu npobaem mparcnopma Uncmumyma
Cesepa Komu Hayunoeo yenmpa Ypansckoeo
omdenenus PAH, Coirxkmuiexap, Poccus.

cBoeHUe ApkTruecKoit 30HbI Poccun

(BoceMb OMTOPHBIX 30H, BKITIOUast Bop-

KYTUHCKYIO) HamNpsIMYI0 CBSI3aHO
C pa3BUTHEM TPAHCIIOPTHOU MH(MPACTPYKTYPhI
[1, c. 69]. Cnenyer OTMETUTb, OHAKO, YTO
9KCTpeMaJIbHbIE TTPUPOTHO-KINMATUUECKUE
YCJIOBUST HEOTHO3HAYHO BIMSIOT Ha €€ Tep-
criekTuBbl. C OMHOI CTOPOHBI, HAOMIOMAETCST
YCTOWYMBAsT TEHAEHIINS K COKPAIIEHUIO TUIO-
1A ¥ TOJIIIVHBI JIEAOBOTO TTOKPOBA CeBEP-
HBIX MOPEH, UTO BENET K POCTY MPUBJIEKATEIb-
HOCTH TIepeBO30K 110 CeBepHOMY MOPCKOMY
mytu. C Ipyroii — yBeIndeHne CPeTHETOMOBOM
TEMITEPATYPbl TPUBOAUT K YCKOPEHHOMY pa3-
pyIIeHUIO OEperoB 1 MOPTOBO WH(PACTPYK-
TYpBI, a TAKXKE YCKOPEHHO JeTpafiaiiii MHO-
TOJIETHE# Mep310THI |2, c. 1 1], uTo KpuTNyeckn
CKa3bIBAETCHd HA HA3€MHOUW TPAHCIOPTHOU
uHbpactpykrype. Harmpumep, pacxomst «la3-
npoMa» B HaipiMe Ha cTabun3aiiyio Hecylei
CITOCOOHOCTH TPYHTOB, TIO KOTOPBIM IMPOXOJISIT
ABTOZIOPOTH U TPYOOTIPOBOJIBI, COCTABISIIOT
1 TeIC. Mo, /M2 [3, c. 82].

B cocrtaB cyXOImyTHBIX CEBEPHBIX TEPPUTO-
puii BXOAUT OAVH M3 HEMHOTMX KPYITHBIX TI0
MECTHBIM MepKaM ropoioB — BopkyTa, 00beK-
ThI TH(PACTPYKTYPHI KOTOPOTO PACTIONATalOTCs
B 30HE «BEYHOI» Mep3JI0THI [4, ¢. 65]. CBonM
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pokIeHreM OH 00s13aH ocBoeHMIO [Teyopckoro
YTOJIBHOTO DacceifHa U MOSIBJIEHUIO 37eCh Tpa-
J1000pasyIollero yrojJbHOro MpeAanpusTus |3,
c. 22]. I'pu pacu€THOI MOLTHOCTHU SHEpreTuye-
CcKoil nH@pacTpyKTyphl ropojga Ha 300 ThIC.
yesioBek [6, ¢. 130] 4rcaeHHOCTh HACEIEHMUS
okpyra Bopkyta Ha | ssHBaps 2017 roga cocrta-
Buia 80,1 Teic. (MakcuMasbHas Oblaa 218,5 ThiC.
yesoBek B 1989 rony) [7, c. 127].

BopkyTuHCKMT T€0JI0rO-TTPOMBILILIEHHbI
palioH pacrosiaraeT caMbIMU OOJIbIIMU B EB-
porie 3armacamu yriis (rmopsiaka 4 MiIp/ T) 1 00-
JlalaeT BEICOKUM MPOMBITIIJICHHBIM ITOTEHIIAA-
J0M [8, ¢. 14]. Bom3u ropoma MMeroTcs 0oratbie
3aJIe3K1 U3BECTHSIKA ¥ cJIaHIIa [9, . 46], KoTopble
TIPUTO/THBI JIJIsI IPOM3BOACTBA lleMeHTa. Kpome
atoro, BopkyTa siBiisieTcst 6a3oii xxuzHeobecrie-
YyeHUs ra3ornpoBoaa boBaHeHKOBO—YXTa,
OTIOPHBIM Y3JI0M OJIeHEeBOIOB boJbiiiezemennb-
Hoit TyHapsl [10, ¢. 56].

PEJ1bCbI C BbIXO40M K MOPIO

Kene3HonopoXKHBIN TpaHCTIOPT obecIeyn-
BaeT KPYIJIOTOIUYHYIO CBSI3b TOPOJIA C OCTaIb-
HBIMU YaCTSIMU CTPaHbI 110 Maructpanu KoHo-
ma—Bopkyra [11, c. 3]. [IBukeHMe 1Moe3moB 1o
Heli OCYILIECTBIISIETCS C TIOMOIIIBIO TETIJIOBO30B.
Ho cranimm MHTa Xene3Hast 10pora siBIIsIeTCst
JBYXITyTHOM, a yyactok MnTa—BopkyTa — on-
HomyTHHIM. Ha cranuum Yym mpoucxonut
pa3BeTBIICHNE IOPOTY B HATTPaBJIeHUY BOpKyThI
U JIaGbITHAHTU.

CrpoutenbctBo tunuit Mura—BopkyTa,
Yym—JIaObITHAHTH U UX MOCJEIYIOIIAst IKC-
TUTyaTalusl BHI3BAJIM CYIIECTBEHHBIE M3MeE-
HEHUsST MEP3JIOTHOU 00cTaHoBKU. OHU 06-
YCIIOBJIEHBI HapylIeHWeM TeTuIooOMeHa To-
BEPXHOCTH 3eMJIH ¢ aTMOChepoii B pe3yibTa-
Te ymaJeHUs PacTUTEJbHOTO MOKPOBA,
TOSIBJIEHUST TIPOOJIEM BOAOTIPOHUIIAEMOCTH,
nepeOpMUPOBAHUST CHEXHBIX OTIOXEHUN
W yXYAIIEHUs] YCIOBUIN CTOKA TTOBEPXHOCT-
HbIX Boj. [TpoucxondaT nepopManny 3emisi-
HOTO TIOJIOTHA, OCANIKW U pacIioji3aHue Ha-
CBITICI Ha OTTaMBAIOIINX MHOTOJIETHEMEP3-
JIBIX TPYHTaX, a Takke 00pa3oBaHUE TEPMO-
KapCTOBBIX TMMOHMKEHUI Ha TIPUJIETAIOTIINX
K HacheImsaM tepputopusix [12, c. 2]. Brto
TIPUBOIUT K OTPAHUYCHUIO MaCChI XKeJIe3HO-
JIOPOXHBIX COCTaBOB, 0COOEHHO paboTraro-
11X B CEBepHOM HarpaBieHuu. Hampumep,
BecoBasi HOpMa 10e3/10B, YCTaHOBJICHHAsI JIJIsT
TerutoBo30B 2T 10 Ha yuacTtke Bopkyra—Jla-
owsrrHaHTH, coctapisgeT 3500 T, Bopkyra—H-
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ta — 4400 T, a Ha yyacTKe MITHTa—CoOCHOTOpPCK
noBbimaercs no 4800 T'.

OcobeHHOCThIO BopKyTHMHCKOTO y3/1a Bceraa
ObLI0 HATMYKE OOJIBIION MPOTSKEHHOCTH Iy Teit
HEOOLIEro MOJIb30BaHUS, SIBISIOLIUMUCS ITOTb-
€371aMH K JISHCTBYIOIIUM U 3aKPBITHIM YIJIeI0-
ObIBaroIMM IaxtaM. [Ipu oTcyTCTBUM corja-
COBAHHOTO TEXHOJIOTMYECKOT0 MPoLiecca MEXIY
XEJIEe3HOMNOPOXKHONW WHGPACTPYKTYpOU
AO «Bopkytayronb» 1 OAO «P2XK/I» BO3MOXHO
00pa3oBaHUe 3aTOPOB Ha MOAXOJAaX K CTAHLIUKU
Bopkyra. 910 Hab1101a710Ch, B YACTHOCTHU, TIPU
CTPOUTENILCTBE MEPBOI OoUYepeny ra3onpoBoaa
boBaHeHKOBO—YXTa B CBSI3U € TeM, UTO MH(Dpa-
CTPYKTypa Ha HEOOLIMX MYTSIX HEAOCTATOYHO
MOATrOTOBJIEHA 11 00pabOTKU TeHepaIbHBIX
IPY30B2.

Cranuust Bopkyra CocHOropckoro peruoHa
CeBepHOIA XeJIe3HOM JOPOrY OTHOCUTCS K IPy-
30BbIM U BBITIOJIHSIET PA0OTHI 11O TIPUEMY U BbI-
Jlaye TPy30B MEJIKUMU, TTOBATOHHBIMU OTITPaB-
KaMu, IpUEMY 1 BbIIaue Tpy30B B YHUBEPCATb-
HBIX KOHTeliHepax Maccoit 1o 20 T, [1j1s 4ero
000py/IOBaHbI KaK OTKPBITHIE TIIOMIAIKK, TaK
U KPBITHIE CKITa/Ibl.

IMaccaxupckas miatdopma mmiHOoM 400 M
crnocoOHa MpUHMUMAaTh COCTaB U3 15 BaroHoB.
ITpsimoe cool1IeHNE OCYIIECTBIISIETCS C TOPO-
namu Mocksa, CankT-ITetepOypr, ChIKThIBKAp,
Jla6wiTHaHTH, Kupos, Amiep, HukHuit Hosro-
poz 1 1Ip.

DKCIUTyaTallMOHHOE JIETO0 OCYIIECTBISET
TEXHUYECKOe OOCTYyXKMBaHWE JTOKOMOTHUBOB,
KPOME 3TOT0 MMEETCSI BATOHHOE JIETI0, a TAKXKe
nojapa3ieseHus B BUMIE ITyHKTOB TEXHUYECKOTO
obcayxuBaHus BaroHoB B MHTe, Ileyope,
Mynbae, YcuHcke, JIJaObITHAHTH.

K xene3HonopoKHOMY ITyTU, CBSI3bIBAIOIIE-
ro Bopkyty u JIaGbITHaHT1, MPUMbIKAET J0pOTra
HeoO11ero noab3oBaHust Oockass—boBaHeHKO-
Bo, puHamiexaias [TAO «Iaznpom», KoTopast
HCTIOB3YETCS B KAUECTBE TEXHOJIOTMYECKOMA.

Poss BopKyThl Kak OITOPHOTO TPAHCIIOPT-
HOTO y3Jla 3HaYUTEJIbHO BO3PACTET MOCIIe
peanu3auuu npoekTa «CeBepHbII IIUPOTHBIA
X0[», MperoJararomero coeauHuTs Ceep-
Hyo 1 CBEepAJIOBCKYIO XeJIe3HbIe JOPOTH.

! Kenesnast nopora. MicTopust, TEpMUHOJIOTHSI, UICTOPHST
pasButusi / TsokesoBecHOE BUXKEHUE. [ DIeKTPOHHBIN
pecypc]: http://rly/uk/node/6867.

2Jle6enena U. Topaues y3en // CeBepHast MarucTpab,
Ne 2. 2012. [DnekrpoHHbIi pecype]: http://www.gudok.
ru/zdr/179/?21D=654639&sphrase _id=8837.
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CTpouTeIbCTBO TPACChI OOLLIEH MPOTSKEHHO-
ctbio 707 kM Ob6ckas—Canexapa—Hansim—
ITanroasi—HoBbiit YpeHroii—KopoTuaeBo
3arutaHupoBaHo Ha 2018—2023 roasl. Ipo-
THO3UPYEMBbIi 00BEM MTEPEBO30K IO MArMCTpa-
Ju — 23,9 MJIH T B TOA°, B OCHOBHOM HedTe-
HaJIMBHBIE TPY3bl M Ta30BBI KOHAEHCAT.
ITpoexT peanusyeTcst Ha TPUHIIMTIAX TOCYIap-
CTBEHHO-4YaCTHOTO MapTHEPCTBa B hopme
KOHILlecCcuu, yyacTHUKU kKotopoit (OAO
«P2K», ITAO «Taznpom», Amano-HeHeukuit
aBTOHOMHBII OKpPYT) TPO(UHAHCUPYIOT pe-
KOHCTPYKIINIO 00BEKTOB COOCTBEHHOM XKee3-
HOIOPOXHOU MH(MPACTPYKTYPHI, a CTPOUTEITb-
CTBO HOBBIX OCYIIECTBUT CIlelIMaIbHAsI TTPO-
ekTHast KommnaHus («CITK-KoHueccruoHep»).

OAO «P2K]1» BBIMOTHUT PEKOHCTPYKIIUIO
yuyacTkoB Komnac—Hym—JlabbITHAaHTU, BKITIO-
yas craHuuio Oo6ckas CeBepHOI XeJle3HOM
noporu, a Takxe [Tanronsi—HoBblii YpeHroii—
Kopotuaeso CeepaioBckoii goporu. PaboThsl Ha
yuactke Hagpim—ITanrons! ocymectsur [TAO
«[asnpom». KoHiieccronep odecnieyut ruHaH-
CUPOBaHME, CTPOUTEIHCTBO M IKCILTyaTaIUIo
JuHuKn O6ckas—Canexapa—HanbimM, BKITIouas
BO3BE/IEHUE XKeJIE3HOJOPOXKHOI YaCTH MOCTOB
yepe3 p. O0b u p. HagbiM. AaMuUHMCTpaLMs
AHAO nporHBeCTUPYET aBTOMOOWTbHYIO YaCTh
MocTa yepe3 p. O0b, a TaKKe TPeTOCTaBUT 3e-
MeJTbHBIE YUaCTKH JIJTS IIPOKJIAIKY MaruCTPaIy.

CornacHO KOHIIECCUOHHOMY COTJIAIIEHUIO
JUTST 00ECTIeYeHMSI TIPOITYCKa TIPOTHO3UPYEMOTO
TPy30MOTOKa HEOOXOMMMO Ha ydactke MHTa—
YyM CTPOUTENICTBO BTOPBIX TJIABHBIX TTYTEiA,
YIUIMHEHNE TIPUEMO-OTIIPABOYHBIX TTyTeil Ha
CTaHIMSX, a Ha yyacTke YymM—JlaObITHAHTU —
CO3IaHue JOTOTHUTETBHBIX Pa3be30B M OCHA-
IIEHUE UX YCTPOUCTBAMM aBTOOJIOKUPOBKU.
B pamkax mpoekta B 2017 roay npoBeneHbl
WCTIBITAHUST OTITOBOJIOKOHHOTO Kalesst st
KOHTPOJISI 3a ABVDKEHUEM TIOE3I0B B CHCTEME
BHOPOAKYCTUIECKOTO 30HIMPOBAHMSI 3KeJIe3HO-
JIOPOXKHOTO ITyTH B YCJIOBUSIX BEYHON MEP3JIOThI
Ha yJacTke Xapri—JlaObiTHaHr1. MeponpusiTust
10 YBEJWYEHUIO TIPOIYCKHOM CIIOCOOHOCTH
TTO3BOJIAAT MOMHSTH BECOBYIO HOPMY TPY30BBIX
cocTaBoB 710 6000 1.

3 Pacniopsixenue IpaButenberBa Poccuiickoit De-
nepauny Ne 1663-p ot 08.08.2018 «O 3axmoueHnn
KOHLIECCMOHHOTO corJiallieHust Ha PMHaHCUPOBaHUE,
CTPOUTEIBCTBO U IKCIUTyaTalnio MHGPaCTPyKTyphl
JKEJIE3HOIOPOXKHOTO TPAHCITOPTa OOIIIETO IMOJIb30BAHUS
«O6ckasg—Canexapan—Hanbim» // CripaBoYHO-TIpaBoO-
Basi cucrema KoHcybraHT-I1TI0C.
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CeBepHBbIil IMPOTHBIN XOA M3HAYaTbHO
SIBJISIJICSI COCTABHOM YaCThIO KPYITHOTO TTPOEKTA
«¥Ypan [TpombliineHHbIi—Ypan [ToaspHbI»,
pea3arysi KOTOPOTo YCHIJIAT 3HAYeHHE TPaHC-
TOPTHOTO y3J1a BOpKyTHI 10 TIepeBaJike pecyp-
COB B 3aIafHOM HarpaByieHnr. Kpome Hero Ha
Tepputopuun Pecnyonuku Komu Bo3MoXHa
peam3aiys TakKiux TPAaHCTIOPTHBIX TIPOEKTOB,
Kak benkoMyp u bapeHLIKOMYp, CIOCOOHBIX
CEpbE3HO TIOBJIMATH HA 3arpy3Ky KeJIe3HOIO0-
poxHoii cetu. Ha puc. 1 mpencraBieHbl Tpoek-
ThI, peaTn3alrsi KOTOPBIX CITOCOOHA ITOBBICUTH
3arpy>KeHHOCTb XeJIe3HOIOPOXKHOi cetn Pec-
nyonvku Komu u Ipuypansckoro Cesepa.

Peaymzanmst mpoekra «CeBepHbIi IUPOT-
HBII XOIT» Ta€T BBIXO/I TPYy3aM C BOCTOKA CTPAHbI
Ha CeBepHbII MOPCKOIA IMyThb Yepe3 XKeae3HOI0-
POXHYIO JIMHUIO HeoOl111ero moyib3oBaHust O0-
ckasi—boBaHeHkoBo—Caberra. OIHOMYTHYIO
nopory bosaHeHKoBo—CabeTTa MpOTSKEHHO-
cthio 170 KM muiaHupyeTcsl UCOJb30BaTh JIJIsT
MPOMBITIIUIEHHBIX TTePEeBO30K He(TEra3oBbIX
KOMITaHMIA, 00BEM KOTOPBIX Ha TTSITBIN TOJT 9KC-
TUTyaTaluu JOJIKEH ObITh 7 MJTH T, @ Ha IECSAThII
rox — 14 mH 1.

IlepcrieKTUBHBIM CTAHET U CTPOUTETBCTBO
KeJie3Hoit noporu Bopkyra—Yers-Kapa—Awm-
JlepMa, OHa TI03BOJIUT OCYILECTBIISITh TOCTABKY
rpy30B K akBaTopryt CeBEpHOTO MOPCKOTO ITyTH.
IpaBna, MeIKOBOIbE B MOPCKUX TTOPTAX YCTh-
Kapa u AMnepma notpedyeT 10MOTHUTEIbHbBIX
3aTpaT Ha 00yCTPONCTBO MH(PPACTPYKTYPHI.

BO3POXXAEHUE NOJIIPHON
ABUALUU

B roponckom okpyre Bopkyra hyHKIIMOHM-
PYeT OMHOMMEHHBII a3POTIOPT, IKCILTyaTaHTOM
kotoporo siBisieTcst AO «KomuasmarpaHe».
AsporopTt cnocodeH NpUHUMATh TAKME BO3YILI-
Hble cyna, Kak JI-410, AH-12, AH-24, AH-26,
Un-18, Un-114, SIk-40, SAx-42, Ty-134,
CRJ-100/200, ATR-42, EMB-120ER u np.,
a TaKKe BEPTOJIETHI BCEX TUTIOB U UMEET OTpa-
HUYeHUsT (TPUPOMHBIC) HA JUIMHY TIOJIOCHI.

4Banunckuii O. Tsara mist CeBepHoro xona // [yaok,
Ne 195 (26568), 2018. http://www.gudok.ru/newspaper/
?1D=1440877.

’Mapcamausa C. OKymmaeMOCTb IIPOEKTa CTPOU-
TeJIbCTBA JKeJIE3HOIOPOXKHOI IMHNKM BoBaHeHKO-
Bo—CabeTTa 3ajI0keHa B YCIOBUSIX COTJIAIIEHUS

o 4TIl / PAK-TTapTHEp / MHeHUS. [DIeKTPOHHbII
pecypc]: http://www.rzd-partner.ru/rzd-transport/
opinions/okupaemost-proekta-stroitelstva-
zheleznodorozhnouy-linii-bovanenkovo-sabetta-
zalozhena-v-usloviyakh-s.
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6) Paauyc agevicteus 1300 km

Puc. 2. CpaBHeHue 30HbI 4eVicTBUS MOJISIPHON
aBunaunm (pa3paboTka aBTOPOB).

[IporyckHast criocOOGHOCTh MO TTPUOBITUSIM/
OTITPaBJICHUSIM — JIBa CAMOJIETa,/Jac, CPeIHECy-
TOYHBIN 00BEM MACCAKMPCKUX MTEPEBO30K — 143
YyesioBeKa, CPEIHECYTOUHBI 00BbEM TPY30BbIX
mepeBo3ok — 1,932 1°.

B Hacrosiiiiee BpeMs pery/isipHOe BO3IYIITHOE
coobieHue Bopkytbl ¢ MockBoit 1 ChIKThIB-
KapoM OCYILECTBIISIOT aBUaKoMIMaHuu «KoMu-
aBuaTtpaHc» (Embraer ERJ-145) u «PycJlaith»
(Bombardier CRJ 100/200).

CyllecTByIOIIEe MOIIIHOCTU a’pornopTa
«BopkyTa» BIToJTHE yIOBIETBOPSIIOT COBPEMEH-
HBIM MOTPEOHOCTSIM B aBUALIMOHHBIX [IEPEBO3-
Kax. Hemoctatkom asporiopTta sBisieTcs Tex-
HUYecKass HeBO3MOXHOCTh MCIHOJIb30BaHUS
JUIST PETYJSIPHBIX peiicoB caMoJIETOB 1 U1 2
TPYTIIBIL.

C poCTOM MHTEHCUBHOCTH CYI0XO/ICTBA 10
CeBepHOMY MOPCKOMY MYTH YBEJIWUYMBACTCS
MOTPEOHOCTh B OCYIECTBICHUU JE€JOBOU
pa3BeKU [J1s1 ONpeiesieHrs Hanbosee JIErKo-
ro, OJM3KOTo U OE30MacHOro MapuipyTa aist
CyIOB BO JbJaX, KPOM€ 3TOr0 CYIIEeCTBYET
Heo0XxoauMocTb atpyaupoBaHus 200-MuIb-
HOU 5KOHOMMWYECKOI MOPCKOI 30HbI, pa3Bell-
KM PBIOHBIX 3aMacoB. DTO HEBO3MOXHO 06e3
BO3POXIECHUS apKTUYECKOU (IMOJISIpHOIA)
aBUallM, OMHUM M3 OCHOBHBIX MeCT 06a31po-

¢ [lepeueHb TOKYMEHTOB asporiopta Bopkyra. —
|DnexkTpoHHbIi pecype]: http://www.komiaviatrans.ru/
airport/docs.php?id=5&m.
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BaHMSsI KOTOPOIA 10/KeH cTaTh BOpKyTUHCKMI
TPAHCTIOPTHBIN y3eJI.

ITono6HOe pa3melieHre MTO3BOJIUT KOHTPO-
JIUPOBATh TEPPUTOPHIO HA CaMOJIETAX TUIA
AH-24 (c nambHOCTBIO TTOJIETa 0Kos10 2000 KM)
oT MypMaHcKa Ha 3arajie 1 TIo4TH JI0 TTPOJIBa
Butbkuiikoro Ha Boctoke. bosee coBpeMeHHbIe
BOB3IYIITHBIE Cy/ia, HarpuMep AH-74 u AH-140,
MMEIOT faJibHOCTh Oosiee 2500 KM, a ¢ MakcH-
MaJIbHOI TOTUIMBHOWM 3arpy3koii — OoJiee
3000 km. Ilpu aTOM ciieayeT OTMETUTb, UYTO
paccTostHue TI0 TIpsSIMOit OT MypMaHCKa JIo Ha-
yayra CeBepHOT0 MOPCKOTro myTH (1mposiiB Kap-
cKue BopoTa) coctapiisieT okosio 1000 kM, 4To
Ha nipenesie 3¢ {eKTUBHOrO panuyca Harbosee
PpacrpoCTpaHEHHOTO APKTUIECKOTO CaMOJIETa —
AH-24 (puc. 2).

g 3aMeHBI caMOJIETOB ceMelicTBa AH-24
¢ 2021 roma ruIaHUPYETCs] CEPUIAHBINA BBITYCK
JIBYXMOTOPHBIX TYPOOBUHTOBBIX CAMOJIETOB JIST
repeBo3Ku 64 maccaxkupos Mi-114-300 ¢ ganb-
HocThlo Moji€Ta 2100 kM. Kpome maccaxxupcko-
TO BO3MOXEH BBITYCK B MEMUIIMHCKOM, pa3Be-
JIBIBATeJIbHOM Y TIATPYJIbHOM BapvaHTax, I
KOTOPBIX TAJILHOCTD TOJIETA C MAKCUMATbHBIM
3amacoM TorumBa coctaBuT 4800 KM, a ¢ ycTa-
HOBKOI TOTTOJTHATETLHOTO TOTTMBHOTO O0aKa —
5600 k™.

C 1enbo yIydllleHus KadyecTBa pabOThI
BopKyTHHCKOT0 apKTUYECKOTO KOMITJIEKCHOTO
aBapuitHo-cracaresbHoro eHTpa MYC, akc-
TPEHHOTO pearnpoBaHMsI Ha BO3HUKAIOIINE
B PErMOHE Ype3BbIYaitHbIE CUTYaITN 1 BO3MOXK-
HbIe TEXHOTEHHBIE KaTacTpo(dbl B 30HE y31a
cJIeyeT HaJlaauTh IMOCTOSTHHOE 0a3upoBaHue
BEPTOJIETHOI cocTapystoneii apuary MYC,
a TSKEJTBIX CAMOJIETOB — IO Mepe HEOOXOANMO-
CTH.

YpoBeHB JOCTYITHOCTU CKOPOIA CIIeIINaIu -
3UPOBAHHOI METUIIMHCKOM ITOMOIIN, 0COOEH -
HO XUTEJISIM TPYIHOJOCTYITHBIX PailOHOB,
MOXHO 3aMETHO IMOBBICUTH NPU HATUUUU
B BOpKyTMHCKOM a3pomopTy caHUTapHOM
aBMaIIMU, YCIIYTH KOTOPOI B TAaHHBIIT MOMEHT
OKa3bIBAIOTCSl BepTOJIETOM Mu-8, 6a3upyro-
mumcs B ropoze [leyopa. BTo mo3BomIO ObI
COKPaTUTh BPeMsI 3BaKyalluu MallMeHTOB C 6
10 2—3 yacoB’ U YMEHBIINTh 3aTPaThl HA BbI-
TTOJIHEHYE BBI30Ba IIPMMEPHO B IBa pa3a.

KOMBUWUHALIMN C ABTOMOBWJIbHbIM
TPAHCMOPTOM

BopkyTtuHcKas omopHast 30Ha HEe MMeEeT
MPSIMOTO aBTOMOOMJIBHOTO COOOILIEHUS C IpY-
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Jlerxoerte
ABTOMODHIH
90%

rumu roporamu Peciybnmmku Komu, a Takske
BBIXOJa Ha (heiepaTbHbIe AaBTOMATUCTPAIIH.

Ha xomnerr 2015 roma B TOpoIcKOM OKpyTe
Bopkyra 3apeructpupoBato 22,8 ThIC. aBBTOMO-
owmeii. CTpyKTypa aBTOMOOWIIBHOTO TIapKa 110
THUIIaM TIONBMXKHOTO COCTaBa MpejiCcTaBieHa Ha
puc. 3.

B coGcTBeHHOCTH rpaskiaH HaXOaUTCS 00JTb-
1A YaCTh ABTOTPAHCIIOPTHBIX cpeacTB (91,5 %).
MM npuHamiexar 95,9 % JierkoBbIX aBTOMOOK -
neit, 35,6 % Tpy30BbIX aBTOMOOWIEH 1 29,7 %
aBTOOYCOB [13, c. 5].

st obecrieueHUsI TIOJBMKHOTO COCTaBa
TOIUTMBOM B BOpKyTe mMeeTcst 1iecTh aBTO3a-
TPaBOYHBIX CTAHIIMI, B T.4. OTHA Ta303aIpaBoy-
Hasl.

JesTeTbHOCTh aBTOMOOMIIBHOTO TPAHCIIOpTa
XapaKTepU3yeTcsl B OCHOBHOM CHIKEHUEM T10-
Kazareseit. Tak, 00bEM MepeBO30K I'Py30B
B 2015 romy cocraBui 96,6 %, a rpy30000pOT
55,8 % oT pe3yJIsraToB Ipeabiayiiero roga. Hus-
KU 3HaueHMST KOA(PGUIIMEHTA UCITOTb30BAHIS
napka (51,4 %) n xoahpuimeHTa UCrosb30Ba-
Hust ripo6Gera (22,7 %) CBUIETEIbCTBYIOT O Head-
(beXTMBHOI 3KCIUTyaTallii TPY30BOTO aBTOMO-
OWIBHOTO TpaHcnopTa. YKUca0 BHyTpUMYHULIM-
MaJIbHBIX aBTOOYCHBIX MapIIPyTOB OOIIEr0O
IOJIL30BaHMUs COKpatmioch ¢ 43 (2014 ) oo 36
(2015 1), a KOIMIECTBO TTEPEBE3EHHBIX MTACCAKM -
poB 10 2,7 MitH yestoBek (81,4 % 110 OTHOLIEHUIO
k2014 1) [13,c. 14—-17,19].

JlopoxxHast MHGPACTPYKTYpa OTIIMYACTCS
HM3KOI TUTOTHOCTBIO MECTHBIX JOPOT OOIIETO
MOJIb30BaHUS (BCE C YCOBEPIIEHCTBOBAHHBIM
MOKpbITHEM) — 5 KM/ 1000 KM? TeppUTOPUH, B TO
Bpemsi Kak CoikThiBKap umeeT 103,4 kv/1000 km?
tepputopun. [IpOTSKEHHOCTD 3TUX JOPOT CO-
crapyseT 119 kM, n3 kotophix B 2015 romy 28,6 %
HEe OTBEYAI HOPMATUBHBIM TpeOoBaHUsIM |13,

7 ToccoBer Komu 03By4rJI JOBOIBI O HEOOXOIMMOCTH
co3naHus 0a3bl caHaBualu B Bopkyre. [D1eKTpOHHbIN
pecypc]: http://www.komionline/node/79760.

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 142-153 (2019)

IpvsoBmle

Puc. 3. CTtpyktypa
aBTOMOGU/IBHOIo nNapka
ropoackoro okpyra Bopkyra Ha
koHey 2015 roga. ABTopckasi
pa3paborkano [13, c. 4].

¢. 26—27]. B xonomHOe BpeMsl To/Ia «aBTO3UM-
HUKW» CBSI3bIBAIOT Bopkyty ¢ m. Ycte-Kapa
U T. JIJabbITHAHTHU.

B pamkax peanzarium mpoeKTa CoOpyKeHUsT
CUCTEMbI MaTUCTPATIbHBIX TPyOOTTpOBOIOB bo-
BaHEHKOBO— YXTa MIOCTPOEHA TEXHOTIOTUIECKAsT
aBTOMOOWJIbHASI TOPOTa, COSNUHSIONIAsT TPU
KOMITPECCOPHBIE CTAaHIIMK OT BOPKyTHI 10 1MO-
Oepexbs batinapaiikoit ryosl. [1o Heit ocyiie-
CTBJISIETCSI TIEPEBO3Ka TPY30B U BAXTOBOTO
TepcoHaa sl 00CTyXKMBaHUS BBEIEHHBIX
B 9KCIUTyaTalllio OOBEKTOB.

IMockombpKy aBTOMOpOKHAST CeTh BOpKyTHI
HE UMEET TMPSIMOTO BBIXOMA HA PeCTyOInKaH-
CKue U (peiepaTbHbIE TPACCHI, ABTOMOOWITH, KaK
U IpyTast KoJIECHast TEXHUKA, Mexny BopkyToit
" YXTOI1 TIepeBO3SITCS Ha JKEJIE3HOTOPOXKHBIX
wratopmax, a K CTAaHIIMKA YXTa ITOCTYITalOT
COOCTBEHHBIM XOIOM. /1141 yITy4IlI€HUS CITOXKVB-
IIeiicst CUTyalu uMeeTcst TpoeKT «CTponTeTb-
CTBO aBTOMOOMITLHO Toporyt ChIKTHIBKAp— YX-
Ta—Ileyopa—YcuHck—HapbsiH-Map ¢ noabes-
namu kK roponam Bopkyra u Canexapa» |14,
c. 145], peamm3aiimst KOTOpOTo Havara.

no TPYBAM B EBPOIY

CucreMa MarucTpajgbHBIX Fa30MPOBOIOB
SBJSCTCS OMHUM U3 3(P(PEeKTUBHBIX BUIOB
TpaHCTOPTA, ACUCTBYIOLINX HA TEPPUTOPUU
Pecniyomuku Komu [15, c. 196]. Yepes Bopky-
TUHCKUI TPAHCITIOPTHBIM Y3€JI IIPOXOIUT Ia3-
MPOMOBCKHU TpyboripoBos boBaHeHKOBO— YX-
Ta, MO0 KOTopomy ra3 ¢ boBaHEeHKOBCKOTO
n XapacaBeicKOro MecTopoxaeHuil Amana
noctasiisiercst B EBpory [16, c. 41]. J1nst obec-
TeUYeHUsT TEXHOJIOTMIECKOTO Tpoliecca Tpety-
CMOTPEHO JIEBSITh KOMITPECCOPHBIX CTAHITUH,
JIBE M3 KOTOPBIX pacrojaraiorcsi B BopkyTnH-
CKOW OTIOPHOM 30HE.

Kommpeccopnsre cranmmm KC-3 «Jarapaii-
Kast» (Haxomutcs B 70 KM ceBepHee BopKyThr)
u KC-4 «BopkyruHckas» (Haxoautcest B 30 Km
103KHEe TOpo/Ia) TIOANEPXKUBAIOT B TPYOOTIPOBO-
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nmax mramerpoM 1420 mm maeienue 11,8 MIla
C TTOMOIIIBIO TA30TIEPEKAYMBAOIIINX aIllIapaToOB
I'TIA-25. TTpoekTHast MOIITHOCTb IO MepeKayKe
cocTaBsieT 115 Mapm M?/ron ¢ iepcreKTUBOI
yBenmmueHust 1o 140 mupa m3/rond.

3AKJTIOMEHUE

PesynbraThl MccienqoBaHus MOKA3bIBAIOT,
YTO JUIS1 TEKYILIETO COLUATBHO-9KOHOMUYECKO-
T0 MOJIOXKeHUsT BOpKYTMHCKOI OITOPHO 30HBI,
OIPEIEIEMOTO YUCIEHHOCThIO HACEJIeHUS
U COCTOSIHUEM MPOMBIILIEHHOCTHA, MOIIHO-
CTeii TpaHCITOPTHOM MH(MPACTPYKTYPHI BITOJTHE
JIOCTaTOYHO, OJTHAKO JIJISI BBITTOJIHEHUS [JITAHOB
MO0 Pa3BUTUIO APKTUKU TPEOyeTCs YCUJICHUE
TPAHCIIOPTHOTO Y3714, YTO BO3MOXKHO MTPU pea-
JIN3aluu 0003HAYEHHBIX B CTaThe MPOEKTOB.
Kaxnpiii Bug TpaHcnopTa OyaeT BbIMOJIHSITh
TpeTHa3HAYeHHbIE eMY BaKHbIE (DYHKITNN:

* JICeNe3H000POJCHbLIL MPaHCcnopm: obecTie-
YUBaTh OCHOBHbIE OOBEMBI TTEPEBO30K IPY30B
Y TTaCCaXKupoB, TOCTaBKY PECypcoB, 10ObIBae-
MBbIX 32 YpaJioM, B €BpOMNENCKYIO YacThb CTpa-
HbI, HAJIAXKMBATh MTOAXOIbl K HOBBIM MOPCKUM
MopTaM Ha apKTUYECKOM MOOEPEXbE, TOMO-
rathb B pa3rpyske TpaHccuba;

* BO30YUIHBLI MPAHCROPM: OCYIIIECTBIISITh
cBs13M BOpKYTUMHCKOI OMOPHOI 30HBI C Ipy-
TMMM perMoHaMu CTpaHbl, o0eclieYnuBaTh
Oe3oracHOCTh yHKIIMoHUpoBaHust CeBep-
HOTO MOPCKOTO NyTH (TaTpyJIMpoBaHUE, Jie-
JTOBasi pa3BeqKa), OliepaTUBHOE pearupoBaHue
Ha 4Ype3BblYaliHbIe CUTYallU, TTPEIOCTaBIIe-
HU€ MEAULIMHCKOU MOMOIIY HACEJIEHUIO;

* ABMOMOOUNbHBLI MPAHCNOPM: OOCTYK1-
BaTb MPEATNPUSTUSI, OPTAaHU3ALMHI U XXUTEei
BopkyTsl, coBepiath MepeBO3KU I'PY30B
U MMacCaXupoB Ha OOBEKTHI, HAXOASIIIUECS 3a
npeaesaMu ropoa;

* mpybonpoeooHbLil Mpancnopm: TIOIep-
XUBaTh OecrnepebdoifHyl0 TpoKauKy raza rno
TeppuTopur BOpKYyTHHCKOI OMOPHOU 30HBI.
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VORKUTA TRANSPORT HUB AND ITS ROLE IN DEVELOPMENT OF THE ARCTIC AREA

Kiselenko, Anatoly N., Komi Scientific Center, Ural Branch of the Russian Academy of Sciences, Syktyvkar,

Russia.

Malashchuk, Petr A., Komi Scientific Center, Ural Branch of the Russian Academy of Sciences, Syktyvkar,

Russia.

ABSTRACT

The article describes Vorkuta transport hub as
one of the few large regional centers of the Russian
North, which, because of its location, is so important
for development of transportation links in the
European and Ural Arctic zone. It is shown that the
capacity of this hub, which has inits infrastructure all
modes of transport, except inland water transport,

meetsregion’s current needsin freightand passenger
transportation. Nevertheless, exploration of natural
resources of the Arctic region and solution of other
development tasks require strengthening of the
existing transport capacity of Vorkuta region through
implementation of transport projects under the study,
particularly regarding renewal of railroads, civil
aviation, road transport and pipelines.

Keywords: Arctic, Vorkuta, transport hub, infrastructure, modes of transport, development projects.

Background. The development of the Arctic zone
of Russia (eight reference areas, including Vorkuta)
is directly related to the development of transport
infrastructure [1, p. 69]. It should be noted, however,
that extreme climatic conditions ambiguously affect
prospects of its development. On the one hand, there
is a steady downward trend in the area regarding total
space and thickness of the ice cover of the northern
seas, which leads to an increase in the attractiveness
of transportation along the Northern Sea Route. On
the other hand, an increase in the average annual
temperature leads to accelerated destruction of the
coastand portinfrastructure, as well as to accelerated
degradation of permafrost area [2, p. 11], which
critically affects the land transport infrastructure. For
example, the expenses of Gazprom in Nadym to
stabilize the carrying capacity of soils, along which
roads and pipelines pass, amount to 1 thousand
dollars/m? [3, p. 82].

Inland northern territories include Vorkuta as one
of few cities that can be considered as a large one
according to local standards, and whose infrastructure
facilities are located in the permafrost zone [4, p. 65].
It was founded thanks to development of the Pechora
coal basin and the emergence of the town-forming
coal enterprise here [5, p. 22]. While the estimated
capacity of the city’s energy infrastructure allows to
accommodate 300 thousand people [6, p. 130], the
population of Vorkuta district as of January 1, 2017
was 80,1 thousand (the maximum was 218,5
thousand people in 1989 [7, p. 127].

Voorkuta geological and industrial region has the
largest coal reserves in Europe (about 4 billion tons)
and has a high industrial potential [8, p. 14]. There
are rich deposits of limestone and slate near rhe town
[9, p. 46], which are suitable for production of cement.
In addition, Vorkuta is supporting and logistics base
of Bovanenkovo-Ukhta gas pipeline, the supporting
unit of the reindeer herders of Bolshezemelnaya
Tundra [10, p. 56].

Objective. The objective of the authors is to
consider the role of Vorkuta transport hub in
development of the Arctic zone of Russia and to study
its main elements.

Methods. The authors use economic, system and
comparative analysis, evaluation approach, scientific
description.

Results.

Rails with access to the sea

Railway transport provides year-round
communication with the rest of the country via
Konosha—Vorkuta mainline [11, p. 3]. The movement

of trains on itis carried out by using diesel locomotives.
Up to Inta station the railway is double-tracked, and
Inta—Vorkuta section is a single track. At Chum station,
Vorkuta and Labytnangi sections branch off the
railway.

The construction of the lines Inta—Vorkuta, Chum-
Labytnangi and their subsequent operation caused
significant changes in the conditions in permafrost
areas. Those changes are determined by disturbance
of heat exchange between the surface of the earth
and the atmosphere as a result of removal of
vegetation cover, emergence of water permeability
problems, reformation of snow deposits and
deterioration of surface runoff conditions. There are
deformations of the roadbed, precipitation and
spreading of embankments on thawing permafrost
soils, as well as formation of thermokarst depressions
on the territories adjacent to embankments [12, p. 2].
This leads to limitation of the weight of trains,
especially those which are operated in the northern
direction. For example, the weight rate of trains
stipulated for diesel locomotives 2TE10 at Vorkuta—
Labytnangi section is 3500 tons, Vorkuta—Inta — 4400
tons, and at Inta—Sosnogorsk section it rises to 4800
tons’.

Large length of non-public tracks, which are the
entrances to existing and closed coal mines, has
always been a feature of Vorkuta hub. In the absence
of the technological process agreed upon between
the railway infrastructure unit of JSC Vorkutaugol and
JSC Russian Railways, congestion may emerge at the
approaches to Vorkuta station. This was observed, in
particular, during construction of the first stage of
Bovanenkovo—-Ukhta gas pipeline due to the fact that
the infrastructure on the secondary routes is not
sufficiently prepared for handling of general cargo.

Vorkuta station of Sosnogorsk regional unit of the
Northern Railway is a cargo station and handles
operations of receipt and delivery of goods by small,
carload shipments; receipt and delivery of goods in
universal containers weighing up to 20 tons, for which
both open areas and covered warehouses are
equipped.

A 400 m long passenger platform is capable to
receive a train of 15 coaches. Direct communication
with the cities of Moscow, St. Petersburg, Syktyvkar,
Labytnangi, Kirov, Adler, Nizhny Novgorod and others
is provided.

! Railway. History, terminology, development history.
Heavy traffic. [Electronic resource]: http://rly/uk/
node/6867.
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Pic. 1. Railway projects in the Republic of Komi and the Northern Urals.
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Pic. 2. Comparison of the polar aviation zone (developed by the authors).

The operation depot provides technical
maintenance of locomotives, besides there are a car
shed and car maintenance points in Inta, Pechora,
Mulda, Usinsk, Labytnangi.

The railway line connecting Vorkuta and
Labytnangi is adjoined by the non-public railway
Obskaya—Bovanenkovo owned by PJSC Gazprom,
which is used as a technological route?.

The role of Vorkuta as a supporting transport hub
will increase significantly after implementation of the
Northern latitudinal railway project, which is supposed
to connect the Northern and Sverdlovsk railways.
Construction of the route with a total length of 707 km
Obskaya-Salekhard-Nadym-Pangody—-Novy
Urengoy-Korotchaevo is planned for 2018-2023. The
projected volume of traffic on the main line — 23,9
million tons per year®, transported goods comprising
mainly oil cargo and gas condensate. The project is
implemented on the principles of the private-public
partnership in the form of a concession, the
participants of which (JSC Russian Railways, PJSC
Gazprom, Yamalo-Nenets Autonomous District) will
finance reconstruction of objects of their own railway
infrastructure, and construction of new ones will be
carried out by a special project company (SPK-
Concessionaire).

JSC Russian Railways will reconstruct Kotlas—
Chum-Labytnangi section, including Obskaya railway
station ofthe Northern Railway, as well as Pangody—Novy
Urengoy-Korotchaevo section of Sverdlovskaya railway.
Works on Nadym-Pangody section will be carried out
by PJSC Gazprom. The concessionaire will provide
financing, construction and operation of Obskaya—
Salekhard-Nadym line, including construction of the
railway part of the bridges across the Ob river and the
river Nadym. The administration of Yamalo-Nenets
Autonomous District will invest in construction of the
automobile part of the bridge across the Ob river, as well
as will provide land for laying the main line.

2 Lebedeva I. Gordian knot. Northern railway line, No. 2,
2012. [Electronic resource]: http://www.gudok.ru/
zdr/179/?1D=654639&sphrase_id=8837.

3Order of the Government of the Russian Federation
No. 1663-p dated 08.08.2018 «On Concluding a
Concession Contract for Financing, Building and
Operating the Public Transport Infrastructure Obskaya
- Salekhard-Nadym». Reference and legal system
Consultant Plus.

*Valinsky, O. Traction for the Northern course. Gudok,
No. 195 (26568), 2018. [Electronic resource]: http://
www.gudok.ru/newspaper/?1D=1440877.

According to the concession agreement to
transport predicted cargo volume, it is proposed to
build the second main tracks at Inta—Chum section,
lengthen the receiving and departure tracks at the
stations, and to develop additional side tracks and
equip them with automatic blocking devices at Chum—
Labytnangi section. In the framework of the project,
in 2017, fiber optic cable was tested to monitor the
movement of trains using the system of vibro-acoustic
sounding of the railway track in permafrost conditions
at Kharp-Labytnangi section. Measures to increase
capacity will raise the weight rate of freight trains up
to 6000 tons*.

The Northern Latitudinal Railway was originally a
componentof the large project «Ural Industrial — Ural
Polar», the implementation of which will strengthen
the importance of the transport hub of Vorkuta with
regard to transshipment of resources in the western
direction. Besides, some other transport projects,
like Belkomur and Barentskomur, can be
implemented in the territory of the Komi Republic,
which can seriously affect loading of the railway
network. Pic. 1 presents the projects, the
implementation of which is able to increase the
workload of the railway network of the Republic of
Komi and of the Northern Urals area.

The implementation of the project «Northern
Latitudinal Railway» gives access to cargoes from the
east of the country to the Northern Sea Route through
the non-public railway line Obskaya—Bovanenkovo—
Sabetta. The 170 km long Bovanenkovo—-Sabetta
single-track railway is planned to be used for industrial
transportation by oil and gas companies, the volume
of which should be 7 million tons in the fifth year of
operation and 14 million tons in the tenth year®.

The construction of Vorkuta—-Ust-Kara—Amderma
railway will also be promising; it will allow the delivery
of cargoes to the coast along the Northern Sea Route.
However, the shallow waters in the seaports of Ust-
Kara and Amderma will require additional costs for
infrastructure development.

Revival of polar aviation

The city of Vorkuta has an airport which is
operated JSC Komiaviatrans. The airport is able to
receive aircrafts like L-410, Antonov An-12,
Anotonov An-24, Antonov An-26, Illyushin II-18,

’ Parsadanian, S. The payback of the construction project
of the Bovanenkovo—Sabetta railway line is laid down in
the terms of the PPP agreement. RZD-Partner. Opinion.
[Electronic resource]: http://www.rzd-partner.ru/rzd-
transport/opinions/okupaemost-proekta-stroitelstva-
zheleznodorozhnouy-linii-bovanenkovo-sabetta-
zalozhena-v-usloviyakh-s.
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Pic. 3. The structure of the car fleet of the urban
district of Vorkuta at the end of 2015. Developed
by the authors [13, p. 4].

llyushin 1I-11, Yakovlev Yak-40, Yakovlev Yak-42,
Tupolev Tu-134, CRJ-100 / 200, ATR-42, EMB-
120ER, etc., as well as helicopters of all types and
has limitations (natural) for the length of the runway.
The capacity for arrivals / departures is two aircraft
per hour, the average daily passenger traffic is 143
people; the average daily volume of freight
transportation is 1,932 tons®.

Currently Komiaviatrans (Embraer ERJ-145) and
RusLine (Bombardier CRJ 100,/200) airlines carry out
regular air transportation between Vorkuta and Moscow
and Syktyvkar.

The existing capacities of Vorkuta airport fully satisfy
the modern requirements for air transportation. The
disadvantage of the airport is the technical impossibility
of using of larger aircrafts for regular flights.

With the increasing intensity of shipping along the
Northern Sea Route, the need for ice reconnaissance to
determine the easiest, shortestand safest route for ships
in ice increases, besides there is a need to patrol the
200-mile economic sea zone, to survey fish stocks. This
is impossible without the revival of the Arctic (polar)
aviation, one ofthe main bases of which should be Vorkuta
transport hub.

Such placement will allow to control the territory on
An-24type aircraft(with a range ofabout 2000 km) from
Murmansk in the west and almost to the Vilkitsky Strait
in the east. More modern aircrafts, such as An-74 and
An-140, have a range of more than 2500 km, and with
a maximum fuel load — more than 3000 km. It should be
noted that the straight line distance from Murmansk to
the beginning of the Northern Sea Route (Karsky Gate)
is about 1000 km, which is at the limit of the effective
radius of the most common Arctic aircraft — An-24
(Pic. 2).

Itis planned to replace the An-24 aircrafts by Il-114-
300 twin-engine turboprop aircraft that will be produced
from 2021. This aircraft will have passenger capacity of
64 seats and a flight range of 2100 km. Besides
passenger version, medical,ice reconnaissance and fish
resources patrolling versions might be manufactured,
for which the flight distance with a maximum fuel reserve
will be 4800 km, and with the installation of an additional
fuel tank — 5600 km.

In order to improve the quality of work of Vorkuta
Arctic Complex Emergency Rescue Center of the
Emergency Situations Ministry, emergency response to
emergencies in the region and possible man-made

¢ List of documents of Vorkuta airport. [Electronic
resource]: http://www.komiaviatrans.ru/airport/docs.
php?id=5&m.
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disasters in the area of the hub itis necessary to arrange
fora permanent base of the helicopters ofthe Emergency
Situations Ministry aviation, and possibility to base its
heavy aircrafts in case it can be required.

The availability ofemergency medical care, especially
for people living in hard-to-reach areas, can be
significantly increased ifthere is an airambulance service
at Vorkuta Airport, the services of which are currently
provided by Mi-8 helicopter based in the city of Pechora.
This would allow to reduce the time of evacuation of
patients from 6 to 2-3 hours and reduce the cost of a
medical visit by about two times’.

Combinations with road transport

Vorkuta area has no direct road connection with other
cities of the Komi Republic, either access to the federal
highways.

At the end of 2015, 22,8 thousand cars were
registered in the urban district of Vorkuta. The structure
of the car fleet by type is presented in Pic. 3

Citizens own most ofthe vehicles(91,5 %). Theyown
95,9 % of passenger cars, 35,6 % of trucks and 29,7 %
ofbuses [13, p. 5].

To provide the fleet with fuel, there are six petrol
stations in Vorkuta, including one natural gas station.

The activities of road transport are characterized
mainly by a decrease in performance. Thus, the volume
of freight transportation in 2015 was 96,6 %, and the
freight turnover was 55,8 % as compared to the results
of the previous year. Low fleet utilization rates (51,4 %)
and mileage utilization rates (22,7 %) indicate inefficient
operation of road freight transport. The number of public
municipal bus routes decreased from 43 (2014) to 36
(2015), and the number of passengers transportedto 2,7
million people (81,4 % compared to 2014) [13, pp. 14—
17, 19].

The road infrastructure has low density of local public
roads(all surfaced) — 5 km/1000 kn?? of the territory, while
Syktyvkar has 103,4 km/1000 km? of the territory. The
length of these roads is 119 km, of which in 2015 28,6 %
did not meet regulatory requirements [13, pp. 26-27]. In
the cold season, the «winter roads» connect Vorkuta with
Ust-Kara and Labytnangi.

As part of the project for construction of
Bovanenkovo-Ukhta trunk pipeline system, a
technological highway was constructed connecting
three compressor stations from Vorkuta to the coast of
the Baydaratskaya Bay. Itis usedto carry cargo and shift
personnel to service facilities.

While the road network of Vorkuta has no direct
access to the republican and federal highways, it is
connected with them by rail. Automobiles, like other
wheeled vehicles, are transported between Vorkuta and
Ukhta on railway platforms, and arrive at Ukhta station on
their own. To improve the current situation, there is a
project «Construction of Syktyvkar-Ukhta—Pechora—
Usinsk—Naryan-Mar highway with access to the cities of
Vorkuta and Salekhard» [ 14, p. 145], the implementation
of which has begun.

Along pipes to Europe

The system of gas pipelines is one of the most efficient
types of transport operating in the territory of the Komi
Republic [15, p. 196]. Bovanenkovo-Ukhta gas pipeline
passes via Vorkuta transport hub, this pipeline delivers
gas from Bavanensky and Kharasaveisky fields of Yamal

7Komi State Council voiced arguments about the need
to create medical aviation base in Vorkuta. [Electronic
resource]: http://www.komionline/node/79760.

8 PJSC Gazprom. Bovanenkovo field. [Electronic
resource]: http://www.gazprom.ru/projects/
bovanenkovskoe.
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to Europe [16, p. 41]. To ensure the technological
process, nine compressor stations are provided, two of
which are located in Vorkuta area.

Compressor stations KS-3 «Gagaratskaya» (located
70 km north of Vorkuta) and KS-4 Vorkutinskaya (located
30 km south of the city) maintain pressure of 11,8 MPa
in pipelines with a diameter of 1420 mm using gas-
pumping units GPA-25. The design pumping capacity is
115 billion m®/year with the prospect of an increase to
140 billion m*/year®.

Conclusion. The results of the study show that the
current socio-economic situation of Vorkuta logistics and
supporting zone, determined by number of inhabitants
and state of industry, has sufficient transportinfrastructure
capacity, but to fulfill the plans for development of the
Arctic area, itis necessary to enhance the transport hub,
that is possible through implementing the projects
mentioned in the article. Each mode of transport will
perform its important functions:

« railways have to transport main volumes of freight
and passengers, to provide delivery of the mineral
resources from the Urals to the European part of the
country, to arrrange transport approach to new sea ports
on the Arctic coast, to assest in redistribution of the traffic
flows througn the Trans-Siberian Railway;

- air transport is to facilitate the links of Vorkuta area
with other regions of the country, to ensure safety of the
Northern Sea Route operation (patrolling, ice
reconnaissance), prompt response to emergency
situations, provision of medical assistance to the
population;

« road transport is to service enterprises,
organizations and residents of Vorkuta, to transport goods
and passengers to objects outside the city;

* pipeline transport is to maintain continious gas
transit through Voorkuta logistics and supporting zone.
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OnuceiBaeTcs nepcrneKTUBHbINA crocoo
ynpassieHUs1 Ha XXeJs1e3HOA0POXHOM
TpaHcroprTe, y'-IMTbIBaIOLLlMﬁ MWHUMU3auuro
Yyucssa HarloJibHbIX TEXHOJIOrN4YeCKUx
06BbEeKTOB, NCMoJIb30BaHNe 6ecrnpoBOAHbIX
TexHoJIornm nepega4yuvn gaHHbIX, a TakKxe
npuMeHeHue UCTOYHUKOB BO30OHOBJISIe MOV
SHeprun ons AeueHTpain30BaHHbIX
noAacuUcTeM CTPesIoYHbIX MNepeBosoB.

Bce ocTtasibHbie KOMaHAbI NPEAIOXEeHO
peasnin3oBbiBaTh MyTEM MPUMEHEHNS
knbep3aLmnLEHHOro paanokaHania c oTkasaom
OT AUCKPEeTHOro no3nynoHnpoBaHus
MOABVXHbBIX € ANHUL, N ANCKPETHOM
nepega4yn gaHHbIX O CKOPOCTHbIX peXxxumax
ABvDkeHUs1 noe3foB. Cuctema cTpesiok

C aBTOHOMHbIM MUTaHUEM U UCTOJIb30BaHUEM
panvokaHana ass ynpassieHus1

U KOHTPOJIsI MOJIOXXEHUSI OCTPSIKOB AOJDKHA
aganTupoBaTbCs NMNo3TarlHoO, Ha4YnHas ¢
MEeCTHOro ypOBHSI U HAJTN4Us1 HOCUMbIX
YCTPOWCTB 1 3aKaHYUBas rno6asnbHOM
ueHTpanu3ayuneri B npegenax CTaHUuun.

Knro4eBbie cnoBa: xene3Hasi 4opora,
yripaBsieHne ABUXEHNEM, LinppoBu3aums,
aJIbTePHaTUBHbIE UCTOYHUKMN 3HEPrOCHaOXeHM s,
panuvokaHasl, Xene3H0A0POXHbIE CTPEsIKU.
|
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MPOBJIEMbI YIPABJIER

byayuwee
paguoynpaBnsgseMbiX CTPeJsiok
C aBTOHOMHbLBIM MTAHNEM

Eganos /Imumpuii Buxmoposuu — doxmop
MeXHU4ecKux HayK, pyKosooumensb HanpagieHus
cucmem MOHUMOPUH2A U OUACHOCIUKU

000 <«Jloko Tex-Cuenan», npogeccop kageopovl
a8MOMAamuKU, meaemMexaHuky U ces3u Ha
Jucene3HodopodcHom mpancnopme Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

JIIOYEBBIM HAIMpPaBJIeHUEM PA3BUTUS

JKEJIE3HOAOPOKHOTO TPAHCIIOPTa BO

BCEM MUpE CTaJIO CO3IaHUE BBICOKO-
CKOPOCTHOTO KOHKYPEHTOCTIOCOOHOTO Tepe-
BO30YHOI'O KOMILJIEKCA, a TaKXKe COBEpPIIECH-
CTBOBAHUE MPUHUMUIIOB dKCIJAyaTalluu
UHOPACTPYKTYPHI U MOIBUXHBIX OOBEKTOB
C 1IeJbI0 ONTUMMU3AaLNU pecypcoB. B 3Toit
CBSI3M BHUMAaHME XKeJE3HOJOPOXKHOTO CO00-
IIECTBA COCPEAOTOYEHO HA WHTEJUIEKTYaTH -
3alUU U UUMGPOBU3ALUU TPAHCIOPTHOTO
TpoLecca ¢ MEPEHOCOM 3HAYUTENIbHOW YacTh
(bYHKUMI IO YITPABAEHUIO U JUaTHOCTUPOBA-
HUIO HAa TATOBbBIE MTOABUXHbBIE eAUHULIBI [ 1—35].

BE3 AJIbTEPHATUBbI HUKYOA
udposurzaius B MOJTHON Mepe MTO3BOJIUT
YYecTb MHTEPECHl BCEX YYACTHUKOB JBUKE-
HUS, WX LIeJU U 3a7a91, ONTUMU3UPOBATH
3arpy3Ky o0beKTOB WH(MPACTPYKTYpHI, TO-
JBUXXHOTO COCTaBa U OMEpPaToOpoB (Kak LEH-
TPOB YITPaBJIEHUSI ITEPEBO3KaMU, CTAHIIMIA, TAK
W MAIIMHUCTOB), a TAKXE OTKPBITH MyTH
K CO3[TaHUI0 YMHOTO U HeproapdeKTuBHOTO
JKeJIe3HOIOPOXKHOTO TpaHcmopTa [6, 7].
LwndpoBusaius — 3T0 JIUIIL OTHA CTOPO-
Ha pa3BuTus. BTopas cTopoHa — pelieHue
npooyieMbl SHepreTuku. M3BecTHBIN (akr,
YTO OCHOBHOU 00BEM 9HEPTUY YEJTOBEUYECTBO
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MmoJiy4yaeT ceiiuac 3a CYET MCITOJIb30BaHUS
HEBO300OHOBJISIEMBIX UCTOYHUKOB HEPIHUU.
XKene3aHoqopoKHBIN TPAHCTIOPT, U ITOAABHO,
paboTaeT ToJIbKO Oarogaps uM. Db heKTuB-
HOCTb MCIIOJIb30BaHUSI SHEPTUU B OTpaCIu
KpaliHe HM3Kasl, BeJINKa 9HeprornoTeps B X0-
Jle TEXHOJIOTUYECKUX MPOLIECCOB, a KO du-
ueHTHl nosaesHoro aeicreust (KITI) — na-
JIeKU OT unaealbHbIX (K mpumepy, KITJ
3JIEKTPUIECKOM TSATH, YIUTHIBAIOIINI aHAIO-
TMYHBbIe TTOKa3aTeJu BJIEeKTPOCTAHIIU,
YCTPOWCTB BHEITHETO W TSTOBOTO 3JIEKTPO-
CHAOXEHMSsI, 3JIEKTPOITOABIKHOTO COCTaBa,
cocraBisieT meHee 25 % [8]). Kpowme Toro,
3HAYMMBI HETOCTATOK TPaIMIIMOHHBIX UC-
TOYHUKOB SHEPTUU — BPEIHbIE BHIOPOCHI
U IeCTPYKTUBHOE BIMSHME Ha 2KOJIOTUYE-
CKy10 00CcTaHOBKY [9, c. 87].

MHorue cTpaHbl 00palaloT BHUMaHUE
Ha r1o6abHbIe TPOOIEMbI HEBO30OHOBJISIE-
MO 2HEPTEeTUKU, CTOUMOCThH PECYPCOB,
BJIMSTHUE HA OKPYXAIOIIYIO CPery U MUPO-
BYIO BKOJIOTHIO. DTO KacaeTcsl U XKeJe3HO-
JMIOPOXHBIX ceTeid. Tak, K IpuMepy, Xeje3-
Hble foporu Hunepnaunos ¢ 2017 rona uc-
MOJI3YIOT TIPEUMYIIECTBEHHO MCTOYHUKHU
BO300HOBJISIEMOI dHEPTUM (IHEPTUU BETpa),
a JlaHus HalleJieHa Ha TIepeXo1 K TOTaJTbHO-
My IPUMEHEHUIO BO30OHOBIISIEMOI 9HEPTU N
B paboTe XeJIe3HOTOPOXKHOTO KOMILIeKCa
K cepenune XXI cronetus [10]. PazBuBato-
Iuecss CTpaHbl a3MaTCKOTO KOHTUHEHTA,
npexnae Bcero Anonus u MHaus, ncnoib-
3yIOT DHEPTUIO COJIHIIA, pacliojiarasi Ha
Tu1aT(OPMEHHBIX KPBITIaX CTAHIINI COTHEY -
Hble TaHeJ, BeTpsIHble TypOUHBI BIOJb
JKEJIE3HOMOPOKHBIX JIMHUI, B TOM 4YUCIIE
yIpaBJisieMble BETPOBOII HATPY3KOIi OT IBU -
XKyierocs moesna [11,c.1;12,c.1;13,c. 1;
14, c. 25].

Benyrcs nccienoBanust o 0003HaYeHHON
TeMe U B eBpoIeicKuX cTpaHax [15, 16]. He-
KOTOpBbIE pabOTHI B 001aCTH CO3MAHMUS CUCTEM
reHepaluu ajJbTepPHATUBHON dHEPTETUKHU
MyOJIMKYIOTCS MHXKEHEepaMU U YIEHBIMU TTOCT-
COBETCKOro npocTtpaHcTBa [17], B YaCTHOCTHU
OHU KacaroTcs M chephl YITpaBIeHUs IBUXKE-
HueM noe3nos [18]. CBoil uHTEpec K 3TOi
mpo0JjieMaTUKe TPOSBISIET U PyKOBOACTBO
POCCUIMCKUX XeJIe3HbIX Jopor [19].

CTOUT OTMETUTb, YTO €CTh U MPOTUBHUKH
BO300OHOBJISIEMBIX UCTOYHUKOB SHEPTUU, BbI-
CKa3bIBaIOIIME apryMEHTHPOBAHHBIE COMHEHUST
OTHOCHTEJIHO MX MCITOJIb30BaHMSI IMEHHO Ha
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JTaHHOM 3Tarne pa3BuTus. [IpoTuB aTepHaTUB-
HOM 3HepreTuku BhicTynaua ewe B 1975 romy
n akagemuK IT1. JI. Karmma [20, c. 40—41].

KenesHonopoxHblii TpaHciopT B Poccuu,
0 CYTU, HE UCTIOJIb3YET BO3MOXXHOCTU BO300-
HOBJISIEMbIX ICTOYHUKOB 9Hepruu. B kauecTe
PeAKUX MO3UTUBHBIX MPUMEPOB MOXKHO MPU-
BECTH pa3Be UTO paCIpeleIEHHbIE CUCTEMBbI
TEXHUYECKOI0 IMarHOCTUPOBAHUS U MOHUTO-
PUHTA CJIOKHBIX UHXXEHEPHBIX KOHCTPYKIIUIA,
MOJOOHBIX XEJEe3HOJOPOXKHONW KOHTAKTHOU
nojaBecKe: B Takoii cucreme [21, ¢. 22] ¢ momo-
1LIBIO COJTHEYHBIX MTaHeJIEH TOBBILIAETCS PECYPC
JIMarHOCTUYECKUX MTPUOOPOB, pabOTAIOIIUX OT
ABTOHOMHBIX ICTOYHUKOB SHEPrOCHAOXEeHNS.
Huskast ctrouMocTh MPOU3BOACTBA JIEKTPO-
SHEPrUU «I10 CTAPUHKE» — TJIaBHbIIA apTYMEHT
MPOTUBHUKOB MPAKTUKY MPUMEHEHUS UCTOY -
HUKOB BO300HOBIsIEMOlT sHepruu B Poccuu.
[10].

HecMoTpst Ha Bce TpyAHOCTU ajanTaluu
WCTOYHUKOB BO30OHOBISIEMON 2HEPTrUU
B crieliM(uKe Keae3HOTOPOXKHBIX KOMILIEK-
COB, MUPOBOE COODIIIECTBO BCE Yallle U valle
o0OpalllaeT BHUMaHKe Ha HUX KaK BEPOSITHYIO
B HEAJIEKOM OyAaylIeM aJIbTEpHATUBY TPAIU-
LIUOHHBIM criocobaM 3HepProcHabXeHUs .
OnHa 13 BO3MOXHOCTE B MCIOJb30BaHUU
BO300OHOBJISIEMOU HEPTeTUKU OTHOCUTCH
K CUCTeMaM YMpaBJeHUS ABUKEHUEM IO€3-
TIOB.

PA3LENSA U YNPABNSN

CucrteMbl ynpaBieHUST IBUKEHUEM Ha
KEJIE3HOJOPOXKHOM TPAHCTIOPTE MPEICTABIIS-
0T cO00Ii COBOKYMHOCTb CTallMOHAPHBIX
CPEACTB U YCTPOIMCTB, pacmojiaraéMbIX B He-
MOCPENCTBEHHON OJIM30CTU K TOPOXKHOMY
MOJIOTHY U KCIOJB3YIOIUX €r0 BO MHOTUX
CJTyJasix B KQueCTBe TpaKTa epeaadyu JaHHbIX,
a TakXe HOCUMBIX WJIU OOPTOBBIX CPEACTB
YIpaBJIE€HUS Ha TSTOBBIX MTOABVKHBIX €IUHU-
max [22, c. 20].

B posivi OCHOBHBIX CTalITUOHAPHBIX CPEJCTB
MO3ULIMOHUPOBAHUS TTONABUXHBIX €IUHUILL
BBICTYTIAIOT PEJTLCOBBIC 11eTTH (M300peTEHHBIE
Bo BTOpol moyioBuHe XIX Beka), a Takxke
cucTeMbl cuéta oceil. [Ipryém nepsbie IIUPO-
KO pacrpoCTpaHEHbI Ha XeJe3HbIX T0oporax
MOCTCOBETCKOTO MpocTpaHcTBa. Ha3BaHHbIE
CpeICTBa MPEAToaraT MO3ULNOHUPOBaHVE
B ITpeJiesiax OHOTO yJacTKa, 000pyI0BaAHHO-
T0 PeIbCOBOM LIETbIO WM OTPAHUYEHHOTO
cucTtemoli cuéra oceii. [lepcriekTrBoil pa3Bu-
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THSI JATYNKOB TTO3UITMOHUPOBAHUS TIOJIBYK -
HBIX eIVUHUIL SIBJISIETCS TTOCTETICHHOE BBITEC-
HeHMe BecbMa HeHAIEXKHBIX PEJTbCOBBIX LIeTIeH
U WCIIOJIb30BaHUE CUETYMKOB Oceii, B OoJiee
JaJIEKON MepCreKTUBE BO3MOXHO MPUMEHE-
HUE CITyTHUKOBOTO TTO3UITMOHUPOBAHUSI.

B ocHOBHOM (byHKIIMIO PETYJINPOBAHUS
JIBVUKEHUST TIOE3/10B BBHITIOJHSIIOT CUCTEMBbI
U YCTPOMCTBA CUTHAIU3ALUU, BKIIOYAIOIINE
B ce0s1 pa3HOOOpa3Hble CBETO(MOPHI (MX U30-
Opesin B Havase XX BeKa) U UCTOYHUKU 3BY-
KOBO# curHanmu3auu. Madopmanms marm-
HUCTY O CKOPOCTHBIX PEXKUMaX U YUCTIE BIIE-
peau Jjexamiux cBOOOAHBIX YYACTKOB KOHT-
POJISI IOBMIKHBIX €IMHUIIL TePeIaéTCs B BUJIE
cBeToBOro curHaina. OH MocTymnaeT Ha CTalro-
HapHBIU (HAIMoOJbHBIN) cBeTOGOp yyacTkKa
KOHTPOJIS, HA KOTOPBIN pa3pelieHo WiK 3a-
MpelieHo BbeXaTh, a Takxke Ha 0OPTOBOU
(TOKOMOTUBHBIN) cBeTodop. s npuéma
JTAaHHBIX O LIBETOBOM CUTHAJIE HA TOKOMOTHBE
YUYACTKU XKeJIE3HBIX TOPOT 000PYAYIOTCS aBTO-
MaTUYeCKOU CUTHAJIU3AlMeElN ¢ KOTUPOBAHU -
€M CBETOBBIX MTOKa3aHUI CIeIMaJIbHBIM KO-
noM. Takoii croco® MO3ULIMOHUPOBAHUS
TTOIBMXKHOM €IMHMITBI — 3TO PETYIMPOBaHUE
JIBVDKEHMS B ITpeiesiaX CTallMOHAPHBIX y4acT-
KOB C HU3KOW rpalaliieil CKOPOCTEN.

Bo3MoxxHOCTH COBpeMEHHOM OecpoBoI-
HOM CBSI3U TTO3BOJISTIOT OPraHU30BBIBATH TaK
Ha3bIBaeMbl€ «ITOJBUKHBIE» OJIOK-YYaCTKH,
KOTJa caM IMoe3[ SBJSEeTCS LEeHTPaTbHBIM
00BEKTOM JBUXKEHUSI, a Ha OOPTOBOE 0OOPY-
JTOBaHUeE MOCTYNAIOT JaHHbIE 000 BCEX OIY-
CTUMBIX TIapaMeTpax JABUKEHUS W BIlepeaun
U TO3aJM CJEAYIOUINX MMOABVKHBIX €IUHUIT
B pEXMMe peabHOro BpeMenu [23, ¢. 363; 24,
c.227]. IlepcneKkTrBa pa3BUTUS CPEACTB CUT-
Haqu3aluuu — JUMKBUAALIUS CBETODOPHOU
CHICTEMBI M KCTIOIb30BaHME TIPSIMBIX YKa3aHU I
MAIIMHUCTY O CKOPOCTU BEAEHUS moes3na
(BIUTIOTH 10 aBTOMATU3ALIMU 3TON DYHKIINK).
ITpu BCEM TOM IJTaBHBIM HETOCTATKOM CBETO-
¢opHO¥ cUTHanU3alUuU CaeayeT MpU3HaTh
HaJluuve pa3BEPHYTON U pacrpeneseéHHOl
KabeJbHOI CeTU, MPOKJIAIbIBAEMOU BIOJIb
IyTEW CTAHLIMIA U MIEPETOHOB.

B kauecTBe cpeACTB peain3aliuy pa3iny-
HBIX TEXHOJIOTUYECKHUX MPOLIECCOB HA CTaH-
LIUSIX, CBSI3aHHBIX C HEOOXOAUMOCTBIO pa3je-
JIEHUS TOEe3/10B, BHICBOOOXIECHUS MyTel Wi
WX IBUXKEHUS U IIPOYMM, BBICTYMAIOT XKeJie3-
HOJOPOXHbBIE CTpeKU. UMEHHO OHU TTO3BO-
JISIIOT OCYILECTBIISITh EPeMEIIEHUE MOIBUXK-
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HOTO COCTaBa Ha pa3jiMuHbIe MyTU U U3MEHE-
HUE TpaeKTOpUii nx aBrkeHus. Cpean Bcex
CTallMOHAPHBIX CPEACTB YIPaBJIECHUS Ha Xe-
JIE3HONOPOXKHOM TpaHCIOpTe B OyaylleM
OyIdyT cOXpaHEHbI TOJBbKO CTPEJKM, a TaKxkKe
MEXaHU3Mbl X MepeBoja MeXIy KpailHUMU
CBOMMU TMOJIOKEHUSIMU.

Tem He MeHee B HacToslIee BpeMsl Bce
0003HaYEHHBIE CPEACTBA YIIPABACHMSI IBUXKE-
HHMEM OXBauyeHbl KaOEJIbHOI CEThIO, a CaMO
yIpaBJieHHEe U SHeProcHa0XeH1e MperuMyle-
CTBEHHO LIEHTpaJu30BaHbl. YIIpaBieHUE
JIBUXKEHUEM OCYILIECTBIISIETCS MTOCPEACTBOM
CUCTEM 2JIEKTPUUECKON LIEHTpaIU3alUK C OT-
JeJIbHBIMU WJIM UHTETPUPOBAHHBIMU CUCTE-
MaMU UHTEPBAJIbHOI'O PEryJupoOBaHUS Ha
MeperoHax.

IlepcnekTBa coXpaHeHUs B KayecTBe
CPEJICTB peaiu3alii TEXHOJIOTMYECKUX MTPO-
LIECCOB TOJIBKO XeJIE3HOIOPOXKHBIX CTPEOK
BEJET K TOMY, UTO HauboJiee aKTyaJlbHOU
3ajaueil BHICTYIAeT BO3MOXHOCTb CO31aHUs
TaKO CUCTeMbl YIpaBJeHUSsI CTpeIKaMH,
KoTopas OyneT AelicTBOBaTh C MUHUMAaJbHbBIM
pacxoioMm KabeJisi Mpyu OpraHU3allMu rapaH-
TUPOBAHHO 6€30IMaCHOT0 MPOITycKa IMOe310B.
B naHHOM KOHTEKCTe peub MOXKET UATHU O Clic-
memax cmpeno4Holl UeHmpaiu3ayuy ¢ BBeJe-
HUEM aHaJIOTOB MapLIPYyTU3UPOBAHHOTO
nepeMelleHus: 6e3 cBeToPOpPoOB C TOUHBIM
MO3UILIMOHUPOBAHUEM TMOJABUXKHBIX €IUHUILL
(He B peaeiax AUMCKPETHBIX y4aCTKOB KOHT-
pouist).

CTPEJIO4YHbIE NPUBOObI
C ABTOHOMHbIM NMUTAHUEM
OCHOBHOI1 3JIeMEHT CUCTEMbI YITPABIICHUST
JKEJIE3HOTOPOKHBIMU CTPEKaMU — 3TO CTpe-
JIOYHBI 3JI€KTPONPUBOLL, OCYIIECTBISIOINAN
repeMelleHre OCTPSIKOB CTPEJIKU (MU IPYTHX
3JIEMEHTOB €€ KOHCTPYKIIWU, HAIIPUMED, Cep-
JIEYHUKA KPECTOBUHBI) U3 OJHOTO KPaHEro
TIOJIOKEHMS B ipyroe. Bece ocTanbHbBIE 00bEK-
TBI HAITOJIBHOTO TEXHOJIOTMYECKOTO 000pyIo-
BaHUS NIPU 3BOJIOLUU CUCTEM aBTOMATUKU
BITIOJTHE MOTYT OBITh JINKBUIUPOBAHHI [22].
Yucio 351eMEHTOB YITPABJIEHUS CTPEIKaMU
OIpENEeNSIeTCs, UCXOIS U3 TEXHOJIOTUIECKNX
0COOEHHOCTEN CTaHUWU, HATUYUS Ha HeH
TIOJIOTUX CTPEJIOK, HEOOXOAMMOCTH AOTTOTHU -
TEJIbHBIX TPUBOOB U T.11. [25, . 31]. Ho ogHoIit
CTPEJIKOM, KaK MpaBuJIo, YIIPABJISIIOT C TOMO-
b0 ogHoro npuBoaa. Kpome toro, crpenkn
MOTYT OBITh CHAOKEHBI 3aIIUTHBIMU YCTPOT -
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Puc. 1. Pacnonoxexne afneMeHTOB 3HeprocHabXxeHnst Ha 06beKTax UHPAaCTPYKTYPbI TArOBOIro XO3sIMCTBA.

cTBaMu (cOpachIBalOUIMMU OalIMakaMu),
KOTOpBIE TaKXKe YIIPABISIOTCS OTAETbHBIMU
npuBogamu. Takum oGpa3oM, Jalile BCero Ha
MPOMEKYTOUHBIX CTAHLIMSIX HACUMTBHIBACTCS
10 30 cTpesioK, a Ha caMbIX KPYITHBIX, €CTe-
CTBeHHO, OoJjibiiie — 10 100 u cBbilie. BBuay
MaJIoro KOJMYeCTBa OOBEKTOB YIIpaBICHUS
CTPOUTEIHCTBO CUCTEMBI C Pa3BUTOM Kabesb-
HOM CeThIO OKA3bIBAETCSI 9KOHOMHWYECKH He-
11eJIecCO00pa3sHbIM, KaK U MOCIeaYIoast KC-
TUTyaTalus Takux cucteM. B ocobeHHOCTH 5TO
KacaeTcsl CTaHUMI, Tae MPUHATO pelIeHHne
0 TIepeBO/Ie YITPABIICHUsI CTPEJIKAMMU C PYIHO-
ro Ha aBTOMaTU4eCcKoe.

BosHukaer 3amaya co3qaHus TAKOTO KOMIT-
JIEKCa yIpaBJIeHUS KeJIe3HOLOPOKHBIMU
CTpeJIKaMU, KOTOPBI BKIIOYaJ ObI B ceOst
YCTPOWMCTBA, MO3BOJISIOIIME TPUBOINTH B B -
JKEHME OCTPSIKHU, PACIOJOKEHHbBIE B HEITO-
CPEJCTBEHHOM OJM30CTU K CAMOM CTpEJIKE.
IIpu 3TOM yCTPOMCTBO TOJKHO MUMETh He
TOJIbKO TPUBOJI, HO U CPEACTBA €ro dHEPro-
CHaOXeHMsI, a TAaKKe repegayn MHGopMarmn
Ha yrnpasjeHHe U MH(POPMALIMKU O TOCTHXKE-
HUM KpalHETo MOJIOXEHUSs cTpeku. [ToHsT-
HO, YTO MCTOYHUKK DHEProcHaOXeHUs He
MPEeIToJaraloT UCIOJIb30BaTh PACIINPEHHYIO
KabeJIbHYIO ceTh. TaKoii BapyaHT YKe CEroHs
oTpabaThIBaeTCs, K MPUMEPY, Ha KEJIE3HBIX
npoporax LIBennu mis MogepHU3ALMT CUCTE-
MBI PYYHOTI'O YITpaBJICHUS CTPEIKAMMU.
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CylecTByeT HeCKOJIbKO PeIIeHU mpea-
CTaBJICHHOM 3a/1a4u.

[lepBoe cocTOUT B CO3MaHUM pacIpene-
JIEHHOI CHMCTEeMBbI TeHepallMy SHEPTUU U 110~
KPBITUM CTAHLIMM UCTOYHUKAMU BO30OHOB-
JISeMOM 3HEPTUU, KOTOPbIE MOTYT OBITh
pacmoyioXeHbl Ha KpbIllax 1 miaaTdopMmax
WJIM XK€ CMOHTUPOBAHBI Ha 3JIeMEeHTaX KOH-
CTPYKILIMI KEJIE€3HOIOPOXKHON KOHTAKTHOMU
noasecku (puc. 1). C 3Toii LieabI0 2JIEMEHThI
MOIAEPKUBAIOIINX KOHCTPYKIIUI CETU MO-
NEPHUBUPYIOTCS MO 3aKperyieHue Ha HUX
MCTOYHUKOB sHepruu. [Ipuuém Tpedyercs
00ecneuynTh XpaHEHUE 9HEPTUU B CIeLIMaTb-
HBIX HaKOTIUTEJIbHBIX MOJICUCTEMAaX, B OTBE-
NEHHBIX IJI1 9TOTO MecTaX BIOJb XKeJIe3HO-
IOPOXHBIX MyTei, U HYXXHa KabeabHas
yBSI3Ka C YCTPOHCTBAMM aBTOMATUYECKOTO
YIIPaBICHMUS KeJIE3HOTOPOXKHBIMU CTPEIKa-
Mu. B naHHOM ciy4yae ynoOHO BCe CUTHaJIbI
10 YIIPaBJICHUIO U KOHTPOJIIO TPAHCINPOBaTh
MOCPENCTBOM Kabelsl Ha MpUuEMo-Tepenaro-
IIMe TOYKW B HEMOCPEACTBEHHON OJM30CTU
K aHTeHHaM CMCTEMbl OpraHU3alluy Iepea-
yu nHbopMauuu. CaMa cTaHUMS B TaKoi
CUTyallUU TIPEACTaBIIsIET COO0M MHbOpMaIIu-
OHHOE ITPOCTPAHCTBO, OXBAYEHHOE IMMPOMBIIII -
neHHbIM MHTepHeToMm Bemeit (I11oT) [26,
c. 1], GYHKIIMOHUPYIOLIUM B COOTBETCTBUU
CO BCEMU TPeOOBaHMSIMU MO KuOep3allu-
meéHHocTu [27, c. 29].
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Puc. 2. PacnonoxeHune aneMmeHToB KOHCTPYKLUUN CUCTeMbl yripaBJ/ieHNs1 XXeJ1Ie3HO[4OPOXXHbIMU CTPpeJIKaMu.

Jpyrum BapraHTOM PEILIeHUST 3a1a9M SIB-
JIIeTCs CO3aHKe NeIIeHTPAIN30BaHHBIX IO/ -
CHCTEM YIIPaBJIEHUS KaxKI0H XKeJIe3HOTOPOXK-
HOI CTpeJIKOii B 0TAeIbHOCTU (puc. 2). Takas
MOACUCTEMA CHAOXAETCS UICTOYHUKOM ajlb-
TepHATUBHOM 3HEPIUU, 3aKperuisieMOM Ha
CBOEI MauTe Ha JOCTaTOYHOIM JIJIsT obecrieve-
HUST BaHIAJI0yCTOMYMBOCTU BBICOTE, a TAKXKe
cpelcTBaMU HAKOTIICHUSI 9HEPTUM M OPTaHM -
3alUy Tiepeaayy JaHHbIX.

ITonobOHOe TexHUYECKOE pelleHre yI00HO
JJIsl cTaHIU ¢ HebonabwuM (10 30) yuciom
CTPEJIOK U CPAaBHUTEJIbHO MaJIoi 3arpyXeH-
HOCTBIO.

CJI0XXHOCTH ITOCTPOCHUST CUCTEMBI yTIPaB-
JIEHUST XKeJIe3HOJOPOXKHBIMU CTPEJIKAMM CO-
CTOSIT B CJIEIYIOIIEM:

1. Heo6xoamuMo onpeneanuTb 10CTaTOYHbIE
(c yu€ToM pe3epBa) MOIIHOCTU JIJisl obecre-
yeHUs PYHKIIMOHAIBHBIX 3a1a4.

2. JIJs1 9KOHOMUM dHEProcHabOKeHu s
Omnpoc NMpuéMo-TiepeaanX yCTPOUCTB
cJielyeT BeCTH HE HEIpephIBHO, a 10 Mepe
HEOOXOMMMOCTH U3MEHEHUSI COCTOSTHUM
JKeJIE3HOTOPOKHOM CTPEJIKU WJTH e TT0 Mepe
BO3HMKHOBEHUsI HEIITATHBIX CUTYallMi 13-
MEHEHUSI COCTOSIHUM (HYXHBI TaTUYUKU,
¢uKcupyome 1aHHbie COObITUS). [Ipu 3TOM
UL obecrnedyeHusT 0€30MacCHOCTH HYXEH
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KOHTPOJIb TEKYIIETO COCTOSTHUSI YCTPOICTB
YIIpaBJICHMUSI.

3. TpebyeTcs co3paHue COOCTBEHHOTO
WHTEpHETa Bellleil, 3aKPBITOTO JJIs JII000To
JOCTyTa.

4. HeobxoauMma opraHu3alus yBA3KU
LIEHTPAJIbHON CUCTEMBI TTO3UIIMOHUPOBAHUS
MOABVKHBIX €IMHUIL Ha CTAHITUY C CUCTEMOI
YIpaBICHUS XKeIe3HOI0POKHBIMU CTPETKAMU
10 paaoKaHaIy.

O0603HaueHHbIE MPOOIEMBbl HE HAlLJIU
IOKa CBOETO PEeIIeHUs B IOJHOM Mepe, HO
YaCTUYHO PEIIaloTCs B CUCTEMax PyYHOIO
MECTHOTO IepeBoia CTPeJIoK (Halpumep,
B BapMaHTaX KOMITAaHUU Siemens JIs Xejie3-
HOJOPOXHBIX Aemno) [28, c. 9]. A cam atan
repexojia K 6eCIipoBOTHOM CHCTEME YITpaBJie-
HUS IBMXKEHUEM JTOJDKEH TTPOUCXOIUTD T10-
3TAIHO, ¢ MUHMMU3AIMEN HATTOJIbHBIX 00b-
€KTOB XKeJIE3HOOPOXKHON MHDPACTPYKTYPHI.

SAKJTIOMEHUE

Pa3BuTHe TEXHUKU 1 TEXHOJIOTHIA B IEPBOI
yeTBepTH XXI BeKa M03BOJIsIET TOBOPUTD O BO3-
MOXKHOCTH KapAMHAJIbHbBIX [IEpeMeH B 00J1aCTh
CUCTEM YyMpaBJIeHUs] Ha XeJIe3HOJOPOKHOM
TPaHCIIOPTE M YXOJ€ OT CTABIIUX YK€ Tpaau-
LUOHHBIMU MaJIOMH(OPMATUBHBIX CUCTEM
PeryaMpoBaHMsl ¢ JUCKPETHBIMM JaT4yhKaMu
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MO3ULIMOHUPOBAHUS MOIBUXHBIX €IUHUIL,
cBeTO(MOPHOI curHaauzalueil U pa3BUTOM
KabeJIbHOM CeTho SHeProcHaOXKEeH s U mepe-
Jlauu JaHHbIX. BaxHoe 3HaueHue B 3TOM BO-
Mpoce UMEIOT IBa KJIIOUEBBIX TPEHIA: «MHTEJI-
JIEKTyaI3alus 1 I pOBU3AIIUSI» U «CO3Ma-
HIE YMHBIX CUCTEM 3HeprocHabxkeHus». Oda
HaIpaBJIeHUS JOJIKHBI Pa3BUBATHCS TMapa-
JIEJIbHO, TIpeciienys eI ONTUMU3ALUU pac-
XOM0OB Ha peajau3allio TeXHOJOTUYEeCKUX
MpolLIECCOB IO 6e30MacHOMY YIIpaBJIeHUIO
JIBUXXEHHEM MOe3I0B Ha XeJIe3HOTOPOXKHBIX
MarucTpasx.
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THE FUTURE OF RADIO CONTROLLED SWITCHES WITH AUTONOMOUS

POWER SUPPLY
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ABSTRACT

A promising control method for railways, that takes
into account minimization of the number of outdoor
technological facilities, use of wireless data transmission
technologies, as well as use of renewable energy sources
for decentralized switch systems is considered. It is
proposed toimplement all other commands through the
use of cyber-protected radio channel while renouncing

to discrete positioning of mobile units and discrete
transmission of data on the speed patterns of train
movement. The system of switches with autonomous
power and use of aradio channel to manage and control
the position of switch blades must be adapted in stages,
starting from the local level and basing on availability of
portable devices and going to comprehensive centralised
control system within the station.

Keywords: railway, traffic control, digitalization, alternative energy sources, radio channel, railway switches.

Background. Development of rail transport
throughout the world is keen on creating high-speed
competitive transportation, as well as on improvement
of operation of infrastructure and of rolling stock, in
order to optimize the use of resources. In this regard,
attention of the railway community is focused on
intellectualization and digitalization of the transport
process with the transfer of a significant part of control
and diagnostics functions to mobile traction units
[1-5].

Objective. The objective of the author is to
consider different aspects related to the development
of switches, autonomously powered and controlled
by radio channels.

Methods. The author uses general scientific and
engineering methods, comparative analysis,
evaluation approach, scientific description.

Results.

There should be an alternative choice of each
step

Digitalization will fully allow to take into account
goals and objectives of all participants in rail
transportation, optimize the loading of infrastructure
facilities, rolling stock and operators (both traffic
control centers, stations, and drivers), as well as to
pave way to create smart and energy efficient rail
transport [6, 7].

Digitalization is only one side of development. The
second side is solution of the energy problem. It is a
well-known fact that humankind now receives the
energy mainly through the use of non-renewable
energy sources. Railway transport uses almost
exclusively the non-renewable sources. The energy
efficiency in the industry is extremely low, the energy
loss is high during technological processes, and the
efficiency factors (EF) are far from ideal ones (for
example, the efficiency of electric traction, which
takes into account similar indicators of power plants,
devices of external and traction power supply, electric
rolling stock, is less than 25 % [8]). In addition, a
significant disadvantage of traditional energy sources
is caused by harmful emissions and a destructive
impact on the environment [9, p. 87].

Many countries pay attention to the global
problems of non-renewable energy, the cost of
resources, the impact on the environment and the
world ecology. This also applies to railway networks.
So, for example, the railways of the Netherlands (NS
et al.) since 2017 mainly use sources of renewable
energy (wind energy), and Denmark aims to finish
transition to the use of only renewable energy in the
railway complex by the middle of 21 century [10].
The developing countries of the Asian continent,
primarily Japan and India, use the energy of the sun,
having solar panels on the roofs of the platforms at
stations and wind turbines along the railway stations,
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including those controlled by the wind load from a
moving train [11,p. 1,12, p. 1,13, p. 1; 14, p. 25].

Studies on the designated topic are being
conducted in the European countries [15, 16]. Some
works in the field of generation of alternative energy
generation systems are published by engineers and
scientists from the post-Soviet countries [17], in
particular, they concern the field of train traffic control
[18]. The top management of the Russian railways
also shows its growing interest in this issue [19].

It should be noted that there are opponents of
renewable energy sources, expressing reasoned
doubts about their use at this particular stage of
development. Academician P. L. Kapitsa also spoke
outagainstalternative energyin 1975 [20, pp. 40-41].

Railway transport in Russia, in fact, does not use
the possibilities of renewable energy sources. Rare
positive examples include perhaps the distributed
systems for technical diagnostics and monitoring of
complex engineering structures, like a railway contact
suspension: in such a system [21, p. 22] solar panels
increase the service life of diagnostic devices
operating from autonomous power sources. The
relatively low cost of electricity production is the main
argument against the practice of using renewable
energy sources in Russia [10].

Despite all the difficulties of adapting renewable
energy sources to the specifics of railway facilities,
the world community is increasingly drawing attention
to them as a likely alternative to traditional methods
of energy supply in the near future. One of the
possibilities of the use of renewable energy is related
to train control systems.

Divide and manage

Railway traffic control systems are a combination
of stationary means and devices located in close
proximity to the roadway and in many cases using it
as a data transmission path, as well as portable or
on-board control devices for traction units [22,
p. 20]. Nevertheless, the world railway community is
already actively drawing attention to the need to
change the principles of train traffic control.

The main stationary means of positioning of
mobile units are track chains (invented in the
second half of 19" century), as well as axle counting
systems. And the first ones are widely used on the
railways of the former Soviet Union. The above
mentioned means assume positioning within one
section, equipped with a track circuit or limited axis
counting system. The prospect of development of
positioning sensors for mobile units is gradual
elimination of very unreliable track circuits and the
use of axle counters; in the longer term, satellite
positioning is possible.

Basically, the function of controlling train
movement is performed by signaling systems and
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Pic. 1. The location of the elements of power supply on the infrastructure of traction facilities.

devices, which include a variety of traffic lights (they
were invented at the beginning of 20" century) and
sound signal sources. Information to the driver about
the speed modes and the number of forthcoming
free areas of control of mobile units is transmitted
as a light signal. It arrives at the stationary (floor)
traffic light of the control area, to which it is allowed
or not allowed to enter, as well as at the on-board
(locomotive) traffic light. To receive color signal data
on a locomotive, sections of railways are equipped
with automatic signaling with light code encoding
with a special code. This method of positioning of
mobile unit serves for regulation of movement within
the stationary areas with low grading of speeds.

The possibilities of modern wireless
communication allow organizing the so-called
«mobile» block sections when the train itself is the
central object of movement, and the on-board
equipmentreceives datain real time on all permissible
movement parameters of the mobile units that are
either in front or behind that train [23, p. 363; 24,
p. 227]. The prospect of development of signaling
systems is elimination of the traffic light system and
the use of direct instructions to the driver about the
speed of train operation (up to automation of this
function). For all that, the main disadvantage of traffic
lights is presence of a deployed and distributed cable
network running along the tracks and stations.

Railway switches serve as a tool of implementing
various technological processes at stations
associated with the need to separate trains, to free
the tracks for their movement, etc. They allow the
movement of rolling stock on various tracks and
change the trajectories of their movement. Among
all stationary controls on the rail transport in the
future, only switches will be retained, as well as
mechanismes for their transfer between their extreme
positions.

However, at the present time, all the designated
traffic control means are included into the cable
network, both control and power supply are
predominantly centralized. Traffic control is carried
out by means of electrical interlocking systems with

separate or integrated interval control systems on
the hauls.

The prospect of preserving only railway switches
as means of implementing technological processes
leads to the fact that the most urgent task is
development of such a control system for switches
that will operate with minimal cable consumption
while organizing guaranteed safe train passage. In
this context, it can be a question of switch-
centralization systems with introduction of analogs
of routed movement without traffic lights with
accurate positioning of mobile units (not within the
discrete areas of control).

Autonomously powered switch actuators

The main element of the railway switch control
system is the switch actuator that moves the switch
blade (or other elements of its structure, for example,
the switch diamond) from one extreme position to
another. All other objects of the floor technological
equipment may well be eliminated during the
evolution of automation systems [22].

The number of switch control elements is
determined based on the technological features of
the stations, the presence of flat switches on it, the
need for additional actuators, etc. [25, p. 31]. But
one switch is usually controlled with a single drive.
In addition, the switches can be provided with safety
devices (derailing shoe), which are also controlled
by separate actuators. Thus, most often at
intermediate stations there are up to 30 switches,
and at the largest, naturally, there are more — up to
100 and more. Due to the small number of controlled
objects, the construction of a system with a
developed cable network is economically
inexpedient, the same is true for the subsequent
operation of such systems. This is especially true for
stations where it was decided to transfer the control
of switches from manual to automatic mode.

The problem arises to create such a complex of
control of railway switches, that would include
devices that allow to drive switch blades, located in
close proximity to the switch itself. In this case, the
switch must have not only the drive, but also the
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Pic. 2. The location of elements of construction of the railway switch control system.

means of its power supply, as well as of tranfer of
information to point of control, and of transfer of
information about reaching of the extreme position
of the switch. It is clear that power supply sources
do notintend to use an extended cable network. This
option is already being worked out, for example, on
the railways of Sweden for modernization of the
manual control of switches.

There are several solutions of the presented
problem.

The first is to create a distributed energy
generation system and cover the station with
renewable energy sources that can be located on
roofs and platforms or mounted on structural
elements of a railway contact network (Pic. 1). To
this end, the elements of supporting network
structures are being upgraded to secure energy
sources on them. Moreover, itis required to provide
energy storage in special accumulative subsystems,
in places designated for this purpose along the
railway tracks, and there is a need for cable linkage
with automatic control devices for railway switches.
In this case, it is convenient to transmit all control
and monitoring signals by cable to the receiving and
transmitting points in close proximity to the
antennas of the information transmission
organization system. The station itself in such a
situation is an information space covered by the
industrial Internet of things (lloT) [26, p. 1],
functioning in accordance with all the requirements
on cybersecurity [27, p. 29].

Another solution of the task is creation of
decentralized control subsystems for each railway
switch separately (Pic. 2). Such a subsystem is
supplied with an alternative energy source, which
is fixed on its mast at a sufficient height to ensure
anti-vandal resistance, as well as means of energy
storage and data transmission.

This technical solution is convenient for stations
with a small (up to 30) number of switches and a
relatively small workload.
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The complexity of building a railway switch control
system is as follows:

1. It is necessary to determine sufficient (taking
into account the reserve) power capacity to ensure
functional tasks.

2. To save energy, the survey of receiving-
transmitting devices should not be carried out
continuously, but when the state of the railway switch
needs to be changed, or if changes occur in
emergency situations (sensors are needed that
record these events). At the same time, to ensure
safety, monitoring of the current state of control
devices is required.

3. Creation of own Internet of things, closed for
any access, is required.

4. It is necessary to organize the linking of the
central positioning system of mobile units at the
station to the railway switch control system through
the radio channel.

The indicated problems have not been fully
resolved yet, but they are partially solved in the
systems of manual local switching of points (for
example, in Siemens versions for railway depots) [28,
p. 9]. And the stage of transition to a wireless motion
control system should take place in stages, with
minimization of the floor-standing objects of the
railway infrastructure.

Conclusion. The development of technology and
equipment in the first quarter of the 21 century
suggests the possibility of fundamental changes in
the field of control systems in railway transport and
the renunciation to the traditional, uninformative
control systems with discrete positioning sensors of
mobile units, traffic lights and advanced power supply
and data transmission networks. Two key trends are
of great importance in this issue: «intellectualization
and digitalization» and «development of smart energy
supply systems». Both directions should be developed
in parallel, with the goal of optimizing the costs of
implementing technological processes for safe
control of train traffic on railways.
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Mo psAay 3Ha4UMbIX MPUYUH

1 coobpakeHnii BbLICOKOIro rnopsigka
MaJIOUHTEeHCUBHbIE (MasiogesiTesibHbie)
JKesie3HO40POXXHbIe JIMHUUN COXPAaHSIIOT
npeaHa3Ha4YeHHble UM PYHKLUNN.

U ux oueBuaHble cTtaTycHbie 0COGEHHOCTU
B MeHsioLLelics 06LyeCcTBeHHOH

Y pbIHOYHOW cpeae HYXAaloTcs

B nepuoamnyecku o6HOBISeMOii NPaBoBoO
noanepxke, peryisiTopHbIX MNornpaBKax,
TPaKTOBKe NMpaBoOBOI OTBETCTBEHHOCTU
UCMOJIHUTEJIeN N OPraHoOB yrnpaBJ/ieHUs
Pas3HOro ypoBHsl. ABTOPbI CTaTbu
OL€eHUBAaIOT CeroaHsILLHNA KOHTEKCT
BO3MOXXHOCTEN COXpaHeHUs1 Wi OTKa3a
OT COXPaHeHUsI MaJIOUHTEHCUBHBIX JINHUIA
B coctase OAO «PXX/».

KnroyeBblie c/ioBa: MasiOMHTEHCUBHbIE
(ManonessTenbHbIe) Xe1e3HOAOPOXHbIE
JIHWW, 1PaBOBbIE€ OCHOBbI 3KCIJlyaraLmm,
rpy30Bbi€ 1 IaCCaxupckmne rnepeBo3kuy,

rpaBoBasi OTBEeTCTBEHHOCTb.
|
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MPOBJIEMbI YIPABJIER

O npaBoOBbIX OCHOBaX
3KcnJiyatauum
MaJIOUHTEHCUBHbIX IVHUN

Baxyaenxo Cepeeii [lemposun — kanoudam
MexXHU4ecKux HayK, npogeccop, OupeKmop
Hncmumyma ynpagaenus u UHGOPMAYUOHHbIX
mexnono2uti Poccuiickoeo ynueepcumema
mpancnopma (MUHUT), Mockea, Poccus.
Espeenosa Hadexcoa FOpveena — kanouoam
MexXHU4ecKux HayK, doyenm Kagpeopul ynpasienus
MPAHCROPMHBIM OUZHECOM U UHMEANCKMYANbHbIMU
cucmemamu PYT (MHHT), Mockea, Poccus.

OAO «PX]Jl» mmocienoBaTelbHO
peanu3yeTcs TIaH AesITeTbHOCTH TI0
COKpAIIIEHUIO 3aTpaT Ha CojepXa-

HUE M 9KCTTyaTaluio MaJOUHTEHCUBHBIX
kene3HoaopoKHbIX TuHMUH (M2KJT) — yuact-
KOB XeJIE3HBIX IOPOT, TI0 KOTOPHIM IMTPOXOIUT
MeHee BOCbMHU Tap MOEe3/10B B CYTKU C MPU-
BEIEHHON Tpy30HAMNPSIXKEHHOCTHIO MEHEE
5,0 MutH T * KM OpyTTO/XM B TOm. B 2017 roay
cneuuanuctamu PYT (MUUT) no 3aka3zy
OAO «PX]1» pazpaboran «PernmameHT skc-
TuTyaTaluy U 00CTyXKUBaHUS MH(DPACTPYK-
TYpbl Ha MaJIOMHTEHCUBHBIX XEJIE3HOI0-
POXHBIX ygacTKax» [1, ¢. 11], B KoTopom
OTIpeIeJIEHbl COCTABIISIONINE ONTUMU3ALIM -
OHHOTO MOAX0JAa K (PYHKIMOHUPOBAHUIO
M2XIJI, a umeHHO:

* TEXHUYECKOE MepeoCcHaIleHne TUHUI
U U3MEHEHUE TEXHOJIOTUU pabOThI, COCO0-
CTBYIOIIIHE TTOBBIIICHUIO X 3P (PEKTUBHOCTH
(cokpalleHUIO 3aTpaT U T.10.);

* CTUMYJMPOBAHNE CIIPOCA HA TIEPEBO3-
KU 3a CUYET OpraHM3allMu HOBBIX BUIOB
cepBuca (B T.9. TYPUCTUYECKOTO);

» nepepaya M2KJI B apeHny uiu Ha Ga-
JIAHC 3aMHTEPECOBAHHON CTOPOHBI (TIEPEBO
B pa3psifi KeJEe3HOMOPOXKHBIX MyTel HEO0O-
II[ETO TTOTb30BaHMSI), a TAKXKE UCIOJIh30Ba-
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HUe Npyrux GopM rocy1apcTBEHHO-4aCTHO-
ro MapTHEPCTBA, BKJIIOYAsk CO3[JaHUE ayTCOP-
CUHTOBOTO OOBENUHEHUS, HE BXOMASIIETO
B cTpykTypy OAO «PXK]I» (B COOTBETCTBUU
C YTBEPXIAEHHBIM MOPSIAKOM [2, c. 3]);

* 1OTUpPOBaHUE PYHKIIMOHUPOBAHUS U3
(enepanbHOIro U perHOHAILHOTO OI0KETOB
U T.10.;

* 3akpbiTue M2KJI unu oTAeNbHBIX €€
Y4acTKOB (B COOTBETCTBMU C 2, c. 2]).

OBOCHOBAHME CTATYCHbIX
MW3MEHEHUA

Jns nipuHSITHS pelieHns 00 U3MeHEHUU
dopmer axcruryaTaruu M2KJT Heo6xoanuMo:

» onpenenuts Tunn M2XKIJI (B cooTBeT-
ctBuim ¢ [1, c. 9]);

* MIPOAHAIIM3UPOBATH TEKYIIYIO Orepa-
IIUOHHYIO IEeSITETbHOCTB;

* OMpeneTuTh BO3MOXHOCTH 9 (HEeKTUB-
HOU paboThl C COXpPAaHEHUEM TEKYIIETO
MPaBOBOTO CTAaTYyCa;

* CPaBHUTb BApUAHTHI COXPAHEHUS U OT-
Kka3a ot coxpaneHuss M2KJI B coctaBe OAO
«P2K]I»;

* chopMuUpOBaThH MPENJIOKEHUS TIO TTO-
BBITIIEHNI0 3(DheKTUBHOCTU (DYyHKIIMOHUPO-
BaHus M2KJI.

AHaJIu3 TeKylleil onepauuoHHON aes-
TEJIbHOCTHY BKJTIOYAET PACUET IKCILTyaTallM -
OHHBIX PACXOJI0B, PACXO/IOB HA CO/lepKaHUe
U 9KCIUTyaTaluio MHGPACTPYKTYPHI U pACUET
TMepeMEeHHBIX PACXOAO0B, B TOM YHUCJIE CBSI-
3aHHBIX C TOCHAEAYIOIIUM TIepeMeleHrueM
BaroHoB 3a npeaeaamu M2KIJI.

Hna coxpanenuss M2XKJI B cocrase OAO
«PXK]l» cnemyeT paccMOTpPEeTh BO3MOXHOCTHU
MPUBJIECYEHUST TOTIOTHUTEIbHBIX 00BEMOB
MePeBO30K U COKPAIIEHUST IKCIUTyaTalluOH -
HBIX PACXOJIOB, TEXHUYECKOTO MTepeoCcHale -
HUS U U3MEHEHUS TeXHOJIOTUU PabOTHI.
K 3TumM MepaM OTHOCHT:

* U3MEHEHUWe OpraHu3auu Tpyna (co-
BMellleHre rmpodeccuii, BBeIeHe MOOWITb-
HBIX OpuUTaja, U3MEHEHUE pexXuma Tpyaa
pPabOTHUKOB);

* U3MEHEHWEe OpraHu3aluu JBUXEHUSI,
TEXHOJIOTUU TPY30BOI M MacCCaXXKUPCKOM
paboThI;

* ONTUMU3AIUS TEXHOTOTUU OOCTYKU-
BaHUSI 00BEKTOB UH(PPACTPYKTYPHI;

* BHEJPEHUE TEXHUYECKUX CPEJNCTB,
00ecrevYnBaloInX MaKCUMalibHY10 3 deK-
TuBHOCTL M2KJI 3a cu€T MUHUMU3AIUN
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NOoTpeOHOCTU B 00CIYXMBaIOIIEM TEpPCco-
HaJe.

ITpu cpaBHeHUN (PUHAHCOBEIX pe3yJIbTa-
TOB TpeOyeTCs YUYUTHIBATh CTpATErUnIecKoe
3HayeHue M2KJI g OAO «P2K]T».

MIKJI, peanusylonime KOMMeEPUYECKYIO
GyHKUMIO, IepenaroTcs (MpoaalTcs) B co0-
CTBEHHOCTH XO3SMCTBYIOIIUM CYOBEKTaM.
VYOBITKY OT 3KCIIyaTalliu U 00CTY>KMBaHUS
MZKIJI, peanusylomuyx couuagabHyo GyHK-
A0, KOMIIEHCUPYIOT COOTBETCTBYIOIINE
OpraHbl UCIIOJHUTEIBHON BIACTU B COOT-
BETCTBUM C KOHIIEMIIMEN CTPYKTYPHOU pe-
dopMBI peaepaabHOTO XKeJIe3HOTOPOKHOTO
TpaHcnopra [8, ¢. 5].

YOBITKY OT KCIUTyaTalluu U 0OCIyK1Ba-
Hust M2KJI, ucnonb3yeMbIX AJ1s1 peain3aiuu
OCHOBHBIX BUIOB JAESITEIBHOCTHU XKeJIE3HBIX
nopor, HecéT HenmocpeactBeHHo OAO
«P2KT».

B otHomeHun M2KJI, KOTOpbIM He TpoO-
3UT Tepenada B MHYI COOCTBEHHOCTh MIIH
He TUIaHUpYeTCSd KOMIIeHCAalusT YOBITKOB
BIIaAeblleM WH(GPACTPYKTYphl, IPpUHUMA-
eTcsI pellicHUe O JajbHelIIeM e€ craTyce.

CTpOUTEIBCTBO OOBEKTOB XKEJIE3HOI0-
POXHON MHGPPACTPYKTYPHI MOXET OBITH
npoUHAHCUPOBAHO OpTraHAMU MECTHOM
BJIACTU PETHMOHA, IO KOTOPOMY ITPOXOINUT
M2KJI.

NEPEOAYA B HACTHYIO
COBCTBEHHOCTb UJ1U APEHAY
OcHOBHBIE TPEeOOBAHUS K XKEJIE3HOIO-
POKHBIM TTyTSIM OOIIETO MTOTb30BAHUS TTPU-
BeleHbI B (hemepanbHOM 3akoHe «O keme3-
HOJIIOPOXHOM TpaHcmopTe B Poccuiickoii
®enmepaunn» [9]. [Mpu mepeBome MKJI
B pa3psi/i KeJe3HOJOPOXKHBIX IMyTel HE0O-
LIETO MOJIb30BaHUS OalaHCOAEpPXaTelb
YCTaHaBIMBAETCS B 3aBUCUMOCTHU OT TOTO,
KTO OyneT BiiafesblieM NHOPACTPYKTYPHI.
IMopsimoxk mpemocTaBieHUs] B apeHIY
>KEJIE3HOIOPOKHBIX TyTel periaMeHTUpy-
ercs ipukazom OAO «PXKJI» [10].
IMepeuens 00bekTOB UMytiectBa OAO
«P2XK]I», BHECEHHBIX B €r0 YCTaBHbIN Karnu-
TaJl ¥ HE TIO/JIeXallnX Tepeaadye B apeHy,
0€3B03ME3AHOE MOJb30BAHUE, TOBEPUTEb-
HO€ yNpaBJIeHUWE WU 3aJ0T, ONpeaeéH
MOCTaHOBJIEHUEM TpaBUTeabcTBa [11].
Ilpu co3manuu ayTCOPCUHTOBOTO 00B-
eIMHEHUsI 110 DKCTUTyaTallu U 00CTyX1Ba-
auro M2KJI, He Bxomsero B cTpykTypy OAO

BakyneHko C. 1., EBpeeHoBa H. 0. O npaBoBbIX OCHOBax SKCrliyaTaLuyu MaiOUHTEHCUBHbIX JIMHUN



‘OIMTTeWdO(HU LOBhALOLl — || (LOAALOBRA — £ ‘91OOHHLLOLIELO LAOJH — () :BUHBhOWM] |
"BIEA0L AMOALIOAILI Ol UMHOhUHRAIO MBhALD BH QUHRIOIRIIOD) 4y 4

"BERLO0D OJOHXUEOL OI9LOOHXAITRHUALI O UMELOLIALOOD { 44
"UUHIIIQO0D WONOAMXBIORII € WOODJITOdL WIIHRhOg0ogadoll ouHargedlA 1 BUITREMHRIA()

' sl — fe) A — 41 Py A | BUHOXQRHOOIAOHE WALOMO THOWAd ¥ OMHEXAII0D 99ANI],
s s 0 — A - u kA A UEBED 4L0MOALOA LHOWIA M SOMHEXAIT00 JIMIANIL,
A A A - 0 - U A A aT10 #10yoduok tHOad 1t duHEX D00 aMmANAL | ﬁmvm?
-dAdroedpHu
s/ s/ — — 0 - u Y A | MILAI OJOHXOdOTOHESIIX LHOWSd 1 SUHEXAII0D S9MANI], 4019900
[dAiAdioedduun LHOWad 1
MUITHRLOMY unHereod udu [dAiAdioeddHu | onHexdorod
Y Ay - - 0 - " Iy A 40IMOIQ0 LHOWIA U SMHEBXAIT0D JIMIANIL, QOIMIANJL,
eLoged BENO
_ _ _ _ _ _ _ A 0 BUHBEOAID ULAL § QUHRANXAIDQ() —ohdoWWON 1
— - — — - - - [¢) A MUITRdILIO JAI9HhOHON-OHIIBheH BedoeAd]
AOX WOHHRIOdMHUQWOM
BH "h'L d ‘BLUL OJOHHQhIJIQO
0 - - - - wx A wxA - A 190AQ0L4R 91990991
0 — — — — — A — A BIKL BRHEMLOWOMO][[
81000 mwicogadan
0 - - — - A - - A HMOHXUETOU NIIHHOIRIdOLOJA orgHrodond |
— 0 — — A - A — A meogadolr oMModIKeddR] | BUHOXAET
— — — — A — A A le) migogadon d19goeAd] | BuneenHRIAQ
== =l =
<32 S 2 B
BB @8 =
w o m s} o
SES < m 1%
Q @ ==t
£3 8 = a
SR =3 ]
g g z =z =}
¢ & 201 UIm|  awrm 11| olon I
1IN MUTTRLBALLIONE BIOAMOAL UMUHLOBhA 19009n0dLro] |
IPKd» OVO 9BLIO0D 9 39 HHHIHRAX0D HdIl [ Al MMITELEAITINE BIIMOdN FOMMHLIEhA MLIOHHIELILIILO BIIHALEIAl
| enmroey,

MWP TPAHCIOPTA, Tom 17, N2 1, C. 164-171 (2019)

=
~
I
=
s
B
-
I
]
=
(2}
I
(7]
=
I
s
(<]
s
(1}
=
s
s
=)
(1]
=
(]
>
=
=4
(2]
X
o
XX
(v}
-]
(<]
I
(T}
(]
]
]
)
(=]
]
(]
o
=
o
o
(1]
-]
(<]
I
(7]
[}
o
(]
w
=
(3]
(2]
X
I
(7]
3
>
X
]
[11]




«P2KI», ero nesiTeIbHOCTb MpeaycMaTpuBa-
eT (popMUpPOBAHUE CaMOPETYJIUPYEMOI Op-
raHU3alluu, 3aperucTpUPOBAHHON B TOCy-
JIapCTBEHHOM PEeCcTpe U BXOISIIEH B COCTaB
accoumanuu «IIpoMKeamopTpaHC».

B pamkax ayTcOpcMHTOBOro 00beaHE-
HUS MO 3KCIUIyaTallud U OOCIY>XUBaHUIO
MZ2KJI MOXXHO OCYIIECTBJISITH PETYJIUpOBa-
HUE BOIIPOCOB, CBSI3aHHBIX C HAYaJbHO-KO-
HEYHBIMU OMepalusiMyU MepeBO30YHOTO
npoiecca (rmoaaya u ybopka BaroHoB, Ma-
HeBpoBasl paboTa, MOrpy3Ka U BhITPY3Ka).

DbGeKTUBHOCTD OT UCIOJB30BAHUS
ayTCOPCUHTOBOr0 OOBEAMHEHUS O IKC-
nayatauuu u oocayxuBanuo M2KJI onpe-
JeJisieTcs Mo MEeTOIMKE pacuéTa SKOHOMU-
yeckol a(pPeKTUBHOCTU ayTCOpPCUHTA
B OAO «PX]I» [12].

NMOPAOOK SAKPbITUA MXXI

ITpouenypa 3akpbitTuss M2KJI Hanpasie-
Ha Ha ONTUMM3ALIMIO PACXOA0B XeJIe3HOI0-
POXHOI MHQPPACTPYKTYPHI VWJIU TTOBBITIIEHUE
3(bGEeKTUBHOCTU MCIOIB30BAHUST 3eMeNb-
HBIX YYaCTKOB.

3aKkpbITHE KEJIEe3HOMOPOXKHBIX MyTelt
00111ero Mojab3oBaHus, B ToM ynucie MKJI,
JIOJIKHO OCYILECTBISTHCS Ha OCHOBAaHUU
pelIeHUs yTOTHOMOYEHHOTO (pefepaibHOrO
OpraHa UCMOJIHUTEJIbHOU BJIACTU B YCTAHOB-
JIeHHOM Topsiake [2].

Co JHS BHECEHUS TPEIIOKEHUS O 3a-
kpbiTuu ctanimit M2XKJI nis BeITTOTHEHMS
BCEX WIU HEKOTOPBIX OMepallvii, CBI3aHHBIX
C MPUEMOM U OTIIPABJIEHUEM TTOE3[I0B, PUE-
MOM, BbIgayell, MOTrpy3KOW, BBITPY3KOM,
COPTUPOBKOU, XpaHEHUEM TPYy30B (B TOM
yucie B KOHTeiHepax), 6araxa u rpysoba-
raxa, peuieHue MOJXHO ObITh MPUHSITO
B TEUEHUE TPEX MECSIIEB.

YNOTHOMOUYEHHBIM Ha OCYUIECTBJICHUE
aIMUHUCTPATUBHBIX TIPOTIEYP, CBSI3aHHBIX
C MPeI0CTaBIeHUEM FOCYAapCTBEHHOU yCITy-
TY IO 3aKPBITUIO KEJIE3HOIOPOXKHBIX TUHUN
U CTaHIIUH, BISIETCS CTPYKTYpHOE ITOApa3-
nenenue Muntpanca Poccum — nmemapra-
MEHT FOCyIapCTBEHHOU MOJUTUKU B 00j1a-
CTH 3KeJIE3HOAOPOXHOTO TpaHcHopTa [5].

B HacTosII€Ee BpeMs MUHUCTEPCTBO
TpaHcrmopta P® moarotoBuiio mornpaBKu
B aIlMUHUCTPATUBHBINA perjaMeHT MuH-
TpaHca [5, ¢. 4], B COOTBETCTBUU C KOTOPHI-
MU Bcd nipolieaypa 3akpbitust M2KJI nomkHa
YIIPOCTUTHCS, TAK KK PEIIEHUE O 3aKPBITUU
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CMOTYT MPUHUMATh HEMOCPEACTBEHHO MO/ -
pazaeneHust OAO «PXK]I».

B cooTBeTcTBUU C TPEOOBAHUSIMU AOKY-
MeHTa [5] ceifuac pelieHue o 3aKPBITUU
MZXKJI npuaumaet enepanbHOE areHTCTBO
XeJe3HOOopoKHOro TpaHcmopta (Pocxen-
IIop), ¥ OHO TpebyeT cornacoBanus ¢ Oene-
paJbHOW AaHTUMOHOMOJBHOW CIAYXOOU
(DPAC), a mocite BBeIeHUS TIOTIPABOK 3aKJTIO-
YeHUE YINOJHOMOYEHHBIX OPTaHOB OyneT
HarnpasiaTbes B @AC B yBEJOMUTEITbHOM
MopsiIKe.

JlukBupanuss M2KJI nofkHa MPOXOAUTH
MO COTJIACOBAHUIO C OpPraHaMU MCTIOJHU-
TEJIbHOW BJacTU CyObeKTOB Poccuiickoii
®enepanuu, Mo TEPPUTOPUU KOTOPBIX JTH-
HUU npoxoadar [8, c. 7].

PemteHus 006 OTKPBITUM WU 3aKPBITUU
MZKJI, 06 OTKPBITUU WU 3aKPBITUU CTaH-
LI 17151 BBITIOJTHEHUS BCEX UJIM HEKOTOPBIX
omnepalnuii, CBI3aHHBIX C MPUEMOM U OT-
MpaBJIEHUEM MOE310B, MPUEMOM, BblIauei,
MOTPpy3KOW, BBITPY3KOW, COPTUPOBKOM,
XpaHeHUEeM I'py30B (B TOM UUCJIe B KOHTE-
Hepax), Oaraxa u rpyzobaraxa, myoJauKy-
IOTCSI B COOTBETCTBYIOLIEM TapU(DHOM PYKO-
BOJCTBE U COOpHUKE MpPaBUJ MEPEBO30OK
KEJIE3HOJOPOKHBIM TPAHCIIOPTOM.

ITopsinok BeIBeNIEHUS U3 DKCIUTyaTalluu
00BbEeKTOB IyTeBOro xo3siictBa Ha MKJI
(koHcepBalus), a TaKXe pacKOHCepBallUuu
npu HEOOXOOAUMOCTHU UX 3a1eCTBOBAHUS
B IIPOU3BOJICTBEHHOM MPOIIECCE YCTAHABIIU -
BaeT MHCTPYKIMS O TIePEeBOJIe Ha KOHCEPBa-
LIMIO U TPOBEJEHNUU PACKOHCEPBALIUU O0b-
€KTOB IyTeBOro xo3siictna [13].

IIpu KOHCepBalU YCTPONCTB U COOPY-
XXKEHUN C UHTETPUPOBAHHBIM JBUXEHUEM
IOJIXXKHAa 00ecrneuynBaThCs BO3MOXHOCTD
OomnepaTUBHOU packKoHcepBaluu UHbpPa-
CTPYKTYPBI IJISI BOBMOXHOTO YBEJIUYECHUS
pa3MepoB ABUXEHUS MPU MJIaHUPOBAHUU
MEePEPHIBOB B IBMXKEHUN Ha MAarMCTPATbHBIX
JIMHUSIX.

ITpu nepeBone M2KIJI B cTaTyc Xeyne3HO-
JIOPOXHBIX MyTei HEOOIIero Moab30BaHUS
UX BJIafiesiel] YTBepXKIaeT KOHTAaKTHhIE Ipa-
(bUKU IBUKEHUS MOE3I0B B YCTAHOBJIEHHOM
MopsiIKe.

MATPULIA OTBETCTBEHHOCTU
OTBETCTBEHHOCTb, IIPaBa U 00SI3aHHOCTU

YYaCTHUKOB Npoluecca skcruryarauun MKJT

IIpeAyCMaTPUBAIOTCA B COOTBETCTBUU C TPe-
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OoBaHUSIMU YCTaBa XeJe3HOIOPOXKHOTO
TpaHcriopTa [14] v ipyrumu 1eficTBYIOIIMMU
HOPMAaTUBHO-TIPABOBBIMH aKTaMU.

Martpuiia OTBETCTBEHHOCTU YYaCTHUKOB
npoluecca skcryatamuu M2KJI npu coxpa-
HeHuu e€ B coctaBe OAO «P2K]I» mpencraB-
JieHa B Tabauue 1.

TexHuueckoe IepeocHaIleHUe U/UIU
U3MEHEHUE TeXHOJIOTUM PabOThl MaJOWH-
TeHCUBHBIX IMHUM ¢ COXpaHEHUEM UX B CO-
craBe OAO «PXKJI» u coxpanenue M2KIJI
B coctaBe OAO «P2XKJI» mist coOCTBEHHBIX
WJIX TOCYyIapCTBEHHBIX HYXI He TIpeaycMa-
TPUBAIOT UBMEHEHMS CTaTyca JMHUU OTHO-
CUTEJIbHO CYNIIECTBYIOIIETO MOJOXEHMS.
YyacTHUKaMU mpollecca 3KCIayaTaluu
M2KJT octatotcss OAO «P2XK]I» 1 mepeBo3un-
KH.

IMepenaua M2KJI Ha 6anaHc opraHa (e-
NepaJbHOM, PETMOHAJIBHOM WJIM MYHUIIU-
MaJIbHOM BJIACTU TIpeaycMaTpuBaeT B Kade-
CTBe OajaHCcoAepXKaTeas M dKCIUIyaTaHTa
JIMHUM TIpaBUTEIbCTBO P® (B T.4. opraHbl
nyOJUYHON BIaCTH).

Lens mepeBoma od0beKTa B JTaHHOE CO-
CTOSIHUME — COXpaHEHHE MCIIOJb30BaHUSI
MZKJI B ¢Bs13U ¢ €€ 3HaunMocThbio 111 OAO
«P2K]I», KpyIMHBIX TOCYyIapCTBEHHBIX 00b-
€KTOB 1 00ecCIedyeHNs KU3HEeesITeTbHOCTU
yaaJ€HHBIX HACEJIEHHBIX ITYHKTOB, HECMOT-
psl Ha YOBITOYHOCTb.

IMepemaua M2KJI B yacTHYI0 COOCTBEH-
HOCTh MpeaycMaTpuBaeT NMpoaaxy (Ujiun
0e3BO3Me3IHYIO Mepeaady) o0beKToB MHG-
pactpyktypbl M2KIJI Ha GalaHc KOMMepue-
CKOI opraHM3aluu, KOTopasi CTAaHOBUTCS
BJIaJieJIblIeM UH(PPACTPYKTYPHI.

B3aumooTHOIIIEHUST HOBOTO Bllameiblia
MHGPACTPYKTYPHI U TIEPEBO3YNKa B TPY30-
BOM M ITACCaXKMPCKOM IBMXKCHUU PETYINPY-
I0TCS TIOCTAHOBJIEHWEM TIpaBuTeIbcTBA PO
[15].

KoncepBauusg MXKJI npenycmatpuBaet
coxpaHeHHe 00BEKTOB MH(PPACTPYKTYPhI
koHcepBupyemoit M2KJI Ha 6anance OAO
«P2K» n mpexpalleHUe Tpy30BOIi 1 Iacca-
XKUPCKOW paboThI.

JluxkBunmanusa M2XKJI nipennonaraer ne-
MOHTaX U peaan3aluio 00beKTOB e€ nH@pa-
ctpykTypbl cusiaMu OAO «P2K/T».
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LEGAL FRAMEWORK FOR LOW-DENSITY TRAFFIC RAILWAYS OPERATION
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ABSTRACT

For a number of significant reasons and
considerations, low-density (low-density traffic, low-
intensity) railway lines retain their intended functions.
There are problems of efficient operation of low-density
railway lines (LDRL) both in Europe and in Russia. The
effectiveness of the use of LDRL is one of the priorities
facing the transport industry. And their features in a
changing socialand market environment require regular
updating of legal framework, regulatory amendments,

interpretation of legal responsibility of operating
companies and authorities atvarious levels. The authors
of the article assess the current context of the
possibilities of preserving or refusal to maintain low-
density railway lines in the structure of JSC Russian
Railways. At the same time, optimization of operation
of these lines through the transfer of LDRL to private
ownership, leasing, and closure of LDRL is considered.
An algorithm for decision-making on operation change
of LDRL is given.

Keywords: low-density railway lines, operation legal framework, freight and passenger transportation,

legal responsibility.

Background. JSC Russian Railways implements an
approved plan of activities to reduce the cost of maintaining
and operating low-density (low-density traffic, low-intensity
railways) railway lines (LDRL). LDRL are considered as
sections of railways on which less than eight train pairs per
day with a reduced cargo density of less than 5,0 million
ton-km gross/km per year pass. In 2017, specialists of
Russian University of Transport(RUT), atthe request of JSC
Russian Railways, developed the «Rules for operation and
maintenance of infrastructure at low-intensity railway
sections» [1, p. 11], which defines the components of an
optimization approach to functioning of LDRL, namely:

« technical re-equipment of lines and changes in
operation technology, contributing to an increase in their
efficiency (cost reduction, etc.);

« stimulation of demand for transportation through
organization of new types of services (including tourist
services);

« renting of a LDRL or its transfer to the balance of an
interested party (transfer to the category of non-public
railway tracks), as well as the use of other forms of private-
public partnership, including creation of an outsourcing
association that is not part of the structure of JSC Russian
Railways (in accordance with the approved Procedure [2,
p- 3]);

+ subsidizing the functioning from the federal and
regional budgets, etc.;

« closing of LDRL or its individual sections (in accordance
with [2, p. 2]).

Objective. The objective of the authors is to consider
legal aspects of operation of low-density railway lines in
Russia.

Methods. The authors use general economic and legal
methods, comparative analysis, evaluation approach,
scientific description.

Results.

Justification of changes of a legal form

To make a decision on changing the form of operation
of LDRL, itis necessary to:

« to determine the type of LDRL (in accordance with
[1,p.91);

« to analyze current operations;

« to identify opportunities for effective work while
maintaining the current legal status;

+ to compare options for preserving and avoiding
preserving LDRL as part of JSC Russian Railways;

« to formulate proposals for improving the functioning
of LDRL.

The analysis of current operating activities includes
calculation of operating costs, expenses for maintenance
and operation of the infrastructure and calculation of
variable costs, including those associated with the
subsequent movement of cars outside LDRL.

In order to maintain LDRL as part of JSC Russian
Railways, it is necessary to consider the possibility of
attracting additional traffic volumes and reducing operating
costs, proceeding with technical re-equipmentand changes
in work technology. These measures include:

+ change in organization of work (combination of
professions (deveral job functions to be performed by a
single employee), introduction of mobile teams, change in
the mode of labor of workers);

+ change of traffic organization, technology of freight
and passenger work;

« optimization of infrastructure facilities maintenance;

« introduction of technical means to ensure maximum
efficiency of LDRL by minimizing the need for maintenance
personnel.

When comparing financial results, itis necessary to take
into account the strategic value of LDRL for JSC Russian
Railways.

LDRL, realizing commercial function, are transferred
(sold) to the new owners which are business companies.
Losses from operation and maintenance of LDRL
implementing social functions are compensated by the
relevant executive authorities in accordance with the
Concept of the Structural Reform of the Federal Railway
Transport [8, p. 5].

Losses from operation and maintenance of LDRL used
to implement the main activities of the railways are borne
directly by JSC Russian Railways.

In respect of LDRL, which are not threatened with
transfer to another owner, or regarding which it is not
planned to compensate for losses incurred by the owner of
the infrastructure, a decision is made on its further status.

The construction of railway infrastructure facilities can
be financed by the local authorities of the region through
which LDRL passes.

Transfer to private ownership or renting

The basic requirements for railway tracks of public use
are stipulated in the federal law «On Railway Transport in the
Russian Federation» [9]. When transferring LDRL into the
category of non-public railway tracks, the balance holder is
setdepending on who will be the owner of the infrastructure.

The procedure for leasing railway tracks is regqulated
by the order of JSC Russian Railways [10].

The list of objects of property of JSC Russian Railways,
consolidated in its share capital and which are not subject
to lease, free use, trust management or pledge, is
determined by government decree [11].

When setting up an outsourcing association for
operation and maintenance of LDRL, which is not part of
JSC Russian Railways structure, its activities include
establishment of a self-regulatory organization registered
in the state register and part of «Promzheldortrans»
[Industrial railway transport] association.
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Table 1
Matrix of responsibility of participants in operation of LDRL
while keeping it within JSC Russian Railways
Sub-processes Participants in operation of LDRL
CD | CFTO CT CDMV | CDI | Transenergo | CSS | Passenger | Suburban
carriers passenger
carriers
Traffic Freight transportation R P P - P - - — -
zati
S Passenger transportation P* | - P S P S S R S
Suburban Motor rolling stock P* |- — P — — - - R
transportation - "
Locomotive traction | Gl P - - - = = R
Light rail buses, incl. RRV | P* — B 13k — — — — R
Freight and Initial-final operations P R — — — — — -
commercial N
operations Service en route R P - - - - - — —
Current Current maintenance and repair of P prx I - R - - R R
maintenance | infrastructure facilities when creating an
and repair of | infrastructure section
infrastructure . B B
facilities Current maintenance and repair of railway P P 1 S R S S P P
tracks
Maintenance and repair of signaling systems | P hichs 1 - R - IPhiis i
Current maintenance and repair of P prx 1 - P - |t R
communication devices
Current maintenance and repair of power P Jiihis 1 — P R — J3hdi 13hid
supply systems

* Organization and management of transportation process in passenger traffic. ** In accordance with ownership regarding rolling
stock. *** Coordination for cases of restrictions on train passage. Notes: R — is responsible; P — participates; I — receives information.
JSC Russian Railways departments: CD — traffic control, CFTO — branded transport services, CT — traction, CDMV — motorised

wagons, CDI — infrastructure, CSS — communication.

Once an LDRL is managed by the outsourcing
association for operation and maintenance of LDRL, it
is possible to regulate issues related to the initial and
final operations of the transportation process (carriage
and cleaning of cars, shunting work, loading and
unloading).

The effectiveness of the use of an outsourcing
association for operation and maintenance of LDRL is
determined by the method of calculating the economic
efficiency of outsourcing at JSC Russian Railways [12].

The procedure for closing LDRL

The procedure for closing LDRL is aimed at optimizing
the costs of railway infrastructure or increasing the efficiency
of land use.

The closure of public railway track, including LDRL,
should be carried out on the basis of a decision of the
authorized federal executive body in the prescribed
manner [2].

From the date of the proposal to close the stations of
LDRL to perform all or some operations related to reception
and departure of trains, reception, delivery, loading,
unloading, sorting, storage of goods (including in
containers), baggage and cargo, the decision should be
made in three months.

The authorized representative for implementation
of administrative procedures related to provision of
public services for closure of railway lines and stations,
is a structural unit of the Ministry of Transport of Russia —
the department of state policy in the field of railway
transport [5].

Currently, the Ministry of Transport of the Russian
Federation has prepared amendments to the administrative
regulations of the Ministry of Transport [5, p. 4], according
to which the whole procedure for closing LDRL should be
simplified, since the decision to close can be made directly
by the divisions of JSC Russian Railways.

In accordance with the requirements of the document
[5], the Federal Agency for Railway Transport(Roszheldor)
decides on closure of LDRL and requires coordination with
the Federal Antimonopoly Service (FAS), and after
introduction of amendments, the conclusion of the
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authorized bodies will be sent to the FAS within a simple
notification procedure.

The liquidation of LDRL must take place in
coordination with the executive authorities of the
constituent entities of the Russian Federation through
which the lines pass [8, p. 7].

Decisions on opening or closing of LDRL, on the
opening or closing of stations to perform all or some of the
operations associated with reception and departure of
trains, reception, delivery, loading, unloading, sorting,
storage of cargo (including in containers), baggage and
cargoluggage, are published in the relevant tariff guide and
a collection of rules on transportation by railways.

The procedures of decommissioning of the LDRL
track facilities (preservation), as well as re-activation, if
necessary, followed by their re-involvement in the
production process, are stipulated in the Instruction on
transfer to conservation and re-activation of track
facilities [13].

In case of preservation of devices and structures
involved in integrated traffic, it should be possible to quickly
reopen the infrastructure for a possible increase in the size
of traffic when planning breaks in traffic on main lines.

When transferring LDRLs into non-public railways, their
owner should follow approved procedures to obtain an
agreement on schedules of traffic, that involves adjacent
railway sections.

Responsibility matrix

Responsibilities, rights and obligations of participants
in the process of operation of LDRL are provided for in
accordance with the requirements of the Charter of Railway
Transport [14] and other applicable regulatory and legal
acts.

The matrix of responsibility of participants in operation
of LDRL, while maintaining itas part of JSC Russian Railways,
is presented in Table 1.

Technical re-equipment and/or changes in the
technology of operation of low-intensity lines while retaining
it as part of JSC Russian Railways and preserving LDRL as
partof JSC Russian Railways for own or public needs do not
imply a change in the status of the line relative to the existing
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situation. JSC Russian Railways and carriers remain
participants in operation of LDRL.

The transfer of LDRL to the balance of federal, regional
or municipal authorities envisages the government of the
Russian Federation (including public authorities) as the
balance holder and operator of the line.

The purpose of transferring an object to that status is
to maintain the operation of the LDRL because of its
significance for JSC Russian Railways, for pbulic facilities
or for providing vital services for remote communities,
despite loss-making.

Conclusion. The transfer of LDRL to private property
provides for sale (or royalty-free transfer) of LDRL
infrastructure objects to the balance sheet of a commercial
organization that becomes the owner of the infrastructure.

The relationship between the new owner of the
infrastructure and the carrier in the freight and
passenger traffic is requlated by a decree of the Russian
government [15].

The preservation of an LDRL provides for maintenance
ofthe preserved LDRL on the balance sheet of JSC Russian
Railways and termination of cargo and passenger work.

The liquidation of LDRL involves dismantling and sale
of its infrastructure facilities by JSC Russian Railways.

REFERENCES

1. Order of JSC Russian Railways of 17.05.2017 No. 944r
«On approval of the Regulations for operation and
maintenance of infrastructure at low-intensity railway
sections» [ Rasporyazhenie OAO «RZD» ot 17.05.2017 Ne 944r
«Ob utverzhdenii Reglamenta ekspluatatsii i obsluzhivaniya
infrastruktury na malointensivnyh zheleznodorozhnyh
uchastkah»).

2. Order of the Ministry of Transport of the Russian
Federation of 22.12.2011 No. 327 «On approval of the
Procedure for closing public railway tracks, including low-
intensity lines and sections». Registered in the Ministry of
Justice of the Russian Federation on 21.03.2012, No. 23558
| Prikaz Mintransa Rossiiskoi Federatsii ot 22.12.2011 Ne 327
«Ob utverzhdenii Poryadka zakrytiya zheleznodorozhnyh putei
obshchego polzovaniya, v tom chisel malointensivnyh linii
i uchastkov». Zaregistrirovano v Minyuste RF 21.03.2012
N 32558).

3. Vakulenko, S. P, Kolin, A. V., Evreenova, N. Yu. Low-
density lines: state and optimization options. World of Transport
and Transportation, Vol. 15, 2017, Iss. 3, pp. 174—180.

4. Vakulenko, S. P, Kolin, A. V., Evreenova, N. Yu.
Directions for optimizing the operation of low-intensity
railway lines | Napravleniya optimizatsii raboty malointensivnyh
zheleznodorozhnyh linii). Vestnik Rostovskogo gosudarstvennogo
universiteta putei soobshcheniya, 2017, Iss. 4, pp. 89—95.

5. Order of the Ministry of Transport of the Russian
Federation of 05.05.2012 No. 130 «On approval of the
administrative regulations of the Ministry of Transport of the
Russian Federation for provision of state services for making
decisions on closing public railways, including low-intensity
lines and sections». Registered in the Ministry of Justice of the
Russian Federation on 19.07.2012 No. 24947 | Prikaz Mintransa
Rossiiskoi Federatsii ot 05.05.2012 Ne 130 «Ob utverzhdenii
administrativnogo reglamenta Ministerstva transporta Rossiiskoi
Federatsii predostavleniya gosudarstvennoi uslugi po prinyatiyu
resheniya o zakrytii zheleznodorozhnyh putei obshchego

polzovaniya, v tom chisel malointensivnyh linii i uchastkov».
Zaregistrirovano v Minyuste RF ot 19.07.2012 Ne 24947].

6. Vakulenko, S. P, Kolin, A. V., Evreenova, N. Yu.,
Romensky, D. Yu. Problems and prospects of low-intensity
lines [ Problemy i perspektivy malointensivnyh linii). Avtomatika,
svyaz, informatika, 2017, Iss. 6, pp. 7—10.

7. Vakulenko, S. P, Kolin, A. V., Evreenova, N. Yu.,
Romensky, D. Yu., Golikov, K. V. Efficiency of operation and
maintenance of low-intensity railway lines: Monograph
| Effektivnost ekspluatatsii i obsluzhivaniya malointensiviayh
zheleznodorozhnyh linii: Monograph]. Moscow, VINITI RAS,
2018, 218 p.

8. Government Decree of May 15, 1998 No. 448 «On the
Concept of the Structural Reform of Federal Railway
Transport» [ Postanovlenie pravitelstva RF ot 15 maya 1998 g.
No 448 «O kontseptsii strukturnoi reform federalnogo
zheleznodorozhnogo transporta» ). Rossiyskaya gazeta, May 21,
1998.

9. Federal Law of 10.01.2003 No. 17-FZ «On Railway
Transport in the Russian Federation» [Federalniy zakon ot
10.01.2003 Ne 17-FZ «O zheleznodorozhnom transporte v
Rossiiskoi Federatsii»|.

10. Order of JSC Russian Railways of 04.09.2013 No. 80
«On the procedure for sale and renting of railway tracks of
JSC Russian Railways» [ Prikaz OAO «RZD» ot 04 sentyabrya
2013 Ne 80 «O poryadke prodazhi i predostavieniya v arendu
zheleznodorozhnyh putei OAO «RZD»»).

11. Decree of the Government of the Russian Federation
0f06.02.2004 No. 57 «On property of JSC Russian Railways,
limited for circulation» | Postanovlenie pravitelstva RF ot
06.02.2004 No 57 «Ob ogranichennyh v oborote ob’ektah
imushchestva otkrytogo aktsionernogo obshchestva «Rossiiskie
zheleznie dorogi»).

12. Order of JSC Russian Railways of 04.09.2013
No. 1899r «On making a decision to terminate performance
of certain types of work (operations) using labor resources and
labor tools of JSC Russian Railways [ Rasporyazhenie OAO
«RZD» ot 04.09.2013 Ne 1899r «O prinyatii resheniya o
prekrashchenii vypolneniya otdelnyh vidov rabot (operatsii) s
ispolzovaniem trudovyh resursov i sredstv truda OAO «RZD»|.

13. Order of JSC Russian Railways of 16.08.2006
No. 1707r «On approval of the Instruction on transfer to
preservation and re-activation of track facilities» (as amended
by the Order of JSC Russian Railways of 11.03.2013 No. 601r)
| Rasporyazhenie OAO «RZD» ot 16.08.2006 Ne 1707r «Ob
utverzhdenii Instruktsii o perevode na konservatsiyu i provedenii
raskonservatsii ob’ektov putevogo khozyaistva» (v red.
rasporyazheniya OAO «RZD» ot 11.03.2013 g. No 601r)].

14. Federal Law of 10.01.2003 No. 18-FZ «Charter of
Railway Transport of the Russian Federation» [Federalniy
zakon ot 10.01.2003 Ne 18-FZ «Ustav zheleznodorozhnogo
transporta Rossiiskoi Federatsii»).

15. Decree of the Government of the Russian Federation
0f20.11.2003 No. 703 «On Approval of the Rules for Provision
of Services for the Use of the Infrastructure of Railway
Transport of Common Use» (as amended by the Decree of
the Government of the Russian Federation of 14.12.2006
No. 767) | Postanovlenie pravitelstva RF ot 20noyabrya 2003 g.
Ne 703 «Ob utverzhdenii Pravil okazaniya uslug po ispolzovaniyu
infrastruktury zheleznodorozhnogo transporta obshchego
polzovaniya» (v red. postanovleniya pravitelstva RF ot
14.12.2006 Ne . 767)). ®

Information about the authors:

Vakulenko, Sergey P. — Ph.D. (Eng), professor, director of the Institute of Management and Information
Technologies of Russian University of Transport, Moscow, Russia, k-gdsu@mail.ru.

Evreenova, Nadezhda Yu. — Ph.D. (Eng), associate professor at the department of Management

of transport business and intelligent systems of Russian University of Transport, Moscow, Russia,

nevreenova@mail.ru.

Article received 06.12.2018, accepted 28.12.2018.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 164-171 (2019)

Vakulenko, Sergey P., Evreenova, Nadezhda Yu. Legal Framework for Low-Density Traffic Railways

Operation




2018 romy rnoe3aamMu AajbHEro CieI0BaHUs

xonanHra «P2XK/I» Bocmosb3oBaiuch

163,7 ThIC. MACCaXXUPOB C OTPAHNYECHHBIMUA
BO3MOKHOCTSIMU 3[0pPOBbsi. DTO Ha 96 % GoJbliie,
yeM B 2017 roay (Torma yciayramu XoJAMHIa BOC-
TOJTB30BAIUCH 83,5 THIC. TTACCAXXUPOB C OTpaHU-
YEHHBIMU BO3MOKHOCTSIMM).

XoaauHr «P2XKJI» exeronHo padoraeT Hana
YIIy4IIEHUEM YCJIIOBUI W TIOBBIIICHUEM TOCTYII-
HOCTH TTOE30K JUTSI TTACCaXKUPOB C OTPaHUYCHHBI-
MU (pU3UYECKMMU BO3MOXHOCTSIMU. B moe3max
co3nalTcsl KOMMOPTHBIE YCIOBUS, €XETrOAHO
YBEJIMYMBAETCSI KOJIMYECTBO BarOHOB CO CIlela-
JIM3UPOBAHHBIM KyIle 32 CUET MPUOOPETECHUS
HOBBIX M TPOBEICHUSI MOJIEPHU3ALIMU DKCILTyaTH-
PyeMbIX BaroHoB. KOHCTpYKLIMel Crieanu3upo-
BaHHBIX BaroHOB MPEJAYCMOTPEHBI MOIBEMHBIE
MOCaJI0YHbIe YCTPOMCTBA, YBEIMUYEHHAsT IMUPUHA
NIBepeil BaroHa, a Takxxe TaMOypHOI 30HbI U KO-
puaopa, 9To MO3BOJISIET ACCAXUPY MTePeIBUTATh-
csI Ha Kpeclie-KOJsICKe.

B Hacrosiee Bpemst Ha CETH KeJIe3HBIX JOPOT
Poccum akcmmyatupyetcst 719 mTabHBIX BATOHOB,

travelled on long-distance trains operated by the

Russian Railways’ holding company, 96 % more
thanin 2017, when the services were used by 83,500
people with limited mobility.

The Russian Railways’ holding company works
every year to improve conditions and increase the
availability and accessibility of travel for passengers
with disabilities. Comfortable conditions are
created on board the trains and the number of
carriages with a specialised compartment for
people with low mobility is increased annually
through acquisition of new cars and the
modernisation of carriages already in operation.
These specialised carriages provide lifting gear,
extra-wide carriage doors, vestibule doors and
aisle to allow low-mobility passengers to move
around the train in their wheelchairs.

At present, 719 carriages equipped with
compartments for passengers with disabilities are in

I n 2018, 163,700 passengers with disabilities
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SKCMPECC-NHDOPMALWA
EXPRESSIINEFORMATION

OAO «PXX[»: ABYKPATHbIA POCT NEPEBO30K
MAJIOMOBWUJ1bHbIX MACCAXXUPOB NOE30AMMU
AOAJIbHEIO CJIEAOBAHUA

000pYIOBaHHBIX KyTIE IS TaCCaKUPOB C OTPaHU-
YeHHBIMM BO3MOXHocTsiMu. B 2018 ronay
AO «DITK» mprobpeo 28 Takux BarOHOB, U €I11E
43 paroHa OyayT J0000pYIOBaHbI CIeLUATbHBIM
KyIe BO BpeMsl KalluTaIbHOTO PEMOHTA.

Ecnu B coctaBe maccaxkupckoro noesaia aajib-
HEro cjiefoBaHUsl OTCYTCTBYET BaroH C Kyrme JUist
JIVIL C OTPAaHUICHHBIMU (PU3NIECKUMU BO3MOKHO-
CTSIMU, OH MOXET OBITh BKITIOUEH B HETO T10 3asiBKe
naccaxupa, nogaHHoii yepe3 LleHTp coneiicTBus
mobunbHOocT OAO «P2XK/1» i GuieTHYIO Kaccy.
B 2018 romy 6b110 oGecrieueHO BBITIOJHEHUE
597 takux 3asBOK, Ha 24 % GOJIblle, YeM TOIO0M
paHee.

[Taccaxkupbl ¢ orpaHUYEHHBIMU BOBMOXKHOCTSI-
MU MOTYT TakXe 3a0pOHMPOBATh CIelMalbHbIe
MecTa Ha 1oe3/1a OTHOBPEMEHHO C MPUOOPETEHUEM
3JIEKTPOHHBIX OmieToB yepe3 MHTepHeT. buneTsl
MOTyT 0(OPMUTH MHBATUIBI-KOJISICOYHUKHU U CO-
MNpPOBOXIAIOIIME JUIA, 3aPETUCTPUPOBAHHbBIE
B LleHnTpe comeiictBust MooumbHOCTH OAO «PXK/T».

Undopmanus OAO «PXK]T» @

RUSSIAN RAILWAYS: TWICE AS MANY LOW-MOBILITY
PASSENGERS TRAVEL BY LONG-DISTANCE TRAIN

service on Russian railway network. In 2018, the
Federal Passenger Company acquired 28 such cars
and another 43 staff cars were equipped with a special
compartment during overhauls.

Ifalong-distance passenger train has no carriage
with a compartment for people with disabilities, one
may be included at the request of the passenger by
submitting an application through the Russian
Railways’ Mobility Assistance Centre or a ticket
office. In 2018, 597 requests were processed for the
inclusion of such specialised carriages in the train,
24 % more than a year earlier.

Passengers with limited mobility can also book
special places on trains together with their electronic
tickets remotely over the Internet. Tickets may be
booked by wheelchair users and accompanying
persons who are registered at the Russian Railways’
Mobility Assistance Centre.

JSC Russian Railways information ®

OAO «PX[»: ABYKPaTHbIN POCT NEPEB030K MasIoMOGUIIbHBIX MACCAXMPOB Noe3famm AanbHero

cnepoBaHunsa

Russian Railways: Twice as Many Low-Mobility Passengers Travel by Long-Distance Train



PA3SBUTUE KAPLUEPUHIA B MOCKBE

KOJI0 2,7 MJTH TI0€3I0K COBEPIIUIIN

MOCKBHMYH Y TOCTY CTOJIMIIBI HA aBTO-

MOOWISIX KapIIepuHTa B SHBape
2019 roma. Do IMOYTH B YeThIpe pa3a OOJIbIIIE,
YeM 3a aHAJOTUIHBIN MEepHO, MPOIIUIOro To-
Jla — TOTJa MalllMHAMU, TIpeIHa3HaYeHHBIMU
IJIST KPaTKOCPOYHOM apeHIbI, BOCIIOIb30Ba-
qmck 700 ThICSY pa3.

«ITonynsipHOCTb cepBUCa pacTET Oarogapst
YBEJIMUECHUIO KOJITMYEeCTBa aBTOMOOMJICH, THO-
KM TapudaM 1 HOBBIM CEPBUCAM JUTSI KITMEH-
ToB. CeromHs TOpoXaHaM JOCTYITHO ITOYTH
17 ThiCSI MaLLIMH 7151 apeHAbI, a K KOHILY ToAa
YHCJIO aBTOMOOMIICH cocTaBUT He MeHee 20 ThI-
CSTY», — paccKasajl 3aMeCTUTEITb M3pa MOCKBEI,
PYKOBOIUTENb AeTlapTaMeHTa TpaHCIOpTa
¥ Pa3BUTHS JOPOXKHO-TPAHCIIOPTHOM MHGpa-
CTpYKTYpbl Makcum JIMKCyTOB.

[TpoekT «MOoCKOBCKIIA KapLIEPUHT» 3aITy-
ctuy B Havase oceHu 2015-ro.

CTOMMOCTD apeHIBl 3aBUCUT OT BEIOpaH-
HOI KOMIIAaHWH, HO B CPETHEM COCTABIISICT OT

mectu 1o 10 py6neii B MunyTy. [Tonmbs3zoBaTtenu
MOTYT O€CTUIaTHO OCTaBJISITh aBTOMOOWIN HA
TOPOACKUX TJIATHBIX MapKoBKax. B cronuue
paboTtaoT 14 KoMITaHU KPaTKOCPOUHOU
apeH/1bl aBTOMOOWJIEHA.

HNudopmanusd ¢ opunuaasHoro caita
Mapa Mockssl: https://www.mos.ru/news/
item/50633073 ®

DEVELOPMENT OF CAR SHARING IN MOSCOW CITY

eople in Moscow used car sharing
Pservices some 2,7 million times in

January 2019 alone. This is nearly
four times more than in January last year,
when the vehicles of car sharing services
were used only 700,000 times.

«The popularity of car sharing is growing
thanks to an increase in the number of cars
to share, flexible rates and new services.
People can share nearly 17,000 cars now,
and the pool will further increase to some
20,000 by the end of this year», Deputy
Mayor and Head of the Department for
Transport and Road Infrastructure
Development Maxim Liksutov said.

Car sharing in Moscow is a by-the-
minute car rental system mostly used for
short trips around the city. The Moscow Car
Sharing project was launched in early
autumn 2015.

Operators charge between 6 and 10
roubles per minute, though overall prices
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Development of Car Sharing in Moscow City

vary depending on the company. Shared cars
get free parking. There are 14 car sharing
companies in Moscow.

Those who want to rent a car should first
of all register on an operator’s website. After
that, passport, driving licence and bank card
or mobile app details should be provided and
a contract should be signed.

Payment is automatically deducted from
the card linked to the user account, which
the client uses to rent a car. The user will
have time to reach the area where the car is
parked and use the mobile app to unlock it.
The documents will be inside, and the key
already in the ignition. It is always advisable
to thoroughly inspect the car before driving
off just in case there’s something not quite
right with the vehicle.

Information retrieved from Moscow
Mayor official website: https://www.mos.
ru/en/news/item/50633073 @
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Yulia A. KHARLAMOVA
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Perspectives of Urban Elevated Metro
(TekcT cTarbu Ha aHI. 3. —
English text of the article — p. 177)

B npencrasneHHoV cTaTtbe aaércs
aHann3 Hanbosnee 3pPeKTUBHbIX
TEXHUYE€CKNX PEeLLUEeHUI M0 CO34aHUIO
Haa3eMHOro MeTpornoJimTeHa

B KpynHenwmnx ropogax Poccuiickoi
Penepaunn. Npegnaraercs npu
COOPY>XeHUU JIMHNA MeTPO TaKoro Tuna
ucnosib3oBaHne 6bICTPOBO3BOAUMbBIX
neperoHHbIX HaA3€MHbIX TOHHeJ1el

B 3aMKHYTbIX LWJINHOPNYECKNX
060J104kax N3 cOopHoro
Jene3ob6eToHa u cTanexesne3obeToHa.
IMog4yépkmnBaeTcs BaXXHOCTb MpPoo6sieMbl
BbIHOCa MHPPACTPYKTYPbl CKOPOCTHOIO
PesIbCOBOro TPaHCNopTa u3 30Hbl
KOHTaKTa c aBToqoporamMmvi BBUAY
pocTa aBToMOGuIn3aymuu B ropogax
coBpemMeHHoi Poccun.

Knto4yeBnbie cnoBa: Haa3eMHbI
MeTponosnTeH, COOPHbIV Xene306€TOoH,
reperoHHbIVi TOHHE b, 3aMKHYTasi
unnnHapuydeckasi 060/104ka, TEXHOrE€HHbIV
pakTop, MeranoynChl.
|

NepcnekTusbl
ropoackoro Haa3eMHoro
MeTpOonoJIuTeHa

Dpuoxun Baadumup
Muxaiiaosus — dokmop
MexXHU4ecKUux HayK, npo-
theccop kaghedpvl mocmoe

u morHeneli Poccuiickoeo
YHUBepcUmema mpanc-
nopma (MUHT), Mocksa,
Poccus.

Xapaamoea FOaus Anex-
CandposHa — doKmop noau-

MUMecKux HayK, npogeccop
PYT (MHUUT), Mockea,
Poccus.

Ilymckuii Cepeeii Ilempo-
6u4 — KaHoudam mexHu-
ueckux Hayk, doyenm PYT
(MHUHT), Mocksa, Poccus.

Cepreii LUYMCKUMA
Sergey P. SHUMSKY

eanu3aiys Hanbosnee 3(hHeKTUBHBIX TEXHUYE-

CKUX pEUIeHUH 10 CO3MaHMI0 HaI3eMHOTO

METPOTIOJIUTEHA B KPYITHEHIINX TOpoaax
Poccuiickoit Deaepatinu, Mpesxe BCEro B MEranom-
cax Mockga 1 CankT-ITeTepOypr — 011HO U3 IepCIeK-
TUBHbIX HAMpaBieHU pa3BUTUS TOPOICKOTO Macca-
SKMPCKOTO TpaHcropTa. [IpuHIMNUaIbHBIN epexos
OT TIO3¢MHO¥ TIPOKJIAIKA HOBBIX Y TIPH YIUTMHEHUH
TIPOTSKEHHOCTH CYIIECTBYIOIIMX IMHUIA METPOTIONM -
TeHa K MX HaA3eMHOMY BO3BEIEHUIO MOXET IaTh
TIOJIOXUTENBHBII COLIMANBbHBII, TEXHUYECKUI 1 9KO-
HOMUYECKU 3P PeKT.

MupoBasi 00111eCTBEHHOCTb 03a00UeHa TeMITaMU
pocTa aBTOMOOMIM3AIMY U CBS3aHHBIMU C 3TUM
MPOIIECCOM TPAHCITOPTHBHIMU M IKOJOTUIECKUMMU
npobieMaMu, 0COOEHHO 1151 KPYITHBIX METAMOMCOB.
B cnoxXuBIIMXCST 00CTOSATENBCTBAX MPUOPUTETHBIM
CTaHOBUTCS TPMMEHEHHUE TAKMX IKOIOTHUECKU Ooee
0J1arONPUSITHBIX BUIOB PEJIbCOBOTO TpaHcmopTa [1-4],
KaK XeJie3Hast 10pora 1 MeTpo.

He cexper, uto misa Hanbonee 3pheKTUBHOTO
OCBOEHUSI M PACIIUPEHUs] TEPPUTOPUN 3aCTPOUKU
KPYMHBIX TOPOIOB, BKJIOYAsl U pa3BUTHE OJu3Ie-
KalluX PUTOPOJIOB, U B LIEJISAX YIyULIEHHUS TPAHC-
MOPTHOI TOCTYITHOCTH, TIOBBIIIEHUSI MOOMJIbHOCTH
HaceJieHus1 0c000e MpeArnoYTeHre OTAAETCS CTPOU-
TeIbCTBY JIMHUAN METpOmoJuTeHa. BapuaHT mpo-
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KKV JUHUI METPO JIMOO0 MOA3eMHBIM (MEJIKOTo
WY TTyOOKOTO 3a103KEHUSI CTAHIIMI ), HAI3EMHBIM,
100 Ha3eMHBIM CITOCOOOM 3aBUCUT OT MHOTHUX
(axTopoB. Y KaxXmoro u3 BO3MOXHBIX BApMAHTOB
MMEIOTCS CBOM MPEUMYIIeCTBA M HEIOCTATKHM (oTpa-
nuueHus). Hanpumep, B Cankr-IletepOypre reo-
JIOTMYEeCKasi CTPYKTypa MPUIMOBEPXHOCTHBIX TeoMac-
CHBOB C KpaifHe HU3KOI Hecyllell CrocOOHOCThIO
He JOMycKaeT MPOKJIaAKY MEpPEeroHHbIX TOHHEee
U COOPYXEHUS CTAHLIMIA MeJIKOro 3ajoxeHus. [1o-
9TOMY TMacCakupbl METPO B «CEBEPHOM CTOJMIIE»
TpaTAT ceituac 00JIbIlIe BpeMEHM Ha 3CKAJIaTOPHBII
CIyCK M MOABEM (BBUAY TJYOOKOTI0 3aJ0XEHUS
CTaHIIUIit), YeM HEMOCPEICTBEHHO Ha caM Mpoe3]i
110 HY)XHOMY UM MapuIpyTy.

Bwmecte ¢ Tem nmeroniuecs TMHUKA Ha3eMHOTO
METPOTIOJIUTEHA — 3TO JIMHUM OTKPBITOTO THIA, KO-
TOpbIE pabOTAIOT B HEOIATONPUATHBIX METEOPOJIOT U -
YeCKHX YCIOBUSIX — MOJ BO3NECTBAEM aTMOCHEPHBIX
0CaJIKOB, COTHEYHOTO U3TYYEHHUS U OOJIBILIOTO Harpe-
Ba BEPXHET0 CTPOEHUsI MYTU B JIETHUI TEPUOA, NPU
BecbMa HU3KUX TEMIIEpaTypax HapyXHOTO BO3lyXa
B 3uMHee Bpems (1o -40 °C 1 HUXKe) U HATUYKMU TO-
nonéna. HazeMHble OTKPBITbIE IMHUU CO3/IAI0T TAKXKeE
LIYM MTPY ABMXEHUY T10€310B, 60Je3HEHHO BOCIPU-
HUMAaEMBbI XUTENSIMHU B 30HE OMMKANIINX K METPO-
MOJIUTEHY KBAapTaJOB FOPOACKON 3aCTPONKHU.

Ha atom doHe npesicTapisieT MHTEPEC UCOIb30-
BaHUE TEXHUYECKUX PEIICHUH, B OCHOBE KOTOPHIX
COOpYKeHHE OBICTPOBO3BOANMBIX TIEPETOHHBIX HaI-
3eMHbIX TOHHEJIE METPO B 3aMKHYTHIX IUIMHAPUYE-
cKux 000104Kax U3 COOPHOTO Xeyie300eToHa U cTa-
Jexene3o0eToHa. Ha KpMBOJIMHEHBIX B MIaHE WU
MPOJIOJIbHOM MPOQUIIE MEPEXOIHBIX YUaCTKAX IMHUIA
¢ ykioHamu 1o 0,01 %o mpeaycMOTpEeHbI aHATOI Y-
HBIe KOHCTPYKIIMY B COOPHOM TOPOMIATBLHOM UCTION -
HEHUM.

CTaHLUKM METPOTIONUTEHA MPOEKTUPYIOTCS MPU
9TOM TOJILKO B HaJI3eMHOM BapHaHTe C BBIXOIOM CO-
OpYXEHMUI Ha BBICOTHBIE OTMETKHM TOPOICKOI TOPOX-
HOI CeTH, YTO 00eCMeynT ONTHUMAIbHbIE YCTOBUS
001IECTBEHHOMY TPAHCTIOPTY U CO3IACT MaKCUMaITb-
Hble y100CTBA 17151 IBMKEHMUS TAcCaXMpPOB. APXUTEK-
TYPHO-TUTAHUPOBOYHbIE M KOHCTPYKTUBHbIE PEIIEHUSI
CTaHIIMIA, a TaKXe apXUTEKTypa BHEILTHEro o0J1Ka
(oopmiieHUs) TIEPETOHHBIX TOHHENEH, BKIH0Yast
CHCTEMBI aBAPUITHO-3BaKyalIMOHHBIX BHIXOJOB, OCTa-
10TCSI CBOOOTHBIMM 1151 TBOPUYECKOM MBICITH.

Dcrakabl MEPeroHHbIX TOHHENEH 1 TOMEIeHMs
CTaHIMI METPOTOIUTEHA, OTIOPbI KOTOPBIX pacrona-
rarorcs Ha pyHIaMeHTax u3 OypoBbIX CBail, TOJKHBI
OBITb MPUTIOAHSTHI HAJl €CTECTBEHHOM MTOBEPXHOCTHIO
3eMJIM He MeHee YeM JI0 BHICOTHBIX OTMETOK HU3a
CBOMX KOHCTPYKIIMIA, UCKITIOYAIOIINX KOHTAKT C BOJI-
HOM Cpeoii Mpy aBapuiftHOM 3aTOILIEHUU TOPOACKUX
Tepputopuii. Hanmpumep, Takoii nomaxon BechMa Lie-
JiecoobpaseH B ToM ke CaHkT-IletepOypre rnpu aBa-
PUITHOM pa3pylICHUH 3aIIUTHBIX IaMO, OTESIIOIINX

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 174-178 (2019)

ropoJ OT MoABEMOB Bobl B DuHCKOM 3anuBe ban-
TUHACKOTO MODS.

MaxcumabHble BICOTHBIE OTMETKM HU3a KOH-
CTPYKIIMii HaI3EMHBIX TEPETOHHBIX TOHHEJIEH, a TaK-
K€ CAMUX CTAHIIMH B CJTyyae UX pa3MEILeHus B MecTax
(hopMupOBaHHUS TPAHCTIOPTHO-TIEPECATOYHBIX Y3/I0B
OIIpeIeIIOTCS MOTPEOHOCTSMU B COOPYKEHUM TPAHC-
MOPTHBIX Pa3Bs30K B Pa3HBIX YPOBHSIX B COOTBETCTBUN
C TeHepaJbHBIMU TJIAHAMU Pa3BUTUSI MOCKBBI,
Cankr-IlerepOypra 1, BO3MOXKHO, psia IPYruX KpyTi-
HBIX TopofioB. [1o 0berm cTopoHam OT 3cTaKan Hal-
3€MHOTO0 3aKPBITOTO METPOIIOIUTEHA HE UCKITIOUEHBI
nUCcTBeHHBbIe nepeBbs. [lox acrakagamu ynoOHO
pacrosaraTb aBTOCTOSIHKH 1 BCSIKOTO POJ1a OHOITaX -
Hble MOCTpOiiKU. [leperoHHbIe TOHHENU JTUHUI
HaJI3eMHOTO METPOTIOJIUTEHA [0 KOHCTPYKIIMU MOTYT
OBITb KaK B IBYXITYTHOM, TaK ¥ OJTHOMYTHOM HMCIIOJI-
HEHMM COOTBETCTBEHHO MOJ KaXI0€ HarpasjieHue
NIBUXKEHMSI TTOE3/I0B.

B neperoHHbIX TOHHENSX T0KHO OBITh Mpey-
CMOTPEHO HEOOXOIMMOE KOJMYECTBO CIHELHUANbHO
YIpaBJIsIeMbIX aBapUIHBIX BBIXOJOB HAPYXY s
MacCaXupoB U TIEPCOHAJIA METPOIIOINTEHA — B TIPe-
JieflaX CTaHLMU M Ha MPOTSKEHUU BCEX MEPeroHOB
MEXJ1y CTAaHLIMSIMH, a TAKXe U1 00eCTeyeHust 10CTy-
Ia B TOHHEJIU COTPYAHUKOB ClacaTebHbIX CIYXK0
1 TIOXapHBIX KOMaHI.

B uenowm, mo HaiieMy MHEHUIO, TIPUMEHEHUE
HaJ3eMHBIX COOPYXEHUI METPOTIOJIMTEHA HE TPEOYeT
3HAUUTEIbHBIX U IOPOTOCTOSIIMX PabOT MO Mepe-
yKJIaake (MepeHocy) CyIeCTBYIOIMX WHXEHEPHBIX
KOMMYHUKAIIMI, YTO, HECOMHEHHO, YEIIEBUT CTOU-
MOCTb CTPOUTEJIHCTBA MO00HOTO poa 00BEKTOB.

WHHOBalMOHHBIE TeXHUYECKUE PELIeHUs TIPU
COOPYXEHUMU MEPErOHHBIX HA3EMHBIX TOHHEJEH
Y CTAaHLIM I METPOTIOIUTEHOB CTAHOBSITCSI BO3MOXKHbI-
MU /1Sl BHEIPEHUS B TPAHCTIOPTHOE CTPOUTEIHCTBO
B pe3yJbTaTe MHOTOJIETHEN TBOPYECKON PabOThI
yu€HbIX Poccuiickoro yHuBepcureTa TpaHcrnopTa
(MUWT), 3aBepimBIIeiics monyyeHnem nateHta P@
Ha n3obpereHne «KoMMO3UTHEIN Hecylmuii 010K
1 MOHTaXHO€ COeIMHEHIEe HeCYLIMX 0JJOKOB COOpHOI
CTPOUTENBHOI KOHCTPYKLIUU» [5].

N300peteHne, corlacHO 3TOMyY MaTEHTY, OTHO-
CUTCS K BO3BEICHUIO MHXEHEPHBIX COOPYXEHUM
C HECYILIM KapKacoM B BUJIe COOPHBIX KOMIIO3UTHbIX
KOHCTPYKIIUI ¢ 000JI0UEYHOIA, TUTUTHOM M1 000J10-
YeYHO-IUIMTHOIN KPYITHOrabapuTHOM CTPYKTYPOI,
OJIHO- M MHOTOCBSI3HOM, B TOM UHMCJIE COTOBOIA, C MOH-
TaXHbIMU OJIOKAMM M3 apMUPOBAHHOTO OETOHA CO
CTAJIbHOM WJIM HEMETATTIMYECKOI CTEPXKHEBOIM apMa-
TYpO#, C BO3MOXHBIM BKJIIOUECHUEM B 000JIOUKU
U TUIATHI TIJTACTUHYATHIX MJIM TOHKOCTEHHBIX 000J10-
YEUHBIX 3JIEMEHTOB U3 CTAJIbHOTO JIMCTOBOTO MPOKaTa
U C 3aKJIaJIHBIMU METAUTMYECKUMU TPYOUaThIMU J1e-
TalsiMU, 00pa3yoIMMKU COEMHEHWSI MOHTaXKHbBIX
0JI0KOB MEXIy COOOM 1 ¢ IPYTMMU KOHCTPYKLUMAMM
COOpYKEHHSI.
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Hogble cranexene300eToHHbIE COOpPHBIE 000J10-
YeYHbIe KOHCTPYKLIMHU LEIECOO0Pa3HbIL:

* [T IPUMEHEHUSI B TAKMX 00JIACTSIX CTPOUTE b~
CTBa, KaK MOCTOCTPOEHHE, MPUIOHHOE MOABOIHOE
TOHHeJIeCTpoeH!e, HYHIAMEHTOCTPOeHNE, pe3epBya-
POCTpOEHHE;

* JUISL CO3/IaHUSI TIOJIOTHA HACHITIEH JKeJIe3HbIX
1 aBTOMOOMJIBHBIX IOPOT (IIPH BBICOTE CIIELIUATBHBIX
KOHCTPYKILIMI TaKUX HACBITICH B mpeneiax oT 2 10
6Mm) [6, c. 15-18];

* [UIs BO3BE[EHYsI TIOAMOPHbIX CTEH U CleLnalb-
HBIX KOHCTPYKIIMI OeperoyKpernieHus;

* [UT1 COOPYKEHUSI MOPCKMX U PEYHBIX TOPTOBBIX
MpUYaIoB, KOHCTPYKIMI TPAHCTIOPTHBIX rajepeii,
KOJIOHH, CT€H U TePEKPHITUI MPOMBIILIIEHHBIX 3/1a-
HMI, BBICOTHBIX COOPYXEHUI, TOPOUAAIbHbIX, KY-
TIOJIBHBIX, IIMHAPAYECKUX ¥ KOHMIECKHX CBOIYA-
TBIX COOPYKEHMIA;

* I COOPYXEHUsI OCHOBAHMI CTaIlMOHAPHBIX
HAJBOJHBIX MOPCKUX TIATGOPM U MOOMITLHBIX MOJI-
BOIHBIX MIATGOPM (MPUAOHHBIX — MpPU TIYOMHAX
Mops 10 400 M) Tipu 10OBIYE YTIIEBOTOPOIOB HA MOP-
CKUX 1Iesbdax;

* JUIsl BO3BEIEHUSI BHICOTHBIX KOHCTPYKIIMI BbI-
TSDKHBIX U JIBIMOBBIX TpyO, OallleHHbIX TPaIUpeH,
MOPCKMX M PEUHBIX TEPMUHAIIOB.

Kpome Toro, coopHbie 00071049€UHbBIE KOHCTPYK-
LIUM «OalIEHHOTO» TUTIA MOTYT ObITh TPUMEHEHBI TS
MOA3EMHBIX CTBOJIOB [7].

SAKJTOYEHUE

B cBoé Bpems Dnsunom Toddaepom (ogHuM U3
ABTOPOB KOHIIETILINK TTOCTUHAYCTPUATIBLHOTO OOIIe-
CTBa) OTMEYAJIOCh, YTO «KOMMYHUKAIINK TIPHOOpeTa-
10T B TIpoliecce co3naHus OoraTtcTBa BCE Oosbllee
3HayeHue... CTpemMuTesbHask TpaHchopMalts Bpeme-
HU, TIPOCTPAHCTBA ¥ 3HAHMSI BEIET K CO3aHUIO PEBO-
JIOLIMOHHOM cucTeMbl HakorieHus1 6orarcta. Yto
CaMbIM paauKalibHbBIM 00Pa30M MEHSIET OCHOBBI
Ou3zHeca 1 ob1ecTBar [8, c. 28].

Peuenue tpaHcnopTHO#M MPoOaeMbl Meranoau-
COB, CBSI3aHHO C MX YCKOPEHHOI aBTOMOOMIN3AIIM -
€il, OTCYTCTBMEM Pa3BUTON M HE3ArPYXEHHOM CeTh
ABTOJIOPOT, TIOSIBIEHEM HOBOTO MaCCOBOTO JXWJIbsT Ha
OKpanHax ropoaoB, B OMMKalilieil mepcrekTuBe
TIPUOOPETET OoJIee HACYIIHBIN ITOMUTUIECKUI U CO-
LIMATEHO-9KOHOMITIECKHI XapakTep. DT0, eCTeCTBEH-
HO, TOTPeOyeT afieKBaTHBIX Mep, HAaNPaBJIeHHbIX HA
yCTpaHeHUe AUCTIPOTIOPIINT U «y3KHUX MECT» B Pa3BU-
THH TPAaHCTIOPTHOM MH(GPACTPYKTYPbI TOPOJIOB U, KaK
CIIE/ICTBHE, HA CHUXEHUE BPEJIHOTO BO3NEHCTBUS
ABTOMOOWJILHOTO IBMXXEHUSI HA OKPY:KAIOLIYIO CPEIy.

ITo mpexBapuTeNbHBIM OLIEHKAM 3KCMEPTOB,
€XEeTOJIHO M3-3a 3aTOPOB Ha foporax MockBa u

Cankr-ITeTepOypr TepsiioT B CyMMe TOpsiaKa TPUII-
JIMOHA pyOIeit, 1 ¢ KaXIbIM roioM 3Ta 1 pa pacTeT.
B cpenHem MockBUYM TIPOBOAST B MpoOKax 1o 2,5
yaca B JieHb. 2KUTeNN CeBEPHOI CTOMIIBI TPATST Ha
MPOOKM OKOJIO ABYX YacOB B IeHb. B 0000LIEHHBII
TPUJUTMOH BXOIAT KaK OI0KETHBIE MOTePU (M3HAIIIN-
Bae€MOCTb JI0OPOKHOTO TOJIOTHA, PACXO/BI HA OPTaHU-
3alI1I0 TOPOXKHOTO IBMKEHMUS, YIIIEPO 9KONOTHH), TAK
1 yOBITKM, KOTOPbIE HECYT aBTOMOOMIIUCTHI (Tiepepac-
XOJI TOTUTUBA U JIMYHOTO BPEMEHH, aMOPTU3ALISI aB-
Tomobusist). [o mopcyéram nHbOpPMAIIOHHO-aHATH -
THYECKOTo areHTcTBa «CMUJIMHK», 32 KaXIblii yac
MIPOCTOST OJIHOTO TPAHCTIOPTHOTO CPECTBA roCyaap-
CTBO M aBTOMOOWJIMCT MIATST «Ha MPUHIMIAX CODU-
HaHcupoBaHuUs» opsiaka 500 pyo6eit [9].

Ha narm B3ruisin, uiib coopyskeHue HOBBIX (TPex-
JIe BCETO — HAA3eMHBIX) JIUHUI METPO U yIaCTKOB
KeJIe3HbIX A0POT (KaK 00BEKTOB «UUCTBHIX» BUAOB
TPAHCIIOPTA) B LIETIOYKE «TOPOA—TPUTOPOI» CIIOCOO-
HO CYIIECTBEHHO MTOMOYb HOPMAU3ALIMU TPAHCTIOPT-
HOM ¥ 9KOJIOTMYECKON CUTYal[X B METaroJmcax.
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ABSTRACT

The article presents an analysis of the most
effective technical solutions for creation of overhead
metro in the largest cities of the Russian Federation.
Itis proposed in construction of metro lines of this type
to use pre-fabricated elevated above-ground tunnels

in closed cylindrical shells of precast concrete and
steel composite concrete. The importance of the
problem of removal of the infrastructure of high-speed
rail transport from the zone of contact with roads due
to the growth of motorization in the cities of modern
Russia is emphasized.

Keywords: overhead metro, precast concrete, haul running tunnel, closed cylindrical shell, anthropogenic

factor, megacities.

Background. The implementation of the most
effective technical solutions for creation of the
overhead metro in the largest cities of the Russian
Federation, primatrily in the megacities of Moscow
and St. Petersburg, is one of the promising areas
for development of urban passenger transport. A
fundamental transition from the underground laying
of new lines and of new sections of extended
existing lines of metro to their above-ground
construction can provide a positive social, technical
and economic effect. In addition, the global
situation develops precisely under the influence of
anthropogenic factors.

Objective. The objective of the authors is to
consider perspectives of construction of urban
overhead metro in major cities of Russia.

Methods. The authors use general engineering
and particular transport construction methods,
comparative analysis, evaluation approach,
scientific description.

Results.

The world community is concerned about the
growth rate of motorization and related transport
and environmental problems, especially for large
metropolitan areas. In these circumstances,
priorities focus on more environmentally friendly
modes of rail transport [ 1-4] as railways and metro.

It is not a secret that for the most efficient
development of the territory of large cities,
including development of nearby suburbs, and in
order to improve transport accessibility and
increase population mobility, special preference is
given to construction of metro lines. The choice of
an option of laying metro lines either underground
(sub-surface or deep stations), above ground, or
on the surface depends on many factors. Each of
the possible options has its own advantages and
disadvantages (limitations). For example, for
St. Petersburg, where, as itis known, the geological
structure of near-surface geo-massifs with
extremely low bearing capacity, does not allow
construction of running tunnels and construction of
sub-surface stations. Therefore, metro passengers
in the «northern capital» are now spending more
time on the escalator descent and ascent (due to
the deep stations) than directly on the travel
between stations.

At the same time, the existing ground metro
lines are open lines that operate in adverse
meteorological conditions — under the influence of
precipitation, solar radiation, and high heating of
the upper track structure in the summer, at very low
outdoor temperatures in winter (up to -40°C and
below) and the presence of ice. Ground open lines
also create noise when trains move, painfully

perceived by residents in the zone of urban
development closest to the metro.

Against this background, it is of interest to use
technical solutions, which are based on construction
of pre-fabricated elevated above-ground metro
tunnels in closed cylindrical shells of precast concrete
and reinforced concrete. For sections of lines which
are curved in plan or in longitufinal profile, with slopes
of up to 0,01%, similar structures, prefabricated with
toroidal design, can also be used.

Metro stations shall be designed only in the
elevated version with the access of structures to the
elevations of the urban road network, which will
provide optimal conditions for public transport and
create maximum comfort for movement of
passengers. Architectural planning and design
solutions of the stations, as well as the architecture
of the external appearance (design) of the running
tunnels, including emergency evacuation exit
systems, remain open for creative thought.

Overpasses of running tunnels and premises of
metro stations, whose supports are located on
foundations made with drilled piers, should be
elevated above the natural surface of the earth at the
height which is not less than the height marks of the
bottom of their structures, preventing contact with the
aquatic environment during emergency flooding of
urban areas. For example, such an approach is highly
expedient in St. Petersburg in case of emergency
destruction of protective dams separating a city from
rising waters in the Gulf of Finland of the Baltic Sea.

The maximum elevations of the bottom structures
of above-ground running tunnels, as well as of the
stations themselves, if they are located at the places
where transport hubs are formed, are determined by
the need to construct interchanges at different levels
inaccordance with the general development plans of
Moscow, St. Petersburg and, possibly, a number of
other major cities. Deciduous trees are not excluded
on both sides of the overpasses of overhead closed
metro. Under overpasses, it is convenient to have
parking lots and all sorts of one-story buildings.
Running tunnels of overground metro lines can be
either double or single track respectively for each
direction of train movement.

The required number of specially controlled
emergency exits to the outside for passengers and
metro personnel — within the stations and throughout
allthe hauls between the stations, as well as to provide
access to the tunnels for rescue services and fire
teams, should be provided in the running tunnels.

In general, in our opinion, the use of above-
ground metro facilities does not require significant
and costly work on redevelopment (transfer) of
existing engineering communications, and that will
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undoubtedly reduce the cost of construction of such
facilities.

Innovative technical solutions for construction of
elevated above-ground tunnels and metro stations
are becoming possible forimplementation in transport
construction as a result of many years of creative work
by scientists of Russian University of Transport(MIIT),
which resulted in the receipt of the RF patent for
invention «Composite carrier block and mounting
connection of bearing blocks of the prefabricated
building structure» [5].

The invention, according to this patent, relates to
construction of engineering structures with a
supporting frame in the form of prefabricated
composite structures with shell, slab or shell-slab
large-size structure, single and multiply, including
cellular, with mounting blocks of reinforced concrete
with steel or non-metallic rod fittings, with possible
inclusion in the shells and plates of plate or thin-walled
shell elements of steel sheet metal and embedded
metal tubular parts, forming compounds of mounting
blocks interconnected with other building structures.

New steel concrete precast shell structures are
appropriate:

« for use in construction areas such as bridge
construction, bottom subsea tunneling, foundation
engineering, reservoir construction;

« for creation of roadbeds of embankments of
railways and highways (with the height of special
structures of such embankments ranging from 2 to
6m)[6, pp. 15-18];

- for construction of retaining walls and special
bank protection structures;

- for construction of sea and river port berths,
structures of transport galleries, columns, walls and
ceilings of industrial buildings, high-rise structures,
toroidal, dome, cylindrical and conical vaulted
structures;

« for construction of the bases of fixed offshore
above-water platforms and mobile underwater
platforms (bottom ones — at sea depths up to
400 m) for hydrocarbon production on sea shelves;

« for construction of high-rise structures of
ventpipes and chimneys, cooling towers, sea and river
terminals.

Besides, prefabricated shell structures of the
«tower» type can be used for shafts [7].

Conclusion. A. Toffler noted that communication
becomes increasingly important in the process of
wealth creation [8, p. 28].

The solution of the transport problem of
megacities, related to their accelerated motorization,
the lack of a developed and unloaded network of
roads, the emergence of new mass housing on the
outskirts of cities, in the near future will acquire a more
pressing political and socio-economic character. This,
of course, will require adequate measures aimed at
eliminating imbalances and «bottlenecks» in
development of urban transport infrastructure and,
as a result, a need to reduce the harmful effects of
road traffic on the environment.

According to preliminary estimates by experts,
annually due to traffic jams on the roads, Moscow
and St. Petersburg lose in total about a trillion
rubles, and every year this figure grows. On
average, Muscovites spend 2,5 hours a day in traffic
jams. Residents of St. Petersburg spend in traffic
jams about two hours a day. The generalized trillion
includes both budgetary losses (wear and tear of
the roadway, expenses for traffic management,
environmental damage) and losses incurred by
drivers (excessive consumption of fuel and personal
time, car depreciation). According to the
calculations of «Smilink» information-analytical
agency, for each hour of idle time of one vehicle,
the state and the driver pay about 500 rubles «on
the principles of co-financing» [9].

In our opinion, only construction of new (above
all — overhead) metro lines and sections of railways
(as structures of «green» modes of transport) in the
«city—suburb» chain can significantly help to meet
challenges imposed by the transport and
environmental situation in megacities.
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SAFETY AND SECURITY

(YI[K 629.1.02:62—714.1.4

Anekcein HEKJ1TIO40B
Alexey N. NEKLUDOV

Jio6oeb CJIALKOBA
Lubov A. SLADKOVA

Analysis of Methods to De-Ice Roads
(TekcT cTatby Ha aHJl. 93. —
English text of the article — p. 187)

Ucnonb3ys nonyyerHHbie maTepuabi

O MPOYHOCTHBIX XapaKTepucTuKax baa,

aBTOpPbI aHaJIN3UPYIOT CIIOCO6bI pa3pyLUeHns
JNibAa, ncxons U3 ero CBOKCTB U NoBeAeHUs

B pa3JINYHbIX yCI/IOBUSIX. YCTaHOBJIEHO, YTO
TernsioBoe Bo3gevicTeue (naaBseHue, napoBoe

Y ra3oTepMmMYecKoe) MOXeT CYUTaTbCcs Hanbonee
HEeBbIroA4HbIM C MO3ULNUN dHEPro3arTpar.
Xumunyeckoe paspyweHue nbaa BegET

K KOPPO3UOHHOMY BO3AE/CTBUIO HA JOPOXHOE
MOKpbITUE, aBTOTPAHCMOPT U OTPULATESIbHO
BIMSIET HA NTIOAEV U OKPYXKaIOLLYIO CPeay.
MHorue apyrue crnoco06bl (31ekTpogpusnyeckme,
aneKTporuapasanydeckmne, 31eKTPoMarHuTHble)
HaxoAsTCcs Ha CTaauu Hay4YyHbIX pa3paboTok.
CamMbIM BbIroAHbIM C TOYKU 3PEHUS MPOCTOTbI
KOHCTPYKUUN, SHepro3aTpar, 3KOJIOrMYHOCTHU

1 9KOHOMUYHOCTU OCTaETCS MexaHU4YeCKuii crnoco6
pa3spywieHus baa (yaap, CHWKeHue aaBieHus
nop neasiHoVi KOPKoW, pe3aHue, ckos, 6ypeHune).
Mpeanaraemasi B cTaTbe KOHCTPYKUMNS agantepa
Ans 60pb6bI C TIbAO0OPa30BaHUEM OT/INHAETCH
npexae BCcero ripocToToi U3roToBJI€HNS

1 o6cayXnBaHUs.

Knto4eBbie caoBa: TpaHCrnopT, AOPOXHOE MoKpPbITUE,
nén, crnocobbl 60pbLObI, IbA00OPa3oBaHNe, roaoiés,
rononeauua, Temneparypa, CBoVCTBa /ibAaa,
aBapuiiHble PUcky, 6€30MacHOCTb.
|
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BESOINACHOCITE

AHann3 cnoco00oB 60pPbLODLI
C Nbao000pa3oBaHNEM

Caaorosa Jlto6o6s Aaex-
canoposna — dokmop mex-
HuYecKux Hayk, npogheccop
Poccuiickoeo ynusepcumema
mpancnopma (MHUHT),
Mockea, Poccus.
Hexar0006 Aaexceti Huxo-
aaeeut — Kanouoam mex-
HUYeCKUX HayK, 3a8edyio-
wuii kagedpoii nymegoix,
CIMPOUMENbHbIX MAUIUH

U poOOMOMEXHUHECKUX
xomnaexcoe PYT (MUHUT),
Mockea, Poccus.

Kysneuoe Anopeii Huxo-
aaeeuq — acnuparwm PYT
(MUHUT), Mockea, Poccus.

Anppeit KYSBHELLOB
Andrey N. KUZNETSOV

JTHOM M3 0COOEHHOCTEH TpaHCIIOpTa

SIBJISIETCS 3aBUCUMMOCTD €ro (pyHK-

LHUOHUPOBAHUS OT MPUPOIHBIX
GaKToOpoB, B YaCTHOCTH, OT METEOPOJIOTHYE-
CKUX YCJIOBUIA, KOTOPbIE MOTYT 3HAUMTEJIBHO
OCJIOXKHUTD U JaXke MPUOCTAHOBUTH PaboTy
TpaHcrnopTa. K MeTeoycaoBHsIM, OKa3bIBalO-
LM HETaTUBHOE BJIMSIHUE, MOTYT OTHOCUTh-
cs: TeMIeparypa OKpyXalolleil cpesl,
BJIAXKHOCTh BO3/IyXa, BETEP, OCAAKU, TYMAHBbI,
rpo3bl, BBICOTA CHEXHOTO MOKpPOBa U T.II.
OHU onpeaessioT JaJibHOCTh BUAMMOCTH,
YXYAIIAIOT CLEIMHbIE KAYECTBA LIIMH C JOPOXK-
HBIM TTOKPBITUEM. DTO BAUSIHUE MOXET ObITh
KaK JJIMTEIbHBIM, TaK ¥ KPATKOBPEMEHHBIM.
Hanpumep, orpuuartesbHast TeMIieparypa
M HaJWU4Me CHEXHOTO MOKPOBa SBJISIOTCS
YCJIIOBUSIMM JUTUTEJBHOTO BIMUSIHUS, a Ocaj-
KM, TYMaH, ToJI0JIE] — KPaTKOBPEMEHHOTO.

CKOJIb3KASAA TEMA

CKoJIb3KHE TIOPOTH, COIJIACHO CTaTUCTU-
Ke, OJIHAa M3 TJIaBHBIX IMPUYMH aBTOTPAHC-
MOPTHBIX aBapuit 1 katactpod. 1o pazany-
HBIM JaHHBIM 10 15—70 % cityyaeB 1OPOKHO-



Ta0imuna 1

XapakTepuCTHKH MHTEHCHBHOCTH HA3EMHOI0 00,1eJeHeHNs

XapakTepucTuKa Tun obneneHeHust
Tononén M3mopo3sb OO6neieHe bl MOKPBIit CHET
Cna0blit -5 MM 1—49 MM 1—10 MM
YMepeHHbIit 6—19 MM >50 MM 11-34 mm
CUITbHBI >20 MM — >35 MM

TPAHCIMOPTHBIX MPOUCIIESCTBUI Ha aBTOMO-
OMJIbHOM TPAHCIIOPTE B 3UMHMU MEPUOM
00YCJIOBJICHBI UM COMPOBOXIAIOTCS SIBJIC-
HUsSMU obneneHeHus. Hampumep, cpenHee
KOJIMYECTBO T'OJIOJNIEAHBIX THE B TOMy IS
CTOJIMIIBI cocTaBsgeT S1 neHb (MpUIoXKeHUe
K TTIOCTaHOBJICHUIO MPaBUTEIbCTBAa MOCKBBI
ot 27 Hostopst 2001 . Ne 1063-TTIT).

CrenyeT pa3nuyarh MOHSTHUST «TOJTOJEM»
U «rojioneauuar. [oaonén — cioii apaa, obpa-
3YIOLLIUICS B pe3y/bTaTe BbINAACHUS TOXIS,
JIEASTHOTO OIS WM MOPOCHU, OH BO3HUKAET
Ha JIIOOBIX MpeaMeTax M MOBEPXHOCTU 3eMIIU
KakK TIpU OTPHUIIATEJIbHBIX TeMIIepaTypax, Tak
M TIpU TeMmrepaType Bosayxa no +3°C, ecnu
JIOPOKHOE MTOKPBITHE I1IE HE YCIIENIO ITPOTrPeTh-
csiociie «<MuHyca». B 95 % cityyaeB nosiBieHue
roJIoJiéAa MPOMCXOANT TIPY TeMIlepaType BO3-
nyxa, mpuomkaroieiics K 0°C, 1 oTHOCUTE b-
Ho BitaxkHoCcTH Bo3ayxa oT 80 1o 100 %. Tono-
JIeIUIIa 3Ke — Pe3yJIbTaT 3aMeP3aHusl TOXKICBOI
WJIY TaJION BOJIbI, IIOKPBIBAIOILIEH 3eMJTI0. DTOT
BUJ HA3¢MHOTO OO0JIEAICHEHUS TIPEACTaBIISIET
0co0y10 yrposy Uisl TpaHCIlopTa. 3epHUcTas
M3MOPO3b — CHETOBUIHBIN, PHIXJIbII OCamoK
MaTOBO-0€JI0ro 1BeTa, 00pa3ymILIniics Ha
MPOBOMAX, CYUbSIX AEPEBbSIX, OTACIbHBIX Tpa-
BUHKAaX, OTJIMYAeTCs OT TOJI0JIEna KpUCTaLI-
YyecKol cTpyKTypoii. O6pa3zoBaHue e€ HabJII0-
JAeTCsl TPU MEJIKMX KaTUIsSIX IepeoxXIakaIEHHO-
ro tyMaHa. OTJIO)KeHUEe MOKPOTO CHera — Jie-
IsiHas Macca, IO BHEUIHEMY BHUIY
HaIllOMUHAIOIasi OYeHb IUIOTHYIO MU3MOPO3b
WJIU TOJIONEN.

CreneHb MHTEHCHUBHOCTU Ha3eMHOTO
00JieIecHeHUS TIPUHSTO XapaKTepu30BaTh
0011Ieli TOMIIMHOM JbAa, KOTOpask CO3MaéTCs
3a OMpeaeJEHHbBIM MPOMEXYTOK BpeMEeHU
(cm. tabauny 1). [Ipu BOBHUKHOBEHUU
CKOJI3KOCTH KO3 (UITMEHT CLIETUICHUS IITUH
C MOBEPXHOCTBIO TOPOTY YMEHbIIAETCS 10
0,08—0,15, yTo MPUBOAUT K pe3KOMY CHUKE-
HUI0 6€30MaCHOCTHU ABUXKCHMSI.

CorjacHO TaHHBIM METEOCTAaTUCTUKU,
NpuBeOEHHBIM Ha caiite http://thermo.
karelia.ru/, B Mockae ¢ 1948 o 2015 ron rsitb
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MeCSILIEB B TOAY MMEJIN OTPULIATEILHYIO CPE/I-
HEMECSTYHYIO TeMITepaTypy.

CHEXHBII TTOKPOB B 3aBUCMMOCTH OT €0
BBICOTBI M COCTOSIHUSI MOXKET IPEACTaBISITh
OITaCHOCTH JJI TpaHcnopTta. Hannune cHera
Ha Tpoe3kKei 4acTu BBICOTOM B 3—5 cM yxke
BBI3bIBACT HEOOXOAMMOCTD YMEHBIIIEHUS CKO-
POCTHU ABVMKEHMS, a IPU BBICOTE CBBIIIE 25 cM
JIBUKEHNE CTAHOBUTCS HEBO3MOXHBIM. K co-
3JaHUI0 CHEXXHOTO HaKaTa CO CKOJb3KOM
MMOBEPXHOCTHIO MPUBOINT YIJIOTHEHME CHEra
KoJi€caMU ABMXKYILIMXCSI aBTOMOOWIICH.

NEQ U NIAMEHb

PaccmoTpum nén kak o0beKT 00PbObI
C ToJIONIEAHBIMU sIBAeHUsIMU. W3 Kypca du-
3MKM U XUMUM B IIKOJIE U3BECTHO, UTO JIED —
9TO TBEPIOE COCTOSIHUE BOJbI, MOJICKYJISIpHAS
(opmyna koropoit H,O. Hecmotps Ha Kaxy-
LIYIOCSI TPOCTOTY ATOrO BellecTBa U MOBCE-
JNIHEBHBII MPUBBIYHBIA KOHTAKT C HEW Yes0-
BeKa, O BOAE B JIIOOOM €€ COCTOSTHUM MBI
3HaeM OYE€Hb MaJio.

B coBpeMeHHBIX HayYHO-TEXHUYECKUX
1 NyONMUMCTUYECKUX UCTOYHUKAX [1—4],
OCHOBBIBAsSICh Ha pe3yJibTaTax aHaan3a CreK-
Tpa UHGPAKPaCHOIo MOTJIOILIEHHUSI, PEHTIe-
HOBCKMX, 3JIEKTPOHHO-MUKPOCKOIMUYECKUX
U MHOTUX APYIUX UCCIENOBaHUI, yUEHbIE
MPUBOAAT HEKME OOIIMe CBEASHUS O MOJie-
KyJie BoAbl. MoJiekya godbl peaCcTaBsIeT
co0oii 1Ba aToMa BOJAOPONA, YAAJAEHHBIX OT
aroma kuciopogaHa 0,96 A (1 A =10-%cm),
pacrnoJiaralomMxcs OT HEro B HarpaBIeHUSIX,
oOpazytomux mexay coboit 105°. Tlpuuém
pagychl aTOMOB Kucaoposa paBHbl 1,4 A |
aBoznopozna — 1,2 A. Takum o6pazom, cocTosi-
HUe€ BObI OTIpeaesIsIeTCs ABYMSI TepMOAMHA -
MUYECKMMMU TePEMEHHBIMU: TeMIepaTypoit
U JaBJICHUEM.

JIé0 meeT rekcaroHajJbHYI0 KpUCTAJIM -
YECKYI0 CTPYKTYPY, U MOJIEKYJIbl BOJbI Bbl-
CTpauBalOTCS B HEM B IIECTUYTOJbHUK.
BcnoMHMM, 4TO MoJieKyja BOAbl UMEET
¢dopMy 11apa ¢ AByms1 0yropkamu. B kpuctan-
JIe JIbJla MOJIEKYyJia BOAbl ODUEHTUPYETCS TaK,

CnapxoBa J1. A., Hekniogos A. H., Ky3HeuoB A. H. AHanu3 cnoco60B 60pb0ObI C IbA006Pa3oBaHUEM
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Puc. 1. pagpmk 3aBUCUMOCTHU NMIOTHOCTU BOAbI OT TeMneparypsbi [2].

4yTOOBI 00a aTOMa BOAOPO/Ia ObUIM HAITpaBJIe-
HBI CTPOTO B CTOPOHY IBYX APYTUX MOJICKYT
Boabl. [1py BOBHUKHOBEHUHU CTPYKTYPHI JIbIa
YTOJI MEXKIy aTOMaMM BOAOPO/Ia B MOJIEKYJIax
BOJBI YBEJIMYMBaAeTCsd Ha 4° 10 CpaBHEHUIO
C BEJIMYMHOMN TOTO XK€ Yrjia B MOJEKyJax,
o6pasyromux map (105°) [2, c. 42]. U3meHe-
HUE BaJICHTHOTO yTIJla B MOJICKYJE BOJBI,
BIIPOYEM, TOJIBKO OJHA M3 HECKOIbKUX aHO-
MaJIMIi 3TOTO YIMBUTEIHLHOTO BEIIIECTBA.

[Ipouecc 1pM000pa3oBaHUs MPOTEKALT
CIeyIoIIMM 00pa3oM: Boa, OXJIaXIasich 10
+4°C, pocTUraeT MakcumMyMa TJIOTHOCTH.
J1J1st TOro 4TOOBI MONYYUTH NEA U3 1 KT BOABI
¢ Temriepatypoit +4°C, Hy>XKHO OXJIaJIUTh €&
1o Touku Kpuctamnusauuu 0°C mpu Hop-
MaJIbHOM JaBJIeHUM, 3a0paB dHEPIHUlo, paB-
Hy10 16 KX, a U1 CKPBITOM TEIJIOTHI JIBIO0-
00pa3oBaHUS MPU KPUCTAIU3ALUU BOIBI
oTHATH 332 x/IXK. AMopdHas CTpyKTypa ro-
JoJI€na OOBSICHSETCS TEM, YTO TIpollecc 3a-
Mep3aHUS ITePeOXTKIEHHON BOIBI HECKOIb-
KO 3aJIeP>KMBACTCsI BBIIEISIONICHCS TTPU 3TOM
CKPBITOU TEIJOTON JbI000pa30oBaHUS.
BcenenctBue 3Toro Kamiau, Mpexae YeM 3a-
MEP3HYTh, YCIIEBAIOT PACTEUbCS T10 TIPEAMETY,
00pasys CIUIOIITHOI MOKPOB JIbJA.

Ipaduk n3amMeHeHUs TNIOTHOCTU BOABI OT
TeMIiepaTyphl IpuBeaEH Ha puc. 1.

Ananus rpacduka puc. 1 cCBUIETEIbCTBYET
0 TOM, YTO MPU HEM3MEHHOCTHU MaCCHI BEIlle-
cTBa (BOIBI) B )KUIKOM COCTOSTHUM TIEPEXOT e€
B TBEPIOE COCTOSIHME HEM3MEHHO HOJIKEH
BECTHU K YBEJIMYECHUIO 00bEMa BOIbI, HAXOASI-
IIECs B TBEPAOM COCTOSIHMH, U 3TO MOXKET
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SIBJISITCSI TIPUYMHOM paCIIMPEHUs JIbIa IPKU
oxyaxkaeHuK. Ha mpo4HOCTS Jibla OKa3bIBaloOT
CHJIBHOE BJIMSIHME BHEIIHME YCIOBUS — Xa-
pakTep Harpy3ok, TeILUIOBOM PEXMM, arpec-
CHUBHOCTb OKPY3KaIOIIEH Cpe/ibl, TOBEPXHOCT-
Hble 3PdeKTh U T.A. JJaHHBIE 1O TIPOYHOCT-
HBIM XapaKTEePUCTUKAM JibAa, MOJTy4eHHBIM
KCCJIeIOBATEIIMA MHOTHX CTPaH 3a IIPe/IIie-
crytoue 100 jieT, ”MeIoT OONBIION Trara-
30H 3HavyeHMUii. Hanpumep, IpoYHOCTh Ha
cxarue usmersercsa ot 4« 10° o 130+ 10° I1a
1 0oJiee, a MpOYHOCTh Ha M3rnd — ot 3 * 10° 1o
30105 ITa [5, c. 5]. XapakrepuCTUKH JIba
OIPEICIISIIOTCS €T0 CTPYKTYpoit (hopMma, pas-
Mep KPUCTAJUIOB, HallpaBJIeHUEe KPUCTAJLIO-
OINTUYECKUX OCEH, KOJIMYECTBO BO3MYLIHBIX
BKJIIOUCHUM U T.10.).

CTpyKTypHBI€ CBSI3U B peLIETKE JIblaa
BCJICACTBUE pa3JMYHON MPOYHOCTHU IOJI
BO3IEMCTBMEM HArpy30K HapyllaloTcs He-
OJAMHAKOBO 110 Pa3JIMYHBIM KPUCTAJIOOMN -
TUYECKKMM HaIlPaBJICHUSIM, T.€. IIPOSIBIISICTCS
AaHM3O0TPOMNUSI MEeXaHUYECKHUX CBOMCTB.
ITpoYHOCTS JIbIa 3aBUCUT OT TEMIIEPATYPHI,
TaK KakK IpU MOHMXEHUU TeMIIepaTyphl
MMOHMKAETCsI TOABMKHOCTh aTOMOB BOIOPO-
JIa, ¥ CBSI3b MEXXY OTIEIbHBIMU KPUCTAJLIa-
MU yBeauuuBaeTcs. Mi3aMeHeHUe CBOMCTB
JIbJIa B 3aBUCUMOCTH OT TEMIIePaTypPhl TAKXKe
00YCIOBJIEHO COJlepKaHueM B HEM KUIKOM
¢da3pl. C MOBHIIIEHUEM TeMIlepaTyphl 3TO
coJiepxKaHue yBEJIUYUBACTCS, YTO CIOCO0-
CTBYET YMEHbIICHUIO JIEAOBOI MPOYHOCTU
U 60Jiee MHTEHCUBHOMY IIPOSIBICHUIO TjIa-
CTUYECKUX CBOMCTB.
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Mertoas! pa3pyiieHus abaa
Mexanunueckuit XUMHYECKHUi DiekTpohU3MIECKHii Tepmuueckuit KomOunupoBaHHbIi
Ynap JIyuesoit Harpes
Ckox DIIeKTPOUMITYJILCHBIH PaguanmoHHbIi
Bznom VY ibTpa3BykoBoit
PasnaBnuBanue DJeKTPOMarHUTHbBII
Bubpanus
Hcrupanue

Puc. 2. Knaccugumkaums MeTogoB pa3pyLieHus JibA4a no crnocoby Bo34eiCcTBuS.

Hapno 3amMeTuTh, YTO MpU MIaBJIEHUHU JIbJa
HE MPOUCXOIUT Cpa3y MOJHOTO pa3pylIeHUs
KpUCTAJLIMYECKO pelméTku. Pa3priBaeTcs
JIMIIb HEOOJIBIIIOE KOTUYECTBO MEXKMOJIEKY-
JISIpHBIX cBsi3eit, mpu 0°C yuciio Takux pas-
PYILIEHHbBIX CBsSI3ei cocTaBisieT oKoJjo 15 %.
OcTanbHbIe MOJIEKYJbl COXPAHSIOT MOA00-
HYIO KPUCTAJLITy CTPYKTYPY BHYTPU HEOOJb-
X obyacTeit.

W3 ckazaHHOTO CleayeT, YTO BbIOOP CIo-
co0OB pa3pyuIeHUsl Jibja HEOOXOIUMO Jie-
JlaTh, UCXOMSl U3 €r0 CBOWCTB U MOBENCHUS
B Pa3IUYHBIX YCIOBUSIX.

KJIACCUDOUKALIUA METOO0B

IIpu aHanuze MHOTOOOpa3usl TexXHUYE-
CKMX CPeJICTB, MpeaHa3HAYeHHbIX 151 00pb-
OBI C FOJIOJIEMHBIMU SIBJICHUSIMU, 11€JIECO00-
pa3HO OOBEAMHUTH TEXHUUYECKUE pPEeIeHUSs
B IPYIIIbI IO CIOCOOY BO3AEUCTBUS HA pa3-
pyIIaeMblii 1€ (CM. puc. 2).

B ocHOBe TepMUUECKOTO pa3pylleHus JIbaa
HaXOAUTCSI ero CroCOOHOCTh K TasiHUIO T10
JIOCTVKEHUW UM TeMITepaTyphl IUIaBlIeHUs, HO
MpY 9TOM BOJIa CITOCOOHA MPU COOTBETCTBYIO-
11X YCJIOBUSX K TOBTOPHOMY JIbA000Opa3oBa-
Huwo. HeobxonuMo OoTMETUTh, UTO TEILJIOBOE
BO3/ICICTBUE Ha JIEN SIBJISIETCSl HAMOO0JIee HEBbI-
TOIHBIM ¢ MO3ULIMM dHepro3arpart. (Ha mias-
JIEHUE JIbJA 1151 ITOJIHOTO pacToIieHus 1 M3 ero
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00bEMa 3a | yac moTpedyeTcst UICTOYHUK MOIII -
HocTblo okoJio 0,1 MBT [35, ¢. 135], uTo Gosee
YeM B CTO pa3 MPeBbIIIACT IHEPTHIO, JOCTATOU -
HYIO /151 IUTaBJICHUSI METALIOB). TeM He MeHee
TETJIOBbIE METOJIbI, OCHOBAaHHbIE Ha UCITOJIb-
30BaHUU JCIIEBOI MOMYyTHON SHEPIUU (Hapu-
Mep, OTPabOTaHHOTO TeTljIa TPOMBIIIUIEHHBIX,
CYIIOBBIX YCTAHOBOK) M apOBOU 3HEPTUU
CoJtH11a, MOTYT B HEKOTOPBIX CITy4asiX SIBUTHCS
5KOHOMMYECKH BBITOTHBIMMU.

3auepHsonue cpeacTBa (MOPOIIKU TEM-
HOTO 1IBETa C IULTOTHOCTBIO OOJIbIIIE €MUHULLBI)
SIBJISIFOT COOOI COJTHEUHO-pagnallMOHHbIN
MOJXOM K pa3pyIIeHUIO JIbIa, HE TPeOYIOUINA
SHEPro3aTpar u NMpeaycMaTpuBaloIInil MaK-
cUMabHOE TIPUMEHEHME COJTHEYHOM 2HEep-
TUU JUTSI TasSTHUS JIbJIa, CHUXKAs éro OTpaXkaro-
1yto cnocodbHocTh. OTHAKO UCITOJIb30BaHUE
3a4epHEHUS] OTPAHUYMBAETCS TIPY HATMYU U
00J1aYHOCTU U OCAIKOB.

B ocHOBY MapoBOro 1 ra30TepMHUYECKOTo
Ccoco00B MOJIOKEHO PACTOTIJICHUE JIbAa MPU
TMOMOIILIM TIapa, CTPY#H Topsiueid BOJbI, JIMOO
HUCIMOJb30BaHUE BO3yXa, OTOUPAEMOIro OT
KOMITPECCOPOB ABUTATENsI, UM BO31yXa,
HarpeBaeMoro B TeIJI00OMEHHMKAX IIUPKY-
JIMPYIOIIMMK B HUX BBIXJIOTTHBIMU Ta3aMU.
BapuaHT MaJIonpUMEHNUM B YCIIOBUSIX TOPOXK-
HOTO XO3SIICTBAa C DHEPreTUYECKON TOUKHU
3peHus. JormycTuM, Ipyu OUYMCTKE B3JIETHO-
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TOCa0YHOI IMTOJIOCHI IIMPUHOM 3,66 M U [UTH-
HOI B | KM OT JiensTHOM KOPKM TOJILIAHOU
15 MM ¢ moMoIbIO TA30TYPOUHHBIX IBUTATE -
neit TT-16 u nBuraTeneit AH-26 HEOOXOAMMO
1200 1 Toruiusal

XUMUYECKOoe pa3pyllieHUe Jbaa OCHOBAHO
Ha CBOMCTBE HEKOTOPBIX XUMUYECKUX COETU -
HEeHU 0O0pa3oBBIBATH CO JIBJAOM CMECH,
umerolre 6osee HU3KYIO TEMIepaTypy iaB-
JICHUS, 4eM cam Jién. XMMUYECKHe BellecTBa
BHEJPSIIOTCS B JIEA, Hapyllas B HEM MOHO-
JIMTHOCTb, YTO CYIIECTBEHHO CHUXAET €ro
npoyHocTh. K HegocTaTkaMm mpu 3TOM cJie-
JIyeT OTHECTU KOPPO3UOHHYIO aKTUBHOCTH
XUMUWYECKUX BEIIECTB U UX BPEN SKOJOTUH.

DnekTpodusnueckoe paspylieHue Jbaa
(MpUMeHEeHUE BBICOKOYACTOTHBIX MATHUTHBIX
MnoJieii, yJapTpa3BykKa, paaualuu, Ja3epoB)
HaxXOJIUTCS Ha CTaluy HayyHO-HCCIeq0Ba-
TEJIbCKUX U OMBITHO-KOHCTPYKTOPCKUX pa-
00T. BOJIBIIIMHCTBO MPOEKTOB TaK U HE BBI-
1LJTIO U3 CTAAUU SKCIIEPUMEHTAIbHBIX UCCTIE-
JIOBaHU. DJIEKTPOUMITYJIbCHOE BO3EHCTBUE
TpeOyeT HaATUYUS CJAOXKHBIX TOHKOCTEHHBIX
KOHCTPYKIIMM.

DJIeKTPOTUAPABINYECKUE CPENCTBA OCHO-
BaHbl Ha CO3JaHUU BBICOKOTO TUIpABINYE-
CKOTO IaBJIEHUS BEICOKOBOJIETHBIM UMITYJIbC-
HBIM HUCKPOBBIM Pa3psaoM BOKPYT 30HBI
pa3psiia BHyTpU 00bEMA XKUAKOCTU. Pa3py-
marmuin 3dEeKT OT 3IEeKTPOruapaBInye-
CKOTr0O UMITYJIbCa aHAJOTUYEH Pe3yJbTaTy
BO3/IECTBUS SKBUBAJEHTHOTO ITO MOLITHOCTU
B3pbIBa 3apsiia 0OBIYHOIO B3PHIBYUATOTO BE-
1eCTBa.

DJIeKTpOMarHUTHbIE TOJISI BBICOKOU WH-
TEHCHUBHOCTH B T1aNa30HE BHICOKUX U CBEPX-
BBICOKMX YaCTOT B C/Ty4yae KOHTAaKTHOTO Ha-
rpeBa M3-3a HU3KOUW TEIIOMPOBOAHOCTU
ManoaddexTuseH [7, 8]. OnHako npu pe3a-
HUU JIbJIa HAJIOKEHWE Ha PEeXYIIUI UHCTPY-
MEHT BBICOKOYACTOTHBIX YIIPYTUX KOJeOaHUA
MO3BOJISIET YMEHBIIUTh YCUJIME Ha pe3le
U YBEJUYUTH CKOPOCTH mpolecca B 1,5—2
pasa.

MEXAHUYECKOE BO3ENCTBUE
HA NEQ

PaznbiMu aBTOpamu [9—12] mpenyioxkeHb
yCTpOiCcTBa s IpOOUBAHUS Jibla C UC-
MOJIb30BaHUEM dHepruu yaapa. [Ipu satom
HalpaBjieHUEe yaapa ObIBaeT CBEPXY BHU3
WJIW CHU3Y BBEPX IMEPIEHAUKYISIPHO TO-
BEPXHOCTHU Jibaa. B kauecTBe padbouero op-
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raHa, Kak NpaBWJIO, BBICTYIAET yIapHUK,
Ha3BaHWE KOTOPOTO 3aBUCUT OT IIPUHIIMIIA
nevictBus. [IryOrHaA MPOHMKHOBEHUSI TAKOTO
yAapHMKa B JIEJ KOJIEOIeTCs OT HECKOJIbKUX
CaHTUMETpPOB a0 2—3 MeTpoB. Ho npu aTom
CKOPOCTh TIepeMellleHUs yIapHUKa B MO-
MEHT KOHTAaKTa CO JIbJIOM JOJKHA OBITH He
MeHee 90 M/c M 3aBHCHT OT TEXHHYCCKUX
BO3MOXHOCTEH yCcTpoiicTBa (YCTAaHOBJIEHO,
YTO OTKJIOHEHWE HalpaBJIEHUS yaapa OT
HOPMaJbHOTO K MOBEPXHOCTH JIbja Ha YToJl
MeHee 40° BeI€T K pUKoOIIeTy pabodero op-
raHa).

JeiicTBUE yaapa MOXET ObITh THEBMATU -
YEeCKUM, TUIPABINYECKUM, OaJIuCTUUC-
CKMM, BUOPAITMOHHBIM.

HMHTepeceH criocob pa3pylieHus Jibaa 3a
CUET OTCOCA BO3ayXa (CHUXKEHUS TaBICHUS)
B MsITHE KOHTAKTa, YTO BEJIET K OCIa0JeHUIO
CBSI3€ll B KPUCTAJUIMYECKON CTPYKTYPE JIbIIa.

BanaMbiBatonine cpenctBa OTHOCSTCS
K YCTpOICTBaM, PacIioJOKEHHBIM Ha JIe0-
BBIX cyzmax. JIE B3mamMbIBaeTCss CHU3Y BBEPX
3a CYET OPUTUHAIBHOU (POPMBI (hOPIITEBHS
(mat. 131283, HopBerust) Wiv npuMeHeHUs
Oy/Jb0 — CIeUAIbHOTO YIIUPEHUST HUXKHEN
YacTU HOCOBOW OKOHEYHOCTH CyTHA.

ITHeBMaTHUeCKME CpeICTBA HAllEICHBI Ha
JIAIIIEHWE JIEISTHOTO TTIOKPOBA YIIPYTOTo TH/I -
paBJIMYECKOr0 OCHOBAaHWUS, KOTJa Io/aBae-
MBI B TIOMJIEMHOE MTPOCTPAHCTBO CXKAThIN
BO3J/IyX OTTECHSIET BOAY OT HUXKHEI TTOBEpX-
HOCTH JIbjIa Y TOT, JIMIIEHHBIN OIMOPHI, pa3-
pyiIaeTcs ol COOCTBEHHOM TSIXKECThIO.

W3 pexynmx cpeacTB MOXHO BBIIEITUTh
JIBE TPYMIIBI: YCTPOMCTBA C TMOKUMU PEXY-
MU 3JIEMEHTAMU U YCTPOMCTBA ¢ ppesep-
HBIMU PaOOYMMM OpraHaMH.

K atum rpynmaM OoTHOCSITCS JieTOBbIE
IEITHbIEe MUJIBI Pa3IMYHbIX MOIU(UKATINIA
(6apoBble, dpe3epHbIe MAlIMHbBI), KOTOPbIE
WMEIOT TIPOCTYI0 KOHCTPYKIIMIO U BBICOKYIO
MPOM3BOAUTENBHOCTD [13, 14]. X npumeHe-
HUE 1ieJIecoo0pa3Ho MpU pa3pylIeHUHU Jbaa
0OJIBLLION TOMIIMHBIL. JIbIOCKATBIBATEIM TP~
Ha3HauYeHBI IJIST CHATHUS ¥ U3MeJIbYeHUsI (hpe-
3epOBaHUEM JIHI000PA30BaAHUI M CMEPIIITUX-
csl TPYHTOIIECYaHbIX HAHOCOB Ha JOpOrax
u Tpotyapax. [Tomo6HOe TpaKTOpHOE HaBec-
Hoe 000pyI0BaHUE MO3BOJISIET MTPOU3BOAUTH
MePBUYHOE CHSTHUE JIbI000pa30BaHUI C J10-
poxHoro nojotHa. Ho nmonHoe oTaeneHue
JIbJa OT MOKPBITUS MPOUCXOIUT TOJHKO
B YCJIOBUSIX OTTETIENM, ITIPY TEMITEPaType BO3-
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Puc. 3. Cxema KOHCTpyKkumMu agantepa as1s 60pb6bi ¢ rononeguued: 1 — yenHas nepenaya; 2 — coegNHNUTENIbHas
My@pTa; 3 — NPOMEXXYTOYHbIV KOJIeHYaTblIli Basn; 4 — KPOHLUTEIiH; 5 — yaapHoe yCcTpo#rcTBO; 6 — Thbi/lbHasi CTOPOHa
OTBaJIbHOV MOBEPXHOCTH.

nyxa Hrke -3°C, TONIIMHA OCTaBISIEMOTO CII0SI
Jpaa cocrasisieT 10—20 MM,

TTpumeHeHue cxanvigaroujux CpeicTB oc-
HOBAHO Ha CBOMCTBE JIbJIa XPYITKO pa3pyliaTh-
CsI TIOJT ICMICTBUEM BOJTH HATIPSIKEHUI ToCcTa-
TOYHOI MHTEHCUBHOCTH,, KOTOPbIE MOTYT OBITh
BBEJIEHBI BJIET C TOMOIIIBIO JINOO KOHIIEHTPU -
pPOBaHHOI AMHAMUYECKON, JINOO MEIJIEHHO
npularaeMoi ctatnyeckoi Harpy3ku. THTeH-
CHUBHOCTb Harpy3o0K JIOJDKHA OBITh TIpUeMIIe-
MOW 111 00pa3oBaHUs TPEUIMH. YAelabHas
SHEPrus pa3pylIeHUs Jibla C UCTIOIb30BaHU -
€M YIIPYTUX BOJIH HATIPSDKEHW I 3HAYUTEIEHO
MEHBbIIIe, YeM yeJIbHAsI SHEPTUS pa3pyIIeHUsT
Jpaa pe3anueM [12, 15].

BbypoBbie ycTpolictBa (Oypbl LIISAMOYpPO-
BbI€ WJIM KOJIOHKOBBIE (T10JTbI€), BUHTOBBIE
CBEPJIOBOTO TUTIA, KEPHOBBIE) pa3pyIIAIOT JIET
TPU TTOMOII MEXaHNYEeCKOTO BpaliaTebHO-
ro OypeHwust. Pabounmu opraHaMu siBJISIIOTCST
peXyliue MHCTPYMEHTBI Pa3TMYHBbIX TUTIOB.
ITpousBoaUTETLHOCTh OYPEeHUST 3aBUCUT OT
KOHCTPYKIIMW MHCTpyMeHTa. [1pyu HopMasb-
HBIX YCJIOBUSIX HA OypeHue JIyHKU TJTyOuHOMI
1 M 3aTpauuBaeTcs okosio 5 MuH. ITpu Gype-
HUM MOKPOTO JibJa paboTa 3aTpymHsIeTCs,
MOSIBJISIETCSI HEOOXOAMMOCTh B HECKOJbKUX
3axoJax JUIsl OYMCTKU OT JIEJSTHOM KPOIIKHU.

KOHCTPYKUUA ABDANTEPA

Hawmu npemmaraeTcst KOHCTPYKIIUS afali-
Tepa It 00pBOHKI ¢ ToIoIeAuIIei (cM. puc. 3).
AnanTep npeacTaBisieT cO00i KoJeHYaThIi
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BaJl, COCTOSIIIIN I N3 HECKOJIbKUX KOJIEHYAThIX
BaJIOB M PACITOJIOXKEHHBIN Ha KPOHIITEHHAX,
YCTaHOBJICHHBIX HAa THUTbHOI CTOPOHE OTBa-
J1a Oyapao3epa. KojeHuyaTslil Baja MpUBOIMUT-
Csl BO BpallleHWe TTOCPEJICTBOM IIEITHOM Te-
penaydu, BeIoMbIe 3BE3M0YKU KOTOPOl MOH-
TUPYIOTCS Ha KOHIIEBHIX yJyacTKax Baja
¢ 00enx cTopoH. Beayiiuii Ban nenHoit mne-
penayu yepe3 peayKToOp COeNUHEH C BajioM
JBUTATENS1 OYIbA03€pa, OT KOTOPOTO MPOU3-
BOJUTCS OTOOp MOIIHOCTU. BKiaroueHue
ajanTtepa B pabOTy COBEpIIAET MAIIUHUCT
OyJibao3epa U3 KaOUHHLI.

CoennHeHMe KOJIEHYAThIX BAaJIOB 00ecIie-
YMBAETCS IIPU ITOMOIIN MY(PT, KOTOPEIE Kpe-
IISITCS Ha IBYX IIOITAPHO COSAMHEHHBIX Bajlax
MOCPEeNCTBOM IITU(DTOB Yepe3 COOCHbBIE OT-
BEepPCTHS Ha KOHIIEBBIX YIaCTKaX KOJICHYATHIX
BaJIOB U MydT. YnapHoe yCTPOUCTBO A
pa3paboTKN YIUIOTHEHHOTO OTBAJbHOM TO-
BEPXHOCTBIO CHEXXHOTIO HACTa WU Jiba CO-
CTOWT U3 ABYX IOJYXOMYTOB, COCIMHEHHBIX
MeXAy co0oii boaTaMu, U yCTaHABJIMBAETCS
Ha KaXJ0M IPOMEXYTOUHOM KOJIEHYaTOM
BaJTy. 3aTsIKKa O0JITOB PETYJINPYETCS C TAKUM
YCUJIMEM, YTOOBI OBIJIO BOBMOXHBIM CBOOO/I -
HOe BpallleHWe BHYTPEHHE MOBEPXHOCTH
XOMYTa OTHOCHUTEJIbHO LMJIMHIPUICCKON
MOBEPXHOCTU KOJieHYaToro Baja. [Ipu HeoO-
XOIUMOCTH MEXKAY MOJTYXOMYTaMU MOXKXHO
MPUMEHSITh MeTaJJNIYeCKUe MPOKIIaIKKN
tonmHoi 0,5—2 MmMm. K HUKHeMy Toyxo-
MYTY Ha OOIWHAKOBOM PAaCCTOSHUU IPYT OT
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JIpyTa TPy TTIOMOIIIY CBAPKU (JIEKTPUUECKOI)
TIPUBAPUBAIOTCST TPU BTYJIKM C BHYTPEHHEH
pe3booii. B Kaxaoii BTyJIKe ycTaHOBJIEH (3a-
KpYUYeH) yIapHUK, OCTpUE KOTOPOTO MpeTHa-
3HAYEHO 11 00pabOTKM CHEXHOTO HacTa
MyTéM HAHECEHUS 110 HEMY TTePUOANICCKUX
yAapoB MpU BpallleHUU KOJEHYATOTO Baja.

KoHcTpykiius anantepa no3possieT u3Me-
HSITB TTOJIOXKEHWE MTPOMEXYTOYHBIX KOJIeHYa-
THIX BaJIOB OTHOCUTEJIBHO APYT IpyTa.

JocTouHCcTBa mpemiaraeMoil KOHCTPYK-
LIMU YCTPOKCTBA 151 O0PBObI C TOJONETHBIMU
SIBICHUSIMU:

1. IIpocToTa KOHCTPYKLMHU agantepa rno-
3BOJISIET COOMpPATh €ro U3 HeOOXOAUMOTO
qyycia TPOMEXYTOUHBIX KOJIEHYAThIX BAJIOB
MOCPENCTBOM COETUHUTEIbHBIX MY(DT OObIY-
HBIMU COCIMHUTEIbHBIMMA 3JIEMEHTAMU,
HampuMep, MTuTaMHU.

2. BO3MOXHOCTb OBICTPOTO M3MEHEHUS
KOHCTPYKIIMU KOJEHYATOro Baja, T.€. OTHO-
CUTEJIBHOTO PACTIONIOKEHHSI IIPOMEXYTOUHBIX
KOJIEHBAJIOB OTHOCHUTEJILHO JPYT Ipyra He
TOJIBKO B IJIOCKOCTH, HO U B TPOCTPAHCTBE,
B 3aBUCMMOCTH OT NMPOYHOCTU U TOJIIIVHBI
pa3pabaTbIBa€MOro JibJa U €r0 COCTOSTHUS.

3. JIErkocTh U OBICTPOTA OOCTYKUBAHUS
KOHCTPYKIIMHU afanTepa B Ipolrecce padboThl
OTHUM Y€JIOBEKOM (MalIMHUCTOM OYJIbI03€e-
pa) Tpu 3aMeHe U B cllyyae MOJOMKU yaap-
Huka (7—10 MUHYT).

4. BO3MOXHOCTb U3MEHEHUS TITYOUHBI
pa3paboTKU CHEXXHOTO HACTa WU JIbAa MMyTEM
BBIIBVKEHMS yIapHUKA B TOCAOUYHBIX THE3-
Jax.

5. IIpocToTa U OBICTPOTA BBHIMOJHEHUS
ornepaluu.

6. bezonmacHOCTh TPOU3BOICTBA PEMOHT-
HBIX pabOT, TaK KaK IIPU OCTAaHOBKE JBUTATE-
JISI IPOMCXOIUT MOJTHAs OCTAHOBKA aanTepa.

BbiBO4bl

1. Pazpyuienue jbaa, Kak v JJlo00OTO TBEP-
JIOTO TeJia, CBA3aHO C TIOHSTUEM O €ro MpoU-
HOCTHU — CBOMCTBOM MaTepuasa B OTpeieIEH-
HBIX YCJIOBUSIX W TIpeJeliax, He pa3pyllasich,
BOCIIPUHUMATh Pa3IMUYHbIE MEXaHUYECKUE
Harpy3kvl U1 HepaBHOMEPHbBIE BO3MEICTBUS
pu3rYeCKUX MOJIEH.

2. [IpoyHOCTH JIbJIa B 3HAYUTETHLHOM CTe-

MeHU 3aBUCUT OT MHOTOOOPA3usl €ro CTPYK-
TypHBIX ocobeHHocTeil. Ha mpoyHoCTh
CUJIbHO BJIUSIIOT BHEIITHUE YCOBUS — XapaK-
Tep Harpy3okK, TeIJI0BOM PeXUM, arpecCUuB-
HOCTb OKPY>Karollel cpeabl, TOBEPXHOCTHbIE
a(PPeKTh U T. 1.

3. OCHOBHOIf U3 M3BECTHBIX CIIOCOOOB
OOpPBLOBI ¢ HAJIEABIO M CHEXKHBIM HaKaTOM IPU
3UMHEM COACPKAaHUU TOPOT — CHETOOUMCT-
Ka — SBIISIETCSI TPYOOEMKUM M TOPOTOCTOS -
UM, HO MEXaHUYECKUI CIoco0d paspyliie-
HUS JIbJa O0eIIaeT CTaTh HanboJIee epCcreK-
TUBHBIM U HaIEXKHBIM.
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ANALYSIS OF METHODS TO DE-ICE ROADS

Sladkova, Lubov A., Russian University of Transport, Moscow, Russia.
Nekludov, Alexey N., Russian University of Transport, Moscow, Russia.
Kuznetsov, Andrey N., Russian University of Transport, Moscow, Russia.

ABSTRACT

Using the obtained materials on strength
characteristics ofice, the authors analyze the methods
of de-icing based on ice properties and behavior in
various conditions. It is established that thermal
effects (melting, steam and gas-thermal) can be
considered the most disadvantageous from the
standpoint of energy consumption. Chemical
destruction of ice leads to corrosive effects on the
pavement, vehicles and adversely affect people and

the environment. Many other methods (electro-
physical, electrohydraulic, electromagnetic) are at the
stage of scientific development. The most profitable
method from the point of view of simplicity of design,
energy consumption, environmental friendliness and
efficiency remains the mechanical method of breaking
ice (impact, pressure reduction under the ice crust,
cutting, spalling, drilling). The design of an adapter
for road machines to de-ice roads, proposed in the
article is primarily characterized by ease of
manufacture and maintenance.

Keywords: transport, road surface, ice, de-icing, anti-icing, methods of control, ice formation, temperature,

ice properties, emergency risks, safety.

Background. One of the features of transport is
dependence of its functioning on natural factors, in
particular, on meteorological conditions, which can
significantly complicate and even suspend the
operation of transport. The adverse weather
conditions may include: ambient temperature, air
humidity, wind, precipitation, fog, thunderstorms,
snow depth, etc. They determine the range of visibility,
degrade the grip of tires with road surface. This
influence can be both long-term and short-term. For
example, negative temperature and the presence of
snow cover are conditions of prolonged influence,
while precipitation, fog, and ice are of short duration.

Objective. The objective of the authors is to
analyze different ways to combat ice formation in the
winter season.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, physical, chemical,
meteorological data analysis.

Results.

Delicate slippery topic

Slippery roads, according to statistics are among
the main causes of road traffic accidents. According
tovarious data, up to 15-70 % of road traffic accidents
during the winter period are caused or accompanied
by natural phenomena of icing. For example, there
are on average 51 days per year in Moscow when
roads are ice-covered (annex to the decree of
Moscow government dated November 27, 2001 No.
1063-PP).

Itis necessary to distinguish the concept of glaze
ice and black (or clear) ice. Glaze ice is the layer of
ice cumulated on any open surface of the ground or
ofan object, due to the freezing of precipitation (rain,
drizzle, freezing rain), falling at below-freezing
temperature either at ambient temperature of up to
+3°C, if the pavement has not yet managed to warm
up after the below-freezing temperature. In 95 % of
cases, the appearance of glaze ice occurs at air

temperatures approaching 0°C and relative humidity
from 80 to 100 %. Black ice is the result of freezing
rain or melt water covering the ground. This type of
ground icing poses a particular threat to transport.
Grainy hoar-frost is snowy, loose deposition of matt-
white color, formed on wires, branches, trees,
separate blades of grass, differs from glaze ice with
a crystalline structure. Its formation is observed
following small drops of supercooled mist. The
deposition of wet snow is an icy mass, resembling a
very dense hoar-frost or glaze ice in appearance.

The degree of intensity of ground icing is usually
characterized by total thickness of ice, which is
created over a certain period of time (see Table 1).
When slippage occurs, the coefficient of tire adhesion
to the road surface decreases to 0,08-0, 15, which
leads to a sharp decrease in traffic safety.

According to the weather statistics given on the
website http://thermo.karelia.ru/ in Moscow from
1948 to 2015, five months a year had a negative
average monthly temperature.

Snow cover, depending on its height and
condition, can be dangerous for transport. The
presence of snow on the carriageway with a height of
3-5 cm already necessitates a reduction in the speed
of movement, and at a height of more than 25 cm
movement becomes impossible. The compaction of
snow by wheels of moving cars leads to creation of a
snow reel with a slippery surface.

Ice and fire

Let’s consider ice as an object to which efforts
aimed at de-icing are applied. It is known even from
school lessons that ice is a solid state of water, the
molecular formula of which is H,0. Despite the
seeming simplicity of this substance and everyday
habitual contact of a human being with it, we know
very little about water in any of its conditions.

In modern scientific, technical and journalistic
sources [1-4], based on the results of the analysis of
the infrared absorption spectrum of X-ray, electron

Table 1
Characteristics of intensity of ground icing
Characteristic Icing type
Glaze ice Hoar-frost Ice-covered wet snow
Weak 1-5mm 1—49 mm 1—-10 mm
Moderate 6—19 mm >50 mm 11-34 mm
Strong >20 mm — >35 mm
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Pic. 1. Graph of water density dependence on temperature [2].

microscopic and many other studies, scientists
provide some general information about the water
molecule. The water molecule comprises two
hydrogen atoms located at the distance of 0,96 A
(1 A = 10-%cm) from the oxygen atom and located
relative to it at the directions forming between
themselves 105°. The radii of oxygen atoms are 1,4 A,
and of hydrogen — 1,2 A. Thus, the state of water is
determined by two thermodynamic variables which
are temperature and pressure.

Ice has a hexagonal crystal structure, and water
molecules are lined up in it in a hexagon. Let’s recall
that a water molecule has the shape of a sphere with
two tubercles. In an ice crystal, a water molecule is
oriented so that both hydrogen atoms are directed
strictly towards the other two water molecules. When
an ice structure emerges, the angle between
hydrogen atoms in water molecules increases by 4°
compared to the same angle in molecules that form
steam (105°) [2, p. 42]. The change in the valence
angle in the water molecule, however, is only one of
several anomalies of this amazing substance.

The process of ice formation proceeds as follows:
water, cooled to +4°C, reaches the density maximum.
Inorderto getice from 1 kg of water with a temperature
of +4°C, it is necessary to cool it to a crystallization
point of 0°C at normal pressure, taking energy equal
to 16 kJ, and for latent heat of ice formation during
water crystallization we take 332 kJ. The amorphous
structure of ice is explained by the fact that the
process of freezing of supercooled water is somewhat
delayed by the latent heat of ice that is released during
this process. As a result, drops, before freezing, have
time to spread across an object, forming a solid cover
of ice.

The graph of water density dependence on
temperature is shown in Pic. 1.

Analysis of the graph of Pic. 1 indicates that when
the mass of a substance (water) in a liquid state
remains unchanged, its transition to a solid state
should invariably lead to an increase in the volume of
water in a solid state, and this may cause ice
expansion during cooling. The strength of ice is
strongly influenced by external conditions — the nature
of the loads, the thermal regime, the aggressiveness
of the environment, surface effects, etc. Data on the
strength characteristics of ice, obtained by
researchers in many countries over the previous 100
years, have a large range of values. For example,
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compressive strength varies from4-+10°to 130+ 10° Pa
and more, and bending strength varies from 3+ 10° to
30-10° Pa [5, p. 5]. The characteristics of ice are
determined by its structure (shape, crystal size,
direction of crystal-optical axes, the number of air
inclusions, etc.).

Structural bonds in the lattice of ice due to
different strength under the influence of loads are
broken differently in different crystal-optical
directions, i.e. anisotropy of mechanical properties
is manifested. The strength of ice depends on
temperature, since the mobility of hydrogen atoms
decreases with decreasing temperature and the bond
between individual crystals increases. The change in
the properties of ice depending on temperature is also
due to the content of the liquid phase in it. With an
increase in temperature, this contentincreases, which
contributes to a decrease in ice strength and a more
intense manifestation of plastic properties.

It should be noted that during melting of ice
complete destruction of the crystal lattice does not
occur immediately. Only a small amount of
intermolecular bonds are broken, at 0°C the number
of such broken bonds is about 15 %. The remaining
molecules retain a crystal-like structure within small
areas.

It follows from the above that the choice of
methods for de-icing must be made on the basis of
its properties and behavior in various conditions.

Classification of methods

When analyzing diversity of technical means
designed to combat ice phenomena, it is advisable to
combine technical solutions into groups according to
the method of influence on ice to be destroyed (see
Pic. 2).

The basis of thermal destruction of ice is its ability
to melt when it reaches the melting point, but water
might be subject to repeated ice formation under
certain conditions. It should be noted that the thermal
effect on ice is most unfavorable from the standpoint
ofenergy consumption. ( For full melting of ice of 1 m®
volume in 1 hour a power source with a capacity of
about 0,1 MW will be required [5, p. 135], which is
more than by a hundred times higher than the energy
sufficient for melting metals). Nevertheless, thermal
methods based on the use of cheap associated
energy (for example, waste heat from industrial and
ship installations) and the free solar energy can in
some cases be economically profitable.
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Pic. 2. Classification of de-icing by methods of impact.

Blackening agents (dark-colored powders with a
density of more than one) present a solar-radiation
approach to destruction of ice, which does not require
energy costs and provides for the maximum use of
solar energy to melt ice, reducing its reflectivity.
However, the use of blackening is limited in the
presence of clouds and precipitation.

The basis of steam and gas-thermal methods is
melting of ice using steam, jets of hot water, or the
use of air drawn from engine compressors, or air

heated in heat exchangers by exhaust gases
circulating in them. The option is of little use in the
road sector from the energy point of view. For
example, cleaning of a runway with a width of 3,66 m
and a length of 1 km from a 15 mm thick ice crust with
the help of TG-16 gas turbine engines and Antonov
An-26 engines requires 1200 liters of fuel.
Chemical destruction of ice is based on the
property of some chemical compounds to form
mixtures with ice that have a lower melting point than
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Pic. 3. Scheme of the design of the adapter to combat ice: 1 — chain transmission; 2 — coupling; 3 — intermediate
crankshaft; 4 — bracket; 5 — impact device; 6 — the back side of the dump surface.

ice itself. Chemicals are introduced into ice, breaking
its solidity and thus significantly reducing its strength.
The disadvantages include corrosiveness of chemicals
and their harm to the environment.

Electrophysical destruction of ice (the use of high-
frequency magnetic fields, ultrasound, radiation,
lasers) is at the stage of research and development.
Most of the projects have not left the stage of
experimental research. Electrical impact requires
complex thin-walled structures.

Electro-hydraulic tools are based on creation of
a high hydraulic pressure by a high-voltage pulsed
spark discharge around the discharge zone inside the
volume of liquid. The destructive effect of an
electrohydraulic impulse is similar to the effect of an
equivalent explosive charge of a normal explosive.

High intensity electromagnetic fields in the high and
ultrahigh frequency ranges are ineffective in the case of
contact heating due to their low thermal conductivity [7,
8]. However, when ice is cut, the imposition of high-
frequency elastic vibrations on the cutting tool allows
reducing the force on the cutter and increasing the
process speed by 1,5-2 times.

Mechanical impact onice

Different authors [9-12] proposed device for
punching ice using impact energy. In this case, the
direction of impact is top down or bottom up,
perpendicular to the ice surface. A working body, as
a rule, is a hammer, whose name depends on the
principle of action. The depth of penetration of such
a hammer in ice varies from a few centimeters to 2-3
meters. But at the same time the speed of movement
ofthe hammer at the moment of contact with ice must
be at least 90 m/s and depends on the technical
capabilities of the device. (It was established that the
deviation of the direction of impact (hit, strike) on ice
surface from the normal direction by an angle of less
than 40’ leads to a bounce of the working body).

Impact action can be pneumatic, hydraulic,
ballistic, vibratory.

An interesting method is destruction of ice by
pumping of air (pressure reduction) from the contact
zone, which leads to weakening of bonds in the crystal
structure of ice.

Breaking tools refer to devices located on ice
ships. Ice is cracked upwards due to the original shape
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of the stem (e.g. pat. 131283, Norway) or the use of
bulbs — a special broadening of the lower part of the
bow of the vessel.

Pneumatic tools are aimed at depriving the ice
cover of an elastic hydraulic base, when the
compressed air supplied to the sub-ice space pushes
water away from the lower surface of ice and the ice
deprived of support is destroyed by its own weight.

Cutting tools can be divided into two groups:
devices with flexible cutting elements and devices with
milling working bodies.

These groups include ice chain saws of various
modifications (bar, milling machines), which have a
simple design and high performance [13, 14]. Their
useisadvisable in destruction of ice of great thickness.
Ice pickers are designed for removal and grinding of
ice formations and frozen sediment deposits on roads
and sidewalks by milling. Such tractor attachments
allow for initial removal of ice formations from the
roadway. But complete separation of ice from the
pavement occurs only under thaw conditions, at air
temperatures below -3°C, the thickness of the ice layer,
which is left, is of 10-20 mm.

The use of chopping off tools is based on the
property of ice to break down brittlely under the action
of stress waves of sufficient intensity that can be
introduced into ice using either a concentrated
dynamic or a slowly applied static load. The intensity
of loads must be sufficient for formation of cracks.
The specific energy of ice destruction using elastic
stress waves is much less than the specific energy of
ice destruction by cutting [12, 15].

Dirilling devices (borax bolts or core drills (hollow),
screw-type drills, cores) break ice using mechanical
rotary drilling. The working bodies are cutting tools of
various types. Drilling performance depends on the
tool design. Under normal conditions, it takes about
5 minutes to drill a 1 m deep hole. When drilling wet
ice, the work is hampered, there is a need for several
visits to clear ice chips.

Adapter design

We propose an adapter design to combat ice (see
Pic. 3). The adapter is a crankshaft consisting of
several crankshafts and located on brackets mounted
on the back side of the dozer blade. Rotation of the
crankshatft is initiated by a chain drive, the driven
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sprockets of which are mounted on the end sections
ofthe shaft on both sides. The drive shaft of the chain
drive is connected through a reducer to the shaft of
the engine of the bulldozer, from which the power is
taken. The adapter is switched on by the machinist of
the bulldozer from the cab.

The connection of the crankshafts is ensured by
means of couplings, which are mounted on two pairs
of connected shafts by means of pins through coaxial
holes at the end sections of the crankshafts and
couplings. The impact device for processing a
compacted snow face or ice consists of two half-
sleeves connected by bolts, and is mounted on each
intermediate crankshaft. The tightening of bolts is
adjusted so that free rotation of the inner surface of the
yoke relative to the cylindrical surface of the crankshaft
is possible. If necessary, between the semi-yoke it is
possible to use metal gaskets with a thickness of
0,5-2 mm. Three sleeves with internal thread are
welded to the lower half-joke at the same distance from
each other by welding (electric). Ahammer is installed
(twisted) in each sleeve, the point of which is intended
for treating a snow crust by applying periodic blows to
it while the crankshaft rotates.

The design of the adapter allows changing the
position of intermediate crankshafts relative to each
other.

The advantages of the proposed design of the
device to combat ice phenomena are:

1. The simplicity of the adapter design allows to
assemble it using the required number of
intermediate crankshafts by means of couplings with
conventional connecting elements, for example,
pins.

2. The ability to quickly change the design of the
crankshatft, i.e. the relative position of the intermediate
crankshafts relative to each other, not only in the
plane, but also in space, depending on strength and
thickness of ice being processed and its state.

3. The ease and speed of maintenance of the
adapter in the process of work by one person
(bulldozer driver) during replacement and in case of
a breaker failure (7—-10 min.).

4. The ability to change the depth of processed
snow crust or ice by pushing a hammer in the landing
slots.

5. Simplicity and speed of the operation.

6. Safety of production repair work, as when the
engine is stopped, the adapter is completely stopped.

Conclusions.

1. The destruction of ice, like any solid body, is
associated with the concept of its strength — the
property of a material under certain conditions and
limits, without being destroyed, to perceive various
mechanical loads and uneven effects of physical
fields.

2. The strength of ice largely depends on diversity
of its structural features. The strength is strongly
influenced by external conditions — the nature of the
loads, thermal conditions, environmental
aggressiveness, surface effects, etc.

3. Snow plowing as most known method to combat
ice and snow coasting during winter maintenance of
roads is time consuming and expensive, but the
mechanical method of breaking ice might become
most promising and reliable.
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Cpenun 3agay permoHasibHOro pa3BuTus
NMoCTOSSHHO HaroMuHaeT o cebe

Ta, 4YTO CBsSI3aHa C 3KOJIOrn4ecKom
6e30nacHOCTbIO TEPPUTOPUI, YACTOTOM
M 0340pPOBJIEHUEM OKpY)XaioLlen
4yesioBeka cpenbl. B ctaTtbe paccMoTpeHsi
BOIMpPOCbI MOHUTOPWHra, rnJiaHupoBaHus,
opraHn3aynoHHO-TexXHU4YeckKoro,
3KOHOMUWYECKOro perysimpoBaHns

U noBbileHus1 3¢pPeKkTUBHOCTHU
ob6paLeHusl C oTXogamMu NnPon3BoACcTBa

v noTpebsieHns, a TaKkKe BTOPUYHbIMU
mMatepuanbHbiMyu pecypcamm. Ocoobivi
aKLeHT fesiaeTcs Ha UX UCIMOoJIb30BaHUN

B Ka4YecCTBe Cbipbsi A1 BbiMMyCKa

Pas3HbIX BUAOB NPOAYKUNN, N3[EJTNIA

v nonygabpukaToB 6bITOBOro Ha3Ha4YeHUs
Y MOJTy4EHUSI SHEPruu.

KnioyeBsble c/ioBa: 3Ko0rn4eckasi
6e30MacHOCTb, OTXOAbI PON3BOACTBA

V1 noTPe6IeHVs, yTUIn3aLms OTXO0B,
BTOPUYHBIE PECYPChI, MPOMbILLIIEHHOCTb,
TPaHCropTHas UHGPaCTPYKTypa,
MOHUTOPUHT, CUCTEMa PErynpoBaHus.
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BESOINACHOCTE

PerynupoBaHue peaTesibHOCTHU
no oopatleHuto ¢ oTxoaamMm
U BTOPUYHbIMU pecypcamm

I[xoepe6os Ioyapo Cmanucaasosuu — Kanouoam
KoHOMUMecKUX HayK, doyenm DIAY «HUH
«Ilenmp 3K0102UECKOll NPOMBIUACHHOU NOAUMUKU»,
Moimuwu, Mockosckas obnacms, Poccus.
Husizeyaoe Ypaa Jlaeaemmuesun — xanouoam
mexHu4eckux Hayk, npogheccop Poccuiickoeo
yHusepcumema mparcnopma (MHUHUT), Mockaa,
Poccus.

XKEroaHoO Bo3pacTarolire o0bEMBI 3a-

XOPOHEHHS MPOMBIIILIEHHBIX U OBITO-

BbIX OTXOJI0B BCE 00Jie€ YCIOXKHSIOT
npo0bJieMbl 3KOJOTMYECKOW HArpy3KM Ha
OKPY>KalOIIYIO Cpely, CO3AAI0NIEN CEPBEIHYIO
YTPO3y XU3HEACATESIbHOCTH YeJIOBeKa. DTOT
CaMOIOBIICIONIN (PAKTOP AUKTYET HEOOXOIM -
MOCTb ITOMCKA HOBBIX HAyYHO OOOCHOBAHHBIX
MOAXOJ0B K OpraHu3allMi CUCTEMBbI cOopa,
00paboTKK, YyTUIU3ALUN OTXOAO0B, YBEJIUYe-
HUS 1O0JIM BTOPUYHBIX MaTEPUAIbHBIX PECyp-
COB B IPOU3BOACTBEHHOU M MHOUW XO34M-
CTBEHHOI fesitenbHOCTH [1-3].

AEDOULNTA CTPATENNA Y)KE HET
Poccuiickas @enepariust oomagaeT 3Ha4YN-
TEJTbHBIM TTOTEHIIMAIOM MCITOIb30BaHMS BTOPIY-
HBIX MaTepHuabHBIX pecypcoB (BMP) B Bume
PeryJIsipHO 00pa3yIoIIMXCs M HAKOTUIEHHBIX
OTXOJIOB ITPOM3BOJICTBA U IIOTPEOJICHMS, KOTOPBIE
MOXHO XapaKTepHU30BaTh KaK BO30OHOBISICMBIC
CBHIPBEBBIC, MAaTepPUAIbHBIC U TOIUIMBHO-3HEPIe-
Tyeckne pecypebl [4—10]. OmHako MacIITadbl
¥ YPOBEHb MCIIOJB30BaHUS pa3TnuHbIXx BMP
OTJIMYAIOTCS 3HAYUTETFHOI HEPaBHOMEPHOCTBIO
M 3aBUCAT OT PECYPCHOI IIEHHOCTU OTXOJIOB,
9KOJIOTMYECKOIM CUTyalluy, BOZHUKAIOLIEH ITpU
oOpallieHNY C HUMM KaK 3arpsI3HUTEIISIMU OKPY-



KaroILEH CpefTbl, OT peaTbHbIX SKOHOMUYECKMX
YCJIOBUIA, OTIPENEIISIIONINX PEHTA0ETbHOCTh
KaXXJIOTO BUIIA XO3SIUCTBEHHOM eI TeTbHOCTH,
MCMOJIB3YIOLIEro OTX0IbI B KauecTBe BMP.

Bwmecre ¢ Tem B ctpanax EC, fAnoHuu yxe
HE OJTHO JIECATUIETUE ICUCTBYIOT 3aKOHO/IA -
TeJIbHbIe MHCTPYMEHTHI M 9KOHOMUYECKHE
YCIIOBHSI JIJIST BEICOKOTO YPOBHST YTUIM3AIllMN
OTXOJOB Y IIPUBJICUCHIST BTOPUIHBIX MATCPH -
aJbHBIX pecypcosB [11, c. 07005; 12, c. 15-20;
13, c. 45-56; 14, c. 265—290, 356—400; 15,
c. 68—72; 16, c. 18—40; 17, c. 212266, 384,
18, c. 1327—1336].

OnHoli U3 HepellIEHHbIX 3a1a4y Ha dene-
PaJTbHOM M PETHUOHAIIBHOM YPOBHSIX SIBJISIETCS
co3MaHKe MHHOBAIIMOHHOUW OpraHM3alluoOH-
HO-TIPaBOBOM U TEXHUKO-3KOHOMHUYECKOM
CHCTEMBI, TIO3BOJISIONICH MUHUMU3UPOBATh
KOJINYECTBO 3aXOPaHNBAEMbIX OTXOJ0B, MaK-
CHUMaJTbHO 00eCTIeUrB ITPU 3TOM pecypcocoe-
peXeHue, OBTOPHOE BOBJICUECHUE B X035 -
CTBEHHBII 000POT YTHIM3UPYEMBIX KOMIIO-
HEHTOB B BUIEC CBIPhSI, MAaTEPUAJIOB, U3ICIUIA,
MpeBpaleHe OTX00B B UICTOYHUK TTOJTyYe-
HUSI HOBOM TTPOIYKIINHN, JCIIEBOM SHEPTHUM.

3HauuTeNbHbIE MPOOJIEMbI B 00JIACTH TUIa-
HUPOBaHUs, OpTaHW3ALWN U PETYINPOBAHUS
JIESITETIbHOCTH 110 00paIeHUIO0 CO BTOPUYHBI -
MM peCypcaMu CBSI3aHBI C HETOCTATKOM WMH-
¢dopmanuu 06 orxomax, B TOM yucje 00 UX
COCTaBE, PECYPCHOI IIEHHOCTH, BO3MOXHO-
CTSX IMPOU3BOICTBA M3 HUX TOBAPOB.

Wcnons3yemass popMma (eaepaibHOTO
CTAaTUCTUYECKOTO HaOJI0JeHUsI B 00JacTu
oOpaleHu sl ¢ 0TXOIaMU MPOU3BOJICTBA U TI0-
tpebaeHust Ne 2-TTI (oTxombl) IpenHa3Have-
Ha TJIaBHBIM 00pa30oM TSI TOTyYeHUsT OanaH-
COBBIX CBEICHUI 1 PEIICHUS IIPUPOTOOXPAH-
HbIX 3ama4. He ocyiecTBisieTcst cuctemaTu -
3allMsI JAaHHBIX O OBUXEHHU OTXOHOB
B OTPacCIsIX 9KOHOMUKH B TEPPUTOPUATEHOM
paspese — 1o cyobektaM Poccuiickoit Dene-
palnu, 3JKOHOMUUYECKIM paifoHaM, TTPOMBIIII-
JIEHHBIM KJ1actepaM. OTCYyTCTBYIOT JaHHBIE 00
00paboTKe OTXOMIOB, MPEANPUATUSX 1O YTU-
JIN3aIUU, UX MECTOITOJIOXEHUU, a TaKXKe
oduLmaNbHas CTaTUCTHYECKas MH(OPMAIIIS
T10 TTOKAa3aTeJIsIM, XapaKTepU3YIOITUM COCTOS -
HHE MPOMBIIIJIEHHOCTH B 1I€JIOM, BBIITYCK
000py0BaHNs, MallIMH, arperaTos 1Mo odpa-
0OTKE, YTUIM3aLU, 00€3BPEXXUBAHUIO OTXO-
JIOB TIPOM3BOJICTBA.

TTpopbIBHBIM TIOKYMEHTOM B 3TOIi 00J1aCTH,
BIIEpBbIE 3a 25-JI€THUI TIEpUoa UCTOPUU CO-
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BpeMeHHOI1 Poccnn, cTaja cTpaTeryst pa3BUTHS
MPOMBILIEHHOCTH M0 00paboTKe, yTUIM3aLun
1 00€3BpEXXMBAHUIO OTXOIOB IPOM3BOICTBA
1 notpebaeHuss Ha nepuoa g0 2030 roxaa,
YTBEPXKIEHHAsI PACITOPSDKEHUEM TIPABUTE/Ib-
ctBa Poccuiickoit @eneparyn ot 25.01.2018 ro-
na Ne 84-p. B mokymeHTe oTpaciieBoro crpare-
TMYECKOro IJIaHMPOBAHMSI ITPeayCMaTpUBaET-
cg co3gaHue (GpakTUYEeCKM HOBOM OTpaciu
IIPOMBIIIUICHHOCTH, HaMeJaeTcsI Ha TTepCIIeK-
TUBY pELIEHNE 3HAYUTEBHOTO 06J10Ka 6a30BbIX
3a7a4, B TIEPBYIO OUepe/ib pecypcocoeperaro-
el 1 OTXoJoIepepadaThIBaloIIeii HaTIpaB-
nenHoctu [10, ¢. 3,43—46]. U ectb OCHOBaHUE
WMEHHO TTIOJI TAKMM YTJIOM 3pEHUST OLIEHUBATh
Ppe3yJIbTaThl TEKYIIUX HAYYHBIX UCCIIETOBAaHUIA
U UX OXKUIaeMBble MTPEUIOXKECHMSI.

NPOU3BOACTBEHHO-
KOMMYHAJIbHbIE KJIACTEPbDI

Kak moka3zanu pe3ysasraThl MPOBEAEHHOTO
aBTOpaMU aHaJIi3a CUTyalluu B chepe odparie-
Huss BMP (B yacTHOCTH, B TpPaHCITIOPTHOM
¥ TIPOMBIIIZICHHOM KOMILIEKcaX, C YYETOM
MaHHBIX HAYIHO-MCCIEI0BATEILCKUX padOoT,
nposené¢HHbIXx B HUM «IDI1I1», Poccuiickom
YHUBEpPCUTETE TPAHCIIOPTA W IPYTMX HAYIHBIX
VUPEKICHUSX), TSI pEIICHUS TIPOOIeMBI 3(h-
(EKTUBHOI OpraHU3alii CUCTEMbl MOHHUTO-
pUHTa, y4éTa, yIpaBlIeHUs, peryIupoBaHUs
oOpaiieHus: ¢ otxogamu 1 BMP TpeGyercs
JIOCTAaTOYHO YHUBEPCATbHbIN HAyYHO OOOCHO-
BaHHBIH MMOAXOM K CO3AaHUIO 11eJIeBO MHDpa-
CTPYKTYpPHI IO 00pabOTKe, YTUIU3ALIUN OTXO-
JTOB ITPOM3BOJICTBA 1 TTOTPEOJICHMS, CTIOIB30-
BaHUIO BTOPUYHBIX MaTepHUAJIbHBIX PECYPCOB.

B pamkax nmpoBea€HHbIX MCCAea0BaHUM
HaMu pa3paboTaH CBOW OpUTMHAJIbHBIA Me-
TOIOJIOTUICCKHUIT TTPUHILIUIT TIJIAHUPOBAHUS
cocCTaBa U pasaesieHus Tpyaa o0beKTOB MHO-
PACTPYKTYPBI OTPAC/IY IO COOPY, YTUIU3ALNU
1 00€3BPEXKUBAHMIO OTXOI0B, 3aKTIOYAFOIITIIA-
csl B TOM, YTO JaHHast TH(GpacTpyKTypa dop-
MHpPYeTCsl B KOMIUIEKCE ¢ MCTOYHUKAMU 00-
pa30BaHUS IIPOU3BOACTBEHHBIX OTXOIOB —
MIPOMBIIIUICHHBIMUY ITPEATIPUSTASIMU, & CUCTE-
Ma 00e3BpeXUBAHNSI, YTUIN3AIIUN OTXOIOB
MOTPeOIeHNS, BKITIOYast TBEPIbIe KOMMYHAITb-
HBIE, Tapy, YIIAKOBKY, — B TIPUBSI3KE K IIPO-
MBIIIUIEHHON M OTXOoIomepepadaThiBaroIei
OTpac/Iv MOCPEACTBOM OIepalvii Mo HAKOII -
JICHUIO, pa3aeJbHOMY cOOpPY, COPTUPOBKE,
00paboTKe, TPAaHCIIOPTUPOBAHUIO OTXOI0B
TaKoro poja.

LixoBpe6oB 3. C., Huasrynoe Y. [l. PerynupoBaHue AesiTeNbHOCTA NO 0GpaLLeHuIo C OTXO0AaMu
N BTOPUYHBIMU pecypcamMu



CopTMpOBOYHbBIE
KOMI/IEKChI

Cucrema
pasgenibHoro

cBopa
OTXOA0B

KomnnexcHas
wHppacTpyKTypa
o6paweHus c
oTXOAaMH

MpeanpuaTHa
no o6e3speu-
BaHWIO

MpPOV3BOACTEEHHO
-TEXHUUECKMWE
KOMM/IEKChI N0

YTUan3auuun

Puc. 1. KomnnekcHas uHppacTpykTypa obpaLyeHusl c oTxogaMun.

OpraHu3anusi ONTUMaJbHOTO COCTaBa
M pa3MellleHUs] IPOMBILLIEHHON MHppa-
CTPYKTYPBbI, CO3IaH1E BEICOKOTEXHOJIOTMYHO-
'O IIPOM3BOACTBEHHOTO Ipoliecca IepepadoT-
KM OTXOJOB BO BTOPUYHYIO IIPOAYKIIMIO,
TPAHCIIOPTHO-JIOTMCTUYECKOT0 KOMILIEKCa
CTAHOBSITCSI HEMAaJIOBAXXHBIM (haKTOPOM I10-
cTpoeHUs 3G @GEKTUBHON KOMIIIEKCHOM
CHCTEeMBI 0OpalieHus ¢ oTxonamu (puc. 1).

C y4€TOM 3TOr0 B cucteMe (hOpMUPOBAHUS
MHOPACTPYKTYPhI IIPOMBILIJICHHOCTH 110 00-
paboTKe, yTUAU3aLUuU, 00e3BpeKUBAHUIO
OTXOJI0OB PaCCMAaTPUBAIOTCS HE TOJIbKO CO3/a-
HUE HOBBIX O0BEKTOB (3KOTEXHOIIApKOB,
COPTHUPOBOYHBIX, TPOMBIILIEHHBIX KOMILIEK -
COB M0 TIepepaboTKe OTXOA0B BO BTOPUYHOE
CBIPBE M TIPOAYKIINIO), HO U CYIIECTBYIOIIAS
oTpacieBast UHGPaCTPYKTypa: AeiCTBYIOLIUE
MPEANPUITUSI CTPOUTEIBHBIX MAaTEPUAIOB —
MOTEHIMaJIbHbIE ePepabOTIYMKU — CTPOM-
TEJIbHBIX OTXOI0B; METAJUIyPrUYeCKIE IIPOU3-
BOJICTBa — METaJUIOJIOMA; CTEKOJIbHbIE 3aBO-
IIbI — CTEKJI0004 U T.11.

[1pu pa3zpaboTke npeajiaraeMoro rmoaxoaa
IPUHSTHI BO BHUMaHUE OLIEHKU 9KCIIEPTHOIO
coobirecTBa 00 3(pPEeKTUBHOCTU U 1IEIeCO-
obpa3HOCTU (POPMUPOBAHUS HA TEPPUTOPUU
Poccuu mpou3BoACTBEHHO-KOMMYHAaJIbHBIX
CMOMO30B WX KJIACTEPOB [UIsl OpraHM3aLuu
PErMOHAJIbHBIX M MEXPETMOHAIbHBIX CUCTEM
o0palleHUsI ¢ OTXOJaMU, BKJIIOYAIOIIMMMU:
MYCOPOCOPTHUPOBOUHBIN KOMILIEKC (cOOp
1 00paboTKa), IPOMBIIILJICHHBIN KOMILIEKC 110
00e3BpEeXMBAHUIO OTXOMOB (HEUTpaIu3alusl,
BBICOKOTEMIIEPATyPHBII OOXUL, MUPOJIU3
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W IPYTHE METOIbI ), TPOU3BOIACTBEHHO-TEXHH -
YEeCKHUI KOMIUIEKC (YTHIM3aIlMsl, BBIITYCK
MPOAYKIIMHU U3 BTOPUIHOTO ChIPbSI), DKOTEX-
HoOMapKu (TEXHOJOTMH ITyO0KOi1 IepepadboT-
K1 0TX010B). Takue KiaacTephl, ¢ TOUKH 3pe-
HUSI 5KOHOMUYECKOI 3(D(HEKTUBHOCTU, MOTYT
pa3MelIaThCs B MPOMBIIICHHBIX IIEHTPax
C IIUPOKUM CIIEKTPOM Pa3TUIHBIX OTpacieit
M CEKTOPOB 3KOHOMMKH C TOAOBBIM 00pa3o-
BaHMEM OITACHBIX ITPOMBIIIUICHHBIX OTXOIO0B
He MeHee 300 ThIC. TOHH B IO/, B TOM YHCJIe
TpeOyIOIINX IITYO0KOM nepepaboTKu 1 00e3-
BPEKUBAHMS (KUCIIOTHI, IIETOYH, COTU TSIKE-
JIBIX METaJUIOB, OpraHMuYecKue, HedTecomaep-
JKalllie, TalbBAHUYECKUE, HEYTIIN3UPyeMble
TMOJIMMEPHBIE, PTYThCOMEPKAIIe U PSII IPY-
THUX).

CocTaB U CTPYKTypa TaKMX o0pa3oBaHU
o0ycaaBIMBaOTCs 3G GEKTUBHOCTHIO TPUHS -
TBIX TPAHCHIOPTHO-JTOTUCTUYECKUX PEIICHUI
10 HaKOTUIEHUIO, cOOpy, 00paboTKe, TpaHC-
TMOPTUPOBAHMIO, 00€3BPEKMBAHUIO, YTHIIN3A-
IIM OTXOMIOB, UCITOJIb30BaHUI0 BMP; pauno-
HaJIbHBIM TePPUTOPUATIEHBIM COBMEIIICHUEM
B3aMMOCBSI3aHHBIX MPEANPUITUN U TIPOU3-
BOJCTB; ONTUMMU3AIIMEI TTOTOKOB OTXOIOB
1 BTOPUYHOTO CHIPHSI; XapaKTepoOM CYIIIe-
CTBYIOILIEH MHXEHEPHO-TEXHOJOTMYECKON
MHQPPACTPYKTYPHI IO cOOpPY ¥ XpaHEHUIO OT-
XOJIOB.

V3510BBIE LIEHTPBI IO COOpPY U 00pabOTKe
OTXOJIOB C CO3MaHUEM MYCOPOCOPTHPOBOYHBIX
KOMILJIEKCOB pallMOHAIbHO pa3MellaTh B paii-
OHaX HaxOXICHUS TPeANpUsITUii, oopasyro-
IIHUX 3HAYUTETbHOE KOJIMYECTBO MMPOMBIIILICH-

LixoBpe6Goe 3. C., Huasrynoe Y. [l. PerynupoeaHue AeITeNbHOCTA NO 0GpalLLeHUIo C OTX0AaMu

W BTOPUYHBLIMU pecypcamu



HBIX OTXOJI0B, OCHOBHBIE TPYIIThI KOTOPBIX
SIBJISTIOTCSI OMHOBPEMEHHO 110 CBOEMY arperarT-
HOMY COCTOSIHUIO, COCTaBY U CTEMEHU Omac-
HOCTU aHAJOTUYHBIMU YTUIU3UPYEMbIM
dpakuusasm BMP (nmpeanpusitvsi mo mpous-
BOJICTBY PE3MHOTEXHUYECKUX U3/IEJINIA, aBTO-
MOKPBIIIEK, IWH, TOTUMEPOB (TIOJTUBUHMI -
XJIOpU, TOJIUATUJIEH, TTOJIMCTUPOJT, TOJTUITPO-
MUJeH, TUIACTUKI); IepeBO0OpadaThIBaIOIIME,
LEJUTIOJI03HO-0yMaKHble KOMOWHATHI; CTe-
KOJIbHBIE€ 3aBOJIbI; MUILEBbIe KOMOWHATHI,
MeTanayprust). MHoropyHKIUMOHAIbHBI
COPTUPOBOYHBIN KOMILIEKC JOJIKEH TakKXe
cofiepKaTh CUCTEMY ITyHKTOB cOOpa OTXOIOB
MOTPeOIeHUS Ha MPEANPUSATHSIX W B KUJTBIX
paiioHax.

M3 npoBenéHHO 5KOHOMUYECKOI OLIEHKHU
cJIenyeT, uTo Haubosiee 11eJ1ecoo0pa3HbIM Ba-
PUAHTOM IepepabOTKNA CTPOUTETLHBIX OTXO-
JIOB SIBJISIETCSI pa3MellleHNe repepadaThiBao-
11IETO MPOM3BOJCTBA TAKMM 00pa3oM, YTOObI
MaTtepual TOCTaBIsICS ¢ MECTa OOpa30BaHUs,
MPOXOAUJ TIEPBUYHYI0 00paboTKy (MU3MEeHe-
HUE pa3MepoB: IpodJIeHUE, U3MeJIbUYEHUE) Ha
OTIEJIbHO PACIOJOXEHHOMN CKIIaACKON II0-
IIaJKe W TOJIBKO TOCJe 3TOrOo MoAaBajcs Ha
cemapupylollyo ycTaHoBKy. Hanmpumep, omn-
TUMAaJIbHOU TEXHOJIOTUYECKOU CXeMO mepe-
PabOTKM CTPOUTETBLHBIX OTXOHOB (KpyITHOTA -
0OapuTHBIE KyCKOBBIE OTXO/bI CTEHOBBIX ITAHE-
Jieil, OJIOKOB, MEXATaXHBIX TTePEKPHITHA,
JIeCTHULI, PYHOIAMEHTOB U3 OTXOIOB OETOHA,
Kejie300eToHa, KUpIKUya) MOTYT ObITh: MO/ -
roTOBKa MaTepuaia K MepBUYHOMY IpobJie-
HUIO; TIEPBUYHOE NPOOIeHUe; OTACIeHUE
MeTajlsla; OTCEB MEJKOU (pakiiuu, npesec-
HBIX, TIJIACTUKOBBIX OTXOJIOB, OUMCTKA MEJTKO
(pakimu; BTopuuHOE ApodIeHnE (OTKPBITHIA
WJIM 3aKPbITHIA LIUKIIBI); OTAEJICHNE METAJLIA;
copTUpoBKa 1o dpakuusim [2, ¢. 95—110; 4,
c. 260—-272].

ONTUMUN3ALNA BbIBOPA

B uengax obecneueHus 3bdeKTUBHON
COPTUPOBKU, CEIapaluy OTXOMOB TEPCTIeK-
TUBHBIM SIBJISIETCSI (POPMUPOBAHUE CETU MY-
COPOCOPTUPOBOYHBIX KOMIUIEKCOB TIO COODY,
00paboTKe TBEPABIX KOMMYHAJbHBIX OTXOA0B
C BBIJICJICHUEM U3 HUX BTOPUYHBIX PECYpPCOB,
a Takke MHOTO(YHKITMOHATBHBIX COPTUPO-
BOYHBIX KOMILJIEKCOB U151 cOOpa Ha 00paboT-
KY BCEX BUJIOB OTXOJIOB — TTPOU3BOANTETLHO-
ctio 100—300 Teic. TOHH B Tox. 1o akcrepT-
HBIM OIleHKaM, 3(P(HEKTUBHOCTH BBIIECICHUS
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LEeHHBIX YTUJIBHBIX QpakKUuii — YEpHBIE
¥ LIBETHBIC METaJIBI, KAapTOH M OyMara, I10-
JIMMepHI (MTOJIM3TUIICH BEICOKOTO M HU3KOTO
TaBJICHWSI, TTOJIUTIPOTIUJICH, TTIOJTUITUIICHTE-
pedranar), cTeks0 — A0JKHA COCTABISITh HE
MeHee 30% ot o6111ei MacChl, MPY ONITUMAJTb-
HOM ILTeYe TPAaHCIIOPTHUPOBAHMS OTXOHOB OT
30 0 S0 km [1, c. 29-31; 2, c. 95—110].

Ha mpenmpustusax mo oo6e3BpekKMBaHUIO,
KaK IIPaBUJIO, MCIOJB3YIOTCS TEXHOJIOTUH
BBICOKOTEMIIEpATYPHOTO Pa3JIOKEHIS OTXOIOB
CO 3HAYUTETBHBIM (Gosee 75%) yMEHbIIEHHEM
MX Macchl M 00bEMa (MTUPOJIU3, BBICOKOTEMITE-
PaTYPHBII OOXWI, TepMUIECKast TeCTPYKIIS,
TU1a3MeHHas ra3udukanus u T.1.). Takue 00b-
eKTHI 11eJIeco00pa3Ho pa3MelniaTh B 30HAX
(GYHKIIMOHUPOBAHUS XMMIIECKOM, He(hTeX M-
MHWYECKOH MPOMBITIUIEHHOCTH CO 3HAYMTEITb-
HBIM KOJIMYECTBOM 00pa30BaHUSI OTXOAO0B 1—4
Kjacca ormacHocTH. 715t MHOTO(YHKIIMOHAITb-
HOTO KOMILIEKCA TOJIKHO 00CCIIeUYNBAThCS
OecriepedoiiHOE ONTUMAalbHOE LMKIUYHOE
TTOCTYTJIEHE MacChl OTXO/IOB Ha 00€3BpeKM-
BaHUE B COOTBETCTBUM C ITPOESKTHOI MOIITHO-
CTBIO TIPSITIPUSITHS 32 CIET HEYTUITN3UPYEMBIX
OTXOJIOB TOTPEOJICHUS W ITPOMBIIIICHHBIX
OTXOJIOB 9TOTr0 pervoHa (paitoHa). B mpouecce
BCECTOPOHHEH B3BEIIIEHHOU COIIMATEHO-9KO0-
HOMUYECKOH OIIEHKH, SKOJIOTMYECKOM 000C-
HOBaHWM BHEIPEHUS TEXHOJIOTWI CXXUTaHUS
TTOJIMMEPHBIX, TIOJIMMEPCOIEPXKAIINX U MHBIX
OIMaCHBIX OTXOJOB €llI€ Ha 3Tare BblOopa 3e-
MEJTBbHOTO YYacTKa MOJI COOPYKeHNEe 00bEKTa,
MPEATIPOSKTHON CTaINU U B XOJIE IIPOCKTUPO-
BaHMS CO3MaéTCId CUCTeMa OrpaHUYeHUIA,
TpeOOBaHUIA U YCIIOBHIA B 001aCTH 9KOJIOTIE-
CKOM M CAaHUTApPHO-3MUIEMHOJIOTNIECKOMN
0e30MacHOCTH, BKJItOYalolas B ceosl:

* ONTUMAJBLHBIA BBIOOP 3eMEJIBLHOTO
yJacTKa I1oJi CTPOUTEIbCTBO 00BEeKTa 00€3Bpe-
JKMBAHUS OTXOMIOB C YYETOM BCEX KITMMAaTHIC-
CKMX, TeOJIOTMYCCKUX, JaHAIa(PTHBIX, THI-
POJIOTUYECKUX M MHBIX 0COOEHHOCTEH 1 (hak-
TOPOB: MPEBAMPYIOIINX HaIpaBJICHUIT BET-
pPOB, YPOBHS 3ajieTaHUs TPYHTOBEIX BOJI,
CBOICTB MOYBEHHOI'O MOKPOBA, HAJTMYNSI
(oTcyTCTBUSI) BOIOCOOPHBIX OAcCEHOB, PhI-
00X03ICTBEHHBIX BOTOEMOB, PEAKIX BUIOB
dropsl U dayHbI;

* BBelIEeHME HOPMATHUBHOTO ITOKa3aTelIst
CaHUTAPHO-3aIIUTHOI 30HBI MyCOPOCKUTAIO-
ero 3aBoja He MeHee 20 KM OT TpaHUII Ha-
CeJIEHHBIX TYHKTOB, 0CO00 OXpaHSIEMBIX
MIPUPOTHBIX TEPPUTOPUIA, 2-11 30HBI CAHUTAP-
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HO# OXpaHbl UICTOUHUKOB MUTHEBOTO BOIO-
CHAOXEeHMs, OXOTHUYBbUX YTOAMI, OOBEKTOB
CeJIbCKOTOo X03sIiicTBa (IOJieli, cagoB, MacT-
OuIlI, BHITYJIOB CKOTA W MTHULIBI);

* HCIOJIb30BaHUE HEOTHOKPATHO MPOBe-
PEHHBIX BpeMEHEM U IMPAaKTUKOU MPUMEHEHUS
HAWJIYYIIUX TEXHOJOTUI OUMCTKU BHIOPOCOB
OT BCEX HOPMMPYEMBIX BUIOB IUOKCUHOB
U JUOKCUHOMOIOOHBIX TOKCUKAHTOB, Upe3-
BBIYAlHO, BBICOKO- M YMEPEHHO TOKCUYHBIX
JIETYYUX COCNMHEHUI, BBIACISIEMBIX MPU
CXKUTaHUM, TIJIABJICHUM TTOJIMMEPHBIX U TTOJTH -
MepcoaepKaluX MaTepUaIoB;

* OpraHu3alMIO MTOCICIYIOIIEr0 UCTIOb-
30BaHUs (M30JISIIIMN, 00E3BPEKMBAHMSI) OCTa-
TOYHBIX TOKCUYHBIX MPOAYKTOB TOPEHUS
(TOTUTMBHOTO IILJIaKa, JETy4eil 30J1b1) Ha CIie-
LIMAJIbHO 000PYI0BAaHHBIX 00BEKTAX B CTPO-
TOM COOTBETCTBUU C IKOJOTUISCKUM U CAHU -
TapHO-3MUACMUOJIOTMUYECKIM 3aKOHOIATE b~
CTBOM;

* HaJIMYME COBPEMEHHBIX CICTEM o0ecIIe-
YEHMSI TIPOMBIIILJICHHOM 0€30IMacCHOCTH,, KOHT-
pPOJIsT KOJOTUUECKOM 0e30MacHOCTU TeXHO-
JIOTUYECKUX MPOLIECCOB, MOHUTOPUHTA MTPU-
pomHoit cpenbl (aTMocdhephl, BOMI, MOYB, pa-
CTUTEJbHOCTH) B CAHUTAPHO-3allIUTHOM 30HE
00BEKTa;

* OTKPBITOCTb 3KOJIOTUYECKOI MH(hOpMa-
LIMU O JeITEIbHOCTH 00BbEKTa 00e3BpeK1Ba-
HUST OTXOIOB M €T0 BO3IECTBUU Ha OKpY»Karo-
1IYIO Cpey UTSl HaceJIeHUSsT, O0I1IeCTBEHHOCTH,
OpraHoB MecTHOro camoympanieHuss 1 CMUA.

[To MHEHUIO aBTOPOB, OCHOBHBIM IPUH-
LIMTIOM BHEAPEHUST MyCOPOCKUTAHUS B HAIIIC
CTpaHe MOXET SIBJISITbCSI OCTAaTOYHBINM TTPUH-
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LIUII, TTPY KOTOPOM Ha TepMHUUECKOe 00e3Bpe-
JKMBaHUE MOJDKHBI MOCTYTNATh TOJBKO T€ OT-
XOJIbI, KOTOPbIE TT0 SKOHOMUYECKUM, TeXHU-
YEeCKHUM, DKOJOTUYECKUM COOOpakeHUSIM
HEBO3MOXHO YTWJIM3UPOBATh B pe3yJbTaTe
PeLIMKJIMHTA, peKyIlepaliu, pereHepalum.

DKoTexHonapku Haubosnee 3(hEHEeKTUBHO
HCITOIb30BaTh B TOPOIaX C pa3BUTOM HAyYHO-
TEXHOJIOTMYECKOI MHPPACTPYKTYpOil, HAIK-
YUEeM BBICOKOTEXHOJIOTMUHBIX OTpacieil
9KOHOMMKHU CO CJIOKHBIM MHOTOIUIAHOBBIM
COCTaBOM OTXOJIOB, BKJIIOUAIOIIMM OTpabo-
TaHHbBIC MaTepUaJIbl, IIJTaMbl U1 XUMUYECKUE
COEIMHEHUS pa3IMIHOTO YPOBHSI 9KOJIOTUYe-
CKOW OMAaCHOCTHU.

DKOHOMMYECKAsT OLIEHKA pa3MeIlleHUs
MpeaCTaBICHHBIX B aHaIn3e 00BEKTOB IMPO-
MBIIIJIEHHOCTH 10 00paboTKe, YTUIN3aLUH,
00€3BPEeXKMBAHNIO OTXOAOB Ha MEPCIEKTUBY
OCYILIECTBIEHA HA OCHOBE CJICIYIOIIMX ITOKa-
3aTesiei:

* BUIIOB M KOJIMYECTB 00pa30BaHUsI OTXO-
JIOB TIPOM3BOJCTBA U MOTPEOJICHUS, a TaKXKe
YPOBHS HUX 3KOJOTMUYECKON OMacHOCTH
(1o denepanbHOMY KiiacCU(DUKAITMOHHOMY
KaTajory OTXOI0B);

* MIPOMBIIIEHHON Ccreuu(UKN U KOH-
LIEHTpaLMU MTPOM3BOJACTBA OTpacjeli SKOHO-
MUKU T10 TePPUTOPUATEHOMY MPU3HAKY;

* BBIMYCKa MPOAYKIIMHU B OTPACIISIX 9KOHO-
muku Poccum Ha nepuoa no 2030 roma npu
Pa3IMYHBIX CLIEHAPHBIX YCIOBUSIX;

* HOPM U HOPMaTUBOB 00pa30BaHUs OT-
XOJIOB Ha €MIUHUILY BBIITYCKAeMOM IMTPOAYKIINM;

* BO3MOXXHOCTH MCTIOJIb30BaHUSI OTXOI0B
B KauecTBe BMP 1 BTOpruHOTrO ChIph;
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* COCTOSTHUSI U YPOBHS MCITOJIb30BaHUS
CYIIECTBYIOIIMX MOIIHOCTEN MO 00paboTKe,
YTHIN3AUN 1 00€3BPEXXMBAHUIO OTXOI0B;

* (DbyHKIMOHAaNA TIPEANIPUITAI OTpacIn
MPOMBIILJIEHHOCTH 10 00paboTKe, YTUJIM3a-
MU 1 00€3BPEKMBAHIIO OTXOHOB;

* COCTOSIHHMSA U TIEPCIEeKTUB pa3BUTHUSI
00BEKTOB JOPOXKHO-TPAHCIIOPTHOI MH(Ppa-
CTPYKTYPHI (IIPOITYyCKHAsI W IIPOBO3HAsI CIO-
COOHOCTb aBTOMOOMJIbHBIX U XKeJIE3HbBIX JIOPOT,
TIPOM3BOJICTBECHHBIC TTApaMeTPhI ¥ IIOKA3aTe TN
paboThI 110, CTAHLIMIA, aBTOCTAaHIIUI, aBTO-
BOK3aJIOB);

* 3KOJIOTUYECKOM CUTYalIUU;

* TEMIIOB COLIMAJIBHO-3KOHOMUYECKOTO
Pa3BUTHSI U IPYTUX (PAKTOPOB.

BbIBO4bl

CocTosTHHE OTXOH0IIepepadaThIBaIOMIICH
OTpaCIIM OIICHCHO B CTaThe Ha 6a3e METOI0B
MaTeMaTHIeCKOTO MOJACTUPOBAHUS, COIIO-
CTaBUTEJILHOTO SKCIIEPTHOTO, KBAJTUMETPH -
YecKoro, (pakTopHOTO aHaIM3a, MPOTHO3a
pa3MeIIeHUS IPOU3BOICTBEHHEIX OO BEKTOB
00paboOTKM, YTUIN3ALUU U 00e3BpeKMBa-
HHS OTXONOB Ha TEPPUTOPUU CYOBEKTOB
Poccuiickoit @enepanuu. B pamkax MeTo-
JIOJIOTUYECKOTO ITOIX0Ia IIPUMEHEHBI HOP-
MaTHBHBIA METOM IIPOTHO3MPOBAHUS 00pa-
30BaHUS OTXOHOB IT0 yIEIHHBIM ITOKa3aTe-
JISIM, a TaKKe 3KCIIePTHBIM METOM OLEHKH
mokKasaTesen.

ITo MHEHUIO aBTOPOB, COBEPIICHCTBOBA-
HIE CUCTEMBI MOHUTOPWHTA, PETYINPOBAHUS,
yIIpaBJIeHNS, TUIAHUPOBAHUS, TTOBBIIICHNE
3G PEKTUBHOCTH SKOHOMNIECKIX 1 OpTaHM -
3alIMOHHO-TEXHUYCCKNX HaIpaBICHUN Ies-
TeJIbHOCTH B 00J1aCTH OOpalleHusI C OTXOJaMu
¥ BTOPUIHBIMH MaTepPUATbHBIMU PECypcaMu
TIOMOTYT pEIICHNIO OCHOBOITOJIATAIOIINX KO-
JIOTMYECKMX 3a1ad, OyayT CITOCOOCTBOBATH
00eCITeYeHUTO 9KOJIOTMUECKOM O€30ITaCHOCTH,
SKOHOMMU CTPaTeTUICCKIX 3aITaCOB IIPUPOI-
HBIX PECYpPCOB.
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REGULATION OF WASTE AND SECONDARY RESOURCES MANAGEMENT

Tskhovrebov, Eduard S., FSAI Scientific Research Institute «Center for Environmental Industrial Policy»,

Mytishchi, Moscow region, Russia

Niyazgulov, Ural D., Russian University of Transport, Moscow, Russia.

ABSTRACT

Tasks of regional development comprise among
core objectives maintenance of ecological safety of
the territories, cleanliness and improvement of the
human environment. The article deals with issues of
monitoring, planning, as well as of technical, economic
regulation of processing of waste and secondary

material resources of production and consumption
sectors. The approaches to improving of management
and efficiency growth in that field are studied.
Particular emphasisis placed on the use fo waste and
secondary resources as of raw material for production
of various types of goods, items and semi-finished
household products and energy.

Keywords: environmental safety, production and consumption waste, waste management, secondary
resources, industry, transport infrastructure, monitoring, regulatory system.

Background. Constantly growing volumes of
industrial and household waste disposal increasingly
complicate the environmental situation, creating a
threat to safe human activities. This factor dictates
the need to search for new scientifically based
approaches to organization of a system for collecting,
processing, recycling, increasing the share of the use
of secondary material resources for new production
and other economic activities [1-3].

Objective. The objective of the authors is to
considerthe issues related to regulation management,
particularly regarding regional development models.
management.

Methods. The authors use general scientific
methods, expert assessment, statistical method,
evaluation approach, comparative method, factor
analysis and forecasting.

Results.

Strategy is not missing anymore

The Russian Federation has a significant potential
of the use of secondary material resources (SMR) in
the form of regularly generated and accumulated
production and consumption wastes, which can be
characterized as renewable raw materials, material
and fuel and energy resources [4-10]. However, the
scale and level of utilization of various SMR is
significantly uneven and depends on resource value
of waste, ecological situation that arises when it is
treated as environmental polluters, and real economic
conditions that determine profitability of each type of
economic activity using the waste as SMR.

At the same time, in the EU countries, Japan,
legislative instruments and economic conditions have
been in place for more than a decade for a high level of
waste disposal and the attraction of secondary material
resources[11,p. 07005; 12, pp. 15-20; 13, pp. 45-56;
14, pp. 265-290, 356-400; 15, pp. 68-72; 16, pp. 18—
40; 17, pp. 212-266, 384, 18, pp. 1327-1336].

One of the unresolved tasks at the federal and
regionallevels is creation ofaninnovative organizational,
legal and technical-economic system, which allows
minimizing the amount of stored waste, while at the
same time ensuring resource saving, re-engagement
of recyclable components in the form of raw materials,
materials, products, waste transformation to the source
of new products, cheap energy.

Significant problems in the field of planning,
organizing and regulating activities for dealing with
secondary resources are associated with a lack of
information on wastes, including their composition,
resource value, and the possibilities for producing
goods from them.

The used form of federal statistical observation
in the field of industrial and consumer waste
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management No. 2-TP (waste) is intended primarily
for obtaining balance information and solving
environmental problems. There is no systematization
of data on movement of waste in economic sectors
in the territorial context regarding federal entities of
the Russian Federation, economic regions, industrial
clusters. There is no data on waste treatment,
utilization enterprises, their location, either official
statistical information on indicators characterizing
the state of the industry as a whole, production of
equipment, machines, and aggregates for treatment,
recycling, and neutralization of production of wastes.

A breakthrough document in this area, for the first
time in the entire quarter-century period of the history
of modern Russia, was the industry development
strategy for treatment, recycling and disposal of
industrial and consumer waste for the period up to
2030, approved by decree of the Government of the
Russian Federation of January 25, 2018 No. 84-r. The
sectoral strategic planning document provides for
creation of a de facto new industry, it is planned for
the future to solve a significant block of basic tasks,
primarily in resource-saving and waste-processing
industry [10, pp. 3, 43-46]. And we can use it as a
basis to evaluate the results of current scientific
research and expected proposals from just this angle.

Municipal production clusters

As shown by the results of the analysis of the
situation in the area of circulation of SMR carried out
by the authors (in particular, in the transport and
industrial sectors, taking into account the research
data carried out at the Scientific and Research
Institute Center for Environmental Industrial Policy,
Russian University of Transport and other scientific
institutions) efficient development of monitoring
systems, of accounting, management, regulation of
waste management and SMR requires a fairly
universal scientifically based approach to creating a
targeted infrastructure for treatment, disposal of
production and consumption waste, the use of
secondary material resources.

As part of our research, we have developed our
own original methodological principle of planning
the composition and division of labor of infrastructure
facilities aimed at collection, recycling and disposal
of waste, which consists in the fact that this
infrastructure is formed in conjunction with the
sources of industrial waste generation which are
industrial enterprises, and the system of disposal,
utilization of consumption waste, including solid
utility, packaging is formed in relation to the
industrial and waste-processing industry by means
of accumulation, separate collection, sorting,
processing, transportation of such waste.
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Pic. 1. Integrated waste management infrastructure.

The organization of the optimal composition and
location of the industrial infrastructure, creation ofa high-
tech production process for processing waste into
secondary products, and the transport and logistics
complex are becoming an important factor in building an
effective integrated waste management system(Pic. 1).

Taking this into account, the system of forming
the industrial infrastructure for processing, recycling
and disposal of waste considers not only creation of
new facilities (environmental technology parks,
sorting plants, industrial waste treatment facilities for
secondary raw materials and products), but also the
existing industry infrastructure. Existing enterprises
of building materials are potential recyclers of
construction waste; metallurgical production — of
scrap; glass factories — of cullet, etc.

When developing the proposed approach, we take
into account expert community’s assessments of
efficiency and feasibility of forming production-
communal symbiosis or clusters in Russia for organizing
regional and interregional waste management
systems, including: a waste sorting complex(collection
and treatment), an industrial waste disposal facility
(neutralization, high-temperature roasting, pyrolysis
and other methods), a production and technical
complex (utilization, production from secondary raw
materials), ecotechnoparks (technologies of deep
processing of waste). From the point of view of
economic efficiency, such clusters can be located in
industrial centers with a wide range of various industries
and sectors of the economy with annual generation of
hazardous industrial wastes of at least 300 thousand
tons per year, including those requiring deep
processing and neutralization (acid, alkali, heavy metal
salts, organic, oil-containing, electroplating, non-
utilizable polymeric, mercury-containing items, and a
number of others).

The composition and structure of such formations
are determined by effectiveness of transport and
logistics decisions on accumulation, collection,

processing, transportation, utilization, use of SMR; by
rational territorial combination of interrelated
enterprises and industries; optimization of waste
streams and flows of secondary raw materials; the
nature of the existing engineering and technological
infrastructure for collection and storage of waste.

Nodal centers for collection and treatment of
waste with creation of waste sorting complexes should
be rationally located in areas where enterprises
produce a significant amount of industrial waste, the
main groups of which are simultaneously in their
aggregative state, composition and hazard level
similar to recycled SMR fractions (enterprises
manufacturing rubber products, tires, polymers
(polyvinyl chloride, polyethylene, polystyrene,
polypropylene, plastics); woodworking, pulp and
paper mills, glass factories, food processing plants,
metallurgy). The multifunctional sorting complex
should also contain a system of consumption waste
collection points at enterprises and in residential
areas.

From the economic evaluation, it follows that the
most appropriate option for processing construction
waste is to place the processing production in such a
way that the material is delivered from the place of origin,
undergoes primary processing ( size change: crushing,
grinding) on a separate storage site and only after that
is sent to a separating installation. For example, the
optimal technological scheme for processing
construction waste (large lumpy waste of wall panels,
blocks, interfloor ceilings, stairs, foundations from waste
concrete, reinforced concrete, bricks) can be: preparing
the material for primary crushing; primary crushing;
metal separation; screening fines, wood, plastic waste,
cleaning fines; secondary crushing (open or closed
cycles); metal separation; sorting by fractions [2,
pp. 95-110; 4, pp. 260-272].

Optimization of choice
In order to ensure efficient sorting, separation of
waste, the formation of a network of waste sorting
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complexes for collection, processing of municipal
solid waste with extraction of secondary resources
from them, as well as multifunctional sorting
complexes for collecting all types of waste with a
capacity of 100-300 thousand tons per year, is
promising. According to expert estimates, the
efficiency of extraction of valuable waste fractions —
ferrous and non-ferrous metals, cardboard and paper,
polymers (high and low pressure polyethylene,
polypropylene, polyethylene terephthalate), glass —
should be at least 30% of the total mass, with an
optimal distance of waste transportation from 30 to
50km [1, pp. 29-31; 2, pp. 95-110].

At disposal enterprises, as a rule, high-
temperature decomposition of waste with
significant (more than 75 %) reduction of their
mass and volume (pyrolysis, high-temperature
roasting, thermal destruction, plasma gasification,
etc.) is used. Such objects should be placed in the
areas of the chemical, petrochemical industry with
a significantamount of hazardous waste (belonging
to so called hazard classes 1-4 according to
Russian standards). For a multifunctional complex,
an uninterrupted optimal cyclical supply of a mass
of waste for disposal in accordance with the design
capacity of the enterprise due to non-utilized
consumer waste and industrial waste from this
region (district) should be ensured. In the process
of comprehensive weighted socio-economic
assessment, environmental justification for
introduction of polymer, polymer-containing and
other hazardous waste combustion technologies
at the stage of selecting a land plot for construction
of a facility, pre-design stage and during designing
a system of restrictions, requirements and
conditions in the field of environmental and
sanitary epidemiological safety is created, which
includes:

« optimal selection of a land plot for construction
of a waste disposal facility taking into account all
climatic, geological, landscape, hydrological and
other features and factors: prevailing wind directions,
groundwater level, soil cover properties, presence
(absence) of water catchment basins, fishery
reservoirs, rare species of flora and fauna;
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« introduction of a standard indicator of a sanitary
protection zone of a waste-burning plant not less than
20 km from the borders of settlements, specially
protected natural territories, the 2" zone of sanitary
protection of drinking water sources, hunting
grounds, agricultural objects (fields, orchards,
pastures of cattle and birds);

« use of repeatedly tested best technologies for
purification of emissions from all standardized types
of dioxins and dioxin-like toxicants, extremely, highly
and moderately toxic volatile compounds released
during combustion, melting of polymeric and polymer-
containing materials;

« organization of the subsequent use (isolation,
neutralization) of residual toxic combustion products
(fuel slag, fly ash) on specially equipped facilities in
strict accordance with environmental and sanitary-
epidemiological legislation;

- availability of modern systems for ensuring
industrial safety, monitoring environmental safety of
technological processes, monitoring the natural
environment (atmosphere, water, soil, vegetation) in
the sanitary protection zone of the facility;

« openness of environmental information on the
activities of the waste disposal facility and its impact
on the environment for the population, the public, local
authorities and the media.

According to the authors, the basic principle of
incineration in our country may be the residual
principle, under which only waste that cannot be
disposed of as a result of recycling, recovery, or
regeneration because of thermal, technical,
environmental considerations, should be incinerated.

Ecological technoparks are most efficiently used
in cities with a developed scientific and technological
infrastructure, with high-tech industries with a
complex multi-faceted composition of waste,
including waste materials, sludge and chemical
compounds of various levels of environmental hazard.

The economic assessment of placement of the
objects presented in the analysis of the industry for
treatment, utilization and disposal of waste for the future
was carried out on the basis of the following indicators:

« types and quantities of production and
consumption waste generation, as well as the level of
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their environmental hazard (according to the federal
waste classification catalog);

« industrial specificity and concentration of
production of industries of the economy on a territorial
basis;

« output in the sectors of the Russian economy
for the period up to 2030 under various scenario
conditions;

« norms and standards of waste generation per
unit of output;

- possibility of using waste as SMR and secondary
raw materials;

« state and level of use of existing facilities for
processing, recycling and disposal of waste;

« existing functions of enterprises of the industry
for processing, recycling and disposal of waste;

« state and prospects of development of road and
transport infrastructure facilities (throughput and
carrying capacity of roads and railways, production
parameters and performance indicators of the depot,
stations, bus stations, bus terminals);

« environmental situation;

« rates of social and economic development and
other factors.

Conclusions. The state of the waste-processing
industry should be assessed, as the article suggests,
using mathematical modeling methods, comparative
expert, qualimetric, factor analysis, forecast of the
location of production facilities for treatment, utilization
and disposal of waste in the territories of the Russian
Federation. Within the framework of the methodological
approach, a regulatory method for predicting waste
generation by specific indicators, as well as an expert
method for assessing indicators, could be applied.

According to the authors, improving the system
of monitoring, regulation, management, planning,
improving the economic, organizational and technical
activities in the field of waste and secondary material
resources management will help to solve fundamental
environmental problems, to ensure environmental
safety, to maintain natural resources.
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9KOJIOIM'MN4YHbIE LWWUMNAJIbI
A4 MOCKOBCKOIO TPAMBAAA

A |

KOJIOTUYHBIE M JOJITOBEUHBIE: IITAbl U3
repepaboTaHHOTO TIACTUKA YJIOXAT ellé
Ha 22 y4yacTKax TpaMBalHBIX JUHUI B
Mockage.

B 2018 rony B cTromiie mosiBiiIoch mourtu 10 Ku-
JIOMETPOB TIyTeil CO HITTaaMU U3 KOMITO3UTHBIX Ma-
TepuaioB. DTO MOMOIJIO COXpaHUTh oKoJio 1400 me-
peBbeB. Kpome Toro, IepeBsIHHBIE LITTATbI IPOTUThI-
BalOT KAMEHHOYTOJIBHOIM CMOJION, YTOOBI OHU HE
raw. CMoJ1a CONep>KUT BpeHbIE BEIIIeCTBA, KOTOPhIE
HETaTUBHO BJIUSIIOT Ha OKpYKarotiyio cpemy. Ho maxe
C TIPOITUTKOM TaKWe IIIMAIbI CIIyKaT TOIbKO 10 J1eT.

«[Tpu pa3BUTHM TPAHCIIOPTA ¥ TPAHCIIOPTHOM
MHOPACTPYKTYPHI TOPOA PYKOBOACTBYETCS HE
TOJIBKO MOBBIILIEHUEM HaIEKHOCTH, 0€30MaCHOCTH
u koMdopTta noe3nok. bosbiioe BHUMaHUe yaess-
eTcs aKosorndeckomy dakropy. B mportom romy
OBLT caenaH eme OUH LIar B 9TOM HaIpaBlIeHUN
— JICBAThH YYaCTKOB TPAMBAMHBIX MyTel B Pa3HbBIX
paiioHax ropojia OCHACTUJIM ILTAJIaMU U3 BTOPUY-
HOTO TUIacTMKa», — pacckasai aupekrop Moc-
Tpancllpoekra Anekcannp I[lonsikos.

Vknanka mmain u3 nepepaboTaHHOTO TUIACTH-
Ka — 3TO 9KOJIOTMYHAsSI TEXHOJIOTHSI, TTO3BOJISTIO-
11asi COKPAaTUTh MCIOJIb30BaHUE IPEBECUHBI U CO-
XpaHUTh AepeBbsi. OHA MPUMEHSIETCs B CTpaHax
EBportel u Azun, a Takxke B CLLIA u Kanane.

HoBas TexHom0TMs TaK3Ke TTO3BOJISIET 1aTh MO~
BTOpHOE IMpUMEHeHUe TIacTuKy. Ero mepepaborka

MOMOTaeT PeIUTh MPOOJIEMY C YTUIU3ALIUEN TBEP-
TTBIX OBITOBBIX OTXOMIOB.

LIaner 13 BTOPUIHOTO MTACTUKA OTITMYAIOTCS
0Cc0001 TPOYHOCTHIO M UBHOCOCTOMKOCTBIO, MEHb-
111€ TTOIBEPKEHbI TOBPEXKACHUSIM.

3arocieaHue BOCEMb JIET B CTOJIMLIE OTPEMOH-
TUPOBAJIN OOJIBINIE IMOJOBUHBI TPAMBANHBIX ITy-
Teil — cBbie 220 kuomeTpoB u3 418. Toabko B
2018-M 06HOBMIIN TTOUTH 2() KUJIOMETPOB PEJIHCOB.

Ha ocHose undopmaniu
Be0-caiita Mapuu MoCKBbI
https://www.mos.ru/news/item/50423073 ®

ECO-FRIENDLY SLEEPERS
FOR MOSCOW TRAM

plastics will be laid at 22 more sections of tram
lines in Moscow.

Almost 10 kilometers of tram tracks with ties made
of composite materials appeared in Moscow in 2018. It
helped to save 1400 trees. Also it should be noted that
wood sleepers are impregnated with coal tar to prevent
rotting. The tar contains harmful agents that have negative
impact on environment. But even been impregnated those
ties serve for only 10 years.

The director of Moscow transport design institute
MosTransProject Alexander Polyakov told that while
developing transport and transport infrastructure, the city
is guided by environmental factors as well as by safety,
security and comfort of travel. 9 tram sections in different
districts were equipped with ties made of recycled plastics
last year, that marked a new step in that direction.

E co-friendly and durable sleepers made of recycled
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DKONOrnYyHbIE LNasnbl AJIS MOCKOBCKOro TpamBas
Eco-Friendly Sleepers for Moscow Tram

Laying of sleepers made of recycled plastics is
an eco-friendly technology allowing to reduce the
use of wood and to save trees. It is applied in
European and Asian countries as well as in the
United States and Canada.

The new technology also permit to use plastics
for the second time. The recycling of plastics helps
to solve the problem of solid wastes.

Ties made of recycled plastics are more durable,
and wear and damage resistant.

The city of Moscow has repaired more than half
of tram tracks for the last 8 years, 220 kilometers of
418. 20 kilometers of tracks were renewed in 2018.

Based on the information of the Moscow
Mayor official website: https://www.mos.ru/news/
item/50423073 ®
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AHannsnpyroTcs pe3ynbtatbl
BKCMepruMeHTOB, KOTOPbIe NMPOBOASITCS
aBTopamu ¢ 2004 roga coBMeCcTHO

¢ npogeccuoHarbHbIMU NMUI0TaMu

v cTyaeHTamMu YHUBepcutTerta
rpaxgaHckou aBnaumnn. Llenbio
uccsiegoBaHus IBJISIETCS n3y4eHue
BO3MOXXHOCTEW COLMOHNYECKO Mmoaenun
UHTEePTUMNHbIX OTHOLUEHWI AJ1S1 OL,e HKN
B3auMoLeriCTBUSA B BYXY/IEHHOM 3KUnaxe
JieTatesibHOro annapara c NpUMMeHeHnem
KOMITJIEKCHOIro COL4MOHNYECKOro
Kputepusi 3¢ppeKTUBHOCTU U JaHHbIX
KocBeHHou counomeTpun. lNMpusogarca
CTaTucTu4yeckue KpuTtepuasbHble
3aBucumocTn. Ctatbs npoaosKkaeT paHee
Ha4dartyio Temy (cMm. «MT», 2014, N2 5;
2016, N2 1; 2017, N° 3).

KnroueBsle cnoBa: rpaxaaHckasi aBuaums,
aKunax neTaresibHoro annapara,
B3auMOLAENCTBME UIOTOB, UHTEPTUMHBIE
OTHOLLIEHWSI, COLIMOMETPUS, YrpaB/IeHNe
pecypcamu dKnnaxa.
|

NMporHocTnyeckKkun
Kputepumn apPeKTMBHOCTU
B3aMMOAEeNCTBUA B IKUMAXe

Maauweeckuii Aaexceii Baaepveeuu — kanduoam
mexHuuecKux Hayi, 0oueHm Kagheopvl 1€muotl
IKCHAYAMayuu u POGheccuoHanbHo2o 00yHeHus
asuayuonHoeo nepconanra Cankm-Ilemepoypeckoeo
20Cy0apcmeeHH020 YHUSepcumema epaicoanckoil
asuavuu (CII6I'Y TA), Cankm-Ilemepbype, Poccus.
Apunuuesa Oavea Buxmopoena — kanoudam
MexXHU4ecKux HayK, doyenm Kagpeopvl 1émHol
SKCNAYAmMayuu u nPogheccuoHanbHo2o 00yHeHus
asuayuonnoeo nepconana CIIoI'Y ITA, Canxm-
[lemepb6ype, Poccus.

OJTBIITMHCTBO BCEX PE30HAHCHBIX aBUaKa-
TacTpo( MocaeTHET0 BPEMEHN UMEIOT

B KaYeCTBE INIABHOW WJIU COITY TCTBYIOLLIEH
TIPUYMHBI — HAPYIIEHWE B3AUMOICUCTBUS B 9KU-
naxe. HarmsimHbIM MpUMEpoOM MOXET CITY>KUTb
karactpoda camonéra AH-148-100B aBuakom-
maHum «CapaToBCKUE aBUATMHUN» , BBITIOTHSIB-
ero peiic 6W703 u3 Mocksbl B Opck 11 peBpa-
a1 2018 roma. ITo maHHBIM pacciiemoBaHUS
BCKOpE TOCJIe B3J1ETA BHUMAHKE MUJIOTOB ObUIO
TIPUBJIEYEHO K OTJIMUYABIINMCSI U TIPU STOM KpH-
TUYECKN HU3KUM TI0Ka3aHUSIM CKOPOCTU Ha
npubopax; KOMaHIUP JIETATEIbHOTO arapaTa
(JIA) meITascst MOOUTHCSI UI3MEHEHUST CUTYalluN
MyTEM BBEJCHUS CaMOJIETa B MTUKE, B TO BpeMs
KaK BTOPOM MWJIOT YKa3bIBAJI HA HEAOITYCTUMOCTb
TaKUX AefcTBU. BO3HMKITO TTOHSATHOE TICUXO-
SMOIMOHATTLHOE HATIPSKEHNE, Ha 3aTTHCH peve-
BOTO CaMOITHUCIIA CIIBIIIIHA pyraHb. B pesynsraTe
TIOTIBITKYA YTO-TO MCIIPABUThH OKA3aINCh 0e3-
YCTEITHBIMU BIIOTh 0 CTOJIKHOBEHMSI C 3eMJIEH.
XapakTepHbIMU TTpUMEPAMU MOAOOHBIX
HapyLIeHUI B3aUMONEHCTBIUS ObUIHA TaKXKe Ka-
tactpodsl camonéros Ty-134 (r. UBanoBo,
27.08.1992) [1], Ty-154 (r. Upkytck, 04.07.2001)
[2], Ty-154 (. Cyxas banka, 22.08.2006) [3],
Boeing 737 (r. Tlepmb, 13.09.2008) [4], Ty-154
(r Jomonenoso, 04.12.2010) [5], Ty-134 (r. [TeT-
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posaBonck, 20.06.2011) [6], Ak-42 (r. Sdpo-
ciaBib, 07.09.2011) [7, c. 195—196, 221].

ABTOpamMu B paboTtax [8, 9] paccMOTpeHbI
HEKOTOPbIE BO3MOXHBIE ITyTH CHYDKEHWST Hera-
TUBHOTO BJIMSIHUST YeJIOBeYeCcKoro hakropa Ha
0€30I1aCHOCTB IMOJIETOB, BKJTIOYAST 1 TTOBBILLICHUE
3 (HEKTUBHOCTU B3aUMOJIEUCTBUSI B SKUIIAXE
JIA. B naHHoIii cTatbe, Kak v psiae apyrux [ 10—
18], uccienyercst BOIpoc OoLeHKU 3(PheKTruB-
HOCTU B3aUMOJIeCTBIS B aKunaxke JIA Ha oc-
HOBE COIIMOHMYECKOTO TIOIX0/1a, TO €CTh C UC-
TTOJIb30BAaHNEM TEOPUU MHTEPTUITHBIX OTHOIIIE-
Huii (MO). TTpu 3TOM, MOCKOIBKY peub UAET
O COILIMOHUMKE, €CTECTBEHHO, YIYUTHIBACTCS
TOJIbKO MH(DOPMALIMOHHbII aCIIEKT B3aMMOJIEii-
CTBUSI MEXKITY JIIOTbMHU.

Bnpouem, pe3yabTaTsl MCCIETOBAHUIM,
onyouKoBaHHBIE B [ 12—18], HOCAT HECKOJIBKO
MPOTUBOPEYMBBIN XapakTep. Tak, Harpumep,
nmpu ucrnoib3oBanuu MO, mpemiokeHHBIX
B. B. Iynenko [19], B pabotax [15—18] 6bu10
OJTHO3HAYHO BBISIBIIEHO TOJIbKO HEraTMBHOE
BJIMSTHYE HECOBITA/IEHUST Y MCTTBITYEMBIX pAIIo-
HaJIbHOTO M MUPPAllMOHATILHOTO HavaJl, T.€. He-
COBIIAJIEHUSI TIO TICUXOJIOTMIECKON AMXOTOMUY
«pallMOHAJbHOCTb—UPPAIIMOHATBHOCTh»
(P/N). OnHako, Kak ObUTO BIIOCIIEACTBUM TTO-
KazaHo [12—14], cutyaumst oka3ajach CyIle-
CTBEHHO CJIOXKHEE.

W3 coBpeMeHHbIX B3MISI0B Ha Teoputo MO
Han0oJ1ee MPOTYKTUBHBIMU HaM ITPE/ICTABIISTIOT-
cs HekoTopble ugeu I. A. Illynbmana [20,
c. 35—49], koTopbIil MEPBBIM BbICKA3aJI KpaiiHe
JIOTUYHYIO, 10 HAIlleMy MHEHUIO, MBICITb O TOM,
yto MO cyiecTByeT OTHIONB He 16, a 3HAUUTE -
Ho 6osbiie. Cam LlynsMaH HacuuThiBa 256 MO
1 HEOOOCHOBAHHO, HA HaITl B3IJISIL, TIPUTIMCHIBAIT
aBTOPCTBO JIAaHHOM unen A. AyryCTUHaBUYIOTE
[20, c. 37]. OmHaKo Xe, yYYUTBIBASI, UTO UCXOAS U3
OOBIYHOTO 3[PaBOTO CMbBIC/IA OTHOIIEHNSI, Ha-
TpUMep, ITUKO-CEHCOPHOTO 9KCTPaBepTa C MH-
TYUTUBHO-JIOTUYIECKM MHTPOBEPTOM 3TO abCO-
JIIOTHO TO K€ CaMOe, YTO OTHOIIEHWST UHTYUTHB-
HO-JIOTMYECKOTO MHTPOBEPTa C 3TUKO-CEHCOP-
HbIM 3KcTpaBepToM, MO Gynet Beé-Taku 136.

B pa6ote [13] mist kaxkmoii u3 1946 map
YYaCTHMKOB MPOBEAEHHBIX aBTOpaMU MHOTO-
YUCJIEHHBIX 9KCIIEPUMEHTOB TI0 METONIMKE 13
[21] 6bL1a paccunTaHa COLMOHUYECKAS MOJIENb
UHTepTUIHBIX OTHOLIeHU (CMMO) ¢ ucnonb-
3oBaHueM MO Tynenko—Ilynbmana (B [21,
c. 221] ona Hazgana CMUMO (T')). B 3aBucu-
MOCTH OT 3HaKa M BEJIWYUHBI TTOJYYEHHBIX
B 9TUX 9KCIIEpUMEHTaX KO3 PUIIMEHTOB KOP-
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PEJISILIMA MEXTY COOTBETCTBYIOLLIEH COCTABIISIIO-
et CMUO (I'lll) u cymmapHOii HOpMAaTUB-
HOCTBIO B TIape, PACCUUTAHHOU MO METOAUKE
A. M. OtkuHaa [22], kaxnomy ciaydaro MO
nprcBauBajcs paHr ot 1 1o 136. Tlpu cymmu-
poBaHuu paHru 16 toxaectBeHHbIX MO yduThI-
BaJIUCh OMHOKPATHO, a paHTX Bcex mpounx MO
VIBaUBATKCh.

bBrbuto rccnenoBaHo MpeanonokeHue 0 TOM,
YTO HY>XKHO YYUTHIBATH HE TOJILKO COBIAICHUE
JIMOO HECOBIANIECHUE 10 TOW WIX UHOM TICUXO0-
siornyeckoit nuxotomuu (I1/1), Ho U TO, Kakue
WMEHHO ICUXoJioruyeckue QyHKIMY WU yCTa-
HOBKH COBIAIU. B 3TOM citydae Mbl UMeeM He
16=2x2x2x2 10, a 3x3x3x3 =81 O, npuuém
KOJIMYECTBO, TaK CKa3aTh, UCXOMHBIX UHTEPTHUII-
HbIX oTHoIeHu# 1o [ypMaHy B KaxKIioM 13
MO 81 tuna He onuHakoBo. [Toatomy B [13,
¢. 39] paccuuTbiBajach He CyMMa paHIOB,
a Cpe[IHUI paHr Mo rpymnmne ogHoTUIHbIX 1O
C YYETOM UX KOJIMYECTBA.

OXumaemMo, ¢ TOUKU 3pEHUS TEOPETUIECKIX
TIPE/IITOJIOXKEHN T, BRICKa3aHHbIX B MOHOTpachun
[21, c. 229], u pe3yabTaToB, MOJYUYEHHBIX
BcCTaThsIx [15, c. 222—223; 17, ¢. 112; 18, ¢. 31],
oKa3ajoch, 4To HecoBmnaneHue mo I P/1
OIHO3HAYHO XYXe€, YeM COBMaJEeHUE XOTb IO
PAlMOHATBHOCTH, XOTh MO UPPALUOHATBHOCTH
MpY JIIOOBIX COYETAHUSIX COBIANICHUS WU He-
coBMajieHus 1o BceM octajibHbIM TT0. A BOT
COBITAIEHKE IO PALIMOHAIBHOCTH OBLIO JTyYllle,
YeM COBMAJCHUE IO UPPALIMOHATIBHOCTHU B CIIy-
yasiX COBMAJCHMS O MHTPOBEPCUHU, ITUKE
u uHTyrLmu. Ho camblii TeopeTyecKy HeOXu -
JTAHHBIN pe3y/IbTaT TOTYYWIICS 110 TUXOTOMUU
aKcTpaBepcusi—uHTpoBepcus (3/U1). Ipu
JIIOOBIX COYETAHUSIX COBMAIECHNYS WJIA HECOBIA-
JIeHUsT TTo BceM ocTabHbIM [1]1 coBnaneHue 1o
9KCTpaBePCUU ObUIO JIyYllle HECOBIMANECHUS IO
I11 /W, a 0HO B CBOIO OUepedhb — JIy4Ille CO-
BITAJIEHYST TIO MHTPOBEPCHUU.

JI7st MpoBepKU BHIBOJOB, MOJTYYEHHBIX
B [13], B pabote [12] ObUIM MCClIeAOBAHbI 1B
TpyMIibl ucbiTyeMbIX. OHa U3 823 rap, cocTaB-
JIeHHBbIX 13 81 yesnoBeka, a apyras u3 895 nap,
COCTaBJIEHHBIX U3 72 yenoBek. [1pu 3ToM rosty-
YeHHBIE PEe3YJILTaThl COBITAIN C TIPEXKHUMM pe-
3yJITaTAMU 1aJIEKO HE BO BCEM.

Haubonee nHTepeceH, moxanyii, BapuaHT
no I1J1 D/W. Tak, B nepsoii rpyimie B 100 %
CJIy4aeB COBMaJeHUE O IKCTPABEPCUU JTydllle
HecosmaneHus 1o [1/1 B/, Ho To B CBOIO OYe-
penb JIydllle, 4eM COBMaIeHUE MO UHTPOBEPCUU.
Bo BTOpOIi rpymne pe3yasTaT NPaKTUYECKU TOT
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Ta0muua 1

Cpennnii panr 1O B 3aBUCHMOCTH OT COBIAIeHHS WJIH HECOBNAAEHHS 10 oTae bHbIM T1]1
s 780 map ¢ y4éToM MX CyMMAapHOii HOPMATHBHOCTH

719M I/ I CM 1 P
o 2 o ) 2 o ) g ° o E g = E
sEle.|s8ls. 85 |Sglg sz |s8leg_|s¢8
15} I} =
s csx| 5g| 8| ex|3E|FS| e %E‘ SE|sg| <8
EE|EE EE|E = a = = E 5 2 = 2oz g S =) =I=]
2|8 EE| S 8 3 2°| 8 g= | 85| 8 & g
SN I S®|S L o © = © SE|Z - E
Cosrazenue 1o 54,25 | 63,06 | 62,94 | 48,69 | 60,19 | 7425 |10856 | 66,44 | 9,88
| oxcrpapepcim |
oM HeCOBHl;IaLl;/};IeHO 67,69 | 73,44 | 71,81 | 59,63 | 71,09 | 8456 |110,38| 79,94 | 16,13
Cosnazienue mo 73,38 | 73,225 | 67,56 | 57,13 | 71,69 | 86,94 | 99,25 | 78,94 | 30,31
HMHTPOBepCHU
Cosnanenneno | g0 | 6769 | 7338 51,13 | 64,63 | 86,63 | 87,19 | 77.44 | 20,94
JIOTUKE
i am He“""n‘;‘;/ﬂa“e 10| 63,06 | 7344 | 7325 57,63 | 7047 | 84,63 |10988| 77,59 | 18,13
C°B“:Tﬂ:::e“° 62,94 | 71,81 | 67,56 58,69 | 68,50 | 78,44 |12163| 68,63 | 1525
Comnazene 1o | 4 69 | 5963 | 57,13 | 51,13 | 57,63 | 58,69 97,75 | 56,69 | 13,94
CCHCOPHUKC
i cm He“"*ﬂ‘;”g;‘e“" 60,19 | 71,09 | 71,69 | 64,63 | 70,47 | 68,50 108,06 | 75,00 | 16,00
Commazemme o | 7, o5 | ga56 | 86,94 | 8263 | 84,63 | 78,44 pe| [ Py
UHTYHIUHA
CoBnatenueno | 40q.56 | 110,38 | 99,05 | 87,19 | 109,88 | 121,63 | 97,75 | 108,06 | 114,60
DAIIMOHATIBHOCTH
171 P/ He“";‘;f;“”" 66,44 | 79,94 | 7894 | 77,44 | 77,59 | 68,63 | 56,69 | 75,00 | 94,56
Comnanemmeno | g gq | 1613 | 30,31 | 2094 | 1813 | 1525 | 13,94 | 1600 | 26,50
HMPPAIOHAIBHOCTH

Ke, 32 MICKJTIOUCHUEM JIBYX CJTy4aeB: COBIaICHUE
110 MHTPOBEPCUM IIPU COBIIAACHUU IO 3TUKE
JIydie, yem HecoBrnageHue no I1J1 3/U, Ho
XyXe, Y4eM COBIAJICHKE 10 9KCTPaBEPCUU, a TAK-
K€ TPU COBIAICHUU 110 PallMOHAIBHOCTH, CO-
BHAJeHUE 10 9KCTPaBepCUU U MHTPOBEPCUU
OIIMHAKOBO JIyullie HecoBnanaeHus o [0 9/U.
B nepsoii rpymire takke B 100 % ciaydaeB co-
BHaieHKE 10 JIOTUKE JIyYIlie HECOBIIAJIEHMS T10
I noruka—atuka (JI/D), HO OHO yxXe JyJilie,
YeM COBIajieHKe 110 3THKe. Bo Bropoii rpymre
TaKast KapTHHa HaOJII0AaeTCsl TOJIBKO B YEThIPEX
caydasx u3 aeBaTtu. B Tpéx ciyyasix obparHas
KapTuHa U el B JBYX COBIIAJIEHUE TI0 JIOTUKE
JIy4llie, YeM COBIIaJieHUE 110 3TUKE, a OHO,
B CBOIO O4epe/ib, JIydllle HecoBnaneHus mo I1/1
JI/D. 11 B «cTapoM», 1 B <HOBOM» SKCITEPUMEH -
tax B 100 % ciyyaeB COBIajicHUE 10 CEHCOPUKE
0Ka3ajoch Jiydie HecoBnaaeHus mo [0 ceH-
copuka—uHTyunus (C/M), Ho To okazanoch
JIy4Ile, YeM COBITaJICHUE 110 MHTYUIIUH.
HauGonblime pacxoxXaeHUsT MEXIy IByMsI
aKcrnepuMeHTamu 3adukcrposansbl o 11 P/A.
B «HoBom» HecoBnanenue 1o I1J1 P/W B 100 %
CJIy4aeB 0Ka3aJoCh JIydllle COBMAACHMsI 110 pa-
LIMOHAJIBHOCTU. A BOT B «CTAPOM» IIPY COBIIA-
JICHUSIX ITO MHTPOBEPCUM M MIHTYUIIMY COBIAIEC-
HUE I10 PaLlMOHAJIBHOCTH JIyYIlle COBIAACHUS
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1o uppauroHaibHocTi U B 100 % ciydaeB He-
coBnanenue o 11 P/U xyxe coBnaaeHus..

Henatb Kakye-J1100 OMTHO3HAYHBIE 3aK/TI0Ye-
HMsI, BUIMMO, TIPEXKICBPEMEHHO, HO, YYUThIBasT
JIOCTATOYHO OOJIBIIINE ¥ ITPUMEPHO OITHAKOBHIC
10 00BEMY U COCTaBY HEIePECEKAIOIIMECs Bbl-
0OpKHU, C ONPEIEIEHHOM YBEPEHHOCTHIO MOXKHO
TOBOPUTb O TOM, YTO TMITOTe3a B MOHOIpachuu
[21] o mpeBocxoacTBe TOXAECTBeHHBIX 1O He
noaTBepamiachk. KapTuHa siBHO ClIOXkKHee.

J1J1s1 yTOYHEHWS CKIIaAbIBAIOIIEICS KAPTUHBI
OblIa KMccaenoBaHa enieé ogHa Beioopka u3 780
Iap, CocTaBAeHHBIX 13 40 MJIOTOB-BBITYCKHU -
KoB [23, c. 21—28]. Dra BbIOOpKA MHTEpECcHa
TEM, YTO KPOME JaHHBIX O CyMMapHOI HOpMa-
TUBHOCTH (N) 111 KQXKI0M Maphbl O METOAMKE
A. M. Otkunpa [22, c. 110—114] 6bu1a paccuu-
TaHa ¥ cyMMapHasi BajleHTHOCTh (V). Pesyibra-
ThI PacY€Ta CPEeIHEro paHra Io IpyIIe OIHO-
TunHbIX MO ¢ yu€TomM uX KonuyecTBa, TakxKe
Kak 310 ObLI0 caenaHo U B [ 12, 13], mpuBeaeHbI
B Tabaunax 1 u 2. (ABTOpbI [23] 9TUX pacyeéToB
He npou3BoawIn). Pacyér paHroB HaMu BBITOJ-
HSUICST, UCXOMIsT U3 KOI(MOUILIMEHTOB KOPPeJIsi-
LIMM MEXKIY COOTBETCTBYIOLIEH COCTABISIIOIIEH
CMMUO (T'I), a Takke:

* CyMMapHOM B Ilape HOPMaTUBHOCTHIO N
(m7s1 Tabmuuel 1);
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Tabumuna 2

Cpennnii panr 1O B 3aBUCHMOCTH OT COBIAIeHUS WJIM HECOBNAIEHUS 10 oTAe bHbIM T1]1
st 780 map ¢ y4€ToM MX CyMMAPHOIi BaJIEHTHOCTH

1)1 9/1
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73,06 | 55,81
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=
©
(<2}
w

Cosmnaznenue no
UHTPOBEPCUU

53,94

59,56

59,38 | 47,81 | 57,06 70,50 |102,44 | 52,88 | 24,25

Cosnajienue no
JIOTHKE
HecoBmniageHnue mo
I8V giric]
CoBnazeHue no
STHKE

68,50 | 66,94 | 53,94

1 J1/2 75,13 | 72,97 | 59,56

77,13 | 73,06 | 59,38

48,56 | 63,88 80,00 [107,19 | 70,19 | 8,75

55,75 | 69,81 8525 (119,13 | 71,25 | 19,00

56,94 | 71,13 83,44 (122,75 66,25 | 27,38

CoBnajieHue no
CEHCOpUKe

57,56 | 55,81 | 47,81

55,75

56,94 106,69 | 48,69 | 12,94

Hecosnasnenue no

cm
2! nacm

74,25 | 71,66 | 57,06

69,81

71,13 118,25 | 69,63 | 17,13

CoBnajieHue 1o
MHTYUIIHY

89,81 | 86,81 | 70,50

85,25

83,44 125,00 | 91,00 | 26,94

CoBnajzieHue 1mo
DA OHATBHOCTU

125,13 | 120,31 | 102,44

119,13

122,75 | 106,69 | 118,25 | 125,00

Hecosniagenue no

UL P 73,00

11 P/ 80,06 52,88

71,25

66,25 | 48,69 | 69,63 91,00

Cosnajzienue 1o
HUPPpAIMOHATIBHOCTH

10,63 | 19,63 | 24,25

19,00

27,38 | 12,94 | 17,13 26,94

* CYyMMAapHOIi B TTape BaJIeHTHOCTbIO V (1151
TaOJULIBI 2).

B 100 % cny4aeB, Kak U AJ1s1 BHIOOPKH U3
paboThl [12], coBnaaeHue Mo uppalMoHaIbHO-
CTH OKa3aJIoCh Jiydllie U HecoBranaeHus 1o 171
P/U, Ho TO B CBOIO 0Yepe/ib OKa3aI0Ch JIydllle,
YeM COBITaJICHUE 110 PallMOHAIbHOCTH. [Tpryém
3TOT Pe3yJIBTaT CIPABEUIMB U JIJIsi HOPMAaTUB-
HOCTHU, Y BAJICHTHOCTH.

Ha I C/UuB [12],uB[21], u B paccMa-
TpUBaeMoM 3KcrnepumeHTe u3 [23] (kak mist
BaJICHTHOCTH, TaK 1 HopMatuBHOCTH) B 100 %
cy4aeB CIIPaBeIJIMBO, YTO COBMAAEHUE I10
CCHCOPHKE 0Ka3aJI0Ch TyYIlle HECOBITAIEHUS 10
I C/H, a To syyiiie, 4eM COBNaIEHUE MO UH-
TYULIUN.

C IIJ1 B/ Bc€ He CTOIb OTHO3HAYHO.
Ecim mist pa6otsr [21] B 100 % ciyyaes cripa-
BEIJIMBO, YTO COBIIAZICHUE 110 9KCTPABEPCUU
Jydie HecoBmaneHnus no I11 D/U, Ho TO,
B CBOIO OYepe/ib, JIydllle, YeM COBIaJICHUE 110
MHTpOBepCcUu, To A1s [12] aTo OymeT cripa-
BEJJTMBO TOJIbKO B 78 % cilyyaeB, XOTsI COBIa-
JIleHue 1o 3KkcTpaBepcuu aydiee B 100 %
ciydaeB. JIasa skcriepumeHTa u3 [23], eciu
B3SITb HOPMATUBHOCTD (CM. Tabyuuly 1), BbI-
sIBJIEHHAsi 3aKOHOMEPHOCTD B LIEJIOM COXpa-
Hsietcsa. B 89 % caydyaeB coBmageHue Mo
3KCTpPaBEePCUM JIydlllee M TOJIbKO B OJHOM

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 204-214 (2019)

cllydae, IIpy COBMAIEHUH 10 PallOHAIbHO-
CTH, JIy4IIMM OYZeT COBNaJeHNEe MO0 MHTPO-
Bepcuu. I[Ipu atom B 44 % ciryyaeB uMero-
masicst 31eCh 3aKOHOMEPHOCTD ITOJHOCTBIO
MOBTOPSIET CBOM aHaJior U3 padboThl [21,
c. 229]. A BOT eciu B3SITh BaJIGHTHOCTb (CM.
Tabauly 2), TO 34eCh 3aKOHOMEPHOCTD MOJTY-
yaeTcs (paKTUYECKU TPSIMO ITPOTUBOTIONIOXK -
Hoii: B 89 % ciyyaeB coBnaaeHue MO MHTPO-
BEepCHMU 0Ka3aJI0Ch JIydllle HECOBMAIEHUS 110
I11 5/A, a To, B CBOIO ouepeb, Jydllle, YeM
COBIaZieHWE MO 3KCTPaBEPCUM, U TOJIbKO
B OJIHOM cJly4yae, IpU COBMaJeHUH 10 uppa-
LIMOHAJIBHOCTH, BCE OBLIO C TOYHOCTHIO JI0
Hao0OpOoT.

s T10J1/D cutyanust HauboJiee CoxKHasl.
Ecmm B skcniepumente u3 [21] wis 100 % ciy-
YyaeB COBITAJICHKE T10 JIOTHKE JTy4llle HECOBIAIe-
Hus o ITJ1 JI/D, a To oAtk ke Jydiie, yem
COBITaJIcHUE IO 3TUKE, TO IS BCEX MPOUYUX
SKCIEPUMEHTOB 3aKOHOMEPHOCTE I MpaKTHuyie-
CKU HeT (0COOEHHO 17151 pe3yJITaTOB U3 Ta0IM-
1wl 1).

B raGumie 3 B 256 4eThIpEX3HAYHBIX 000-
3HaueHusaXx MO B mopsake oyepEéaHOCTHU
pPacmoJioXeHbl CUMBOJIBI, OTHOCSIIIAECS CO-
otBercTBeHHO K [1J1 D/U, JI/9, C/Uu P/U,
MpU 3TOM CUMBOJI «L» 03HaYaeT coBnageHue
B naHHoM MO 1o Takum cBoiicTBaM, Kak

Manuweeckuin A. B., ApuHudeBa O. B. lporHoctnyeckuii kputepuv 3pheKTUBHOCTN B3aUMOAENCTBUSA
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Tabamnna 3

IIpennaraemas Tadmna MoauuUIMPOBAHHBIX HHTEPTHITHBIX
otHomeHnii Ha 6aze CMUO (T'HI) [21]

TUM 111 [ 1110 (1101 | 1100 | 1011 | 1010 | 1001

1000 | 0111 0110 | 0101 |0100 | 0011 | 0010 [0001 |0000

LLLL | LLLP | LLPL | LLPP | LPLL | LPLP | LPPL

LPPP | PLLL | PLLP | PLPL | PLPP | PPLL | PPLP | PPPL | PPPP

1111 LLLL | LLLL | LLLO | LLOL | LLOO | LOLL | LOLO | LOOL

L000 | OLLL | OLLO | OLOL |0LOO | O0OLL | 00LO | 000L | 0000

1110 LLLP | LLLO | LLLP | LLOO | LLOP | LOLO | LOLP | LOOO

LOOP | OLLO | OLLP [ OLOO |OLOP | O0OLO [OOLP | 0000 | 000P

1101 LLPL | LLOL | LLOO | LLPL | LLPO | LOOL | L0O00 | LOPL

LOPO | OLOL | OLOO | OLPL |OLPO | 000L | 0000 | OOPL | 00PO

1100 LLPP | LLOO | LLOP | LLPO | LLPP | LO0OO | LOOP | LOPO

LOPP | OLOO | OLOP | OLPO [ OLPP | 0000 | 000P |00PO | 0OPP

1011 LPLL | LOLL | LOLO | LOOL | L000 | LPLL | LPLO | LPOL

LP00 | OOLL | OOLO [ 000L | 0000 | OPLL [ OPLO | OPOL | OPOO

1010 LPLP | LOLO | LOLP | LO00 | LOOP | LPLO | LPLP | LPOO

LPOP | O0LO [ OOLP | 0000 | 000P | OPLO | OPLP | OPOO | OPOP

1001 LPPL | LOOL | LO0O0 | LOPL | LOPO | LPOL [ LPOO | LPPL

LPPO | 000L | 0000 | OOPL [ 00PO | OPOL [ OPOO | OPPL | OPPO

1000 LPPP | LOOO | LOOP | LOPO | LOPP | LPOO | LPOP | LPPO

LPPP | 0000 | 000P | 00PO | OOPP | OPOO | OPOP | OPPO | OPPP

0111 PLLL | OLLL [ OLLO | OLOL | 0LOO | OOLL | 00LO | 000L

0000 | PLLL | PLLO | PLOL | PLOO | POLL | POLO | POOL | P0O0O

0110 PLLP | OLLO | OLLP | OLOO [ OLOP | 00LO [ OOLP | 0000

000P | PLLO | PLLP | PLOO | PLOP | POLO | POLP | PO00O | POOP

0101 PLPL | OLOL | OLOO | OLPL | OLPO | 000L | 0000 | OOPL

00PO | PLOL | PLOO | PLPL | PLPO | POOL | POOO | POPL | POPO

0100 PLPP | 0LOO | OLOP | OLPO [ OLPP | 0000 [ 000P | 00PO

00PP | PLOO | PLOP | PLPO | PLPP | P0OO0O | POOP | POPO | POPP

0011 PPLL [ OOLL | 00LO | 000L | 0000 | OPLL | OPLO | OPOL

0P00 | POLL | POLO | POOL | POOO | PPLL [ PPLO | PPOL | PP0OO

0010 PPLP | 00LO | OOLP | 0000 [ 000P | OPLO | OPLP | OP0OO

OPOP | POLO | POLP | POO0 | POOP | PPLO | PPLP | PPOO | PPOP

0001 PPPL | 000L | 0000 | O0OPL [ 00PO | OPOL [ OPOO | OPPL

OPPO | POOL | P0OOO | POPL [ POPO | PPOL | PPOO | PPPL | PPPO

0000 PPPP | 0000 | 000P | 00PO | OOPP | OPOO | OPOP | OPPO

OPPP | POOO | POOP | POPO [ POPP | PPOO | PPOP | PPPO | PPPP

Tab0smua 4

Koadduumentsi () 1151 pacyéra nporHoCTHYECKOrO COMOHUYECKOTO KPUTEPHS

3t dexTuBHOCTH B3aumoeiicTust (Y

r110 1)

TUM 1111 | 1110 | 1101 | 1100 | 1011 [ 1010 [ 1001 | 1000 | 0111 |0110 [0101 [0100 |O0011 | 0010 |[000L | 0000
LLLL | LLLP | LLPL | LLPP | LPLL | LPLP | LPPL | LPPP | PLLL | PLLP | PLPL | PLPP | PPLL | PPLP | PPPL | PPPP

1111 LLLL | 0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
1110 LLLP | +2 +4 +1 +3 +2 +4 +1 +3 +1 +3 0 +2 +1 +3 0 +2
1101 LLPL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 &l -2 0 -3 Gl
1100 LLPP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
1011 LPLL (0O +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
1010 LPLP | +2 +4 +1 +3 +2 +4 +1 +3 +1 +3 0 +2 +1 +3 0 +2
1001 LPPL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 -1 -2 0 -3 -1
1000 LPPP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0111 PLLL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 -1 -2 0 -3 -1
0110 PLLP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0101 PLPL | -2 0 -3 il -2 0 -3 -1 -3 -1 -4 -2 -3 -1 -4 -2
0100 PLPP |0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
0011 PPLL |-1 +1 -2 0 -1 +1 -2 0 -2 0 -3 -1 -2 0 -3 -1
0010 PPLP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0001 PPPL | -2 0 -3 -1 -2 0 -3 -1 -3 -1 -4 -2 -3 -1 -4 -2
0000 PPPP |0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0

9KCTpaBepCus, JIOTUKA, CEHCOPUKA U PaIO-
HaJIbHOCTh, CMMBOJ «P» — coBmameHue 1o
TaKMM CBOICTBaM, KaK MHTPOBEPCHUSI, 3THKA,
WHTYULIUS U UPPAITUOHAIBHOCTD, 8 CUMBOJI
«0» — HecoBMmageHUEe CBOWCTB IO COOTBET-
crytomeii TT/1.

Hcxonst u3 M3oXeHHBIX paHee coodpake-
HUl, B Tabauue 4 mpeacTaBIeHbl BO3MOXHbBIE
KoadduLmeHTsl 11 Kaxaoro nu3 MO ms pac-
4y€Ta MPOTHOCTUYECKOTO COIMOHUYECKOTO
kputepust 93bGEKTUBHOCTA B3aMOJCHCTBUS
Yl"I.LIOl'

ITporHocTUyecKuii COLIMOHUYECKUI KPUTE-
puii Y aHATIOTMYEH MPeUTaraBIIMMCs] paHee
MPOTHOCTUYECKUM KpUTepusM ¥ Ha 6ase MO
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A. Ayrycrunasuyiore [21, 24 mm xe ¥ X, X, —
Ha 6aze MO B. B. Iynenko [16—18] u omnpene-
JI1eTCs (hOPMYJION:

256
Y oy = Z(Uilui ) s

i=1
rae p, — cocrapnsromas CMHUO (T'L); n, — xo-
3 GUIMEHT U3 TA0IUIIHI 4.

BbiBOAbl

Pa3paboTka 70cTaTOYHO aeKBATHOTO MPO-
THOCTMYECKOTO COLIMOHMYECKOTO KPUTEPUS
3 PeKTUBHOCTA B3aUMOACUCTBUS OCTAETCS
aKTyaJIbHOM 3af1a4eii, HO TpeOyeT HabHEMILIX
WCCIIeOBAHMIA, TTOCKOJIbKY TTOJTy4eHHBIE pe-
3yJIBTaThI [TOKa HEOMTHO3HAYHBL. [IprMeHuTEe Ih-
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HO K JIETHOMY 9KMIIaXy 3TO TeM 0oJiee BaxkKHO,
100 XapaKTep OTHOILUEHUI MEXIy JIIOAbMMU,
OTBETCTBEHHBIMU 3a XKU3Hb MaCCaxKMPOB BO3-
JIYITHOTO CyAHAa, MOIJEXUT 0C000 CTpOrom
oueHke. M podeccroHaibHOM, 1 MPOCTO Yye-
JIOBEYECKOM.
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PROGNOSTIC CRITERION OF EFFECTIVENESS OF CREWMEMBER

INTERACTION

Malishevsky, Alexey V., St. Petersburg State University of Civil Aviation, St. Petersburg, Russia.
Arinicheva, Olga V., St. Petersburg State University of Civil Aviation, St. Petersburg, Russia.

ABSTRACT

The results of experiments that have been
conducted by the authors since 2004 together with
professional pilots and students of the University
of Civil Aviation are analyzed. The aim of the
research is to study the possibilities of the socionic
model of intertype relationships for assessing the

Keywords: civil aviation, aircraft crew, interaction

resource management.

Background. The majority of all recent air crashes
have, as the main or concomitant cause, a violation of
interaction in the crew. Reference example is the crash
of An-148-100B aircraft of Saratov Airlines, which was
operating flight 6W703 from Moscow to Orsk on
February 11, 2018. According to the investigation, soon
after takeoff, the attention of the pilots was attracted
to the different and at the same time critically low speed
readings on the instruments; the commander of the
aircraft tried to change the situation by make the
aircraft while the co-pilot pointed to the inadmissibility
of such actions. There was a clear psycho-emotional
tension, a curse was heard on the voice recordings. As
a result, attempts to fix something were unsuccessful
until the collision with the ground.

Typical examples of such interaction violations
were also the crashes of the planes Tu-134 (lvanovo,
27.08.1992) [1], Tu-154 (Irkutsk, 04.07.2001) [2],
Tu-154(Sukhaya Balka, 22. 08.2006) [3], Boeing 737
(Perm, 13. 09.2008) [4], Tu-154 (Domodedovo,
04.12.2010) [5], Tu-134 (Petrozavodsk, 20.06.2011)
[6], Yak-42 (Yaroslavl, 07.09.2011) [7, pp. 195-196,
221].

Objective. The objective of the authors is to
consider prognostic criterion of effectiveness of
interaction in the crew.

Methods. The authors use general scientific
methods, graph construction, evaluation approach,
statistical method.

Results. The authors in [8, 9] considered some
possible ways to reduce the negative impact of the
human factor on flight safety, including increasing the
efficiency of interaction in the aircraft crew. This
article, like a number of others [ 10— 18], examines the
issue of assessing the effectiveness of interaction in
the aircraft crew based on the socionic approach, that
is, using the theory of intertype relationships (IR). At
the same time, since we are talking about socionics,
naturally, only the informational aspect of interaction
between people is taken into account.

However, the results of studies published in
[12—-18] are somewhat controversial. So, for example,
when using IR proposed by V. V. Gulenko [19], in works
[15—-18] only the negative effect of the mismatch of
the rational and irrational principles among the
subjects, i.e. «rationality—irrationality» (R/l) dichotomy
was unambiguously revealed. However, as was
subsequently shown [12—-14], the situation was much
more complicated.

From the modern views on the theory of IR,
some ideas by G. A. Shulman [20, p. 35-49] seem
to be the most productive, he first expressed the
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interaction in a two-member aircraft crew using the
complex socionic efficiency criterion and data of
indirect sociometry. The statistical criterial
dependencies are given. The article continues the
previously started topic (see World of Transport
and Transportation, 2014, Iss. 5; 2016, Iss. 1;
2017, Iss. 3).

of pilots, intertype relationships, sociometry, crew

extremely logical, in our opinion, idea that there are
not sixteen, but much more IR. Shulman himself
numbered 256 IR and, in our opinion, groundlessly
attributed the authorship of this idea to
A. Augustinavichiute [20, p. 37]. However,
considering that, based on the usual common sense
a relationship of for example, an ethical-sensory
extrovert with an intuitive-logical introvert is
absolutely the same thing as relationship of an
intuitive-logical introvert with an ethical-sensory
extravert, there will be still 136 IR.

In [13], for each of 1946 pairs of participants of
numerous experiments conducted by the authors
according to the method of [21], a socionic model of
intertype relationships (SMIR) was calculated using
Gulenko-Shulman IR (in [21, p. 221] it was called
SMIR (GSh)). Depending on the sign and magnitude
of correlation coefficients obtained in these
experiments between the corresponding component
of SMIR (GSh) and the total normativity in the pair,
calculated according to the method of A. M. Etkind
[22], arank from 1 to 136 was assigned for each case
of IR. Sixteen identical IR were counted once, and the
ranks of all other IR were doubled.

The assumption was studied about the fact that it
is necessary to take into account not only the
coincidence or discrepancy for one or another
(psychological dichotomy), but also which
psychological functions or attitudes coincided. In this
case, we havenot 16 =2x2x2x2 IR, but 3x 3 x 3 x
3=381IR, and the number, so to speak, of the original
Shulman intertype relationships in each of 81 type IR
is not the same. Therefore, in [13, p. 39], it was not
the sum of ranks that was calculated, but the average
rank in the group of the same type of IR, taking into
account their number.

It was expected, from the point of view of the
theoretical assumptions expressed in the monograph
[21, p. 229], and the results obtained in the articles
[15, pp. 222-223; 17, p. 112; 18, p. 31], that the
discrepancy in terms of PD R/l is definitely worse than
a coincidence in rationality or irrationality within any
combinations of coincidence or discrepancy in all
other PD. But coincidence in rationality was better
than coincidence inirrationality in cases of coincidence
in introversion, ethics and intuition. But the most
theoretically unexpected result came from the
dichotomy of extraversion—introversion (E/I). For any
combination of coincidence or non-coincidence in all
other PD, coincidence in extroversion was better than
a mismatch in E/I PD, and it, in turn, is better in
coincidence in introversion.
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Table 1

Average rank of IR, depending on the coincidence or discrepancy in individual PD for 780 pairs,
taking into account their total norm

PDE/l PD LJE PD S/l PD R/
[a) S [ n 8 [a) [a)
R s_| 8 |¢ £ | = N £ £ = -
-— (o] - (5] — (5] (5] - —
B2 3 _|E8| 5 |3, € |Eelz_| Es|BE|5_ |82
go|2=| 8¢ 8 = 8 |8gl2=s| 832 |828|8s|5¢E
ss | SW |33 53 s 4 S g2 |8h | 52 g8 |8 |86
[=g =] 0] S = k=] D k=] S 3 19 ERS [=S ] 0] =1
33| o S E g 5] k=l ‘S S ‘3 3= |5 £8
(&) 2 O = 4= £ (@] R (@) (&) ) Q =
a S8 a 8 a a o
Coincidence in 54,25 | 63,06 | 62,94 | 48,69 | 60,19 | 74,25 | 10856 | 6644 | 9,88
extraversion
PDE/ D'screpaErl‘lcy'” = 67,69 | 73.44 | 71,81 | 59,63 | 71,09 | 84,56 | 110,38 79,94 | 16,13
Coincidence in 7338 | 73,25 | 67,56 | 57,13 | 71,69 | 86,94 | 99,25 | 7894 | 30,31
introversion
Coincidence inlogic | 54,25 | 67,69 | 73,38 51,13 | 64,63 | 86,63 | 87,19 | 77,44 | 20,94
PD L/E D'screpilnéy'” PD | 6306 | 7344 | 73,25 57,63 | 7047 | 84,63 | 109,88 77,59 | 18,13
Coincidence in ethics| 62,94 | 71,81 | 67,56 58,690 | 6850 | 7844 | 121,63 68,63 | 15,25
Coincidence in | g 69 | 5963 | 57,13 | 51,13 | 57,63 | 58,69 97,75 | 56,60 | 13,94
sensoric
PD S/ D'S”epgrl‘lcy PO | 6019 | 71,00 | 71,60 | 6463 | 70,47 | 6850 108,06 | 75,00 | 16,00
Coincidence n | 7425 | 84,56 | 86,94 | 8263 | 84,63 | 78,44 114,69 | 94,56 | 26,50
intuition
Coincidence in | 106 56 | 110,38 | 99,25 | 87,19 | 109,88 | 121,63 | 97,75 | 108,06 | 114,69
rationality
PDRI D'screp;rl‘lcy'” PD | 6644 | 7904 | 7804 | 77,44 | 77550 | 68,63 | 56,69 | 75,00 | 94,56
Coincidencein | g a5 | 1613 | 30,31 | 2004 | 1813 | 1525 | 1394 | 1600 | 2650
irrationality

To verify the findings obtained in [13], two groups
were studied in [12]. One group consisted of 823 pairs
composed of 81 people, and the other of 895 couples
composed of 72 people. At the same time, the results
obtained did not coincide with the previous results in
everything.

Perhaps the most interesting option is for PD E/I.
Thus, in the first group, in 100 % of cases, coincidence
in extraversion is better than discrepancy in PD E/I,
but the latter is in turn better than coincidence in
introversion. In the second group, the result is almost
the same, except for two cases: coincidence in
introversion with a coincidence in ethics is better than
a discrepancy in PD E/I, but worse than coincidence
in extraversion, and also in coincidence in rationality,
coincidence in extraversion and introversion is equally
better than mismatch on PD E/I. In the first group, also
in 100 % of cases, the coincidence in logic is better
than the discrepancy in terms of PD logic — ethics
(L/E), but it is already better than the coincidence in
ethics. In the second group, such a picture is observed
only in four cases out of nine. In three cases, there is
an opposite picture and in two more cases coincidence
in logic is better than coincidences in ethics, and this,
in turn, is better than the discrepancy in terms of PD
L/E. In both the «old» and «new» experimentsin 100 %
of cases, the coincidence in sensory turned out to be
better than the mismatch in PD sensoric — intuition
(S/1), but that turned out to be better than the
coincidence in intuition.

The largest discrepancies between two
experiments were recorded in terms of PD R/I. In the
«new» test, mismatch on PD R/I, in 100 % of cases
turned out to be better than the coincidence in
rationality. But in the «old» one with coincidence in

introversion and intuition, coincidence in rationality is
better than coincidence in irrationality and in 100 %
of cases discrepancy in terms of PD R/l is worse than
coincidence.

It seems to be premature to make any
unambiguous conclusions, but given the relatively
large and roughly intersecting samples of the same
size and composition, we can say with some certainty
that the hypothesis in the monograph [21] about the
superiority of identical IR was not confirmed. The
picture is clearly more complicated.

To clarify the emerging picture, another sample
of 780 pairs composed of 40 graduate pilots was
investigated [23, pp. 21-28]. This sample is interesting
because, in addition to the data on the total norm (N)
for each pair, the total valence (V) was calculated
using the method of A. M. Etkind [22, p. 110-114].
The results of the calculation of the average rank for
the group of IR of the same type, taking into account
their number, as it was done in [12, 13], are given in
Tables 1 and 2. (The authors [23] did not make these
calculations). The calculation of ranks was performed
by us, based on the correlation coefficients between
the corresponding component of SMIR (GSh), and
also on:

« total norm N in the pair (Table 1);

« total valence V in the pair (for Table 2).

In 100 % of cases, as well as for the sample from
[12], the coincidence in irrationality turned out to be
better than the discrepancy in terms of PD R/I, but
that in turn turned out to be better than the coincidence
in rationality. Moreover, this result is valid for norm
and valence.

For PD S/I and in [12], and in [21], and in the
experiment under consideration from [23] (for both
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e Table 2
e Average rank of IR, depending on coincidence or discrepancy in individual PD for 780 pairs,
‘ taking into account their total valence

PD E/l PD L/E PD S/I PD R/I
[a) L [a) 8 [a) o
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ST 68,50 | 75,13 | 77,13 | 57,56 | 7425 | 89,81 |12513| 80,06 | 10,63
extraversion
PDE/ D'SC’epaEI"ICV'"PD 66,94 | 72,97 | 73,06 | 55,81 | 71,66 | 86,81 | 120,31 73,00 | 19,63
LR 5394 | 59,56 | 59,38 | 47,81 | 57,06 | 70,50 |102,44 | 52,88 | 24,25
introversion
Coincidence in logic | 68,50 | 66,94 | 53,94 4856 | 63,88 | 80,00 | 107,19 70,19 | 875
PD LE D'SC‘E"E’I‘EV'"PD 7513 | 72,97 | 59,56 5575 | 69,81 | 8525 |11913| 71,25 | 19,00
Coincidence in ethics| 77,13 | 73,06 | 59,38 56,94 | 71,13 | 8344 |122,75| 66,25 | 27,38
Coincidence in | g7 56 | 5581 | 47,81 | 48,56 | 55,75 | 56,94 106,60 | 48,69 | 12,94
Sensoric
PD S/l D'SC’EPZ'}‘I:V'"PD 7425 | 71,66 | 57,06 | 63,88 | 69,81 | 71,13 118,25 | 69,63 | 17,13
C°':n‘ctfi§2r°f N 8981 | 86,81 | 70,50 | 80,00 | 85,25 | 83,44 125,00 | 91,00 | 26,94
Coincidence in | 155 13| 190,31 | 102,44 | 107,19 | 119,13 | 122,75 | 106,69 | 118.25 | 125,00
rationality
PDRII D'S”"paR';‘l’y'”PD 80,06 | 73,00 | 52,88 | 70,19 | 71,25 | 66,25 | 48,69 | 69,63 | 91,00
Coincidence in | 14 5 | 1963 | 2425 | 875 | 19,00 | 27,38 | 12,04 | 1713 | 26,94
irrationality
Table 3
The proposed table of modified intertype relationships based on SMIR (GSh) [21]
1111 1110 1101 1100 1011 1010 1001 1000 | 0111 | 0110 {0101 0100 | 0011 0010 | 0001 | 0000

TIR

LLLL | LLLP | LLPL | LLPP | LPLL | LPLP | LPPL | LPPP | PLLL | PLLP | PLPL | PLPP | PPLL | PPLP | PPPL | PPPP

1111 LLLL | LLLL | LLLO | LLOL | LLOO | LOLL | LOLO [LOOL [ L000 |OLLL |OLLO |OLOL [OLOO [OOLL |00LO |000L |[0000

1110 LLLP | LLLO | LLLP | LLOO | LLOP | LOLO | LOLP [LO00O [LOOP |OLLO |OLLP |OLOO [OLOP [OOLO |OOLP | 0000 |000P

1101 LLPL | LLOL | LLOO | LLPL [ LLPO | LOOL | L000 |LOPL | LOPO [OLOL [OLOO |OLPL |OLPO |000L {0000 [OOPL |00PO

1100 LLPP | LLOO | LLOP | LLPO | LLPP | LOO0 | LOOP [LOPO [LOPP |[OLOO |OLOP |OLPO [OLPP {0000 |O000P |00PO |00PP

1011 LPLL | LOLL [ LOLO |LOOL |L0O00 |LPLL |LPLO [LPOL [LPOO |OOLL |00LO |000L {0000 [OPLL |OPLO |OPOL |0POO

1010 LPLP | LOLO | LOLP [L000 |LOOP |LPLO |LPLP [LPOO [LPOP |00LO |OOLP |0000 [000P [OPLO |OPLP |0POO |OPOP

1001 LPPL | LOOL |LO00 |LOPL |LOPO |LPOL [LPOO |LPPL |LPPO [000L |[0000 |[OOPL |00PO |OPOL [OP0O0O [OPPL |0OPPO

1000 LPPP | LO00 |LOOP |LOPO |LOPP [LPOO |LPOP |LPPO | LPPP | 0000 [000P [O0PO |OOPP |0POO [OPOP [OPPO |OPPP

0111 PLLL [OLLL |[OLLO |[OLOL |OLOO [OOLL [OOLO |000L |0000 |PLLL |PLLO [PLOL |PLOO |POLL |POLO |POOL [ P000

0110 PLLP [OLLO |OLLP |0OLOO |OLOP [00LO [OOLP |0000 |000P |PLLO |PLLP |PLOO |PLOP |POLO [POLP [P000 |POOP

0101 PLPL | OLOL [OLOO |[OLPL [OLPO |000L |0000 [O0PL [00PO |PLOL |PLOO |PLPL [PLPO [POOL |P000 |POPL | POPO

0100 PLPP [ 0OLOO |OLOP |OLPO |OLPP [0000 [000P |00PO |O00OPP |PLOO |PLOP [PLPO | PLPP | POO0 |POOP |POPO |POPP

0011 PPLL [00LL |[00LO [000L |0000 [OPLL [OPLO |OPOL |O0POO |POLL | POLO [POOL |P000 |PPLL |PPLO | PPOL |PPO0O

0010 PPLP [00LO |OOLP {0000 |000P [OPLO [OPLP |OPO0O |OPOP |POLO |POLP [P000 |POOP |PPLO (PPLP [PP0O0 |PPOP

0001 PPPL | 000L | 0000 |00OPL [00PO |OPOL |OPOO |OPPL |OPPO [POOL [P000 |POPL [POPO |PPOL |PP0O0O |PPPL | PPPO

0000 PPPP | 0000 |000P |00PO [00PP |OP0O0O |OPOP |OPPO |OPPP [P0O00 [POOP |POPO |POPP |PPOO |PPOP | PPPO | PPPP
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Table 4
Coefficients () for calculating the prognostic socionic interaction efficiency criterion (Y, )

TIR I (1110 | 1101 | 1100 | 1011 | 1010 {1001 [ 1000 | 0111 | 0110 | 0101 | 0100 [0011 | 0010 | 0001 [0000
LLLL | LLLP | LLPL | LLPP | LPLL | LPLP | LPPL | LPPP | PLLL | PLLP | PLPL | PLPP | PPLL | PPLP | PPPL | PPPP

1111 | LLLL |0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
1110 | LLLP | +2 +4 +1 +3 +2 +4 +1 +3 +1 +3 0 +2 +1 +3 0 +2
1101 | LLPL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 -1 -2 0 -3 -1
1100 | LLPP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
1011 | LPLL |0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
1010 | LPLP | +2 +4 +1 +3 +2 +4 +1 +3 +1 +3 0 +2 +1 +3 0 +2
1001 | LPPL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 Sl -2 0 -3 ol
1000 | LPPP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0111 [PLLL | -1 +1 -2 0 -1 +1 -2 0 -2 0 -3 -1 -2 0 -3 -1
0110 | PLLP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0101 [ PLPL |-2 0 -3 -1 -2 0 -3 -1 -3 -1 -4 -2 -3 -1 -4 -2
0100 | PLPP |0 +2 -1 +1 0 +2 -1 +1 -1 +1 -2 0 -1 +1 -2 0
0011 | PPLL |-1 +1 -2 0 -1 +1 -2 0 -2 0 -3 ol 52 0 -3 zl
0010 | PPLP | +1 +3 0 +2 +1 +3 0 +2 0 +2 -1 +1 0 +2 -1 +1
0001 | PPPL | -2 0 -3 -1 -2 0 -3 -1 -3 -1 -4 -2 -3 -1 -4 -2
0000 | PPPP |0 +2 -1 +1 0 +2 -1 +1 ol +1 -2 0 -1 +1 -2 0

valence and norm) in 100 % of cases itis true that the
coincidence in sensoric turned out to be better than
the discrepancy in PD S/I, and then better than
coincidence in intuition.

With PD E/I everything is not so clear. If in work
[21]in 100 % of cases it is true that a coincidence in
extraversion is better than a mismatch in PD E/I, but
the latter, in turn, is better than a coincidence in
introversion, then for [12] this will be true only in 78 %
cases, although coincidence in extraversion is the
bestin 100 % of cases. For the experiment from [23],
if we take the norm (see Table 1), the revealed
regularity as a whole remains. In 89 % of cases, the
coincidence in extraversion is the best, and only in
one case, ifit coincides in rationality, the coincidence
in introversion will be the best. At the same time, in
44 % of cases, the regularity existing here completely
repeats its analogue from [21, p. 229]. But if we take
the valence (see Table 2), here the pattern is actually
the exact opposite: in 89 % of cases, coincidence in
introversion turned out to be better than discrepancy
in PD E/I, and that, in turn, is better than coincidence
in extraversion, and only in one case, if it coincides in
irrationality, everything was exactly the opposite.

For PD L/E the situation is the most difficult. If in
the experiment from [21] for 100 % of cases, the
coincidence in logic is better than discrepancy in PD
L/E, and then again it is better than coincidence in
ethics, then for all other experiments there are
practically no patterns (especially for the results from
Table 1).

In table 3 in 256 four-digit designations of IR, in
order of succession, the symbols are located
corresponding to PD E/I, L/E, S/l and R/ |, while the
symbol «L» means a coincidence in this IR for such
properties as extraversion, logic, sensoric and
rationality, the symbol «P» is a coincidence in such
properties as introversion, ethics, intuition and
irrationality, and the symbol «0» is a discrepancy in
properties according to the corresponding PD.

Based on the considerations outlined earlier,
Table 4 presents the possible coefficients for each of
IR for calculating the prognostic socionic criterion for
effectiveness of interaction Y ., .

The prognostic socionic criterion Y, is similar
to the previously proposed prognostic criteria x based
on IR A. Augustinavichute [21, 24] orx %, —based

704

023’ 03’

on IR V. V. Gulenko [16—-18] and is determined by the

formula:
256

Yog01 = zl(ni/'li) f
where u,— component of SMIR (GSh); n, - coefficient
from table 4.

Conclusions. The development of a sufficiently
adequate prognostic socionic criterion for
effectiveness of interaction remains an urgent task,
but requires further research, since the results
obtained are still ambiguous. With regard to the
flight crew, this is all the more important, because
the nature of the relationship between people
responsible for lives of aircraft passengers is
subject to particularly rigorous professional
evaluation.

REFERENCES

1. Catastrophe of Tu-134A of Ivanovo airline in the
area of Ivanovo airport [Katastrofa Tu-134A Ivanovskogo
aviapredpriyatiya v raione a/p Ivanovol. Aviatsionnie
proisshestviya, intsidenty i aviakatastrofy v SSSR i Rossii:
fakty, istoriya, statistika. 2006—2018. | Electronic resource|:
http://www.airdisaster.ru/database.php?id=90. Last
accessed 01.11.2018.

2. Ministry of Transport of the Russian Federation.
Decree of December 13, 2001 No. NA-434-r on the
accident with Tu-154M RA-85845 aircraft [ Ministerstvo
transporta Rossiiskoi Federatsii. Rasporyazhenie ot 13
dekabrya 2001 g. No NA-434-r ob aviatsionnom proisshestvii
s samoletom Tu-154M RA-85845]. Aviatsionnie
proisshestviya, intsidenty i aviakatastrofy v SSSR i Rossii:
fakty, istoriya, statistika. 2006—2018. | Electronic resource]:
http://www.airdisaster.ru/reports.php?id=9. Last accessed
01.11.2018.

3. Final report on the results of the investigation of the
accident with Tu-154M RAS85185 aircraft of the Pulkovo
Airlines on August 22, 2006 in the area of the settlement
of Sukhaya Balka, Konstantinovsky District, Donetsk
Region, Ukraine: approved by deputy head of Interstate
aviation committee — head of the Commission on
investigation of aviation accidents A. N. Morozov
12.02.2007 [Okonchatelniy otchet po rezultatam
rassledovaniya aviatsionnogo proisshestviya s samoletom
Tu-154M RA85185 aviakompanii «Pulkovo» 22.08.2006 v
raione p. Sukhaya balka Konstantinovskogo raiona Donetskoi

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 204-214 (2019)

Malishevsky, Alexey V., Arinicheva, Olga V. Prognostic Criterion of Effectiveness of Crewmember
Interaction




oblasti, Ukraina: utv. zam. Pred. Mezhgos. Aviats. komiteta —
pred. komissii po rassled. aviats. Proisshestvii A. N. Morozovym
12.02.07). Moscow, IAC publ., 2007, 143 p.

4. Final report on the results of the accident
investigation. Boeing-737—500 VP-BKO 14.09.2008.
Interstate Aviation Committee. 29.05.2009. [Electronic
resource|: https://mak-iac.org/upload/iblock/c2d/
vp-bko_report.pdf. Last accessed 01.11.2018.

5. Final report on the results of the accident
investigation. Tu-154M RA-85744 04.12.2010. Interstate
Aviation Committee. 20.09.2011. [Electronic resource]:
https://mak-iac.org/upload/iblock/7c8/report_ra-85744.
pdf. Last accessed 01.11.2018.

6. Final report on the results of the accident
investigation. Tu-134 RA-65691 20.06.2011. Interstate
Aviation Committee. 19.09.2011. [Electronic resource]:
https://mak-iac.org/upload/iblock/bb2/report_ra-65691.
pdf. Last accessed 01.11.2018.

7. Final report on the results of the accident
investigation. Yak-42 RA-42434 07.09.2011. Interstate
Aviation Committee. 02.11.2012. [Electronic resource]:
https://mak-iac.org/upload/iblock/b75/report_ra-42434.
pdf. Last accessed 01.11.2018.

8. Malishevsky, A. V., Vlasov, E. V., Kaimakova, E. M.
Possible ways to solve the problem of reducing the
negative impact of the human factor in transport
emergencies [Vozmozhnie puti resheniya problem
snizheniya negativnogo vliyaniya chelovecheskogo faktora
v chrezvychainykh situatsiyakh na transporte|. Mediko-
biologicheskie i sotsialno-psikhologicheskie problem
bezopasnosti v chrezvychainykh situatsiyakh, 2015, Iss. 1,
pp. 108—114.

9. Malishevsky, A. V., Arinicheva, O. V., Vlasov, E. V.
Possible ways of solving the problem of reducing the
negative impact of the human factor on flight safety
| Vozmozhnie puti resheniya problemy snizheniya negativnogo
viiyaniya chelovecheskogo faktora na bezopasnost poletov|.
Transport: nauka, tekhnika, upravlenie, 2016, Iss. 2,
pp. 12—20.

10. Arinicheva, O. V., Malishevsky, A. V., Shkuntik, M. S.
Preparatory aspects for solving the problem of evaluating
the effectiveness of interaction in a pair [Podgotovitelnie
aspekty k resheniyu problem otsenki effektivnosti
vzaimodeistviya v pare|. Vestnik SPbGU GA, 2018, Iss. 1,
pp. 18—29.

11. Arinicheva, O. V., Languey, E. E., Malishevsky, A. V.,
Shkuntik, M. S. Additional preparatory aspects to solving
the problem of evaluating the effectiveness of interaction
in a pair [ Dopolnitelnie podgotovitelnie aspekty k resheniyu
problem otsenki effektivnosti vzaimodeistviya v pare). Vestnik
SPbGU GA, 2018, Iss. 2, pp. 5—14.

12. Malishevsky, A. V. Intertype relationship within
the crew. World of Transport and Transportation, Vol.15,
2017, Iss. 3, pp. 222—-233.

13. Malishevsky, A. V. Research of the possibilities of
using intertype relationships in order to assess the
effectiveness of interaction in the crew of an aircraft
[Issledovanie vozmozhnostei ispolzovaniya intertipnykh
otnoshenii v tselyakh otsenki effektivnosti vzaimodeistviya v
ekipazhe vozdushnogo sudnal. Transport: nauka, tekhnika,
upravlenie, 2017, Iss. 6, pp. 37—41.

14. Malishevsky, A. V. Issues of evaluating the
effectiveness of interaction in the crew of an aircraft using
intertype relationships of G. A. Shulman—V. V. Gulenko
[Voprosy otsenki effektivnosti vzaimodeistviya v ekipazhe
vozdushnogo sudna s ispolzovaniem intertipnykh otnoshenii
G. A. Shulmana—V. V. Gulenko). Vestnik SPbGU GA, 2017,
Iss. 1, pp. 24—38.

15. Arinicheva, O. V., Malishevsky, A. V., Vlasov, E. V.
Aircraft crew: resources of interaction. World of Transport
and Transportation, Vol.14, 2016, Iss. 1, pp. 220—231.

16. Maliveshvsky, A. V., Brovkin, P. E., Vlasov, E. V.
Evaluating the effectiveness of crews of an aircraft. World of
Transport and Transportation, Vol. 12,2014, Iss. 5, pp. 216—
229.

17. Malishevsky, A. V., Brovkin, P. E. Results of
evaluation of effectiveness of interaction in pairs of pilots
using intertype relations of V. V. Gulenko and the results of
special computer tests [Rezultaty otsenki effektivnosti
vzaimodeistviya v parakh pilotov s ispolzovaniem intertipnykh
otnoshenii V. V. Gulenko i rezultatov spetsialnykh
komp’yuternykh ispytanii]. Nauchniy vestnik Moskovskogo
gosudarstvennogo tekhnicheskogo universiteta grazhdanskoi
aviatsii, 2014, Iss. 1, pp. 108—115.

18. Malishevsky, A. V., Arinicheva, O. V., Brovkin, P. Y.
Analysis of experiments to assess the effectiveness of
interaction in pilot pairs [Analiz eksperimentov po otsenke
effektivnosti vzaimodeistviya v parakh pilotov). Transport
Urala, 2013, Iss. 3, pp. 28—35.

19. Gulenko, V. V. What relationship would Jung build
(intertype stability conditions in a dyad) [ Kakie otnosheniya
postroil by Yung (usloviya intertipnoi ustoichivosti v diade)).
Sotsionoka, psikhologiya i mezhlichnostnie otnosheniya, 1998,
July, pp. 45-52.

20. Shulman, G. A. Picture of intertype relationships.
Part 1 [Kartina intertipnykh otnoshenii. Ch. 1]. Sotsionoka,
psikhologiya i mezhlichnostnie otnosheniya, 2000, December,
pp. 35—49.

21. Leichenko, S. D., Malishevsky, A. V.,
Mikhailik, N. E. The Human factor in aviation: In 2 vol.
Vol. 2 [Chelovecheskiy factor v aviatsii: v 2 t. T.2].
St. Petersburg, SPbU GA; Kirovograd, State Flight
Academy of Ukraine, 2006, 512 p.

22. Etkind, A. M. The color test of relationships and its
application in the study of patients with neuroses [ Tsvetovoy
test otnoshenii i ego primenenie v issledovanii bolnykh
nevrozami]. Social and Psychological Studies in
Psychoneurology: Collection of scientific works of the Institute
of Psychoneurology n.a. V. M. Bekhterev. Leningrad, 1980,
pp. 110—114.

23. Ananiev, R. V., Gostev, A. A., Lyakh, M. A.,
Matsur, A. Yu. Evaluation of effectiveness of interaction in
atwo-member crew |Otsenka effektivnosti vzaimodeistviya v
dvukhchlennom ekipazhe). Vestnik SPbGU GA, 2015, Iss. 2,
pp. 19-30.

24. Arinicheva, O. V. Improving resource management
of the «crew-aircraft» system by reducing the negative impact
of the human factor on flight safety. Ph.D. (Eng) thesis
[Sovershenstvovanie metodov upravleniya resursami sistemy
«ekipazh-vozdushnoe sudno» putem snizheniya otritsatelnogo
viiyaniya chelovecheskogo faktora na bezopasnost poletov.
Dis... kand. tekh. nauk]. St. Petersburg, 2008, 199 p. ®

Information about the authors:

Malishevsky, Alexey V. — Ph.D. (Eng), associate professor at the department of Flight Operations
and Professional Training of Aviation Personnel of St. Petersburg State University of Civil Aviation,

St. Petersburg, Russia, 9909395@bk.ru.

Arinicheva, Olga V. — Ph.D. (Eng), associate professor at the department of Flight Operations
and Professional Training of Aviation Personnel of St. Petersburg State University of Civil Aviation,

St. Petersburg, Russia, 2067535@mail.ru.

Article received 07.11.2018, accepted 27.12.2018.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 204-214 (2019)

Malishevsky, Alexey V., Arinicheva, Olga V. Prognostic Criterion of Effectiveness of Crewmember

Interaction



DOI: 10.30932/1992-3252-2019-17-1-215

-

SKCMNPECC
EXPRESS INEFORMATION

NHDORPMALINA

MOPSAKU, TEXHOJIOTMN U ABTOMATU3ALINA:
YNPABJIEHUE BYAYLULUMUN BbISOBAMU

Mopckoii opranuzauuu (MMO) Kurak Jlum

B CBOEM BBICTYIUIEHUU Ha TIPECTaBICHUN
HoBoro nokiana «Ipancmopt 2040: aBTomaTn3a-
11Us1, TEXHOJIOTUM U 3aHSITOCTh — MPOheCCUOHATb-
Hoe Oynyiee» 15 ssuBapst 2019 roga B mTab-KBap-
THUpe OpraHM3aluy MTOTYePKHYII HEOOXOIMMOCTh
aKTyaJI3alli1 ITOATOTOBKY MOPSIKOB M CTAHIAPTOB
B CBSI3U C pa3BUTHEM CYIOXOACTBA, POCTOM YPOBHSI
aBTOMAaTHU3aLUU U TEXHOJIOTUIA.

TeHcekpeTaphb TTOCTaBUIT KITIOUEBHIE BOITPOCHI,
KOTOpBIe TTOTPeOYIOT BHUMAHUS BCEX WIEHOB Op-
TraHM3alMK: KaK MOPSIKY B OyayiieM OyayT CripaB-
JISIThCSL C BbI30BAMU, CBSI3aHHBIMU C POCTOM TeX-
HOJIOTMYECKOI OCHAIEHHOCTU U aBTOMATU3aLIMKU
MOPCKOTO TPAHCTIOPTa, KaK CKaXKyTCsl HOBBIE TeX-
HOJIOTMM Ha CaMOii MPpUPOJIe MOPCKUX Mpodeccuii,
KaKuM CTaHIapTaM MOHaJ00UTCsI COOTBETCTBOBATh
MOpsIKaM B 4yacTu oOpa3oBaHUsl, MOJATOTOBKHU,
cepTuduKaunu, 9T00bI 006JaTaTh JOCTATOYHOM
KBaMUKaIMel I 3aHITUS B OyayIieM cBoeit
npodeccueii?

BaxHoe cTpaTernyeckoe HampaBjeHUE Aesi-
tenbHOCTH UMO — uHTerpaiust HOBBIX M TOSIB-
JISTIOLIAXCST TEXHOJOTUI B HOPMATUBHYIO 6azy —
ypaBHOBEIIMBAsI MPEUMYIIECTBA OT TAKHUX TEXHO-

reHepaﬂbHHﬁ cekpetapb MexayHapoaHo

JIOTHII ¢ BOTIpocaMy 0€30TIaCHOCTH, BIUSIHUS Ha
OKPYXaIoLLYI0 CPey, CONEMCTBUSI MEKAYHAPOIHOMU
TOProBJie, CTOUMOCTU HOBOBBEIEHU /151 OU3Heca,
BJIIMSTHUSI HA TIepcoOHal B Mope U Ha Oepery. Tocy-
JApCTBA-WICHBI JOJIKHBI IIPEIBOCXUTUTD TTOCIIEI -
CTBUSI 3TUX UBMEHEHMI U peakIiio Ha HUX.

IToaroroBiaeHHbIii MexayHaponHoit denepa-
uueit pabotHukoB Tpancnopra (ITF) u Becemup-
HBIM MOPCKUM YHUBEPCUTETOM JOKJIAJ SIBJISIETCS
MEepBOii B CBOEM POJIe HE3aBUCUMOM U KOMILIEKC-
HOW OLIEHKOHW MOCJEACTBUI aBTOMATU3allMU Ha
3aHSTOCTb B TPAHCIIOPTHOUM OTpaciv ¢ aKLEHTOM
Ha aBTOMOOWJIBHOM, >K€JIE3HOIOPOXKHOM, BO3IYIII-
HOM 1 MOPCKOM TpaHcnopTe. B mokiaze nemaercst
BBIBOJl, YTO BHEAPEHHE aBTOMaTHU3alMU OYyAeT
CKOpee 2BOJIIOLIMOHHBIM, YEM PEBOJIIOLIMOHHBIM,
¥ 9TO KBaJTM(DUITMPOBAHHBIE YeJIOBEUECKIE PeCyp-
Cbl C HAOOPOM TIPAaBWJILHBIX KOMITETEHIIMIA OYayT
HeoOXoAuMbI B 0003prMOM OyayiieM. TexHoso-
THYeCKUe U3MEHEHUST HeoOpaTUMBI, HO OYayT
MPOUCXOIUTh MOCTETIEHHO U OTJIMYAThCS 10 CONEP-
JKaHUIO B pa3IMUHbIX PETMOHAX MUPA.

ITo marepuanam Bed-caiita UMO:
http://www.imo.org/en/MediaCentre/
WhatsNew/Pages/default.aspx @

SEAFARERS, TECHNOLOGY AND AUTOMATION -
MANAGING FUTURE CHALLENGES

highlighted the need to consider seafarer training

and standards as shipping evolves, with increasing
levels of technology and automation. Speaking at
IMO Headquarters on January 15, 2019 at the
launch of a new report «Transport 2040: Automation,
Technology and Employment — the Future of
Work», Secretary-General Lim set out key questions
that will require focus from all stakeholders: «How
will the seafarer of the future manage the challenges
related to an increasing level of technology and
automation in maritime transport? How will the new
technologies impact on the nature of jobs in the
industry? What standards will seafarers be required
to meet with respect to education, training and
certification to qualify them for the jobs of the
future?»

An important strategic direction for IMO is the
integration of new and advancing technologies into
the regulatory framework — balancing the benefits
derived from new and advancing technologies
against safety and security concerns, the impact on
the environment and on international trade

I MO Secretary-General Kitack Lim has

facilitation, the potential costs to the industry and
their impact on personnel, both on board and ashore.
«Member States and the industry need to anticipate
the impact these changes may have and how they
will be addressed», Mr. Lim said.

The International Transport Workers’ Federation
(ITF) and the World Maritime University (WMU)
Transport 2040 report is the first-ever, independent
and comprehensive assessment of how automation
will affect the future of work in the transport industry,
focusing on technological changes and automation
in road, air, rail and maritime transport. The report
concludes that the introduction of automation in
global transport will be «evolutionary, rather than
revolutionary», and that «despite high levels of
automation, qualified human resources with the
right skill sets will still be needed in the foreseeable
future». Technological advances are inevitable, but
will be gradual and vary by region.

Retrieved at IMO Web-site:
http://www.imo.org/en/MediaCentre/
WhatsNew/Pages/default.aspx @
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HRM, EDUCATION & TRAINING

(YI[K 331.44:656.2

WUropb LLEPEAKOB
Igor V. SHCHERBAKOV

Banepwuii MACJ10B
Valery P. MASLOV

Evaluation of Identity

of Employees of Railway Enterprises
(TeKCT cTarbyi Ha aHil. 3. —

English text of the article — p. 221)

B cTatbe Ha METOA0JI0rN4Y€CcKoli OCHOBE TeopUn
coumnanbHOW MAEHTUYHOCTU, MCUXOJIOrNYECKOM
KOHUenuun camogeTepMuHaLmnm u HOBOu
WHCTUTYLIMOHAJIbHOV 3KOHOMUKU
paccmatpuBaeTcs npouecc popMmupoBaHus
MAEHTUYHOCTU PabOTHUKOB NPeAnpPUsTUi
JKesnie3HoA0POXXHOro TpaHcnopTa.
O6ocHOBbIBaeTCSl, YTO UAEHTUYHOCTb
BbICTYyrnaeT HeMOHeTapHOoV popmori
MOTUBaLUN TPYLAOBOV AeSTEe/IbHOCTH.
OnucsbiBalOTCA pe3ynbTaThl anpobauun

TakKoro rnoaxoAa K oLleHke uAeHTUYHOCTU

B pa3/inyHbix opraHn3aumsx. [loka3aHo,

yro B OAO «P)X/[]» co3gaHa ycroiynBas
cUcTema ro ynpassieHUIo NepCcoHariom

¥ coumnasibHOV cgepori C UCMOJIb30BaHUEM
3Ha4YuTesIbHbIX MaTepuasibHbIX U PUHAHCOBBIX
pecypcoB, KOTopasl B CBOIO oYyepeb
crocob¢cTByeT KOPNopaTUBHON KOHconuAaLummn
Y aKTyanusmpyer npobsiemy oyeHKu
UAEHTUYHOCTU PabOTHUKA KaK OAHOIo U3
HanpasnieHnii AesiTe/IbHOCTU CJTyX0 (CyObLeKToB)
yrpassieHusl 4eJI0BEe4EeCKUMU PECYpPCaMu.

Knroyesble crioBa: xenesHas 4opora,
KopriopatusHasi CUXos10rusl, UAEHTUYHOCTb,
UHCTUTYLIMOHAJIbHbIE MOPSAKN, MOTUBALMS,
repcoHas, obpa3oBaHne, KOMNETEeHLMY, TPYA,
OKOHOMUYECKNY CTUMYJI.
|
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OBPASOBAHVEW

OueHKka NAeHTUYHOCTU
pabOTHMKOB
XKeJ1e3HOAOPOXHbIX
npeanpuaTumn

Macaoeé Baaepuii Ilemposuy — kanoudam
unocoghckux nayk, npogeccop, 3a6edyroujuii
Kkaghedpoii ynpasnenus nepcornarom Camapckozo
20cydapcmeeHHo20 yHueepcumema nymeti coooujeHus,
Camapa, Poccus.

1lep6axoe Heopv Buxmoposun — kanoudam
IKOHOMUHECKUX HAYK, 00yeHm Kaghedpsl ynpasieHus
nepcoranom Camapcko2o 20cydapcmeeHH020
YHugepcumema nymeii coobujerus, Camapa, Poccus.

0Basi 5KOHOMUKA, BJIIO00M €€ MHTEPITpe-

Tarmu — UG poBasi, THHOBALIMOHHAS,

nH(OpMaIMOHHAs1, CEpBUCHAS, UHTEP-
HET-3KOHOMUKA — TPEANOJaraeT Bo3pacraro-
LLYIO POJIb YEJIOBEUYECKUX PECYPCOB, UX MPE0d-
JJalaHWe HaJl 3HAYMMOCTBIO MaTepUaIbHO-BE-
IIECTBEHHBIX (pakTOpoB TpousBoacTRa. [Ipu-
POCT CTOMMOCTH CO31aBaeMbIX OJ1ar BCE 00JIbIIIE
TIPOUCXOIUT Ha OCHOBE 3(D(heKTUBHOTO UCTIONb-
30BaHUS B 9KOHOMHUYECKOU AeATETbHOCTU
BPOXIEHHBIX M TPUOOPETEHHBIX CIOCOOHOCTEN
YEJIOBEKA, €r0 KPeaTUBHOTO TATAHTA U OIbITA.
Bropoit HeoTbeMIEMOIi cocTaBsIOLIEN HOBOM
SKOHOMUKHU CTAaHOBUTCS PACTylllee 3HAUCHUE
WHCTUTYTOB PAcCIpeesieHUsI PeCypCcoB U Opra-
HU3AaLlMU B3aUMOJIEHCTBUS XO3IMUCTBYIOLINX
cyonbekToB. [1om00HBIE 0COOEHHOCTH (DYHKITHO-
HUPOBAHUSI COBPEMEHHOW SKOHOMUKU NIENAI0T
€CTECTBEHHO HEOOXOIUMOCTh TOMCKA NUHHOBA-
LIMOHHBIX METOAOB YIPABJIEHUS MEPCOHAIOM.
OnHUM 13 HUX HAYKON OTHOCUTETbHO HEaBHO
MPU3HAHO (HOPMUPOBAHUE UIEHTUIHOCTH Pa-
0oTHMKOB [1, ¢. 365—367].

Hist OAO «PXKIl» n npyrux mpearnpusiTHiiz
KEJE3HOJOPOXKHOIO TpaHCHopTa mpobdiema
(bopmupoBaHst KOPIIOPATUBHON NIEHTUYHOCTH
TepcoHaJIa BCEra, Mo ONPeaeSIeHUI0, COCTaBIIsI-
JIa ¥l COCTaBJISIET HEOThEMIIEMYIO 3a1a4y MEHE K-
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MeHTa. C 0gHOM CTOPOHBI, O0LLIMPHAS TEPPUTO-
puabHas JOKALKs TPOU3BOJCTBEHHBIX MTOIPa3-
JIeJIeHU, pa3BeTBIEHHAs] OpraHU3alMOHHAs
CTPYKTypa U MHOTOTBICSUHBIN TPYAOBOU KOJI-
JIEKTUB Y€ U3HAYAIbHO UMEIOT B BUILYy CaMble
paszHooOpa3Hble Teorpaduyeckue, UCTOpruYe-
CKUe, COLMaIbHbIEe, TPodeccuoHaIbHbIE, KBa-
JIM(PUKaMOHHbIE UIEHTUYHOCTU PAOOTHUKOB.
C apyroii CTOPOHBI, pacIpOCTPaHEHUE eAMHbBIX
OTpacC/IeBbIX CTAHAAPTOB IPY30IMaCCAKUPCKUX
MepeBO30K, COMEPXKAHUS U Pa3BUTUS UH(Ppa-
CTPYKTYpPBI TPEOYIOT €AUHON yHUBEPCAIBbHOMI
WIEHTUYHOCTU pabOTHHKA B TPOU3BOJCTBEHHO-
XO3SMUCTBEHHOW NEATEIBHOCTU MPEATIPUATUIA
JKEJIE3HOIOPOXKHOTO TPAHCIIOpTA.

B nanHoli cTaThe, pyKOBOACTBYSICh OCHOBAMU
TEOPUU COLIUATIbHOMN MAEHTUYHOCTU, TICUXOJIO-
TMYECKOW KOHUENIUU CaMOIeTepMUHALUU
1 HOBOW MHCTUTYLMOHAJbHOU 3KOHOMUKHU,
MpeINPUHSITA MOMBITKA OMPENETUTh SKOHOMHU-
YECKYIO CYIIIHOCTh UAEHTUYHOCTU paOOTHUKOB
U TIPEJUTOXUTh METOIUKY OLIEHKU STOW WIEH-
TUYHOCTU HAa XeJIe3HOAOPOXKHBIX MPEATPUSITU-
SIX.

PesynbTrathl peacTaBieHHOTO MccaenoBa-
HUS SMITMPUYECKU TPOTECTUPOBAHBI B IPOLIEC-
Ce MOJITOTOBKU BBIIMTYCKHBIX 0aKaTaBPCKUX padoT
B CaMapcKOM roCyHUBEPCUTETE MTyTel coo01IIe-
HMSL.

OCOBEHHOCTU UOEHTUYHOCTU
B 39KOHOMMUKE

B nmoHMMaHUM MIEHTUIHOCTU WHAWBUIA
JOMMHUPYIOT nBa moaxona [2, ¢. 3]. lepBeri,
¢ nosutuu JIx. Akepnocda u P. KpauToH, uneH-
TUYHOCTh MPU3HAETCS TOT/A, KOT/a NelCTBYIO-
1I[e HOPMBI 1 TIpaBIJIa COOTBETCTBYIOT U/Ieab-
HBIM TIPEJCTaBIeHUSIM MHAUBUIA O HuX. [1o
MHEHUIO 3TUX YYEHBIX, (POPMUPOBAHUE UJICH-
TUYHOCTH CITOCOOCTBYET MOBbILIEHNIO 3(Phek-
TUBHOCTHU TPYJIOBOU HESTENbHOCTH WHINBUIA
Ha 10—25 % [3, c. 39]. Bropoit moaxoxn B Tpak-
ToBKe A. CeHa MIEHTUYHOCTb MHIUBUIA CBSI3bI-
BAETCSI C €TO CTPOTOi MPUBEPKEHHOCTHIO U TTPH -
YaCTHOCTHIO K OTpPeNeEHHON ColraibHOU
rpymre. OcHOBOI (hOpMUPOBaHST YHUBEPCATb-
HOU UIIEHTUIHOCTY YaCTO BBICTYTAET MEHTAb-
HOCTh MHIUBUAA. MeHTaIbHbIe COCTOSIHUS,
COTJIACHO TIO3UIIUY aBTOPA, aANTUPYIOT MHIU-
BUIOB K COITMAJTbHBIM TPYTITIaM, HO HEe U30aBJIsi-
0T OT JIMIIEHUI, U HE JIOJDKHBI OBbITh TIPUHSTHI
B pacu€T mpu OIpeesieHuN MepCOHATbHOTO
6narococtostnust. Lenb hopmupoBanust uneH-
TUYHOCTH UHAMBUIA AMapTusi CeH OlleHMBaeT
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TaK: «f 1eficTBUTENBHO YOEXKIEH, YTO UHAUBU -
TyaJibHbIE TIPEUMYILECTBA CIEAYET OLIEHUBATh
C TOYKM 3pEHUST BO3MOXHOCTE! UHAWBUAOB
KUTh TEM CITIOCOOOM, KOTOPBI OHU UMEIOT OC-
HOBaHUE 1LIEHUTb. Takoii MoaXo cocpenoTadn-
BaeT BHUMAaHUE Ha HE3aBUCUMBIX CBOOOIAX,
KOTOPBIMU 00J1aIA10T JIOIA, BMECTO TOTO, YTOOBI
OTPaHMYMBATHCS KOHEUHBIMU Pe3yJbTaTaMu,
KOTOpbIE OHU TONTy4aT...» [4, c. 271].

Hamu nmpeanoureHue oTaaéTcs nepBomy —
WHCTUTYLIMOHAJILHOMY IOIXOMY, Koraa pabot-
HUKU MTPUHUMAIOT U Pa3aesisioT JeCTBYIOIIe
HOPMBI ¥ TIpaBWJIa Ipeanpustus |3, c. 24]. Bto
03HAYaEeT, YTO MHCTUTYLIMOHATIbHBIE MTOPSIKA Ha
MPOU3BOACTBE CIIOCOOCTBYIOT YAOBJIETBOPEHUIO
ONpeeTEHHBIX 9K3UCTEHIIMATBHBIX TOTPEOHO-
CTeil MUHAWBUAA B MPOLIECCE €r0 TPYAOBOM JIesi-
TEJbHOCTU. DTO Mpexe BCEro MoTpeOHOCTU
B KOMIIETEHTHOCTU U aBTOHOMUU [6, c. 68].
IToTpeOHOCTh B KOMITETEHTHOCTH MPEIOIaraeT
COOTBETCTBUE MTPODECCUOHATBHBIX KOMITETEH-
Ui pabOTHMKA LIeJSIM U 3aJayaM, KOTOpbIe
Mepea HUM CTaBUT MPEANpUITUE, a2 aBTOHO-
MUSI — BBIOOP MM TaKOTO CTUJISI MOBEIEHMUS,
KOTODBIIf 00ECreunBaeT ero KOMIETEeHTHOCTh
U TIPEIOCTABIISIET EMY CBOOOLY NECTBUI, YTOOBI
peanu3oBaTh CBOU MPUOOPETEHHBIE U BPOXKICH-
HbIE CITOCOOHOCTH.

[TpuHsATHE MTHCTUTYLIMOHATBHBIX TTOPSIIKOB
MpeanpUsaTUS MPearoaraeT UHTepHAIU3ALNIO
PabOTHUKOM JEUCTBYIOIIUX HOPM U TMPaBUJL.
ITpu aTOoM bopmupyeTcs: 0COObIA CTUIIb MOBE-
JIEHUSI MUHAUBUAA, OTIPEEIISIEMbIiA B TICUXOJIOTU -
YeCKOI KOHUEMUMU caMofieTepMuHaLuu D. Jle-
cu u P. PaifHa Kak MIHTpoeIMpOBaHHAS PETYJIsI-
uus [6, c. 71]. Takoil CTWIIb IIPEAIOJIaraeT dM-
natui pabOTHUKA OT COTPYAHMYECTBA,
XapakTepu3yeTcs OONbIIEH CTEMEeHbI0 CBOOOIBI
U MOAAEPXKUBACTCS ONpPeNeEHHON MOTUBALIU-
OHHOI cucteMoi. HTpoelMpoBaHHBIN CTUIb
MoBeAeHUsT paOOTHUKA TTPeIoiaraeT, uTo Aeii-
CTBYIOLIIME HOPMBI U MpaBWiIa NPeanpUsITUS
BBICTYMAlOT 00Jiee MHTEPHATU3UPOBAHHBIM
CTUMYJIOM, YeM (YHKIMOHUPYIOUIas crucTeMa
MaTepUaAIbHOTO MOOLIPEHUS U CAaHKIIMOHUPO-
BaHUS.

Takum 00pa3oM, UIEHTUYHOCTb PAOOTHUKA
MPEANPUSTUST TPEACTABISIET HEMOHETAPHYIO
GopMy MoTHBaALIMK, KOTOpas CO3AAETCS Ha
TIPEATIPUSTHSIX, TIIE JOMUHUPYIOIIAM 9KOHOMU -
YECKMM CTHUMYJIOM BBICTYMAIOT AEWCTBYIOLIME
HOpMbI U npaBwia. C Halleil TOUKU 3peHusl,
SKOHOMUYECKUI CTUMYJ €CThb UMIIEPAaTUBHOE
BO3/EIICTBUE BHEUIHEN CPE/Ibl, PEryIupylolee
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MoBeNeHre paboTHUKA. DKOHOMUYECKUE CTHU-
MYJIbl OTJIMYAIOTCS YPOBHEM MHTEPHAIU3ALIUH,
CTeTEeHbIO MPe00pPa30BaHNsl BHEIIIHETO BO3/IEH-
CTBUSI BO BHYTPEHHIOIO aKTUBHOCTh PAOOTHUKA,
KOTOpasi COMPOBOXAAETCS Pa3IMYHOU BeIUUU-
HOW U3IepKeK MPUHYXAECHUS U Ha30pa 3a €ro
TPYIOBOH AESATEHOCTBIO.

CnenoBatesbHO, UIEHTUYHOCTh paOOTHMKA
MOXHO OLIEHUTb C TOMOIIbIO KOO MUILIUEHTOB,
OMUCHIBAIOIIMX OTKJIOHEHUE €T0 MHIUBUIYAIb-
HOI MOTMBAalLlMU OT CPEAHETO e€ MmapameTpa mo
MOPA3EIEHUIO WU MIPEANPUITUIO, CPETHETO
rapameTpa BbIOOPKHU, XapaKTepU3yIolllel mep-
COHaJI IO IOJTy, BO3PACTY, 00pa30BaHUIO U T.II.
MNneHTUYHOCTh — 3TO CTENEeHb MICUXOCOIUAlTb-
Horo 6;1aronojyuust paboTHUKa, KOTopoe hop-
MUPYETCSI MHCTUTYITMOHATBHBIMU TTOPSIIKAMU
npeanpusatus. C 9KOHOMUYECKUX TO3UIINI
VMEHHO JIeHCTBYIOIE WHCTUTYLIMOHATbHBIE
MOPSIIKYA CO3[AI0T YHUBEPCATbHYIO KOpIopa-
TUBHYIO (CIyXeO0HYI0, TPOU3BOJCTBEHHYIO)
WACHTUYHOCTh UHAMBUIA, KOTOPAsk COEIUHSIET
B cebe ero pa3inyHbie reorpaduyeckue, ucTo-
pUYECKUe, BO3pACTHBIE, MPOoGhecCUOHATbHbIE
1 KBaTM(DUKAIIMOHHbIE WIEHTUIHOCTH. XOTS
OpUK DPUKCOH U ToJIaraj, 4YTo yHUBEPCATbHYIO
YeJIOBEYECKYI0 UAEHTUYHOCTb CHOPMUPYET
pa3BUTHE TEXHOJOTUM U HAyKU, a TAKXKe MX
MacirabHast nuddysus [7, c. 274].

KoprnopaTvBHast MAEHTUYHOCTh PaOOTHHKA
BBICTYNAET ACMUCTBEHHO! MTPOLIEAYPOI YHUBEP-
caju3alyy ero MHOXECTBEHHON COLIMaIbHOM
WAEHTUYHOCTH, COXPAHSIS MPU ITOM €TI0 UHIU-
BuAyanu3anuio. Beicokas KopmopaTuBHas
WAEHTUYHOCTh CITOCOOCTBYET MOBBIIIEHUIO KO-
opnvHamu v 3(MEKTUBHOCTU B3aUMOJEVICTBUS
MEXTy paOOTHUKAMU. DTO CYIIIECTBEHHO YMEHb-
1IaeT PACXOJIbl HA MPUHYXIEHUE U MOHUTOPUHT
JIeSITeTbHOCTHU,, CHUXKAsl YPOBEHb TPAHCAKIIMOH-
HBIX U3MEPKeK, BEAET K JIy4llleMy UCMOIb30Ba-
HUIO TPOU3BOACTBEHHBIX PECYPCOB.

Kpome Toro, MneHTUYHOCTb MOXXHO OLIEHU-
BaTh MO CTPYKTYPHBIM MOIPA3ALICHUSM MPe-
nipusitust (kopriopaiiu). CoBpeMeHHbBIE MCCITe-
nosatenu K. Aiizenxapar u @. CaHToc BbIeNsI-
10T YeThIpe BUJA IrpaHull (YHKIIMOHUPOBAHUS
(upmbl: rpaHuna 3 GEKTUBHOCTU, TpaHULlA
BJIACTHU, TPAHUIIA KOMIETEHIIUU U TPaHUILIA
uaeHTUYHocTu. TlocnenHss mokas3biBaeT cTe-
MEHb COMPUYACTHOCTUA U OTOXAECTBIICHUS pa-
OOTHHUKA C OpraHu3alueit, B KOTOPOil OH Tpy-
muted [8, c. 501]. CnemoBaTebHO, KOPITOPATUB-
Hasg UIEHTUYHOCTb MTEPCOHAIA MOXET paccMa-
TPUBATbCS B KauyeCTBE AOMOJHUTEIbHOTO
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KpPUTEPUS ONTUMM3AINNA OPraHU3alMOHHOMN
CTPYKTYPBI TIPEATIPUATHS U YTOUHEHHS S5KOHO-
MHYECKOM 1IeJIeco00pa3HOCTH TpaHChopMaIin
CTPYKTYPHBIX TTOIPa3ae/ICHUI B TOUCPHIE WJTN
3aBUCUMBbIC OOILIECTBA.

MOZAEJIb OLLIEHKU

ITockobKy MOTHBAITVSI BBICTYTTAeT Kak abCo-
JIIOTHAsI XapaKTePUCTUKA BOBJICUEHHOCTH MH/IN -
BUJIA B TPYIIOBYIO IESITETTIBHOCTb, @ UIEHTUIHOCTD
TIPE/ICTABIISIET COOOI OPIUHATMCTCKYIO OIIEHKY
TPUYIACTHOCTU pabOTHWKA K TIPEITIPUSITUIO WA
€0 MoJIPa3eIeHUIO, TO OTIpeeIeHIe UIEHTNY -
HOCTH CJIe/TyeT TIPOBOIMTH MyTEM COOTHOIIIEHUST
WHIVBUIYAIEHON MOTUBUPOBAHHOCTH K CJIO-
SKUBILIEMYCST YDOBHIO MOTUBUPOBAHHOCTH B TIOJT-
pazneneHuu (IpeanpusITUM) WIK B 3aAaHHON
TpyIITe. AHATOTMYHO MOKHO YCTAHOBUTH UIIEH-
TUYHOCTb OTIETBHON TPYIIThl PAOOTHUKOB TIO
3aJaHHOMY KpuTepuio. B xauecTBe Kputepust
BBIOOPKU CITyKUT (hOpMUPOBAHUE TPYTIIIHI TIO
TEHJIEPHOMY TIPU3HAKY, TI0 BO3PACTY, TT0 KPUTe-
PUIO BXOXIEHUS B 33/IaHHOE ITOJIpa3aesieHue, 1Mo
YPOBHIO OTIIATHI TPY/IA, TTO TTPO(heCCUOHATEHOMY
WJIN COLIMAITBHOMY CTaTyCy (IOJDKHOCTH) U T.11.

B Teopuu u mpakTUKe MCUXOTOTMYECKUX
U COLIMOJIOTMYECKUX UCCIIENOBAHNI TTPEICTaB-
JICHO MHOKECTBO METOJIVK 1 TECTOB, HA OCHOBE
KOTOPBIX OIIEHWBACTCSI MOTUBAIIMS TIepCOHAIA.
Ha ocHoBe TMTIONIOTMYECKOM KOHIETIIUYN
B. W. [epurikoBa cocTaBlIeHbI TECTHI, TO3BOJISIO-
L[A€ YCTAHOBUTb TUIl TPYAOBON MOTUBALUU
padoTaNKOB [9, 10]. B COOTBETCTBUH C TICHUXO-
JIOTUYECKON KOHUENUMeEN U30eranusi Heyaauu
¥ HalleJICHHOCTHM Ha YCIieX, Ha OCHOBE paboT
A. A. Peana [11, 12] co3naHbl ¥ TPUMEHSTIOTCST
Ha MTPAaKTUKE TeCTHI UTsT OLIEHKN MOTBUPOBAH -
HOCTU pabOTHWKOB opranusanuii. [llupoko
M3BECTHBI TECTHI, Kacaloninecsl EPBUYHBIX
U BTOPUIHBIX (haKTOPOB (hOPMUPOBAHUS MOTH -
BallMK TPynoBoil nesatenbHocT I, Xepibepra
[13]. C mOMOIIIBIO COTIPOBOKIAIOIINX METOIUK
1 0071a1ast KOJIMYECTBEHHOM XapaKTepUCTUKON
MOTUBMPOBAHHOCTH (HAINpuMep, B Oayiax),
TTOJTYYEeHHOU TI0 OMHOMY WMJTM HECKOJIbKUM Te-
CTaM, MOXHO TTEPEUTH K OIIEHKE MJICHTUIHOCTH
paboTHMKa 0 (popMyie:

[si— Si|

Si
e Ki S K03 PULMEHT UASHTUYHOCTH i-TO pa-
0OTHMKA (VJIV TPYTIITHI PAOOTHUKOB IO KPUTEPHIO

BBIOOPKH); S, — MOTMBMPOBAHHOCTb i-ro paboT-
HMKA (WM TPYIIbl pAOOTHUKOB 110 KPUTEPUIO
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BBIOOPKHM), pacCUMTAaHHAsI HA OCHOBE TECTA; Sj -
CpeIHsIst MOTUBUPOBAHHOCTH PAOOTHUKOB IO j-MYy
MOPAa3AeIeHUIO LU MIPEANIPUSTUIO B LIEJIOM.

Jloruka ompeneneHUs] MICHTUIHOCTU: YeM
OJvKe UHIMBUAYaIbHAs (TPYIIOBasi) MOTUBU-
POBAaHHOCTb K CpPEeIHEI BEIMUYMHE MOTUBUPO-
BaHHOCTH 110 MPEINPUSATUIO WX €r0 oApa3e-
JICHWIO, TeM BbIIIIe KOAGhOUIIMEHT NACHTUIHO-
ctu pabotHuka. I HAa00opoT, yeM OoJIbllEe OT-
JIMYre MHIMBUTYaIbHOM MOTHBALIMY OT CPETHE
BEJIMYMHBI 10 TIPEATPUSATHIO, TEM HIKE KO3(h-
(puLMeHT IEHTUYHOCTU PabOTHHUKA.

DMOUpPUYECKOe TECTUPOBAHUE TTPEATOKEH-
HOI MOJIENTV TIPOU3BOAMIIOCH HA ITPEATIPUSATUSIX
pa3IMYHOUN OTpacjaeBOW MPUHAIJIEKHOCTH.
TTonyyeHHbBIE PE3yabTaThl CBUAECTEIbCTBYIOT
O BBICOKOI CTETIEHU aJeKBATHOCTU MOIEIU
1 MOTYT OBITh UCITOJTb30BaHbI B TPOM3BOICTBEH -
HO-XO3SICTBEHHOU NMPaKTUKE MPEANPUATUIR
KeJIe3HOAOPOKHOr0 TpaHcnopTa. OLieHKa UeH-
TUYHOCTU PAOOTHUKOB OCYILECTBISIIaCh MO
€MHBIM KPUTEPUSIM BIOOPKU. MU mociyxu-
JIV TeHJIEPHBII MPU3HAK, BO3PACT, 00pa3oBaHuE,
YPOBEHb OIIaThl, NPOGhECCUOHATBHBIN CTATyC
(mOMKHOCTB). MHOXECTBO KpUTEPUEB BHIOOPA
TTO3BOJISIIOT TTPOBECTH MHOTOBAapUAHTHBIN aHa-
JIM3 TIepcoHaIa ¢ MO3ULIMU €r0 UIEHTUYHOCTH.

B m1pon3BOACTBEHHBIX KOJIIEKTUBAX C TIpe-
o0J1aTaHreM XEHIIUH KO3 MUIIMEHT UIEHTUY -
HOCTH MOKa3bIBaeT 00Jiee BHICOKYIO UIEHTUY-
HOCTb UMEHHO ISl TIPEICTaBUTEIbHUL] 3TUX
T€HZIEPHBIX TPYIII, YeM JUIST MYXIMH, YTO TECHO
KOppeUpyeT co creludUKoi HermocpeICTBEeH-
HOM WX JIeSITeJIbHOCTY Ha KOMOWHATE TTUIIEBOM
uHAycTpuu. Ha MammHoCTpOUTETbHOM U Me-
TaJUTyprUYeCcKOM TIPEaNPUITUSIX, HA000pOT,
KO3(DUIIMEHT MIEHTUYHOCTH BBILIIE JITSI MYX-
YUH, YeM XEHIIWH, YTO TaKXe OOBSICHSIETCS
ocobeHHOCTsAMHU MpousBoacTBa. Kpome Toro,
HaOonaeTcsl pa3auyrue UICeHTUYHOCTU IS
BO3pacTHbIX rpyni. Ha TexHosornuecku 6osee
OCHAIIEHHOM METAJLTYPTUUECKOM MPEIPUSITUN
0oJiee BbICOKAs UIEHTUYHOCTb HaOIIOMaeTCs
Y MJIQJIIIAX BO3PACTHBIX TPYIII.

Ocob0oro BHUMAaHUS 3aCTy>KUBAET OLEHKA
WIEHTUYHOCTH Y PyKOBOIUTEJIEN MOApa3AeIeHUI
(opraHuzauuii), Koropast TpedyeT 1eTaabHOIo
WHIUBUIYATbHOTO aHaau3a. [leno B ToM, 4To
WAEHTUYHOCTh Y HUX B OOJIBIIMHCTBE CIydaeB
CYLIECTBEHHO OTIMYAIach OT UAEHTUYHOCTU
B LIEJIOM IO KoJiieKTuBy. Eciiu B pe3ysbrate no-
TOJTHUTETBHOTO UCCJIEIOBAHUS OHO MOATBEePXKIa-
JIOCh BBICOKOW MIICHTUYHOCTBIO CPEIU TIIaBHBIX
JIMI aHATTOTUYHBIX TTOApa3Ie/IeHUi, TO 3TO CBU-
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JIETEJILCTBYET O IIPABUJIBHO BHICTPOSHHOI Hepap-
XUU ¥ OPUEHTUPOBAHHOCTH PYKOBOAMTENS HA
pasBuTHe. B MpoTHBOIMOIOKHOM Cllydyae 1oao0-
Hasl HAlIeJIEHHOCTD BbI3bIBAET COMHEHHE.

KOPMOPATUBHbI ®AKTOP B «PX[»

B kpynHeiiieit xene3HoqopoXHON KoMIa-
HUW CTPAHbI UCTOPUIECKH TTPOBOIMIIACH U TIPO-
BOJIMTCS cUCTeMaThyecKas paboTa 1o (popmMupo-
BaHUIO KOPITOPATUBHOM MAEHTUYHOCTH CBOUX
paboTHHKOB. OmHAKO 3Ta (hYHKIIUST HOCUT UM-
TUTALUTHBINA XapaKkTep U He IeKIaprupyeTcs B 0C-
HOBHBIX BUJIAX JIESITEJIbHOCTH CITY>KO yTITpaBIeHUST
TIEPCOHAJIOM U COIMAIILHOTO pa3BUTHS. Tak,
K HaTpaBJICHUSIM JeITeJIbHOCTH JIeTlapTaMeHTa
YIIPaBJICHUS TIEPCOHAIOM, TIO CMBICITY CBSI3aH-
HBIM ¢ (popMUpPOBaHNEM KOPITOPATUBHOM MIEH-
TUYHOCTU pabOTHUKOB, OTHOCSTCS: «PazpaboTka
U BHEJPEHNE HOBBIX TEXHOJIOTHIA YIIpaBICHUS
TEePCOHAJIOM, TIOBBIIIAIOIINX 3Gh(HEKTUBHOCTD
TIeSITeTbHOCTH paOOTHUKOBY, a Takke «Co3maHue
KOMITJIEKCHBIX MEXaHU3MOB CTUMYJIMUPOBAHUS
BOBJICUEHHOCTH TIEpCOHAJIA B PEIlIeHIEe KOPITopa-
TUBHBIX 33/1a4 W TOBBIICHUS 3(D(PEeKTUBHOCTH
TPYIOBO ESITETLHOCTH 32 CYET POCTa 3aMHTEPE-
COBaHHOCTH B pe3yJibTaTax Tpy/a U CaMOpean-
3alMy paboTHUKOB» [ 14]. Kpome Toro, nemapra-
MEHT COLMAILHOTO Pa3BUTHSI, peasin3yst KOPIIO-
paTUBHBIE COIIMATLHBIE TTPOEKTHI, pa3padaThIBast
U OpraHu3ysl OCHOBHbBIC HATTPABJICHUSI COITAITb-
HOI TTOJTUTUKY Y BBITIOTHEHUSI TIPOTPAMM COLIN -
ATLHOTO Pa3BUTHSI M COLTMATBHOM 3aIIIUThI paboT-
HkoB OAO «PX]I» Ha 6a3ze KOpITOpaTUBHOTO
COLIMATLHOTO CTaHIAPTa, OTISITh K& BHOCUT CBOM
BKJIaJI B (hopMUpOBaHNE KOPTIOPATUBHOW WIEH-
TUYHOCTU pabOTHUKOB [15].

BrenHnM hakTopom, oTpaxaroumM 3HaYu-
MOCTh (DOPMUPOBAHUS UIEHTUUYHOCTHU JJIST
XOJITVHTA, CITY>KUT BBeIeHNe (hOPMEHHOI OJIEXK-
IIBI ¥ €€ CUCTeMaTUIeCcKOoe OOHOBJIEHUE B COOT-
BETCTBUM C HOBBIMH TCHACHUMSIMU B IU3aitHE
U U3MEHEHUSIMU B KOPIIOPATUBHOW KYJIBTYpeE.
Tonbko 3a mocnenaue 30 iet popmeHHast oneskaa
OOHOBJISATACH TPUXABI (MOCTETHUN pa3
B 2010 romy). [ToMmmuMmo TOTO, CHCTEMa Hempe-
PBIBHOTO TIpoheCCUOHAIBHOTO 00yYeHUS,
MHOT000pa3HbIe COUMATbHBIE TTPOTPAMMBI
CBUIETELCTBYIOT O MOCTOSTHHOM BHUMaHUU
K (pOPMUPOBAHUIO KOPTIOPATUBHOM MICHTUY-
HOCTHU CaMBIMU Pa3HOOOPa3HBIMU CPEICTBAMMU.

C Mo3uIInM KagipoBOii MOJIMTUKY CTAHOBUT-
cs BcE OoJiee aKTyaJIbHBIM U LIEJIECO00pa3HbIM
OIIEHUTh MHOTOJIETHHE BJIOXEHUsT B (POPMUPO-
BaHUE KOPIIOPATUBHOM UAEHTUYHOCTH, a TAKXKe
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OTPENEIUTh HACKOIBKO JIEUCTBYIOIINE UHCTH-
TYLIMOHAJIBHBIE MOPSIKA KPYITHENIIIEH TpaHC-
MOPTHOM KOPITOpalliy CIIOCOOCTBYIOT CO3IAHUIO
YHMBEPCAIbHOM WICHTUYHOCTHY TIEPCOHAA.

He cTout 3a0bIBaTh ¥ O TOM, YTO UIEHTUY-
HOCTb paOOTHUKOB BHICTYIMAET JOTOJTHUTEIb-
HBIM KpUTEPHEM, KOTOPBI COBMECTHO C Tpa-
IULUOHHBIMUA TEXHUKO-3KOHOMMUYECKUMU
rnapamMeTpaMu M IoKas3aTeJIsIMU YIIpaBJICHUS
MepcoHaaIoM MO3BOJUT OoJiee aleKBaTHO Ha-
CTPOECHUSM U HYXIaM JIIOJE MpPOBOAUTH pa-
IMOHAJIM3ALIMIO OPTAaHU3ALMOHHOM CTPYKTYPhI
1 OLIEHUBATh 1IEJ€CO00PA3HOCTh MOSIBICHMUS
HOBBIX JOYEPHUX U 3aBUCUMbBIX OOIIECTB
B XOJJAWUHTOBOM CHCTEME.

BbIBOAbI

1. UmeHTUYHOCTD MpeacTaBisieT co0oi He-
MOHETapHYyI0 (GopMy MOTUBALUU TPYIOBOU
JeATeJIbHOCTU MepCcoHala MPeAnpusaTUil, Ha
KOTOPBIX JOMUHUPYIOIIUM 3KOHOMUYECKUM
CTUMYJIOM BBICTYIAIOT NEWCTBYIOIINE HOPMBI
¥ TIpaBUJIA.

2. MotuBaiusi pabOTHUKA TIPEICTaBISIETCS
a0COJIIOTHON BEJIMYMHOMN, TTO3BOJISIONICH OLe-
HUTB CTETIEHb BOBJICYEHHOCTU PAaOOTHHKA B TIPO-
WU3BOJICTBEHHO-XO3SUCTBEHHYIO EATEIBHOCTh
npeanpusaTusi. UIeHTUYHOCTh BBICTYIAET OTHO-
CUTEJIBHOU XapaKTepUCTUKON MOTUBUPOBAHHO-
CTU pPabOTHHKA IO OTHOLIEHUIO K MOTUBUPOBAH-
HOCTH MPEANPUSITHS B LIEJIOM, €r0 CTPYKTYPHOTO
MoApa3neieHUus WU IPYNIbl pabOTHUKOB,
c(hOpMHUPOBAHHOI TI0 3aTAHHOMY TTPU3HAKY.

3. Vicrionb3oBaHHAst METOIMKA aTIpOOUPOBa-
Ha B OpraHU3alusIX, MPUHAJIEXKAIINX Pa3Iuy-
HBIM OTPACIISIM. OMITMPUIECKOE TECTUPOBAHME
CBUJIETEJILCTBYET O BBICOKOU CTETIEHU aIeKBAaT-
HOCTHU TpeJTaraeMoii MOAEIU U 3HAYUTEIbHOM
MOTeHLMaJIe e€ MPUMEHEHUs [UTs PEIeHNUs 3a1a4
10 YTIPABJICHUIO YEJIOBEUYECKUMHU PECYPCAMU.

4. O6mmpHas reorpadudeckas JTOKALIWS
MPOU3BOICTBEHHBIX MOPA3IEICHUI, OTPOMHBIA
TPYIAOBOM KOJUIEKTUB C MHOTOOOpa3HbBIM IMPO-
(beccroHaTbHBIM 1 KBATM(DUKAITMOHHBIM COCTa-
BOM, 3a/1a4¥ MMOCTOSIHHOTO TOBBILICHUS Kaye-
CTBa IPY30BbIX U MACCAXUPCKUX MEPEBO30K,
cofiepXaHWsl U pa3BUTHS UH(PPACTPYKTYPHI Jie-
JIAIOT HEOOXOMMMBIM B YCJIIOBUSIX XOJIUHIOBOM
cTpyKTypbl «PXK]I» Hannuue enuHOI Kopriopa-
TUBHOW UIEHTUYHOCTU PaOOTHUKOB.

5. UneHtnuuHocTh pabOTHUKA OTHOCUTCS
K JICICTBEHHBIM CITOco0aM MOBBILIEHUS 3P deK-
TUBHOCTH Y€JIOBEYECKUX PECYPCOB, ONTUMU3ALIN
OPTaHM3AIMOHHON CTPYKTYPHI TPEIITPUSITHI
n Koproparuii. [1py 3ToM B crcTeMe XKele3HOI0-
PPOKHOTO TPaHCIIOPTa peaibHasi OLIeHKa KOpIopa-
TUBHOM UICHTUYHOCTH TTepCOHAIA IO CUX IO He
npoBoawiachk. [IpennaraeMblii MHCTpyMEHTapUit
MO3BOJIUT ONPENeSITh 3(PGHEKTUBHOCTH SKOHOMU -
YeCKUX U COLMAIBHBIX 3aTpaT MPeAIPUITHI
Ha TPYA0BYIO0 MOTUBALIUIO ITEPCOHAJIA 1 TTOBBILIIE-
HME ero JIOSULTbHOCTU K KOPIOpALIH.
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EVALUATION OF IDENTITY OF EMPLOYEES OF RAILWAY ENTERPRISES

Maslov, Valery P., Samara State Transport University, Samara, Russia.
Shcherbakov, Igor V., Samara State Transport University, Samara, Russia.

ABSTRACT

In the article, the process of forming the identity
of railway transport employees is considered on the
methodological basis of the theory of social identity,
the psychological concept of self-determination and
the new institutional economics. It is substantiated
that identity is a non-monetary form of labor
motivation. The results of testing such an approach

to evaluating identity in various organizations are
described. Itis shown that JSC Russian Railways has
created a sustainable system for managing personnel
and the social sphere using significant material and
financial resources, which in turn facilitates corporate
consolidation and actualizes the problem of
assessing employee identity as one of the activities
of human resources management services.

Keywords: railway, corporate psychology, identity, institutional order, motivation, personnel, education,

competences, labor, economic incentive.

Background. The new economy, in any of its
interpretations — digital, innovative, informational,
service, Internet economy — assumes the increasing
role of human resources, their predominance over the
significance of material factors of production. The
increase in the value ofthe created goods is increasingly
taking place on the basis of the effective use of innate
and acquired abilities of a person, his creative talent
and experience in the economic activity. The second
integral component of the new economy is the growing
importance of resource allocation institutions and
organization of interaction between economic entities.
Such features of functioning of the modern economy
make it natural to search for innovative methods of
personnel management. The scientists have relatively
recently recognized formation of the identity of
employees as one of those methods [1, pp. 365-367].

For JSC Russian Railways and other railway
enterprises, the problem of forming the corporate
identity of personnel has always been, by definition,
an integral task of management. On the one hand,
the vast territorial distribution of production units, an
extensive organizational structure, and a multi-
thousand-strong workforce already have in mind the
most diverse geographical, historical, social,
professional, and qualifying identities of employees.
On the other hand, dissemination of unified industry
standards for cargo and passenger transportation,
maintenance and development of infrastructure
require a single universal employee identity in
production and economic activities of railway
transport enterprises.

In this article, guided by the basics of the theory
of social identity, the psychological concept of self-
determination and the new institutional economics,
an attempt is made to determine the economic
essence of the identity of employees and a
methodology is proposed for assessing this identity
in railway enterprises.

The results of the presented research were
empirically tested in the process of preparing
graduate bachelor’s theses at Samara State Transport
University.

Objective. The objective of the authors is to
consider different aspects of evaluation of identity of
employees of railway enterprises.

Methods. The authors use general management
and social methods, comparative analysis, evaluation
approach.

Results.

Features of identity in the economy

In understanding the identity of an individual, two
approaches dominate [2, p. 3]. The first, based on the

position of J. Akerlof and R. Kranton, recognizes
identity when the existing rules and regulations
correspond to the ideal conception of an individual
about them. According to these scientists, formation
of identity contributes to improving the efficiency of the
individual’s work activity by 10-25 % [3, p. 39]. The
second approach in the interpretation of A. Sen
associates the the identity of the individual with his strict
adherence and involvementin a particular social group.
The basis of formation of universal identity is often
mentality of an individual. Mental states, according to
the position of the author, adapt individuals to social
groups, but do not eliminate deprivations, and should
not be taken into account when determining personal
well-being. The purpose of formation of identity of an
individual, according to Amartya Sen, is as follows:
...individual advantages should be assessed in terms
of ability of individuals to live in the way that they have
reason to appreciate. Such an approach focuses on
the independent freedoms that people enjoy, rather
than limit themselves to the final results they will get...
[4, p. 271].

We prefer the first — institutional approach, when
employees accept and share the existing norms and
rules of the enterprise [5, p. 24]. This means that the
institutional rules at job contribute to meet the specific
existential needs of the individual in the course of his
work activity. This is primarily the need for competence
and autonomy [6, p. 68]. The need for competence
presupposes that the employee’s professional
competencies correspond to the goals and objectives
that the enterprise puts in front of him, and autonomy
chooses a style of behavior that ensures his
competence and gives him the freedom to act to
realize his acquired and innate abilities.

The adoption of the institutional regulations of the
enterprise involves the employee’s internalization of
existing rules and regulations. At the same time, a
particular style of individual behavior is formed, defined
in the psychological concept of self-determination by
E. Deci and R. Ryan as introjected regulation [6, p. 71].
This style involves empathy of an employee from
cooperation, is characterized by a greater degree of
freedom and is supported by a certain motivational
system. The introjected employee behavior style assumes
that the existing norms and rules of the enterprise are a
more internalized stimulus than the functioning system
of material incentives and authorization.

Thus, the identity of an employee of an enterprise
is a non-monetary form of motivation that is created
in enterprises where the prevailing economic
incentives are the applicable rules and regulations.
From our point of view, the economic incentive is the
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imperative impact of the external environment that
regulates employee’s behavior. Economic incentives
differ by level of internalization, the degree of
transformation of external influence into the internal
activity of an employee, which is accompanied by
various costs of coercion and supervision of his work
activity.

Consequently, employee’s identity can be
assessed using coefficients describing deviation of
his individual motivation from its average parameter
by department or enterprise, the average sample
parameter characterizing staff by gender, age,
education, etc. Identity is the degree of the employee’s
psychosocial well-being, which is shaped by the
institutional arrangements of the enterprise. From an
economic point of view, it is the existing institutional
arrangements that create the universal corporate
(service, production) identity of an individual, which
combines his various geographical, historical, age,
professional and qualifying identities. Although Erik
Erikson believed that universal human identity would
shape the development of technology and science,
as well as their large-scale diffusion [7, p. 274].

The employee’s corporate identity is an effective
procedure for universalization of his multiple social
identity, while maintaining his individualization. High
corporate identity contributes to coordination and
efficiency of interaction between employees. This
significantly reduces the cost of coercion and
monitoring activities, reducing the level of transaction
costs, leading to better use of production resources.

In addition, identity can be assessed by structural
units of the enterprise (corporation). Modern
researchers K. Eisenhardt and F. Santos distinguish
four types of company operation boundaries: the limit
of efficiency, the limit of power, the limit of competence,
and the border of identity. The latter shows the degree
ofinvolvement and identification of the employee with
the organization in which he works [8, p. 501].
Consequently, the corporate identity of the staff can
be considered as an additional criterion for optimizing
the organizational structure of the enterprise and
clarifying the economic feasibility of transforming the
structural units into subsidiaries or affiliates.

Evaluation model

Since motivation acts as an absolute characteristic
of individual’s involvement in work, and identity is an
ordinal evaluation of employee’s involvement in an
enterprise or its division, identification of identity
should be done by correlating individual motivation to
the existing level of motivation in a division (enterprise)
orinagiven group. Similarly, itis possible to establish
identity of a particular group of employees by a given
criterion. As a sampling criterion, a group is formed
by gender, by age, by the criterion of being employed
ina given unit, by level of remuneration, by professional
or social status (position), etc.

In the theory and practice of psychological and
sociological research, a variety of techniques and
tests are presented, on the basis of which personnel
motivation is assessed. On the basis of the typological
conceptof V. I. Gerchikov, tests have been made that
allow to establish the type of labor motivation of
workers [9, 10]. In accordance with the psychological
concept of avoiding failure and focus on success,
based on the work of A. A. Rean [11, 12], tests are
created and putinto practice to assess the motivation
of employees of organizations. Tests concerning the
primary and secondary factors in the formation of the
motivation for the work activity of G. Herzberg are
widely known [13]. Using the accompanying
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techniques and having a quantitative characteristic of
motivation (for example, in points) obtained by one
or several tests, you can proceed to assessing the
employee’s identity using the formula:
Koz1-13= 81

S
where K,,— the i-th employee’s identity coefficient (or
identity coefficient of groups of employees according
to the selection criterion);

s,— motivation of the i-th employee (or of a group
of employees according to the selection criterion)
calculated on the basis of the test;

S.— average motivation of employees in the j-th
subdivision or enterprise as a whole.

The logic of determining identity: the closer is an
individual (group) motivation to the average value of
motivation for an enterprise or its division, the higher
is the employee’s identity factor. Conversely, the
greater is the difference between individual motivation
and the average value for an enterprise, the lower is
the employee’s identity factor.

Empirical testing of the proposed model was
carried out at enterprises of various industry
affiliations. The results indicate a high degree of
adequacy of the model and can be used in production
and economic practice of railway enterprises.
Evaluation of employee’s identity was carried out
according to uniform sampling criteria. They were
gender, age, education, level of pay, professional
status (position). Many selection criteria allow for a
multivariate analysis of staff from the perspective of
its identity.

In production teams with predominance of
women, the identity coefficient shows a higher identity
specifically for representatives of these gender
groups than for men, which is closely correlated with
the specifics of their direct activities at the food
industry combine. Atthe engineering and metallurgical
enterprises, on the contrary, the identity coefficient
is higher for men than for women, which is also
explained by the peculiarities of production. In
addition, there is a difference in identity for age
groups. In a more technologically equipped
metallurgical enterprise, a higher identity is observed
in younger age groups.

Evaluation of identity of the heads of departments
(organizations), which requires a detailed individual
analysis, is especially noteworthy. The fact is that in
most cases their identity was significantly different
from the identity in the whole team. If, as a result of
additional research, it was confirmed by a high identity
among the main persons of similar divisions, then this
indicates a properly built hierarchy and a manager’s
orientation to development. In the opposite case, this
focus is in doubt.

Corporate factor in JSC Russian Railways

The country’s largest railway company has
historically carried out and is systematically working
on formation of the corporate identity of its employees.
However, this function is implicit in nature and is not
declared in the main activities of the personnel
management and social development services. Thus,
the areas of activity of the personnel management
department related to formation of corporate identity
of employees include: «Developing and introducing
new personnel management technologies that
increase employee performance», and also «creating
integrated mechanisms for encouraging staff
involvement in solving corporate tasks and improving
the efficiency of labor activity due to the growth of
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interest in the results of labor and self-realization of
workers» [14]. In addition, the department of social
development, implementing corporate social
projects, developing and organizing the main
directions of social policy and implementation of social
development and social protection programs for
employees of JSC Russian Railways based on the
corporate social standard, contributes also to
formation of corporate identity of employees [15].

An external factor reflecting the significance of
identity formation for the holding company is
introduction of uniforms and their systematic updating
in accordance with new trends in design and changes
in corporate culture. Over the past thirty years,
uniforms have been updated three times (most
recentlyin 2010). In addition, the system of continuous
vocational training, diverse social programs show
constant attention to formation of corporate identity
by a variety of means.

From the position of personnel policy, it is
becoming increasingly relevant and expedient to
evaluate multi-year investments in formation of
corporate identity, as well as to determine the extent
to which the current institutional arrangements of the
largest transport corporation contribute to creation
of a universal identity of personnel.

Do not forget that the identity of workers is an
additional criterion, which, together with traditional
technical and economic parameters and personnel
management indicators, will allow more adequately
rationalize the organizational structure and evaluate
the feasibility of constitution of new subsidiaries and
affiliates in the holding system in consistency with the
mood and needs of employees.

Conclusions.

1. Identity is a non-monetary form of motivation
for the work activity of the personnel of enterprises,
in which the prevailing economic incentives are the
existing rules and regulations.

2. The motivation of the employee is an absolute
value, allowing to assess the degree of employee’s
involvement in production and economic activity of
the enterprise. Identity is a relative characteristic of
the employee’s motivation in relation to motivation of
an enterprise as a whole, its structural unit or group
of employees, formed according to a given attribute.

3. The methodology used was tested in
organizations belonging to various industries.
Empirical testing indicates a high degree of adequacy
of the proposed model and a significant potential of
its application for solving problems of human resource
management.

4. The extensive geographical distribution of
production units, a huge workforce with a diverse
professional and qualification structure, the tasks of
constantly improving the quality of freight and
passenger traffic, maintenance and infrastructure
development make it necessary for Russian Railways
holding structure to have a single corporate identity
of employees.

5. The employee’s identity refers to effective ways
ofimproving efficiency of human resources, optimizing
the organizational structure of enterprises and

corporations. At the same time, in the railway transport
system, real assessment of the corporate identity of
the personnel has not been carried out yet. The
proposed toolkit will allow to determine the
effectiveness of economic and social costs of
enterprises regarding labor motivation of staff and
strengthening of its loyalty to the corporation.
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CTtarbs NocBsileHa COTPYAHNYECTBY
Poccuiickoii Pegepaynn

un CoymanncTtn4eckon

Pecny6snkn BbeTHam B obnactu
JKes1Ie3HO[0POXHOIro TPaHcrnopTa

u cepe npogpeccnoHasbHOro
obpa3oBaHus. Ha ¢poHe coBpeMeHHbIX
peanui n npobsiemM >xes1e3HbIX

Aopor BeeTtHama, nepcrnekTus

UX PEKOHCTPYKLINU U Pa3BUTUS
paccMoTpeHa 3agaya noaroToBKu
Poccurickum yHuBepcuTreTom
TpaHcrnopTa KBannduunpoBaHHbIX
cneumnasnnucToB A4J1s1 CTPOUTEJIbCTBA

u aKcnyaTayny HOBbIX PeJIbCOBbIX
Tpacc B cTpaHe, BKJIl04Yasi IMHUN
MeTponosIMTeHa N BbICOKOCKOPOCTHbIE
marucrTparsnu.

Knwo4eBsbie cnoa: BbeTtHam, Poccusi,
MexXayHapoaHOE COTPYAHNYECTBO,
XKeJ1e3HbIe 4OPOrn, BbICOKOCKOPOCTHbLIE
marucTpanu, MEeTPOrNOINTEH,
obpa3soBaHue, NoaroToBka creymnaancTos.
|

NMogroroBka cneunaaucToB
penbCoOBbIX A0pPOr
BbeTHamMma

Kuceaée Basenmun Heanosuu — doxmop
MexXHU4ecKux HayK, npogeccop Kageopul
21eKkmponoe3006 u 1okomomueos Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus,

Caaouo Asexcanopa Eeeenvesna — cmyoenmka
Mockoeckoeo eocydapcmeeno2o uncmumyma
MeNcOYHapoOoHbix omHouteruil (Yuusepcumema) MUJ]
Poccuu (MTHMO), Mockea, Poccus.

eThb XeJie3HbIX Jopor BbeTHaMa 06-

el mmHoi 2367 KM COCTOUT U3

TuHut HopMmanbHOU (1435 Mm)
u y3koii (1000 mm) koneu. Ha yacTtu yuacrt-
KOB OJJTHOBPEMEHHO MPUCYTCTBYIOT JIBE KO-
jeu [1].

OCHOBHOI MarucTpanbio SIBJISIETCS JI-
HUs XaHOW—XOIIMMUH, KOTOpas Mojyyuia
Ha3BaHue «EQMHCTBO» B 4eCThb UCTOpUYE-
ckoro BoccoenuHeHust Ceepa u FOra cTpa-
Hbl B 1975 rony. Ha ceBepe k Heli mpuMBbIKa-
IOT HECKOJIBKO OTBETBJIEHUU HOPMAaJbHOM
KoJjieu oo1ei minHoit 480 kM.

AHanm3 XxapaKTepUCTUK KeJIE3HBIX JOPOT
(Tabnuiia 1) mokasbIBaeT, 4TO IJIST obecTie-
YEHUST YCTOMYMBOTO 9KOHOMUUYECKOTO POCTA
U Pa3BUTUS JTOTUCTUUYECKOU CUCTEMBI CTpa-
HBI HY>KHA TIPEX/e BCETO KOPEHHAst PEKOH-
CTpyKLMS nopor BeeTHaMa ¢ y4éToM MUpO-
BOTO OMbITA, KOTOPHI MpeaycMaTpuBaeT
00OBbIYHO HECKOJILKO 3TaMoB:

1. OGocHOBaHNME BBIOOPA IMMPUHBI KOJIEH
C YyU4ETOM CTAaHIAPTOB KOJIEW COTIPENETbHBIX
TOCYIapCTB, YTOOBI U30€XKaTh IMIIHUX 3aTPaT
MPpU CMEHE TeJIeXXKeK MOABMKXHOTO COCTaBa
WJIN U3MEHEHWU NIMPUHBI KOJIECHBIX TIap.

2. OnpenejeHue AONYCTUMON OCEBOM
Harpy3ku Ha nyTb. Heo0xoaMMo yuuThiBaTh,
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Ta0imuna 1

XapakTepucTHKH KeJie3HbIX 10por BreTHama

ITokazarenn Jluaum

XaHoii—XaiidoH XaHOoU—XOIMMUH XaHnoi—Jlaokaii
JUtuHa, KM 102 1740 300
IlIupuHa Koneu, MM 1000
PykoBogsiiue ykJIoHbI 6 25 12
MMUHUMAaTBHBIN paanyc KpUBBIX, M 300 200 100
JlormycTrMast CKOpoCThb, KM/4 80 60
JlommyctumMast oceBast Harpy3ka, T 15 15 15

4YTO 3aTpaThl IIPU CTPOUTETBLCTBE KEJIE3HOM
Jloporu ¢ 00Jblleil Harpy3Koi OT OCU KO-
JIECHBIX ITap B IIEPCIIEKTUBE OYIyT OIIpaBaa-
HBI U OKYTISITCS IO CPAaBHEHUIO C TTO3TAITHBIM
POCTOM OCEBBIX HATPY30K Ha MYTh B ITPOLIEC-
ce aKcIutyatauuu. [1pu 3ToM oceBas Harpys3-
Ka PEKOHCTPYUPYEMOUW JOPOTU MOJIXKHA
KOPPEKTUPOBATLCS ¢ HArpy3KaMU Ha IyTh
JIOPOT COCETHUX CTPaH.

3. Beibop tina jokoMoTunBa. Kenaresb-
HO TIJIaHNPOBATh BHEIPEHNUE SJIEKTPUIECKOM
TATU (JIEKTPOBO30B) KaK 00ecTieunBaronieit
0oJiee BEICOKUM rpy30000pOT MO CPAaBHEHUIO
C TeTIJIOBO3HOI TsATOM. OHAKO MTepBUYHBII
BBIOOD 2JICKTPOBO3HOM TATU HE OKaXETCs
5 OEeKTUBHBIM M3-3a OOJBIINX 3aTpaT Ha
CTPOUTEIBCTBO MHMPPACTPYKTYPHI ST IKC-
TUIyaTaluy MOJBUXXHOTO COCTaBa Ha 3J1EKT-
pOTSITe — TATOBBIX MOACTAHIINI, KOHTAKT-
HBIX CETEW U T.II.

IToaTomy Ha repBOM 3Tarie pEKOHCTPYK-
LMY KeJlaTeJIeH aKliEeHT Ha BHEIpEeHUE Tell-
JIOBO3HOI TATH B TPY30BOM U MACCAXKUPCKOM
IBVDKCHUSX U TU3Eb-TI0€3I0B B IIPUTOPOI-
HOM COOOIIIEHUH.

4. BHenpeHue COBPEMEHHbBIX CPENCTB
CIb.

5. CTpOUTENBbCTBO ABYXMYTHBIX XeJje3-
HOIOPOXHEIX JUHUI Ha HamboJjiee Harpy-
JKEHHBIX YYaCTKaX ¢ IMTOATOTOBKOM Ha OMHO-
MYTHBIX YYaCcTKaX 3eMJISTHOTO TTOJIOTHA ISt
BTOPOTO MYTH, YTOOBI COKPATUTh 3aTpaThl
MIpH 3aBEPIICHUU B OyOYIIEM OCTaJIbHBIX
Y4aCTKOB JOPOTH.

6. Pazputne BCM. PyKoBO/ICTBO BhETHAM-
CKMX XKeJIE3HBIX JOPOT U3y4yaeT BO3MOKHOCTb
MX CTPOUTEIBCTBA: CTOUMOCTh IBYXITYTHOM
BBICOKOCKOPOCTHOM JIMHUU IIMHOU 1545 KM
Mexay XaHoeM U XOIIMMMHOM, IIUPUHON
Kozieu 1435 MM 1 ¢ 23 cTaHIUSIMM OIICHWBA-
etcsa B 58 mipn motapos CIIIA. /IBa mepBBIX
yuyacTtka (XaHoii—BunHb n XomumuH—Hs-
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Nousimmn

Puc. 1. Kapta xxene3Hbix gopor BbetHama.

YaHT) IJIAHUPYIOT OTKPBITH K 2032 romy. Kom-
MEpUYECKOe UCITOAb30BaHUE OYAET BOBMOXHO
He paHee 2040 roga. TeM He MeHee 3HAUM-
MOCTb 3TO MarucTpajy BbICOKa: OHa ITO3BO-
JIUT B OyAyIIeM COKPaTUTh BpeMsl MyTH U3
XaHos B XOIIMMUH C CYTOK JIO 8 4aCOB, YTO
3HAYUTEJbHO YIPOCTUT JOTUCTUYECKU N
npotiecc. [1o mpeaBapuTebHBIM OlleHKaM
JTOJIS >KEJIE3HOJOPOXKHOTO TPAHCIIOPTA B Ie-
peBO3Kax Mexay XaHoeM U XOIIUMUHOM
coctaBuT 14%. CocraBieHa mporpaMMa Ha-
YUHBIX UCCJIEIOBAHUI 11O MPOGJIeMaM CTPOU-
tenbctBa BCM [2].

7. Pazsutue typuszma. Typuctuuyeckuit
OM3HeC CTajl BaXHOU CTaThEN 10X0Aa BbET-
HaMCKOTO O1o/1KeTa 6J1arogapst YHUKaJIbHOMU
MPUPOJE CTPAHBI U OOTATOMY KYJIBTYPHO-
UCTOPUYECKOMY HaCJeAni0. DKCIEPThI aB-
cTpanuiickoro usnareabctBa Lonely Planet
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Puc. 2. The Reunification Express npoxoaut BAOJb
no6epexbs KOxHo-Kutarickoro Mmopsi ceeepHee
ot nepeBana XaviBaH, MeXay UMNepaTopCKOi
cronmueii BbetHama X103 v XKNBOMUCHBIM ropoAoM
XoriaHom.

Ha3Banu mapumpyT The Reunification
Express Line omHUM 13 caMbIX XKMBOTUCHBIX
JKEJIE3HONOPOXKHBIX B MUpe. OH HAUMHAETCs
B I0XKHOW YaCTU CTpaHbl, ropoae XOIUMMU-
He, M 3aKaHYMBaeTCd Ha ceBepe, B XaHoe.
OO011as NpOoTSKEHHOCTh MapUIPyTa COCTaB-
ssiet 6osiee 1700 km [3, c. 8]. PekomeHayeT-
C$1 COXPAHUTb CYLIECTBYIOLIUIA TAPOBO3HbBIN
MnapkK JOKOMOTUBOB, TaK Kak Moe3jia, BeAo-
MbI€ MaPOBO3aMMU, MOJIb3YIOTCS y TYPUCTOB
0O0JIbIIEH MOMYJISIPHOCTHIO MO CPAaBHEHUIO
C IpYTMMU BUOAMU TATH.

8. PazBuTHE COTpYIHUYECTBA B 00JIACTH
XKEJEe3HOJIOPOKHOIO TPAHCIIOPTA.

B cooTBeTCTBUY C pacTiopsikeHUEM mpe-
sugeHTa B. B. ITytuna ot 3 okts16pst 2018 ro-
na B 2019 roay B Poccuu npoitnér «lon
Conumanuctuueckoit Pecriyonuku Boet-
Hawm». [lapannenbHo cTpaHa-napTHEpP opra-
Husyet «lfon Poccuiickoit @enxepannum».
IMepexpécTHast mporpaMma — 3TO KOMILIEKC
MEPOMNPUATUI B MOJUTUYECKON, IKOHOMMU -
YEeCKOW, HAYYHOU, KYJBTYPHOW IE€ATETBHO-
cTu, B chepe oOpa3oBaHUS U NPYTUX Ha-
MpaBJeHUSIX ABYXCTOPOHHUX OTHOIIEHUMA
[4,c. 1].

«CTpaTternyecku BaxKHbIM SIBJISIETCS CO-
XpaHEeHUE JOBEPUTEIbHBIX OTHOIIEHUN
U NayibHEeHIee ux pa3Butue Mexay Poccueit
1 BreTHaMOM IO BCeM HampaBIEHUSIM», —
3asgBua 2 Hos10pst 2018 roma poccuiickuit
nocon KoHctaHTuH BHYKOB BO Bpems JIeK-
MU B AKkageMuu OOIIEeCTBEHHBIX HAayK

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 224230 (2019)

Lonely Planet, Matt Bruno.

BreTtHama. OH OTMETHUJI, UTO COXpaHEHUE
TaKUX OTHOIIEHUI MEXIy CTpaHaMU — 3TO
PEIKOCTD JIJISI MUPOBOY MCTOPUU.

ToproBo-3KOHOMUYECKOE COTPYTHUYE-
CTBO CTpaH MOCTOSIHHO pacTeéT. 3a 2017 rox
TOBapoOOOPOT BBIPOC HAa TPEeTh, a 3a JABa
kBapTaia 2018 rog — Ha 20%.

23 guBaps 2018 roma B COOTBETCTBUU
C coTJIallleHWeM O JIBYyXCTOPOHHEM COTPYII-
HuuecTBe Mexay OAO «Poccuiickue xenes-
Hble foporu» u I'K «BbeTHaMCKue XKejle3Hble
noporu» Bo BeetHaMm mo MTK mpubsin
nepBbiil KOHTelHep u3 Poccuu. OH cieno-
BaJl B COCTaBe KOHTEHEPHOTrO Moe3/a yepe3
tepputoputo Kurag. Poccuiicko-kutai-
CKYIO TPaHHUIly COCTaB MepecéK Ha morpa-
HUYHOM Mepexoje MaHbuxypus—3aodaii-
KaJIbCK, KUTAliCKO-BbETHAMCKYIO — Ha Ie-
pexone HoHmaHr. Bpems ciegoBaHUsl KOH-
TeliHepa Mo XkeJe3Hol nopore coctaBuio 20
JHEel, ToT/Ia KaK IepeBo3Ka MOpeM 3aHUMa-
eT BpeMs B 1Ba pasa 6oJiblie (puc. 3) [5].

B mepBoM oTmpaBieHHOM KOHTelHepe
no MTK Poccusi—BbeTHam—Poccus nepe-
BO3WJIM KOCMETUYECKYI0 Mpoaykuuto. Kito-
YeBbIE CTAaThU POCCUICKOTO KCTIOPTa — Ma-
IWHBI U1 000pynoOBaHUEe, MUHEpPAJIbHOE
CBIPbE, METAJUThI U U3IEJIUS U3 HUX, a UM-
MOPT — MAIIMHBI U 000pyIOBaHUE, TEK-
CTUJIb, TIPOAOBOJIBCTBUE U CETBbCKOXO03Si-
CTBEHHOE ChIpbE. 2KeIe3HOJ0POKHOE CO00-
meHue OyaeT CTUMYJIMPOBATh YKpeIlJIeHue
TOPTOBBIX M1 9KOHOMUYECKUX CBI3E MEXITY
BretrnamoMm u Poccueii, a Takxke cnoco0-
CTBOBATh peajn3allly CoralleHus oo ycTa-
HOBJIEHUU 30HBI CBOOOIHOW TOPTOBJIU
EADC—BpeTHaM, KOTOpOE OBLIO ITOAITMCAHO
B 2015 rony.

BaxHo1l Bexoil B pa3BUTUU POCCUICKO-
BBETHAMCKOTO TEXHUYECKOTO U TPAHCTIOPT-
HOTO COTPYIHUWYECTBA CTAJO TMOJMUCAHUE
corJlallieHusl O TTapTHEPCTBE MO TPOEKTY
CTPOUTEBCTBA JIETKOTO METPO BO BheTHaMe
mexay komnanusamu OO0 «PXKI Mutep-
HerrH» 1 Lung Lo Construction B ceHTsI0pe
2018 roma. ByayT mocTpoeHbl JMHUU METPO
B XomnMuHe U npoBuHUIMU JoHrHaii. Co-
[JIallleHUe OTpeiesisieT OCHOBHBIE TTPUHIIM -
IThI COTPYAHUYECTBA U yUaCTHUSI CTOPOH B €70
peanuzanuu. [TpoekT nmeeT crpaTernyeckoe
3HaYeHUe IJIs Pa3BUTUS TPAHCIOPTHOM
nHMPacTpyKTYphl BheTHaAMa B COOTBETCTBUN
¢ o0IIepU3HAHHBIMU MUPOBBIMU CTaHIAP -
Tamu [1].
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Bo Bpems cBoero Busuta B Poccuio B ok-
Tsi6pe 2018 roma 3amMecTuTENb IpeMbep-MU-
auctpa CPB Yunp JIuap 3yHT TIpoBEN me-
peroBopsl ¢ rnaBoit OAO «PXKJl» Onerom
beno3epoBbiM, B X0[I€ KOTOPBIX OBLIO 000-
3HAYEHO, YTO CTOPOHBI NMPUBETCTBYIOT
U TIOJIICPKMBAIOT Pa3BUTHE COTPYAHUYECTBA
mexay OAO «P2XKJI» m BbeTHAMCKUMU KOM-
MaHUSIMU, UX Y9aCTUE B COBMECTHBIX TIPO-
exrax [6].

9. IloaroroBka CNenMMaIMCcCTOB-TPAHC-

HOPTHUKOB.
Poccuiickuit yHUBEpCUTET TpaHCIOpTa

(MUUT) umeeT MOTOXUTEIbHBIN OIBIT
B IMOJTOTOBKE KaapOB MJist TpaHcropTa Pec-
nyonuku BeetHam. C 1959 roma u mo Ha-
CTOsIIIee BpeMsl U3 CTeH By3a ObLIO BBIMY-
meHo 390 cmenuanmMcToB ¢ BHICIIMM 00pa-
30BaHUEM. 3aIUTUIN KaHAUIATCKUE THC-
ceprauuu 107 4yexoBeK, MOKTOpcKUEe — 7
YeJIOBeK, MPOIILIN CTAXKUPOBKY 127 yenoBex.

B 2018 romy moamucaHo corjamiieHue
0 coTpyaHudyectBe Mexny Poccuiickum
YHUBEPCUTETOM TPAHCTIOPTA U XOUIUMUH-
CKUM TOPOJICKUM YHUBEPCUTETOM TpaHC-
MopTa U MOJIrOTOBKE BHICOKOKBATU(MUIINPO-
BaHHBIX CIEI[UAIMCTOB [IJISI METPOTIOJIUTEHA
. XOIIMMUH, BETHAMCKUX KeJIe3HBIX JOPOT
U HOBOM cTposieiics noporu Bynr—ToHr
B IPOBUHILIMU BUHBOBIOK.

Hewmano BheTHAMCKUX CTYAEHTOB-BbI-
nyckHUKoB MUMUT, koTtopsle moaydyunu
HAy4YHYIO CTETNeHb B POCCUNCKOM YHUBEP-
CUTETE, TPOJOIXKAIOT HAyYHO-UCCIEeA0BaA-
TEeIbCKYIO NESITEIbHOCTh UJIW 3aHUMAIOT
OTBETCTBEHHBIE JOJKHOCTU B PECITYOJIUKE.
Beinycknuku MUUT ycnemHo paboTaror
B XOIIMMUHCKOM TOPOJICKOM YHUBEPCUTETE
TpaHCTIOPTA U MPeACTaBUTENbCTBaX BheTHa-
Ma 3a pybexom (mokrtopa Hayk Yau Dy
Txyan, Hryen Yonr Tam, o Ak Tyan
W IpyTHE).

ITporpamMma MoATOTOBKY CTIIEIIMATUCTOB
BBICHIEH KBaTM(PUKAIIUY TIPEIyCMaTPUBaeT
JIBYXTOIMYHOE OOy4YeHUE: TTOATOTOBUTEb-
Hoe oTnesneHue +1 Kypc B yHUBEpCUTETE
TpaHcTmopTa U KoMMyHukauuii (BeetHam,
I. XaHOM) M YeTHIpEXTOMMUHOE O0yUYeHUE
B PYT (MUUT). Ceituac B MockBe oOyJa-
ercs 10 genmoBek, rpaxxnad BeeTHaMa, 1 UM

Puc. 3. Bctpeya nepBoro KoHTeviHepa
BO BbeTHame n3 Poccun.

CO3/1aI0TCS BCe HEOOXOIUMBIEC YCIOBUS JJIST
MOJTy4eHUSI BBICIIIETO 00pa30BaHMUSI.
Peanuzanus niaaHoB peKOHCTPYKIINU
MPEXHUX TTyTeil U CO3MaHNST HOBBIX XKeJe3-
HOJOPOXHBIX Tpacc Bo BreTHame (B TOM
yucne BCM) craBut nepen Poccuiickum
YHUBEPCUTETOM TPAHCITOPTA OOJbIIINE 3a1a-
YW B MOJATOTOBKE KBaJUGUIIMPOBAHHBIX
CTIEIINANCTOB, WHXEHEPHBIX KaIpPOB JJIS
CTPOUTENIBCTBA W DKCIUTyaTalluy BbeTHAM-
CKUX XEJIe3HBIX MOPOT, OYyNYIIUX JTUHUHN
MeTporionuTeHa. M ¢ 3Toil TOuKu 3peHust
UMEIOIIUICS OTIBIT COTPYIHUYECTBA — 3aJI0T
JaIbHEWTIero pa3BUTUSI 00pa30BaTEIbHBIX
CBSI3€11 M B3aMMOTIOMOIIIM JIBYX CTPaH.
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TRAINING OF SPECIALISTS OF VIETNAM

RAILWAYS

Kiselyov, Valentin I., Russian University of Transport, Moscow, Russia,
Saloid, Alexandra E., Moscow State Institute of International Relations (University) of the Ministry of

Foreign Affairs of Russia (MGIMO), Moscow, Russia.

ABSTRACT

The article is devoted to cooperation of the
Russian Federation and the Socialist Republic of
Vietnam in the field of railway transport and vocational
education. Against the background of modern
realities and the problems of the railways of Vietnam,

the prospects for their reconstruction and
development, the task of training of qualified
specialists by Russian University of Transport for
construction and operation of new rail tracks in the
country, including metro lines and high-speed
highways, is considered.

Keywords: Vietnam, Russia, international cooperation, railways, high-speed main lines, metro, education,

training of specialists.

Background. The railway network of Vietnam with
a total length of 2367 km consists of lines of normal
(1435 mm) and narrow ( 1000 mm) gauge. On a part
of the sections there are simultaneously two types of
gauge [1].

The main line is Hanoi-Ho Chi Minh City, which
was named «Unity» in honor of the historical
reunification of the North and South of the country in
1975. In the north, several branches of a normal
gauge with a total length of 480 km adjoin it.

Objective. The objective of the authors is to
consider different aspect of cooperation between
Russia and Vietnam in the field of railway transport, in
particular training of specialists of Vietnam railways.

Methods. The authors use general scientific
methods, comparative analysis, scientific description,
evaluation approach.

Results. Analysis of characteristics of railways
(table 1) shows that to ensure sustainable economic
growth and development of the country’s logistics
system, first of all, a radical reconstruction of the
railways of Vietnam is necessary, taking into account
world experience, which usually involves several
stages:

1. Justification of the choice of gauge taking into
accountthe standards of gauge of neighboring states,
in order to avoid unnecessary costs when changing
rolling stock bogies or changing width of wheel sets.

2. Determination of permissible axial load per
track. It should be borne in mind that the costs of
building a railway with a greater load from the axis of
the wheel sets will be justified in the future and will be
paid off compared with the gradual increase in axial
loads on the track during operation. At the same time,
the axial load of the reconstructed railway should be
adjusted with loads on track in the neighboring
countries.

3. Choice ofthe type of locomotive. It is advisable
to plan introduction of electric traction (electric
locomotives) as providing a higher turnover compared
with diesel locomotives. However, the primary choice

of electric traction will not be effective due to the high
costs of building the infrastructure for operating the
rolling stock on the electric traction — traction
substations, contact networks, etc.

Therefore, at the first stage of reconstruction, an
emphasis is placed on introduction of diesel traction
in cargo and passenger traffic and diesel trains in
suburban traffic.

4. Introduction of modern means of signaling
systems.

5. Construction of double-track railway lines on
the most loaded sections with preparation of single-
track sections of the road bed for the second track,
in order to reduce costs when the rest of the road
sections are completed in the future.

6. Development of HSR. The management of the
Vietnamese railways is exploring the possibility of their
construction: the cost of a double-track high-speed
line with a length of 1545 km between Hanoi and Ho
Chi Minh City, gauge of 1435 mm and with 23 stations
is estimated at 58 billion US dollars. The first two
sections (Hanoi-Vinh and Ho Chi Minh—Nha Trang)
are planned for opening by 2032. Commercial use will
be possible not earlier than in 2040. Nevertheless,
the importance of this main line is high: it will allow in
the future to shorten the travel time from Hanoi to Ho
Chi Minh City from one day to eight hours, which will
greatly simplify the logistic process. According to
preliminary estimates, the share of rail transport in
traffic between Hanoi and Ho Chi Minh City will be
14 %. A program of scientific research on the
problems of construction of HSR is prepared [2].

7. Development of tourism. The tourism business
has become an important source of income for the
Vietnamese budget due to the unique nature of the
country and its rich cultural and historical heritage.
The experts of the Australian publisher Lonely Planet
called the route The Reunification Express Line one
of the most scenic rail in the world. It begins in the
southern part of the country, Ho Chi Minh City, and
ends in the north, in Hanoi. The total length of the

Table 1
Characteristics of the railways of Vietnam
Indicators Lines
Hanoi—Haiphong Hanoi—Ho Chi Minh City | Hanoi—Laokai
Length, km 102 1740 300
Gauge width, mm 1000
Limiting grades 6 25 12
Minimum radius of curves, m 300 200 100
Permissible speed, km/h 80 60
Permissible axial load, t 15 15 | 15
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Pic. 1. Map of railways of Vietnam.

routeismorethan 1700km [3, p. 8]. Itisrecommended
to keep the existing steam locomotive fleet, as trains
driven by locomotives are more popular with tourists
than other types of traction.

8. Development of cooperation in the field of
railway transport.

In accordance with the order of the president
V. V. Putin of October 3, 2018, in 2019 Russia will host
the «Year of the Socialist Republic of Vietnam». In
parallel, the partner country organizes the «Year of
the Russian Federation». The cross program is a
complex of activities in political, economic, scientific,
cultural activities, in the field of education and other
areas of bilateral relations [4, p. 1].

«The preservation of trusting relations and their
further development between Russia and Vietnam in
all areas is strategically important», Russian
Ambassador K. V. Vnukov said on November 2, 2018
during a lecture at the Academy of Social Sciences of
Vietnam. He noted that the preservation of such
relations between countries is a rarity in world history.

Trade and economic cooperation of countries is
constantly growing. In 2017, the turnover increased
by one third, and for two quarters of 2018 — by 20 %.

On January 23, 2018, in accordance with the
agreement on bilateral cooperation between JSC
Russian Railways and SC Vietnam Railways, the first
container from Russia arrived in Vietnam. It was a part
of the container train following through China. The
Russian-Chinese border was crossed at Manchuria—
Zabaikalsk border crossing, and the Sino-Vietnamese
border was crossed at Dondang crossing. The transit
time of the container by rail was 20 days, while sea
transportation takes twice as long (Pic. 3) [5].

Pic. 2. The Reunification Express runs along the coast
of the South China Sea north of the Haiwan Pass,
between the imperial capital of Vietnam, Hue and the
picturesque city of Hoi An.

The first container shipped via ITC Russia—
Vietnam—-Russia transported cosmetic products. Key
Russian exports are machinery and equipment,
minerals, metals and products from them, while
imports are machinery and equipment, textiles, food
and agricultural raw materials. The railway
communication will stimulate the strengthening of
trade and economic ties between Vietnam and Russia,
as well as will contribute to implementation of the
agreement on establishment of EEU-Vietnam free
trade zone, which was signed in 2015.

Animportant milestone in development of Russian-
Vietnamese technical and transport cooperation was
signing of a partnership agreement for construction of
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Pic. 3. Meeting
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from Russia
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a light metro in Vietnam between the companies JSC
RZD International and Lung Lo Construction in
September 2018. Metro lines will be builtin Ho Chi Minh
City and Dong Nai province. The agreement defines
the basic principles of cooperation and participation of
the parties in its implementation. The project is of
strategic importance for development of the transport
infrastructure of Vietnam in accordance with generally
accepted international standards [1].

During his visit to Russia in October 2018, the
Deputy Prime Minister of SRV, Trinh Dinh Dung, held
talks with the head of JSC Russian Railways, Oleg
Belozerov, during which it was indicated that the
parties welcome and support development of
cooperation between JSC Russian Railways and
Viethnamese companies, their participation in joint
projects [6].

9. Training of transport specialists.

Russian University of Transport (MIIT) has a
positive experience in training personnel for the
transport of the Republic of Vietnam. From 1959 to
the present, 390 specialists with higher education
have graduated from the university. 107 people
defended their Ph.D. theses; 7 people — D.Sc. theses;
127 people passed internships.

In 2018, an agreement was signed between
Russian University of Transport and Ho Chi Minh City
University of Transport on cooperation and training of
highly qualified specialists for the Ho Chi Minh Metro,
the Vietnamese railways and the new road from Vung
Tau under construction in Binfyok Province.

A lot of Vietnamese graduate students of MIIT,
who received a scientific degree at a Russian
university, continue research activities or occupy
positions of responsibility in the republic. Graduates
of MIIT successfully work at Ho Chi Minh City University
of Transport and Vietnamese representations abroad.

The program of training of highly qualified
specialists provides two years of study: a
preparatory department +1 course at the University
of Transport and Communications (Vietnam,
Hanoi) and four years of study at Russian University

of Transport. Now 10 citizens of Vietnam are
studying in Moscow.

Conclusion. The implementation of plans for
reconstruction of former tracks and creation of new
railways in Vietnam (including HSR) poses great
challenges for Russian University of Transport in
training qualified specialists and engineers for
construction and operation of the Vietnamese railways
and future metro lines. From this point of view, the
existing experience of cooperation is the key to further
development of educational ties and mutual
assistance between the two countries.
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KOJIECO NCTOP

Hapenqwowumn
3J1IeKTPpoCUIoun

Hukonaii FPUTOPbEB

Ipucopvee Huroaau J[mumpueeur — kanouoam
MexXHU4ecKux Hayk, 0ouenm Kagpeopol
2nekmposnepeemuku mparcnopma Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Nikolai D. GRIGORIEV

YEHBIN-2JIEKTPOTEXHUK, OIUH U3 OC-
Giving Electric Power HOBOITOJIOKHUKOB OTEYECTBEHHOM

(TeKCT cTarby Ha aHrJs1. 3. — IIKOJIbI 9JICKTPOMAIIMHOCTPOCHUA,

English text of the article — p. 236) 1ipodeccop, TOKTOP TEXHUYECKUX HAYK, YICH-
koppecrioneHT AH CCCP, mou€THbIi Xee3-

CT10 nieT Ha3ap, korga B CTpaHe TOJIbKO HOLOPOXHUK AleKcaHap EMenbsHOBUY
Ha4MHanMCb paGoTbl M0 CO3AaHMIO AnexceeB poauiics 27 (15 o crapomy CTHITIO)

MEPBBIX OTEUECTBEHHBIX TATOBLIX b 1891 roma B KpeCTbSIHCKO# ceMbe
anekTpoaBuratesei s pesibCoBbIX p A p

JIOKOMOTUBOE 1 Tpameaes, nukro B AepesHe CopokuHo KalimHckoro yesna

He 3HaJl UMeHM 3TOro u3secTHoro 1BepCKoi rydepHnn (HeiHe KnuMpcekuii paiion

Teneps v BoweALuero B ieronuck IBepckoit obiactu). IMocie romoma 1891—

COBETCKOM M POCCUICKOM Haykn 1892 ronos ceMbs riepeexana B Cankr-Iletep-
Yesioseka. bnaronaps Tanauty  gypr,

¥ CaMOOTBEP)XXEeHHOCTU TaKNX Y4EHbBIX

Y KOHCTPYKTOPOB, Kak AnekcaHap

AnekceeB, cpepa sHepreTuku

1 371eKTPOMALLMHOCTPOCHNS focTuraa  YIWIHIILA 10 MeXaHn4ecKomy ieny Mmmepa-

B ero Bpemsi 60s1bLUNX BbICOT. TOPCKOTO PYCCKOI'O TEXHUYECKOTO O6H.ICCTB3.

Hewmanoe Bpemst 1oHOI11a pOpaboTal TOKapeM

Ha 3aBojie «DIeKTpuK». B 1916 roay no KoH-

KYpCY aTTeCTaTOB MOCTYITUJI Ha JIEKTpOMeXa-

HU4Yeckoe otaesieHune [leTporpaackoro aJek-

TPOTEXHUIECKOTO MHCTUTYTA (HBIHe CaHKT-

IMeTepOyprckuii TocygapcTBEHHBIN 3JIEKTPO-

Kmioyesble cnosa:  rexyyyeckuii yausepeuter).
AJIEKGaHAD ANEKCE6B, NCTOPHS, Bo BpeMst yu€obl, Koraa OH ObL e11I€ CTyAeH-

KOHCTPYMNPOBAHNE 3/IEKTPUYECKMX M
MaLLIVH, CTPaHMLb! Grorpaguy,  TOM> IO PYKOBOJICTEOM npocbeccopa f. M. Tak-

TpaHCropT, anekTpoasurateny, K UM ObUIN CIIPOSKTUPOBAHBI 1 Ha 3aBOJE
3/1eKTPOMALLMHOCTPOEHNE, SHEpreTrka.  <«DIEKTPUK» U3rOTOBJIEHBI TATOBbIE IBUIATEIN
I 11ocTosiHHOTO ToKa [1T-100 mist mepBoro oreve-

TpynoByto nesITeTbHOCTh AJIeKCeeB Hava
B 1907 romy mocjie OKOHYaHUSI peMeCJIEHHOTO

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 232-237 (2019)



AnexkcaHpp AnekceeB Ha kagpenpe «dnekTpuyeckme
MaLunHbil» B JIMUKTe.

AHenpol3C.

cTBeHHOTrO TerutoBo3a LI ¢ anekTprueckoi
repenayeii, KOTOpblii B TOIOBIIMHY PEBOTIOLIN
7 HOs10pst 1924 Toma coBepIII TToe3aKy o OK-
TSOPbCKOM XeJe3HOU gopore. DTOT TEeII0OBO3
ObLT coXpaHEH U ycTaHOBJeH B 1972 rogy kak
HCTOpUYECKast peJuKBYsI B MOCKBe Ha CTaHIIMN
XoBpHHO, a B 1997 roay nepeaaH B XKeJe3HOI0-
POXHBIN My3eii BapiiaBckoro Bok3aia B CaHKT-
TletepOypre (c 2017 rona — My3seii xene3HbIX
nopor Poccun). CTyneHT-2/IEKTPOTEXHUK YJacT-
BOBAJI TAKXKE B Pa3pabOTKe KOHCTPYKIIHIA TIEPBBIX
TSITOBBIX 3JIEKTPOIBUTATEIEH ITOCTOSTHHOTO TOKA
W JUTST TpAMBast, 9TO CTaJIO OTIEIbHOM, HO OTISITh
K€ 3HAYMMOI CTpaHuULIei ero ouorpaduu.
ITocne oKOHYaHWST MHCTUTYTA T10 CITEIIM-
aJIbHOCTU WHXXEHep-3JeKTpuK B 1925 rony
AJtekcaHIpa Ha3HAYWIN 3aBEAYIOIIUM OT/Ie-
JIOM HOBBIX KOHCTPYKIIMiA, a 3aTeM W TeXHU -
YECKUM TUPeKTOpoM JICHUHTPaaCKOTO 3JIeK-
TPOMAIIMHOCTPOUTETLHOTO 3aBO/Ia «DJIeK-
TPOCWJIa», TO €CTh OH CTaJI TIEPBBIM TJITABHBIM
KOHCTPYKTOPOM 3HAMEHUTOTO B JAJIbHEHUIIIEM
npeanpustus-ruranrta. I[lom ero HayaaoM
ObUTM pa3paboTaHbl MEPBbIE OTEYECTBEHHbIE
ruaporeHeparopsl mid Bosaxosckoit, 3eMo-
ABuanbckoit, Puonckoit, CBupckoii, JIHe-
nposckoii 'DC, cepuu TypboreHepaTopoB
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MOIIHOCTBIO 10 50 MBT u apyrue KpyrHbie
9JIEKTPUYECKUE MAIIWHBI, EPBEHIIbI COBET-
CKOW 9HEPreTUKU, O0ECTIEeUYNBIINE BBITTOTHE-
Hue wiaHa F'OBJIPO (mporpammel rocynap-
CTBEHHOM 2JIEKTpU(DUKAIIUYA CTPAHBI).

OH B1afe TpeMst UHOCTPAaHHBIMU SI3bIKaMU
(bpaHIly3cKMM, HEMELIKMM, aHTJIMMUCKUM),
Onarogapst yeMy ero KOMaHIMPOBKU B 3JIE€K-
Tpotexuuueckue Gupmsr CIIIA, Tepmanuu,
IBeuun, IBeiinapuu, YexocaoBakuu,
@paHIMY 1 IPyruX CTpaH 0Ka3aJich BecbMa
pe3yabTaTuBHBIMU. CIIPOEKTUPOBAHHBIE MO
PYKOBOJICTBOM [JTABHOTO KOHCTPYKTOpPA dJ1eK-
TPUYECKUE MAIIMHBI, KOJUIEKTOPHBIE MPeod-
pa3oBaTesu MOCTOSIHHOTO TOKA OT aKKyMYJIsi-
TOpHOI 6aTapeu B TpEX(a3HbIN TOK YACTOTOMN
50 Ti1, TroBble ABUTATENM AJIs1 TEIJIOBO30B
C 2JIEKTPUYECKOI TIepeaveil, 3apsiHbie arpe-
raThl 711 PAAMOCTAHLIMI U TIpoYee JIEKTPO-
TEXHUYECKOE 00OPYIOBAHUE [IJIs1 SHEPTETUKU,
METaJLTyPrUy€eCKO MTPOMBILILIEHHOCTH, MOP-
CKOTo (p;10Ta HU B YEM MPUHLUIIUATBLHO HE
YCTYIaau 3apyOekHbIM aHaJIOTaM.

C 1932 no 1975 ron AnexkceeB padoTal
B JIECHUHTpaJCKOM WHCTUTYTE MHXEHEPOB
KejiesHogopoxkHoro TpaHcroprta (JIMMZKT,
HbiHe CaHKT-ITeTepOyprckuii rocymapcTBeH-




L™ (LY-3J1-1, nepBonayanbHo SITN21, notom 31 n K03002) — oAMH U3 ABYX NEPBbIX B MUPE [EACTBYIOLNX
MarucTpasbHbIX TEN/10BO30B.

HBII YHUBEPCUTET IyTei COOOIIEHMST), OCTa-
BasiICh KOHCYJIBTAHTOM TIO TIPOEKTUPOBAHUIO
KPYIHBIX 3JIEKTPUUYECKUX TeHePaTOPOB U IBU-
rarejieil Ha 3aBojax «Djaekrpocuia», HoBo-
yepKacckKoM U TOUIHUCCKOM 3JIEKTPOBO30-
cTpouTebHbIX. B 1936 rogy ero uszbpanu
npodeccopoM u 3aBeAylolIUM Kadeapoi
«DIeKTpUIeCKIEe MAIIMHEBI», KOTOPYIO OH
BO3TJIABIISUT IO KOHIIA CBOWX THEI, Oe3 MaJio-
ro copok jetT [8]. B 1938 romy 6e3 3ammTh
JIMCCePTAIIUU TI0 COBOKYITHOCTH BBITIOTHEH -
HBIX HAyYHBIX pabOT eMy ObLIa TIPUCYXIeHA
yu€Hasl CTeTNeHb JIOKTOpa TEXHUYECKNX HayK.
B npenBoeHHBIE TOABI UM 3aBEPIIICHBI CO3/1a-
HUE TSATOBOTO 3JIEKTPUIECKOTO IBUTATENST Ha
TepPCIIeKVTUBHOE HaIpsKeHWE KOHTAaKTHOMN
ceTH 6 KB TOCTOSTHHOTO TOKa, a TAKXKe PYKO-
IMICh KHUTH «TaroBele aBuTaTenm». B 1938—
1939 romax oH u3ma A CTYAEHTOB yIeOHbBIE
rocooust « TAToBbIe ATIeKTpUYECKIE MaIITTHBI»
[9] u «TypGorenepatopsi» [10].

C 1943 o 1953 ron Anekcanap Emenbs-
HOBUWY ObUT J€KAaHOM JHEpreTnyeckoro da-
kynsreta JIMMZKT. B rogsr Benukoit Oteve-
CTBEHHOI BOHBI OH PyKOBOIIUJI IPOSKTUPO-
BaHWEM aBTOMAaTUYECKOU PEIbCOCBAPOYHOMN
MammHbl PKCM-200—201, cepuiiHblii BbI-
ITyCK KOTOpoii Havyaics B 1945 romy. 3a pa3pa-
OOTKY PEIbCOCBAPOYHOM MAILIMHbBI, UMEBILIEH
0oJbIlIOe 3HAYEHUE JIJIST BOCCTAHOBJICHUS
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pa3pylIeHHBIX BO BpeMsT BOMHBI KeJIe3HBIX
mopor, AnekceeB B 1949 romy ObUT yIOCTOCH
TocynapctBeHHO TTpemMun. 3a MOHOTpaduio
«KoHcTpykiug anektpudeckux Matuu» [11],
W3IaHHYIo ToTna Xe, B 1951 romy emy moBTOp-
HO nipucyxaaercs [ocynapcTBeHHas TpeMusI.
KHura HeckoJbKO pa3 mepeusgaBanach
B CCCP u Obuta iepeBeieHa Ha THOCTpaHHbBIE
SI3BIKU.

B nociieBoeHHbIe rofbl AJleKceeB padoTal
B 00J1aCTH 2J1eKTpUPUKALIMU XKeJIe3HbIX JOPOT,
000CHOBAJI UL HOBOTO THUIIA BHICOKOCKO-
POCTHOTO XeJIE3HOTOPOXKHOTO TpaHCIIOpTa
C JIMHEWHBIMU aCUTHXPOHHBIMU JICKTPO/IBUTA -
TEJISIMU, BBIJIBUHYJ MIEI0 MCTIOIb30BaAHUS
MarHUTHOTO TIOJIBeCa JIJIST TTI0€3/I0B B METPO.
Y TATOBBIX BJIEKTPOIBUTATEIIEH TTOCTOSTHHOTO
TOKa TI0 CPAaBHEHMIO C aCUHXPOHHBIMU ObUTA
HEIOCTaTKN: CPAaBHUTEIbHO HEBBICOKAs Ha-
JEXKHOCTH KOJUIEKTOPHOTO y371a U METOYHOTO
arrapara, orpaHUYeHHasi MOIITHOCTh B OTBE-
JNEHHBIX rabapuTax Mo yCIOBUSIM KOMMYTALIUA
1 MEXaHNYIeCKOI IPOYHOCTH, BEICOKME PACXO0-
JTbI HA TEXHUUECKOE 00CITy>KUBaHNE U PEMOHT,
TTOBBIIIIEHHAsT Macca MPY CPaBHUTETHLHO HU3-
KWX 3HAYCHUSTX BPAIIAIOIIETO MOMEHTA, OTHO-
CUTEJIBHO HEBBICOKAST peajn3alivsi CIIEITHOTO
Beca JOKOMOTHMBA W €ro TSITOBBIX CBOMCTB.
IMpenmyiiecTBa aCMHXPOHHOTO BapraHTa yoe-
JIUTEJIbHO JIEMOHCTPUPOBATINCH BO MHOTHUX



KOHCTPYKIIMAX. 3a BBICOKYIO HaAEXHOCTD
1 XOPOIIINE TEXHUKO-9KOHOMUUYECKHE TTOKa3a-
Tesm TIToBEIX nBuTatenei Hb-418K amekTpo-
BosaMm BJISOT 1 BJI8OP 6bu1 ipricBoeH [ocynap-
CTBEHHBII 3HaK KayecTsa. [Tom pyKoBoaCTBOM
npodeccopa AnekceeBa CO31aHbI MepPBbIe
B CCCP makeTHbI€ TOKOMOTUBBI C AaCUHXPOH-
HBIMU 3JIEKTPOJABUTATENISIMU C YaCTOTHBIM
YIpaBJIeHUEM CKOPOCTBIO BpaIlleHUsI, 110 pe-
3yJIBTaTaM UCITBITAHII KOTOPBIX IIPOMBIIILICH-
HOCTBIO BBITTYIIEHBI OTBITHBINA 2JIEKTPOBO3
BJISOA-751 moiHoCThI0 9600 KBT 1 OIIBITHBLIA
teruioBo3 TO-120—001 momrHocThio 4000 1.C.
(2944 xBr). 1 310 IM11Ib YaCTh CACIAHHOTO UM
JUTSI TEOPUU U TIPAKTUKY JIBUTATEIeCTPOSHUS
W COBEPIICHCTBOBAHMSI KOHCTPYKIIUM 3JIEK-
TPOBO30B U TEIJIOBO30B [15].

B 1953 rony A. E. AnekceeB ObL1 U30paH
wieHoM-KoppecnoHaeHtoM AH CCCP no
OTJIEJICHUIO TEXHUYECKUX HayK (3JeKTpoma-
IIMHOCTPOEHNE) U OMHOBPEMEHHO paboTal
B MHCTUTYTE 2JIeKTpOMEXaHUKU AKaJeMUun
Hayk. B 1957 rony eMy pucBOUIN MTOYETHOE
3BaHME 3aCTYXXEHHBIN JesITeNIb HAyKU U TeX-
auku PCOCP.

AkanemMuueckuit oopas, npodeccopckas
CTENEHHOCTh, KOTOPBIE C HEM30EKHOCTHIO
MPOTJISIABIBAIOT B CKYIIBIX CTPOKaX €ro Ouo-
rpacduu, He TOKHBI HUKOTO OOMaHBIBATh.
AnexcaHap EMenbsaHOBUY ObLT UCKITIOUUTE T b-
HO KOMMYHHKAa0EIbHBIM, SKUBBIM 1 YBJICKAIO-
mumcs yenoBekoM. EmiE B 1920—1930 roabt
Hayajl 3aHUMAaThCsl aJblMMHU3MOM. He cThI-
JIMJICS BMECTE CO CTyIEeHTaMU 3alluIlaTh
CITIOPTUBHYIO YeCTh (paKyJIbTeTa B pa3IMdyHbIX
COPEBHOBAHUSIX, YACTO BHIMTPHIBAJI 3ATUIBIBBI
B OacceifHax y cBOMX Kyjaa 00jiee MOJIOABIX
COTIEPHUKOB.

Oco0eHHO MpUBJIEKaAIN €ro MOXOAbl B FO-
PBI, OH OBLJI KAHIMAATOM B MacTepa CriopTa 1o
anbIMHU3MY. BMecTe ¢ KosuteramMu, Ipy3bsiMu
WM TIOKOPEHBbI MHOTHE TepeBayibl [J1aBHOTO
KaBkasckoro xpe6Ta, COBEpIIEHBI BOCXOXIE-
HUd Ha BepluuHbI [BaHapy, Busi-tay, IkaHTy-
raH, a korga emy Onu10 yxe 3a 70 jet, oH
nonHscsa Ha Yiny-Kapa (4302 m).

* % %

Anexcanap EmenbsiHOBAY AJieKceeB yMep
16 mast 1975 rona B Bospacrte 83 jieT. OCHOBHbBIE
€ro HayYHbIE TPY/Bl OBUIM TTOCBSIIEHBI TEO-

pYH, KOHCTPYUPOBAHUIO U TIPOSKTHUPOBAHUIO
9JIEKTPUYECKUX MAILIUH, METOJIaM UX MEXaHU -
YeCcKUX U (Mocie MOSIBICHUS] TEOPUU BEHTH-
JISILIMM) TETUTOBBIX PAcYETOB.

3a II0I0TBOPHYIO paboTy B 00JIaCTH TEO-
pYM 3JIEKTPUUYECKNX MAIIMH, BKJIaI B METO-
IUKY UX KOHCTPYHMPOBAHMUSI, MEXaHUYECKUX
1 BEHTWISILIMOHHBIX PACUYETOB, TOCTVKEHUS
B chepe AMEKTPUICCKOM TSTHU Ha TTOCTOSTHHOM
U TIEpeMEHHOM TOKE OH ObLT HarpaxKaeH op-
neHamu 1 meaansimu. MmMst 6016111010 yueéHo-
ro, MHXeHepa U MccieaoBarTessl, MOYETHOro
xene3HomopoxHuka A. E. AnekceeBa mipu-
CBOCHO JIa0OpaTOPUU IJIEKTPUUIECKON TATH
B Cankr-IleTepOyprcKoM rocymapcTBeHHOM
YHUBEPCUTETE MyTel COOOIIEHUS.

IToxopoHeH Hai KoJjiiera B mocénke Ko-
MapoBo (JIeHHHTpaacKast 00J1acTh).
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GIVING ELECTRIC POWER

Grigoriev, Nikolai D., Russian University of Transport, Moscow, Russia.

ABSTRACT

The article describes the biography of Alexander
Alekseev, who greatly contributed to development of
railway electric engineering in Russiain the middle of the
20" century. hundred years ago, when work on creation
of the first domestic traction motors for rail locomotives

and tramswas just beginningin the country, no one knew
the name of this famous man now included in the
chronicle of Soviet and Russian science. Thanks to the
talent and dedication of such scientists and designers
as Alexander Alekseey, the field of energy and electrical
engineering has reached great heights in his time.

Keywords: electrical engineering, transport, energy, electric motors, Alexander Alekseev, design of

electrical machines, history, biography pages.

Background. Electrotechnical scientist, one of the
founders of the Russian school of electrical engineering,
professor, doctor of technical sciences, corresponding
member of the USSR Academy of Sciences, honored
railway employee Alexander Yemelyanovich Alekseevwas
born on November 27 November (15 by old style
calendar) 1891 in a peasant family in the village of
Sorokino, Kashinsky district, Tver province (now Kimry
district of Tver region). After the famine of 1891-1892,
the family moved to St. Petersburg.

Objective. The objective of the author is to consider
life and scientific achievements of a prominent
electrotechnical scientist Alexander Yemelyanovich
Alekseev.

Methods. The author uses general scientific
methods, historical-retrospective method, scientific
description.

Results. Alekseev began his career in 1907 after
graduating from a vocational school in mechanical
engineering of the Imperial Russian Technical Society.
For a considerable time, the young man worked as a
turner at the plant «Elektrik». In 1916, through the
competition of certificates, he entered the
Electromechanical Department of Petrograd
Electrotechnical Institute (now St. Petersburg State
Electrotechnical University).

During his studies, when he was still a student, under
the guidance of professor J. M. Gakkel, he designed and
manufactured DC electric traction motors PT-100 for the
first Russian locomotive Shch®' with electric transmission,
which on November 7, 1924 made a trip on Oktyabrskaya
Railway. This diesel locomotive was preserved and
installed in 1972 as a historical relic for eternal parking in
Moscow at Khovrino station, then removed in 1997 to the
railway museum at Warsaw station in St. Petersburg, that
in 2017 was transformed into the Museum of railways of
Russia. The electrical engineering student also
participated in the design of the first traction electric
motors for the tram, which became a separate, butagain
significant, page of his biography.

After graduating from the institute in 1925 with the
specialty «electrical engineer», Alexander was appointed
as the head of the new construction department, and
then the technical director of the Leningrad Electrical
Machinery Plant «Electrosila», thatis, he became the first
chief designer of the subsequently famous giant
enterprise. Under his leadership, the first domestic
hydrogenerators for Volkhovskaya, Zemo-Avchalskaya,
Rionskaya, Svirskaya, Dneprovskaya HPP, a series of
turbogenerators up to 50 MW and other large electric
machines, the firstborn of the Soviet power engineering,
which ensured the implementation of GOELRO plan (the
state electrification program of the country) were
developed.

He was fluent in three foreign languages (French,
German, English), thanks to which his business trips to
electrical engineering firms in the USA, Germany,
Sweden, Switzerland, Czechoslovakia, France and other
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countries turned out to be very productive. Designed
under the direction of the chief designer electrical
machines, collector DC converters from the battery to
three-phase current with a frequency of 50 Hz, traction
motors for diesel locomotives with electric transmission,
charging units for radio stations and other electrical
equipment for the power industry, metallurgical industry,
the navy were in any way not inferior to foreign
counterparts.

From 1932to 1975, Alekseevworked at Leningrad
Institute of Railway Engineers (LIIZhT, now
St. Petersburg State Transport University), while
remaining a consultant for design of large electric
generators and engines at «Elektrosila» factories,
Novocherkassk and Tbilisi electric locomotive building
plant. In 1936, he was elected professor and head of
the department of «Electric Machines», which he
headed until the end of his days, nearly for forty years
[8]. In 1938, without defending a thesis and considering
the totality of completed scientific work, he was
awarded the degree of D.Sc. (Eng). In the pre-second
world war years, he completed the creation of a traction
electric motor for a prospective voltage of a contact
network of 6 kV DC, as well as the manuscript of the
book «Traction motors». In 1938-1939, he published
for students the textbooks «Traction electric machines»
[9] and «Turbogenerators» [10].

From 1943to 1953, Alexander Emelyanovich was the
dean of the energy faculty of LIIZhT. During the Great
Patriotic war (1941-1945), he led the design of the
automatic railwelding machine RKSM-200-201, the serial
production of which began in 1945. For development of
the rail welding machine, which was of great importance
for restoration of railways destroyed during the war,
Alekseev in 1949 was awarded the State Prize. For the
monograph «The design of electric machines» [11],
publishedatthe sametime, in 1951 he was again awarded
the State Prize. The book was reprinted several times in
the USSR and was translated into foreign languages.

In the post-war years, Alekseev worked in the field
of electrification of railways, substantiated the idea of
a new type of high-speed rail transport with linear
asynchronous electric motors, and put forward the idea
of using magnetic suspension for trains in the metro.
In comparison with asynchronous DC motors, there
were drawbacks: comparatively low reliability of the
collector unit and the brush unit, limited power in the
allotted dimensions according to the switching
conditions and mechanical strength, high maintenance
and repair costs, increased mass at relatively low
torque values, relatively low implementation of the
coupling weight of the locomotive and its traction
properties. The advantages of the asynchronous
version have been convincingly demonstrated in many
designs. For high reliability and good technical and
economic performance of traction motors NB-418K,
VL80™ and VL80F electric locomotives were awarded
the State Quality Mark. Under the guidance of



Alexander Alekseev at the department of Electric
machines in Leningrad institute of railway engineers
(now St. Petersburg Transport University).

professor Alekseev, the first prototype locomotives with
asynchronous electric motors with frequency control
rotational speed were created in the USSR. According
to the test results, the industry produced an
experimental electric locomotive VL80A-751 with a
capacity of 9600 kW and an experimental diesel
locomotive TE-120-001 with a capacity of 4000 hp
(2944 kW). And this is only a part of what he did for the
theory and practice of engine building and improvement
of the design of electric locomotives and diesel
locomotives [15].

In 1953, A. E. Alekseev was elected a corresponding
member of the USSR Academy of Sciences in the field of
technical sciences (electrical engineering) and at the
same time worked at the Institute of Electromechanics of
the Academy of Sciences. In 1957, he was awarded the
honorary title of Honored Scientist and Technician of the
RSFSR.

The academic image, the professorial staidness,
which inevitably appear in the meager lines of his
biography, should not deceive anyone. Alexander
Emelyanovich was extremely sociable, lively and
enthusiastic person. In 1920—-1930s he began to engage
in mountaineering. He was not ashamed, together with
the students, to defend the sporting honor of the faculty
invarious competitions, often won swims in the pools from
his much younger rivals.

Especially attracted by his hiking in the mountains,
he was a candidate for the master of sports in
mountaineering. Together with his colleagues and
friends, he conquered many passes of the Main Caucasus
Range, climbed the peaks of Gvandra, Wii-Tau,
Dzhantugan, and when he was already over 70 years old,
he climbed Ullu-Kara (4302 m).

Conclusion.

Alexander Yemelyanovich Alekseev died on May

16, 1975 at the age of 83 years. His main scientific
works were devoted to the theory, design of electrical
machines, the methods of their mechanical and (after
the appearance of the theory of ventilation) thermal
calculations.

For fruitful work in the field of the theory of electric
cars, contribution to the method of their design,
mechanical and ventilation calculations, achievements
in the field of electric traction on direct and alternating
current, he was awarded orders and medals. The
name of a great scientist, engineer and researcher,
honorary railway worker A. E. Alekseev was assigned
to the electric traction laboratory at St. Petersburg
State Transport University.

Pilot electric locomotive VL-80A-751.

Our colleague was buried in the village of
Komarovo (Leningrad region).
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NMPECC-APXUB

FASETHbIE COOBLLEHU4A

N3 KoHCyabCKMX noHeceHmil. — Pycckas
KOHKYPeHUUsl npu UHOCMPAHHBIX MHceae3H000-
PodxcHbIX nocmagkax. KOHKypeHUUsT pyCCKON
JKeJIe3HOI MHAYCTpUU B PyMbIHUM, KaK cO00-
1aeT aBCTPpUMCKUIA KOHCYJT B byxapecrte,
clenana B IMOCJeqHee BpeMs rpoMaaHbIe
ycnexu. Besen 3a 3akazamu IOKOMOTUBOB Ha
C.-MeTepOyprcKux 3aBojax CaaHbl 3aKa3bl Ha
pesbCH 3aBogaM B Mapuytiose. B HoBeilitree
BpeMsI Ha PyMBIHCKOM PBIHKE (DUTYPUPYIOT
B KauyecTBe MOCTaBIIMKOB: 3aBon «Chantier
Naval» B HukosnaeBe, paBHO KaK 3aBOJIbI Xe-
JIE3HOJAOPOXHBIX MaTepuasioB B Tsepu. Ilo-
BCEMECTHO OBIJIO OTMEUYEHO, TOBOPHUT KOHCYII,
YTO PYCCKUE MPEACTABISIOT HAauACIIE BE I
MIPEIJIOKEHMSI, KOTOPBIMH, BEPOSITHO, pyC-
CKUe 3aBO/Ibl HAMEPEHBI COBITH CKOTTUBIIIMECS
BCJIEICTBUE MEPENPOU3BOACTBA MOCICIHUX
JieT 3anachl. B BeHe ke ycnexu pyccKoit KoH-
KYPEHIIUU OOBSICHSIOT CICIYIOIIMMU 00CTOS -
teabecTBaMu. Co BpeMEHU PYCCKO-SITTOHCKOM
BOWHBI 1 ITOCJIETOBABIIIEN 32 HEW BHYTPEHHEN
HEYPSIIULIBI COBIT PYCCKOM MHIYCTPUU JJIsI
OTEUYECTBEHHBIX HYXJ BO MHOTHX OTpacisxX
COKpaTujcs. BBumgy 3Toro MHOTHE 3aBOIBI
00paTUINCh K (hOPCUPOBAHHOMY 3KCITOPTY.
B uncie atux pabpuk HaXOAATCS U PyCCKUe
BaroHOCTPOMUTEJIbHBLIC 3aBOJILI.

[MpennoxeHus pyccKux 3aBoJ0B, OJHAKO,
HUCKJTIOYAIOT BCSIKYIO TPUOBLIb. Buepa, Hanpu-
Mep, IT0 COOOIIEHNIO BEHCKHUX Ta3eT, pyccKas
BaroOHOCTPOUTEbHAS WHIYCTPUS TTOTydInIa
HOBBIH 3aKa3 IS CEPOCKMX Ka3€HHBIX XKeJe3-
HBIX TOPOT. 3aKa3 ompenessercs B 3 MULINO-
Ha (paHkoB 3a 531 BaroH. B cocrosBiiemcs
3acelaHUM TePMaHCKOTO CTaJbHOTO TpecTa
«Stahl-verkverband», Mexay nmpouyum, ObLIO
COOOIIICHO, YTO pyccKasi KOHKYPEHIIUS TIpu
OKCITOPTHLIX 3aKa3daX BECbMa YyBCTBUTCIIbHO
cOuBaeT LieHbl. B Genrpaackux Toprax npu-
HUMAaJI yJ4acTHe aBCTPUIMCKIE, BEHTEPCKUE,
TepMaHCKNE, OCTbIMICKIE 1 PYCCKIE 3aBOIBI.
JleméBeiimme npenioXeHusT ObLIM MOAaHbI
DPYCCKMMU BarOHOCTPOUTEJIbHBIMU (habpuKa-
Mmu. [1pemyioxkeHHbIe pyCCKUMU LIEHBI OKa3a-
nuch Ha 30 1 40 % HuXe aBCTPUIACKUX U BEH-
repcKuX mpeurokeHuid. CToIb HU3KME IIEHBI
PYCCKHUX 3aBOJOB, NYMaloT, OOYCIOBICHBI
crelaJbHbIMU KOHLIEeCCUsIMU (?) O3HAUEH-
HBIM 3aBOJaM CO CTOPOHBI PYCCKOTO MPaBU-
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TeJabCTBa (« Topeoso-IIpombiuinennas eazema»,
No 140, 7masa 1908 e.).

O MocKOBCKOi# OKpYKHOIi 2KeJIe3HOii 10po-
re. — BBumy mosiBIeHUS B TIEpUOTNICCKOMN
TeyaTy 3aMeTOK O OecToie3HOCT MOCKOB-
CKOIt OKPYXHOI JOpOry YIpaBlieHUE XeJe3-
HBIX 10POT, uepe3 «OcBenoMuTebHOe biopo»,
JaeT IMIPOCTPaHHOE pa3bsICHEHNE, B KOTOPOM
paccKa3bIBAeTCS MCTOPUS BOSHUKHOBEHMS
IOPOTY U B 3aKJTIOYCHHNE TOBOPUTCS CIICAYIO-
ee:

B HacTosiiiee BpeMsi OKpyxkHasi gjopora
MIPOXOIUT IO cJ1ab03aceEHHOM MECTHOCTH,
KOTOpas He TaéT CKOJIPKO-HUOYIb 3HAUNTEIThb-
HOTO KOJHWYEeCTBa T'PY30B U IaCCaXupoB,
aTIoTOMY He TpeOyeT HEeMeIJIEHHOTO YCTaHOB-
JIEHUSI MECTHOTO IBMXKeHUS. BBUaIy HEroToB-
HOCTH HEKOTOPBIX COPTUPOBOYHBIX CTAHIIUI
¥ COCIWHUTEIbHBIX BETBEH B IMYHKTaX ITPH-
MBIKaHUsI TOpoTr MOCKOBCKOTO y371a K OKpyX-
HOI Jopore TakoBas ITOKa MOXKET OOCITyXU-
BaTh Mepenavy rpy3oB JUIIIb MEXIy HEKOTO-
pbiMu foporamMmu MockoBckoro y3ia. C OKOH-
yaHWeM paboT, CBSI3aHHBIX C MOCTPOMKOM
MOCKOBCKOI OKPYKHOW TOPOTH, CICAYET
OXMIaTh TAKOTO YCKOPEHUSI TIepeIaull Ipy30B
1 COKpaIlleHHUsI OECITOIe3HOTO MPOCTOS Baro-
HOB B MOCKOBCKOM Yy3Jie, KOTOpO€, HECO-
MHEHHO, OKYITUT MPOU3BeAEHHBIE 3aTPATHI 11O
COOPYXKE€HWIO HOBOM TMHUM («Hogoe Bpems»,
No 11699, 6 okmsabps 1908 e.).

OTBeTCTBeHHOCTL CTPECJIOYHUKOB U HOBBIIi
annapara r-ua ITonkosHukoBa. — He mojute-
JKAT HUKAKOMY COMHEHMIO, YTO XM3Hb I1aC-
CaXkKMPOB Ha XKeJIE3HBIX JOPOTax, B 0COOEHHO-
ctu Ha CuOUPCKOM, BCELET0 HAXOAUTCS
B pyKax caMOT0 MaJIeHbKOT'0 XeJIe3HOI0POX-
HOTO cJyXallero — crpejouHuka. Kaxnbrit
Toe3, IIPOXOMIS Yepe3 CTPEITKU, HaXOISIIIIC -
Cs1 B TIOJIHOM U O€CKOHTPOJILHOM PaCIIopsixKe-
HUW CTPEJIOYHMKA, MOXET OBITh BCerga Ha-
MpaBJIeH B TYNUK WX Ha 3aHATHIN MyTh. Jlo-
CTaTOYHO OJTHOTO HEMPAaBWJIHLHOTO MOBOPOTA
OajiaHca CTPEJIKH, YTOObI II0e31a CTOJKHYJINChH
WM MOJIETEIN MO OTKOC M IMPEeBPaTUIKCh
B I'PY/Ibl pa3BaJIMH.

BrIBatoT 1 Takue ciayvyau, 4TO, YTOMUBILIUCH
3a cBO€ 12-Tu yacoBOe AEKYPCTBO, OAUH CTpe-
JIOYHUK 3aChIIaeT Ha CTPeJIKe, a APYTOii — ¢ Ipo-



THUBOITOJIOXKHOTO KOHIIA CTAHIIMOHHBIX TTYTEH,
10 PacCesTHHOCTH, TPUHUMAET Ha CTaHIIUIO
Moe3/1 He Ha TOT IMyTh, HA KOTOPBIi eMy MpUKa-
3aHO, U MPOMCXOAUT CTOJIKHOBEHUE MOE310B,
KaK 3TO 1 OBLTO Ha pa3be3ne AHXEPCKOM; Kpy-
IIeHre Ha cT. MapraHOBKa MPOM30IILIO TaKKe
TTOYTHU TI0 aHAJIOTUIHBIM TTPUIMHAM.

Takue katacTpodbl, MPOUCXOIUBIINE
U paHbllle, 3aCTaBISUIM 3adyMbIBaTbCS HaJ
MOJIOKEHUEM JIeJI, ¥ ITOMOIIHUKY Had. pas.
Cub6. goporu 1. [I01KOBHUKOBY yaajloCch
YCTPOMTB armapar, TOKa3bIBAIOIINi B KOHTO-
pe IeXypHOTO areHTa, B KaKOM MOJIOXKEHUU
HaXOJUTCS CTPeJiKa, Yepe3 KOTOPYIO JOJIKEH
MPOWTH ITOE3, W 3alIUpPaeT CTPEIKY MOMEH-
TaJbHO.

TIpu conmeiictBum Havan. Cub. Xel. 10p.,
uHxeHepa M. K. UBaHoBckoro, . [1oJIKOBHU-
KOBY pa3pelieHo MPUMEHUTh CBOE n300peTe-
HUe Ha cT. MeXeHUHOBKA U A0Ka3aTh ero
MpUTOTHOCTh. Ha 3Toil Hemene mocTaHOBKA
armapata OyaeT 3aKOHYeHa, ¥ B IIPUCYTCTBUH
KOMMCCUHM OYIYT IMTPOU3BEICHBI OTIBITHI.

Anmapat neiicTByeT 3JIeKTPUUECKUM TO-
KOM U 3amupaeT CTPesiKy, TaK 4yTo 6e3 pa3pe-
IIeHUs AeKypPHOTO MO CTAaHIMU arcHTa eé
TepeBEeCTH HEBO3MOXKHO, YeM U CHUMAEeTCs
BCSIKass OTBETCTBEHHOCTD 3a MOJIOKEHUE
CTPEJIKHU C IeXKYPHOTO CTpeiouHuKa («Cubup-
ckas 2Kusnv», Ne 199, 18 cenmsops 1908 e.)

Haum upassi: 1. JJukuii camocyo. — Ha 67-ii
Bepcte Hukeroponckoii x. 1., 6au3 [aBnos-
CKOTO TTocana, TOJIIa MOATYISIBIINX MapHei
n3 nepeBHU HazapbuHoit Hatia cebe pa3Bie-
yeHue, — OpocaTb KAMHSIMU B TejierpadHbie
CTOJIOBI ¥ pa3oMBaTh U30JsTOpHI. [lepee3aHblit
CTOPOX Kp. ABIIEeB CTajJ yroBapuBaTh 030p-
HUKOB IIPEKPATUTD 3TO 3aHSATHE, HO OHM Ha-
Opocunch Ha ctropoxa ¢ rnodossmu. Ha no-
MOIIb K ABAeeBY BbIO€Xal IIYyPUH €ro Kp.
BepnuH; HampacHO, MOMBITABIINCH OTHSITH
ABreeBa y TTapHe#, OH, HaKOHeII, CTaJl yIpa-
IIMBAaTh HAXOAUBIIYIOCS C TTAPHSIMU IEBYIIIKY
Ha3BaTh (paMUINU IJIaBHBIX OYSIHOB; Ta OTKa-
3ajach, U bepaun e€ ynapun. Torna napHu
BBIXBAaTWUJIM PEBOJIBBEPHI M, IIPOU3BEIS He-
CKOJIbKO BBICTPEJIOB, TTOOEXKaIN B IEPEBHIO
Y CTaJIi TaM PacCKa3bIiBaTh, YTO TIEPEE3THBINA
CTOPOXK CTPEJISIeT, MEIIAET UM TYJISITh U pAHWI
ObIBILYIO C HUMU AeBYIIKY. CobOpajcs Hapos,
u Tosra yesioBek B 200, BOOpYKUBIINUCH KOJIb-
IMU W KaMHSIMH, TIOJ TIPEIBOIUTEIILCTBOM
CeJTbCKOTO CTapoCThl [opoxoBa, HalpaBMJIach
K Tepee3nHoi 0ynke. MoMeHTalbHO ObLIU
nepeduThl BCce CTEKIA B OKHAX CTOPOXEBOU
OyaKu, a 3aTeM, BOPBaBILUCh, TOJIIA Mepeso-
MaJia Bce BEIM CTOPOXa, a CaMoro ABieeBa
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U €70 IIIypUHA BHITAIIWIN HAPYXKY, U U30UEeHUe
MOBTOPUJIOCH; MTOABEPIIach MoOOSIM U >KeHa
AsneeBa. O pasrpome mepee3gHO OyIKu
CTajo M3BeCTHO Ha ctaHIMH [1aBmoBo. OTCIO-
Ila TIprexaii ABa XKaHIapMa, KOTOphIe 3acTa-
v nobouuie B camoM pasrape. He xenas
BCTYIATh C TOJIMOIO B OECMOJIE3HYIO CXBATKY,
>XaHIapMbl YBe3lIM ABIeeBa, TaK KakK 037100-
JICHHasI TOJITIA 3asIBIJIA SKaHIapMaM, 9TO eCIU
CTOPOX He OyneT yOpaH, TO OHU pa30pPBYT €ro
Ha KJIoOYKu. Ha MecTo npouciiecTBust HeMeI-
JIEHHO ObLTU BbI3BaHbI CTPAXKHUKU, TIPU BUIE
KOTOPBIX TOJIIAa pa3dexkanach, HO HECKOJIbKO
3aYMHINMKOB, a B YHUCJIe UX M CTAPOCTa, OBUII
3aiepxaHbl («loaoc Mockewr», Ne 232, 7 okms-
opa 1908 e.).

2. «3aiiuyvt»-uzeepeu.— 4-ro OKTIAOpA
B 1ieaieM u3 MOCKBBI TOYTOBOM noe3e No 4,
Hwuxeropoackoit xejix. 10p. KOHIYKTOPOM
CMUPHOBBHIM, IIPOBEPSIBIIUM OUJICTHI, Ha
TUIOIIAKE OJHOTO U3 BarOHOB ObLIa OOHapY-
XXKeHa KOMIaHUsl 0€30UTEeTHBIX MOJIOIbIX
moneii. Konaykrop npenynpenui ux, 4to Ha
CJIeMYIOIeH CTAHITMM OH IIPEICTaBUT UX K JTO-
MoJHUTEJIbHOMY cOopy. be30uneTHbie cxBa-
TWIX KOHIYKTOpa M, packayas, OpOCWIN Ha
nyTh Ha xoay moe3na. CMUPHOB CTpalllHO
paciuobcs U J0Jro jexasa Ha MoJoTHe 0e3
CO3HaHUS; OTIOMHUBIIIMCH, OH KOe-KaK JT0Ta-
muicst 1o ctaHnuu Korokina, rae u 3asBUI
o npoucuieniieM. Bckope moesay naHbl ObLIU
JeTiellln o 3afepKaHuu XyJIUTraHOB, HO OHM
ycneau cKpbithes («loaoc Mockewrs, No 232,
7 cenmaodpsa 1908 e.).

Cymacmenmuii MammHucT. — Ha qHsIX Ha
TOBapHOM TT0e311e, CIeIoBaBIeM u3 Bomoko-
JlamcKa B MOCKBY, BHE3aITHO 320011 OCTPBIM
MCUXUYECKUM pacCTPOMCTBOM MAIIMHUCT
moe3ma. He obOpaiast BHUMaHUS Ha CTaHIIU-
OHHBIC CUTHAJIbI, OH Ha TIOJHBIX Iapax, 0e3
0CTaHOBKM, mpoJietes 80 BEPCT.

[ToMONTHUK MAIIMHUCTA, MBITABIINUICS
OCTaHOBUTH TO€3/, €ABa He MOIIaTUIC 3a
9TO XXU3HbIO. MalLIMHUCT XOTEN €ro COPOCUTH
c napoBo3a. Karactpodga ObL1a rnpenyrnpexie-
Ha JIMIIb OJlarogapst HAXOAIYMBOCTH TTOMOIIT-
HHUKa MaIlIMHYCTa, KOTOPBIN MTOAOIIEN K CyMa-
cuIefuieMy 1 3akpudai: «MBbI e1eM B TYITHK>.
IMocneaHuit MOMEHTaIbHO OCTAHOBWJI MOE3
(«Mockea», No 1, 20 oxkmsabpa 1908 e.)

(ZKenesnomopoxHoe aeno.— 1908.—
Ne 43. — C. 268).

Penakuus Bbipazkaer 6J1aroAapHoOCTh mep-
conary oub;morexu Poccuiickoro yausepcure-
Ta TPAHCIIOPTA 32 IOMOIIb B IOArOTOBKE MaTe-
puana. °




NEWS FROM THE ARCHIVES

NEWS REPORTS

From the consular reports. — Russian
competition for foreign rail shipments. The
competition of the Russian iron industry in
Romania, as reported by the Austrian consul
in Bucharest, has made tremendous progress
recently. Following orders of locomotives at
St. Petersburg plants, orders for rails were
delivered to plants in Mariupol. In recent times,
the Romanian market has got as suppliers: the
Chantier Naval plant in Nikolaev, as well as the
railway materials plants in Tver. It was noted
everywhere, says the consul, that the Russians
represent the best offers, using which Russian
plants are likely to sell the stocks accumulated
due to overproduction of recent years. In
Vienna, the success of Russian competition is
explained by the following circumstances.
Since the Russian-Japanese war and the
internal turmoil that followed it, the sale of
Russian industry to domestic needs has
decreased in many industries. In view of this,
many factories turned to forced exports.
Among these factories are Russian car-building
plants. Proposals of Russian plants, however,
exclude any profit. Yesterday, for example,
according to Vienna newspapers, the Russian
car-building industry received a new order for
Serbian state railways. The order is determined
at 3 million francs for 531 cars. At the meeting
ofthe German steel trust «Stahl-verkverband»,
by the way, it was reported that Russian
competition for export orders very sensitively
undercuts prices. Austrian, Hungarian,
German, Belgian and Russian factories took
part in the Belgrade auction. The cheapest
offers were submitted by Russian car-building
factories. The prices offered by the Russians
were 30 % and 40 % lower than the Austrian
and Hungarian proposals. Such low prices of
Russian factories are thought to be due to
special concessions (?) to designated plants by
the Russian government («7Torgovo-
Promyshlennaya gazeta», No. 140, May 7, 1908).

About Moscow circular railway. — In view
of appearance of the notes about the uselessness
of Moscow circular railway in the periodical
press, the Railway Administration, through the
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«Informational Bureau», gives a lengthy
explanation, which tells the story of appearance
ofthe railway and concludes with the following:

At present, the circular railway passes
through sparsely populated areas, which do not
provide any significant amount of cargo and
passengers, and therefore does not require
immediate growth of local traffic. In view of
unavailability of some sorting stations and
connecting branches at the points of junction
of Moscow junction to Circular railway, it can
only serve the transfer of goods between certain
railways of Moscow junction. With the
completion of work related to construction of
Moscow circular railway, we should expect such
an acceleration of cargo transfer and reduction
ofuseless idle time of cars in Moscow junction,
which will undoubtedly pay back the costs
incurred for construction of a new line («Novoe
Vremya», No. 11699, October 6, 1908).

Responsibility of switchmen and new
apparatus of Mr. Polkovnikov. — There is no
doubt that the life of passengers on railways,
especially on Siberian one, is entirely in the
hands of the smallest railway employee, the
switchman. Each train, passing through the
switches that are in the full and uncontrolled
disposal of the switchman, can always be
directed to a dead end or to a busy road. It’s
enough to make just one wrong turn of the
balance of the switch to make the trains collide
or fly down the slope and turn into piles of
ruins.

There are also such cases that, tired of their
12-hour duty, one switchman falls asleep on
the switch and the other from the opposite end
of the station tracks, absent-mindedly, takes
the train to the station on the wrong route; the
collision of trains, as it was at the junction of
Anzhersk took place; collision on the station
Marianovka also happened for almost similar
reasons.

Such crashes that occurred before, forced
to think about the situation, and assistant to
the head of Siberia railway Mr. Polkovnikov
managed to set up an apparatus, showing in the
office of the duty agent at what position was



the switch through which the train had to pass,
and locking the switch instantly.

With assistance of the head of Siberia
railway, engineer I. K. Ivanovsky,
Mr. Polkovnikov was allowed to apply his
invention at st. Mezheninovka and to prove its
suitability. This week the apparatus will be set
up, and experiments will be carried out in the
presence of the commission.

The apparatus acts by electric current and
locks the switch, so that without the permission
of an agent on duty at the agent’s station, it is
impossible to transfer it, that removes all
responsibility for the position of the switch from
the switchman («Sibirskaya Zhizn», No. 199,
September 18, 1908).

Our morals: 1. Wild lynch law. — At the 67
verst of Nizhny Novgorod railway, near
Pavlovsky Posad, a crowd of nagging guys from
the village of Nazarina found fun by throwing
stones at telegraph poles and breaking
insulators. The crossing guard Avdeev began
to persuade the mischievous to stop this
occupation, but they pounced on the guard
with beatings. To help Avdeev his brother-in-
law Berdin ran; in vain, trying to take Avdeev
away from the guys, he finally began to urge
the girl who was with the guys to give the
names of the main bad guys; she refused, and
Berdin hit her. Then the guys snatched the
revolvers and, making several shots, ran into
the village and began to tell there that the
crossing guard shoots, prevents them from
walking and injured the girl with them. People
gathered, and a crowd of 200 people, armed
with sticks and stones, under the leadership
of the village headman Gorokhov, headed for
the crossing booth. All the glasses in the
windows of the guard booth were instantly
broken, and then, having broken in, the crowd
broke all the things of the watchman, and
pulled out Avdeev and his brother-in-law, and
the beating was repeated; Avdeev’s wife was
also beaten. At Pavlovo station it became
known about the defeat of the crossing booth.
From there two gendarmes came who found
the massacre in full swing. Not wanting to join
the mob in a futile fight, the gendarmes took
Avdeev away, as the embittered mob told the
gendarmes that if the watchman was not
removed, they would tear him to shreds. The
guards were immediately summoned to the
scene, at the sight of whom the crowd had fled,
but several instigators, and among them the
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headman, were detained («Golos Moskvy»,
No. 232, October 7, 1908).

2. «Free-riders»-fiends. — On October 4, in
the Moscow postal train No. 4, Nizhny
Novgorod railway conductor Smirnov, who
checked the tickets, found a company of
ticketless young people on the platform of one
of the cars. The conductor warned them that
at the next station he would submit them for
additional fee. Ticketless people grabbed the
conductor and, shaking, threw on the track as
the train was going. Smirnov hurt himself
terribly and lay unconscious on the roadbed for
a long time; having come to his senses, he
somehow dragged himselfto Koloksha station,
where he announced what had happened. Soon
the train was given despatches about detention
of hooligans, but they managed to escape
(«Golos Moskvy», No. 232, September 7, 1908).

Crazy driver. — The other day, on the freight
train en route from Volokolamsk to Moscow,
the train driver suddenly became ill with an
acute mental disorder. Ignoring the station
signals, he at full speed, without stopping, flew
80 versts.

Assistant driver, trying to stop the train,
almost paid for it with his life. The driver wanted
to throw him off the locomotive. The catastrophe
was warned only because of the resourcefulness
of the assistant driver, who approached the
lunatic and shouted: «We are going to a dead
end». The latter instantly stopped the train
(«Moskva», No. 1, October 20, 1908).

(Zheleznodorozhnoe delo [Railway
Business], 1908, No. 43, p. 268).

The editors express its gratitude to the staff
of the library of Russian University of Transport
for their help in preparing the material. °
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Hukonaii APMOJIbYYK

Nikolai G. YARMOLCHUK

Ball Train of Yarmolchuk
(TekCcT cTarby Ha aHIJl. 3. —
English text of the article — p. 249)

Cyab06a aToro npoekra craoXxumaach
He3aBuAaHO, XOTS 0beLyas OH MHOroe
v pe3oHaHc nmes Hemasnbiii. U B CCCP,
u 3a pybexom. N306peteHne Hukonas
fipmosibyyka (1898—-1979) ka3zanocop
BroJiHe nepcrekTuBHbIM, TeMm 6osiee
410 B 30-€ roabl NpoLusiIoro Beka

0 BbICOKOCKOPOCTHOM Ha3€ MHOM
TPaHCMOPTE MOXHO ObI/IO JINLLb
meytartb. Ho rmaBHOe — nopaxana
HeobbIYHOCTb caMoii ugeu.

B Heri coYeTanuceh napagokcasibHOCTb
MbIC/IN, BbI30OB NMPUBbIYHOMY

xoay BeLeri, HeKoe UHTYUTUBHOe
npeaBKyLweHue 6yayLero.

Knto4deBbie c/10Ba: CKOPOCTHOM TPAHCOPT,
wapornoess sipmosnbyyka, MUNT,

MCTOPUSI, MPOEKT, MaTEHT.
|

DOI: 10.30932/1992-3252-2019-17-1-242-255

KOJIECO NCTOP

SApmoavuyx Hukoaaii Ipucopvesuu (1895—1979),
UHIICEHeD JICeNe3HO00POIICHO20 MPAHCNOpMa,
u306pemament u KOHCMPYKMOp waponoe3oa.

X0€ KOJIECO 3TOTO IToe31a» Mpe-
<< CTaBJISI7I0 COOOI TUTAHTCKU 1Iap
BICOTOI B YEJOBEYECKUM POCT.
BoxoByIiku 111apoB cpe3aHbl, TaM MTPOXOIST
OCHU UM YCTaHOBJIEHBI 2JIeKTpoaBuTaTenu. [IBa
TaKUX 1Iapa, «OJETbIe» B PE3UHY, 3aKPEIJIEHI
B TOJIOBE U XBOCTE IIWJIMHIPUUECKOTO BaroHa.
[lapsr BICTYyNAIOT HApPYyXy Yepe3 Mpopes3un
B THUIIE», — TaK TTMCAJ aMEPUKAHCKU SKypHaJT
Popular Science B deBpaire 1934 roma, 85 ner
HazaJ, 00 N300pETEeHNH COBETCKOTO MHXKEHEPa
Huxkonas fpmonbuyka.

KypHan noarotoBu 60JblIyI0 MyOJIMUKa-
LU0 O HEOOBIKHOBEHHOM PYCCKOM MOHOPEJTb-
ce: «[TosiBUIIMCH (hparMeHTapHbIE U TPOTHUBO-
peunBbie coobuienns u3 CCCP o HoBoM pe-
BOJIIOIIMOHHOM THTIE JKEJIe3HOU JOPOTH, TIPO-
XOJISIIIEM TalfHbIe UCTIBITAHUST. DT UCTIBITAHUS
BBI3BAJIM MHTEPEC aMEPUKAHCKOTO MHXeHep-
HOTO MUpa U HEIaBHO TOJIYyYUJIU TepBbIe
TOJTHBIE JIETAJIbHBIC TOATBEPXKACHUSI HOBOM
cucteMbl ¢ pororpadpusiMu padouein Mmoaeau
B DKCTUTyaTall».

ABTOD npoekTa rocie [paxxgaHCKOoi BOIHbI
ycTpowics MOHTEPOM Ha Kypckyto xkesne3Hyto
JTOpOTY. 32 HECKOJIBKO JIET OH U3Y4HJT BCE OCO-
OEHHOCTHU 3TOTO BUJIAa TpaHCIoOpTa. B Te rompl
MHOTHE CTIIIUAJTUCTBI CTAJIN 33lyMbIBaThCST 00
YBEJIMYEHUU CKOPOCTHU T0e3/10B. M3yuuB cy-
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Abave, note the £shlike snout of the new Russian mono.
rall that runs [n a trough. At right, the strange train
in action. In circle, M. I. Yarmanchuk, the inventor

RAGMENTARY and conflicting reports

from Russia of a revolutionary new type of

railway under secret test there, which

aroused the curiosity and interest of the
American engineering world, have just been fol-
lowed by the first complete details of the new sys-
tem, and actual pl'mtw:r.aphs of a working model in
operation. Fully as remarkable as advance reports,
the system proposed by M. I. Yarmanchuk, its
inventor, calls for streamlined trains g at
125 miles an hour on giant, flattened spheres,
twelve feet in diameter, instead of wheels.
Each car is supported by two of these
spheres, one at each end, and they are
whirled by electric motors contained within
their shells and mounted on the rigid axles,
Since the center of gravity of the car lies
below the axle, the car is not topheavy and
will not casily overtum. A single curved
trough of reinforced concrete serves as a

Neww Russian
Monorail

RUNS IN TROUGH
ON BIG SPHERES

track, entitling the strange system to be
classed as a monorail. According to the
inventor, this track should cost no more
than a standard automobile highway to build.
To test his scheme, the inventor has built
and operated successfully near Moscow, a
model milway with twenty-four-foot cars
on a mile-long track, Plans are now under

CONCOLTE TROUGH

rY )

Above, cut - away
view of the moso-
rail to show how it
runs on flattened
spheres. At lelt,
cross sections show
principle of new
system compared
with the old types

Bm.-: OF CAR'S WIIGHT
LS BELOW ANLE

way to construct a thirty.-mile railway on the

o :’INNDIM
same system, with 120-foot cars,

OVEmg AL GAIL

ON BAIL
Frevious Types of Monorail Construction..

w!P!hb!o

QSUSW"D!’D IEOH
ASTEIDE QAIL

New Russian b;w

Crarbs «HoBbIl pycckunii MOHOpebC» B XXypHane «Popular Science» (CLUA, 1934 r.).

IIECTBYIOIIINE CUCTEMBI U TTOJIBUKHOM COCTaB,
SpMobUyK TIPUIIET K BBIBOMY, YTO HOBBIX
pelieHuit B CyIIECTBYIOINICH cucTeMe cearh
HEBO3MOXKHO, UTO HYKEH COBEPIICHHO WHOM
BUJI TPAHCTIOPTA.

[To MHEHMIO MOJIOIOTO CTIeIIMATNCTA, 3HA-
YUTEJTbHOMY YBEJIMYEHUIO CKOPOCTH Melaja
cama KOHCTPYKIIUSI KeJIE3HOTOPOXKHBIX ITyTei
u koJsiéc. Bo Bpems IBUXKEeHUS KOJIECHAs mapa
YIOEepKUBAEeTCs Ha PeTbcax TOIBKO 3a CUET pe-
Oop. A pu MPOCTOM HapallMBaHUU CKOPOCTU
Hen30eKHbIe OMEHUSI O PEJTbCHI JTUTITh YYaCTH-
JIMCh ObI, yBeJIMUMBAsl HArpy3Ky Ha XOMIOBYIO
YacTh [T0e3/1a M TIOBBIIIIAs PUCK €€ Pa3pyILIEeHUSI.
WNHxeHep MpemyioxXun paauKaibHyl0 HOBa-
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LLlenuxoga A. K. LLlaponoesp Sipmonbyyka

IIWIO: UCITOJIb30BaTh BMECTO PETbCOBOTO ITyTH
KET0O-T0TOK KPYIJioi (hOpMbl, IO KOTOPOMY
JIoJDKeH Obut nBurathes map. Koseco B Buze
cepbl He MoBEPXKEHO OUEHUSIM I CAMOOPH -
E€HTUPYETCS B TIPOCTPAHCTRBE.

B nepBom BapmaHTe aBTOp Tipeiiaraii u ab-
COJTIOTHO HOBBIE KOHCTPYKITMU BaroHoB. Cam
KOPITYC TOKE IOJKEH ObLIT UMETh CHepUIECKYIO
(opmy, Kyna nomeiaauch Obl Bce HEOOXOAM -
Mbl€ MEXaHU3MBbI U MMACCAKUPCKUE KaOWHBI.
BHelHsI51 TOBEpXHOCTh CTAHOBUIACH OMTOPHOM
TMOBEPXHOCTHIO 1 KOHTAKTUPOBAJIA C KETOOOM.
Jist MOCTVKEeHUST MAKCUMAJIBbHBIX XapaKTepH -
CTUMK U 3KOHOMMM MeCTa T0e3]] HaJo ObLIO
OCHACTUTh JIEKTPUUECKUMU JIBUTATEIISIMU.




(/4
CONCAVE TRACK

doTtorpagumn paboyeii Mogenn HOBOro TUnNa Joporu.

Hogas cucrema momyumia HazBaHue «Lllapo-
3JICKTPOJIOTKOBBIN TPAHCIIOPT» (COKPAIIEHHO
LIBJIT).

IIponoskast 3aHUMAaThCS TIPOEKTOM, SAp-
MoJibuyK okoHums1 MBTY 1 MOU. OnHoBpe-
MEHHO C 3TUM KOHCTPYKTOP «CTy4aJiCsI BO BCe
IBEPU», MBITAsSICh 3aMHTEPECOBATh CBOMM
IIPOEKTOM OTBETCTBEHHBIX JInII. [ToMrMo ode-
BUIHBIX «CKOPOCTHBIX» TTPEUMYIIECTB, HOBBIIA
BHII TPAHCITOPTA AaBaJI OIIyTUMYIO SKOHOMMUIO
CTPOUTEILHBIX MaTepPHUaIOB U YIIPOIICHHE
CTPOUTEIBCTBA CAMUX TOPOT. JIOTOK mpeuiara-

- —_

JIOCH JieIaTh M3 KeJIe300eTOHA, YTO COKPATUIIO
Ob1 pacxon Metasuia. B 20—30-x romax rporio-
o BeKa peIbChl YKJIAIbIBAJINCh BPYUYHYIO,
a OeTOHHBIE CEKIIMY MOXKHO OBIJIO COOMpATh HAa
IMPOU3BOJICTBE, a TTOTOM MOHTUPOBATh Ha Me-
CTe, UTO 3HAYUTEJTbHO DKOHOMMIIO BpeMsI
MoOHTaxa. TeM He MeHee MPoeKT A pmoabuyka
o kKoHma 20-X rofoB OCTaBaJICd TOJIBKO Ha
Oymare.

Briciree 06pa3oBaHe MOJIOIOTO YeJIOBEKa
BHECJIO CBOM «KOPPEKTUBBI» B IIPOEKT. JIUTII0-
MUWPOBAHHBIN MHXeHep SApMoIbYYK pernI

Hukonavi Sipmosib4yk BO Bpemsi ucrnbitaHnii. Kaap n3 KNHOXpOHUKN.
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Lllaponoe3n SIpMonibYyyKa MYUTCS M0 JIOTKY.

0TKAa3aThCsl OT C(HepUUECKIX BATOHOB, 3aMEHIB
X 00Jiee 0OBIYHBIMU, HO OCHAILIEHHBIMU OPU -
TMHaJILHOM XOI0BOI YacThio. Baron obopymo-
BaJICS ABYMSI KPYITHBIMM KOJIECAMU, KOTOPbIE
pacmoJiarajJuch BIepeau U B KOHILIE paMbl.
HoBble Konéca rmmaHupoBaIvch B (popme «I11a-
pouza» CO Cpe3aHHbIMU OOKOBBIMM YaCTSIMU
M3 MeTa/Ula ¥ MOKPHITHIMU pe3uHOoi. BHyTpu
KOpITyca — 3JIeKTPUYECKUI IBUraTeb COOT-
BeTCTBYIOIIEeH MolTHOCTH. OOHOBNIEHHBIN Ba-
pUAHT LIAPOIIOe3/1a, II0 OLICHKE CO3AaTelIst, MOT
pa3BUBaTh CKOPOCTh nopsiaka 300 Km/4 1 me-
peBo3uTh 10 110 yenosek. [TyTh oT MOCKBBI 10
JleHuHTpaga oH cnocobeH ObLI MPEOoaoNeTh
BCEro 3a Iapy 4acos.

TocymapcTBo 00paTIIO BHUMAaHKME Ha PEBO-
JIIOLMOHHBIN MpoekKT B 1929 romy, korma
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B MUMUT, rne tpynuncs toraa Apmonbuyk,
MOCTPOMJIM IIEPBYIO MOJIEJIb IIapoBaroHa. Baron
YBEPEHHO JABUTAJICS 110 JIOTKY, KOTOPBI ObLI
YCTAaHOBJICH Ha I0J1y JJabopaTtopuu. Mozesib Tak
«yOemuTeIbHO» TepeaBuranach, uro mpu Ha-
POIHOM KOMUCCAapHaTe MyTeil COOOLLEHUST CO-
3MaJIM CIieliMajabHOe moapasaeiaeHue «bopo
OIIBITHOTO CTPOMTEILCTBA CBEPXCKOPOCTHOTO
TPAHCIIOPTA I10 Pa3paboTKe U peaTr3aLiii N30~
operenus H. I fIpMoapuyka», cOKpaléHHO
BOCCT. OTtHbIHE Hal IMPOEKTOM yxKe padoTaia
IPyIIa MHXEHEPOB M TEXHUKOB, M HAYaJIUCh
oduLManbHbIe JA00PATOPHBIE OIBITHI.

CnycTst HEKOTOpOe BpeMsl xKypHaJl « TexHu-
Ka — Monongxu» nucan: «MoJomoii, Hens-
BECTHbII Sl pMOJIbYYK HATAJIKMBAJICS HA PABHO-
JylIe U BpaxkaeOHOe OTHOIIEHME CTapbIX




AemoHcTpayus ycroiiynsocTu koneca. llocse Hak/ioHa OHO [ OJ/IKHO BEPHYTbCS B HOPMasibHOE BEPTUKA/IbHOE
nonoxenune. Kagp n3 KNHOXPOHNKM.

criermamuctoB. OHM 3asIBJISUTA, UTO €ro Uiest
HeJlerla U HeocyluecTBuMa». Lllapomnoesna,
yBEPSUI APYIrOil XypHall, CTAHYT «MOTY4HM
TPAHCIIOPTHBLIM CPEACTBOM, CITOCOOHBIM IIEpe-
OpachIBaTh B KpaTyaiilliee BpeMsl HaceJleHue
LIeJIBIX TOpOoJ0B». KOHeuHO, He MoJyaiu
U KPUTUKU IIPOEKTA, HO UX TOYKA 3PEHUSI TO-
HyJ1a B LISJIOM XOPe BOCXBaJICHMSI.

ITpoekTHBIC PaOOTHI TN 10 BeCHBI 1931 T0-
na. Hapkomar myreit cooO1IeHHsT pacTiopsIIvI-
Cs1 IOCTPOUTH MAKETHBII 00pa3el] U BbIISIIT
Ha 3TO OJWH MWJIJIMOH pyOJieil U y4acToK
3emiin. Hemaieko oT oJMOCKOBHOIM CTaHIIMK
«CeBepstHUH», Ha 3aKPBITOM ILIOIIAAKE BbI-
cTpouyii mapoapoM. OH COCTOSUT U3 IBYX 3aM-
KHYTBIX KOJIeL] IIPOTSKEHHOCTBIO OKOJIO TPEX

[

KWUJIOMETPOB, CBSI3aHHBIX MEXTy c000i1. JIoToK
crenanu aepeBsHHBIM. B 1932 romy Obi1 n3ro-
TOBJIEH ITIAPOBAroH B 1/5 HaTypabHOU BeIM-
yuHbl. Yepes mosirona — moe3 U3 TsITH Baro-
HoB. CocTaB Tpe/iCTaBIIsT COO0I eIMHOe Te-
JIO — TUOKOE, TJIAIKOe, C HU3KUM KIIMPEHCOM.
IlepBblii BaroH cHabAWIM oOTeKaTeaeM, B HEM
ObuUTa KabmHa MamuHucta. CuHe-KpacHbII
1IapOTIOE3/T MUAJICS TT0 JIOTKY CO CKOPOCTHIO JI0
70 KJIOMETPOB B Yac.

K cTpouTensCTBy OMBITHOTO yYacTKa Mpu-
Bieku 89 crienmanuctoB. M3-3a cioxHoit
mponyktoBoit cutyaunu B CCCP momumo
Jnoporu 61 pazout oropoa. Ha 15 ra zemnu
TTOCAIVJTN OBOIIIM, YTOOBI COTPYIHUKH HE OT-
BJIEKAJIMCh OT TOCYIapCTBEHHBIX e, Y oHn,

BHyTpeHHue arperaTtbl Kosieca: pama v rnoAseLueHHbI o Hev anekTpoasurartesb. Kaap n3 KNHOXpOHUKN.
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Laposarou H. I'. ipmosibyyka.

YTO OBLIO CHUJI, IIPOBEPSIIN YCTONINBOCTD,
0e30ITacCHOCTh, TOPMO3HYIO CHCTEMY, HamEX-
HOCTB JIOTKA U «IIIAPOMIOB». B KaxKIIOM OITBIT-
HOM BaroHe ITOMeINajJocCh IBa Iaccaxupa,
TpaBIa, TOIBKO B JICXKAUEM TTOJIOXKCHU.

KoppecnonaeHT XXypHaa «3HaHUe — CIIa»
. JIlunoBeukuii ObLT OMHUM M3 TaKMX Macca-
JKPOB. BOT Kak OH OMMCHIBaII CBOM OLITYIIICHIS:
«Korma s Be3 B y3K1iAf BATOHUHK, MCHST MYJHITA
coMHeHUsI. MHe Ka3aJloch, YTO TTOE3I Ha ObI-
CTPOM XOJIy TOJZKEH COCKOYUTH C JIOTKA, 00s13a-
TeJbHO IepeBepHyThess. Huuero takoro He
CIIYIMIOCh. MSTKO, 4yTh TOKAYMBasICh, 0e3
TIPUBBITHOTO KEJIE3HOTO MepecTyKa KOJEC,
T0e31 TJI0TaJl MPOCTPaHCTBO. Ha KpWBBIX OH
ABTOMATHUCCKI HAKJTOHSITICSI, COXPAHSISI paBHO-
BecHre, IMomo0HO Betocuriey. OmeTrie B pe3Hy
LIapbl OECIIYMHO BEPTEIUCh, YHOCS BIEPED
METAJITUIECKYIO 3MEI0 C OTPOMHOI CKOPOCTEIO».

Pe3ynpraThl UCIIBITAHUI 0€3 3aIepXKKU
pacCMOTPEHBI Ha 3KCITEPTHOM COBETE BO IVIaBe
c akagemukoM C. A. YaruieIriHbIM. 3aKiioye-
HHe OBIIO BeChbMa MOJIOKUTETbHBIM. OCHOBHOM
CMBICJT €TO CBOIMJICA K CIICAYIOIIEMY: CTPOUTH
IIapOJIOTKOBYIO IOPOTY HAI0, HUKAKIX TEXHM -
YECKHUX IMPEIMITCTBUIL K TOMY COBETOM <«HE
YCMAaTpUBaeTCS».

PeBOTIOIIMOHHBIN ITPOEKT BIOXHOBIISLI
M COBETCKUX 1M03TOB. Branumup HapOyT nocine
CBOCH TTOE3IKM Ha IyI0-TT0e3/e HaIMCaT:

1o neanybokomy nomiy

(Iloumu no xcénoby ons keeens)

On nywen.

On nemum nood eya,

CHaps0 HanoMuHas HeKuil...
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13 aBrycra 1933 roga CoBHapKoM CBOMM
nocraHoBjIeHueM 00s13a1 Komuccapuat myteit
COOOIIIEHMSI TIPUCTYTTUTH K CTPOUTEITLCTBY «B
KpaTJaiImme CpoK» OMBITHO-3KCILTyaTally-
OHHOW IIapoJIOTKOBOU goporu. Peusb nina
0 «JIOpOTe CPEOHUX TAOAPUTOB», C YMEHBIIIEH-
HBIMU BarOHAMU, C IIAPOKATKaMU AUAMETPOM
nBa MeTpa u ckopocThio 180 km/4. [TocTpoiika
«B3POCTIOi» TOPOTH JIJIS TTIOE3MIOB C IAPOBBIMU
KaTKaMu auameTpoM 3 M 70 ¢cM 1 CKOPOCTHIO
300 xM/4 oTKJIaIBIBAJIACh Ha OJvpKatiiiee Oy-
nymiee. DKCIIepUMEHTaIbHAST TOpOra O3B0~
Juia Obl HAKOTIUTH OTIBIT, YUTOOBI TIepeiTn
K CBEPXCKOPOCTSIM.

TpeboBanoch HAWTU TTOAXOMISIIYIO TPACCY.
bruto mpemioxeHo n1Ba BapuaHTa: MockBa—
3Benuropon n MockBa—HormsHck. [Tpenmodre-
HUE OTHad BTopoMy BapuaHTy. HoBas nopora
JTOJDKHA ObLTa CBSI3aTh IPOMBIIIICHHBIE PAiOHBI
ITonmockoBbsl. B MockBe Tpacca HauMHazach
y M3maiiioBo, HeaJieKo OT CEeTOAHSIIIHEN CTaH-
U1 METPOU TPaMBAWHBIX OCTAaHOBOK. [1o
TpeIBAPUTELHBIM OlIEHKAM I1apOJIOTKOBBIE
TI0€3/1a MOTJIN B TOJI TIEPEBO3UTH IO TISITH MUJT-
JINOHOB MACCAXUPOB.

CTpouTENHhCTBO MEPBOI B MUPE JTOTKOBOI
JIOPOTH TUIAHWPOBAJIOCH 3aBEPIIUTH K OCEHU
1934 rona, k XVII ronosmmue Okrs6pst. Ho
CTpOIKa TaK U He Hayaaach. Beruibuim mpoo-
JIEMBbI, KOTOPbIE CBOMCTBEHHBI BCEM MOHO-
PEJIbCOBBIM cCTeMaM. bobIast CTOMMOCT®,
CJIOXXHOCTb CTPEJIOK, O0JieeHEeHNE XETo0a
3umoii. Pemienue 3Tux mpobdiem TpedoBasio
BPEMEHU U CPEICTB, KOTOPHIX TOTJA HE XBa-
Tasno.




Takumu npegnonaraanck LLaponoe3s (cxema naccaXxupckoro casioHa) u KOHe4YHasi CTaHUuUs
3KcrnepuMeHTasibHOWV TPacchl.

Kax HM OTHOCUTBCS K caMoii uaee 1apo-
noesnaa, oueBuaHo, uro H. I ApMoabuyk ObLT
TaJIAHTJIMBBIM MHXXEHEPOM, ITMOHEPOM B CO-
3MaHUM CBEPXCKOPOCTHOTO moe3na. Hekoro-
pble ero uaeu JIErJu B OCHOBY KOHCTPYKIIWMA
MOEe3/10B Ha BO3AYIITHON MOAYIIIKE, PE3UHOBOE
MOKPBLITUE KOJEC MPUMEHSETCS B Moe3aax
METPO, CTaIU MPUBBIYHBIMU O0TeKaeMble hop-
MBI BAarOHOB, a3POJMHAMUYECKHIE TOPMO3a.

VBbI, caM 11apOIOe3/I TaK U OCTAJICS JTUIb
MOYYUTEbHON CTpaHUIIEH B UCTOPUY pPa3BU-
Tus TpaHcrmopTa. ONBITHYIO Tpaccy BO3Jie
ctanuuu CeBepsIHUH BCKOpe pa3oOpaliu.
Barons mapomnoesna, BUAMMO, TOILUIM Ha
METaJLIOJIOM.

Cam Hukonait SIpMOIBUYK TIepeskiT BOIHY,
y4acTBOBAJI B cpaxkeHNM Ha Kypckoit myre, mo-
syaunt opnied KpacHoii 3Be3nbl, Oymyan nHxe-
Hep-KaIllUTaHOM, a TTOTOM IIPOIOJIKAN TPYIUTh-
Cs1 PSITOBBIM MHKEHEPOM Ha JKeJIe3HO Iopore.

B 1950-¢ romel B cBOOOTHOE OT PabOTHI
BpeMsI BENI KPYKOK IOHBIX KOHCTPYKTOPOB
B baymaHckoM paitoHHOM JloMe MHUOHEPOB
MocKBBI M1 HUKOT/Ia He TIpeKpaiiail paboTy
HaJll CBOMM «IIaporpoekTom». bosiee Toro,
MOJI €r0 pyKOBOACTBOM pedsita U3 Jloma rnumo-
HEpOB CO3/1aTi YHUBEPCATbHYIO MOJIETh I11a-
ponoe3na sl e30bl M0 A0poraM C JIIOObIM
MOKPBHITUEM U OHa ObLIa MpeacTaBieHa Ha
BcemupHoM ecTuBaie MOTOAEXU U CTYAEH-
ToB B Mockse (1957 ).

OTMETUM U ABE IPYrue CyLIECTBEHHbIE
netanu. [lepBasi: uHXeHepoM A pMoIbUyKOM
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Hukonaem I'puropreBuueM 13 uions
1929 roma, Kak cBuaeTeabcTBYeT basa ma-
TteHToB CCCP, Obla mogaHa 3asiBKa Ha
N300peTeHNUE TPAHCIIOPTHON CHUCTEMBI,
a corjlacHo onyoJaukoBaHHOro 31 ssHBaps
1935 roma cooOIIeHNUST eMy BBIIAH Ha HEé
mateHT Ne 96929. Bropast meranb: B LleHT-
paJIbHOM My3e¢ XKeJIe3HOIOPOKHOTO TPAHC-
nopta (Cankr-IleTepOypr) mpoexTy Iapo-
noesaa SpMoabuyKa OTHBIHE MOCBSIIEHA
OTHeIbHAS SKCITO3UIIMSI.

ITo myOMKanMsM oTe4eCcTBEHHBIX
u unoctpanubix CMMU noarorosuia
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BALL TRAIN OF YARMOLCHUK

The article is devoted to almost forgotten idea of
a train running on spheres or balls. The fate of this
project was unenviable, although it promised many
things and had a considerable feedback both in the
USSR andabroad. The invention of Nikolai Yarmolchuk
(1898-1979) seemed quite promising, especially

since in the 30s of the last century one could only
dream of high-speed ground transportation. But the
main thing — the unusualness of the idea itself struck.
It combined the paradox of thought, the challenge to
the usual course of things, a kind of intuitive
anticipation of the future.

Keywords: high-speed transport, ball train of Yarmolchuk, history, project, patent.

«Each wheel of this train» was a giant ball or
sphere as tall as a man. The sides of the balls are cut
off, axes pass there and electric motors are installed.
Two such balls, «dressed» in rubber, are fixed in the
head and rear ofthe cylindrical car. The balls protrude
out through the slits in the bottom», wrote the
American journal Popular Science in February 1934,

85 years ago, about the invention of Soviet engineer
Nikolai Yarmolchuk.

The journal prepared a large publication on the
extraordinary Russian monorail: «<Fragmented and
conflicting reports from Russia of a revolutionary new
type of railway under secret test there, which aroused
the curiosity and interest of the American engineering

Above, note the Bshlike snout of the new Russian mono-
rall that runs In a wrough. At right, the strange train
in action. In circle, M. I. Yarmanchuk, the inventor

RAGMENTARY and conilicting reports

from Russia of a revolutionary new type of
railway under secret test there, which
aroused the curiosity and interest of the
American enginecering world, have just been fol-
lowed by the first complete details of the new sys-
tem, and actual photographs of a working model in
operation, Fully as remarkable as advance reports,
the system posed by M. L. Yarmanchuk, its
inventor, calls for slrmmhncd trains running at
125 miles an hour on giant, flattened spheres,
twelve feet in diameter, instead of wheels.
Each car is supported by two of these
one at cach end, and they are

whirled by electric motors contained within
their shells and mounted on the rigid axles.
Since the center of gravity of the car lics
below the axle, the car is not topheavy and
will not casily overtum. A single curved
trough of reinforced concrete serves as a

New RZ(SSZJ’Z
Monorail

RUNS IN TROUGH
ON BIG SPHERES

track, entitling the strange system to be
classed as a monorail. According to the
inventor, this track should cost no more
than a standard automobile highway to build.
To test his scheme, the inventor has built
and operated successfully near Moscow, a
model railway with twenty-four-foot cars
on a mile-long track., Plans are now under
way to construct a thirty-mile railway on the
ame system, with 120-foot cars.

Vit AD BAIL

CONCOLTE TROW

205

"BULK OF CAS'S WEIGHT
LIES BELOW AXLE

spheres, At left,
<ross sections show
principle of new
system compared
with the old types

'fu)hlnow L] Hl! AALANL N

Frevious Types of Monorail Construction..
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ASTEHDE QAL
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Article «<New Russian monorail» in the journal «Popular Science» (USA, 1934).
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CONCAVE TRACK

Photos of the working model of the new type of railway.

world, have just been followed by the first complete
details of the new system, and actual photographs of
a working model in operation».

The author of the project after the Russian Civil
War got a job as a fitter at Kursk railway. For several
years he had studied all the features of this type of
transport. In those years, many experts began to think
about increasing the speed of trains. Having studied
the existing systems and rolling stock, Yarmolchuk
came to the conclusion that it is impossible to make
new decisions within the existing system, that a
completely different type of transport is needed.

According to the young specialist, a significant
increase in speed was hampered by the construction

of railway tracks and wheels. While driving, the wheel
set is held on rails only at the expense of wheel
flanges. And with a simple increase in speed, the
inevitable beats on the rails would only become more
frequent, increasing the load on the chassis of the
train and increasing the risk of its destruction. The
engineer proposed a radical innovation: instead of a
rail track, to use a round-shaped chute tray along
which the ball was supposed to move. The wheel in
the form of a sphere is not subject to beats and is
self-oriented in space.

In the first version, the author also offered
completely new car designs. The hull itself also had
to have a spherical shape, where all the necessary

Nikolai Yarmolchuk during the test. A shot from the newsreel.
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Ball train of Yarmolchuk is rushing along the tray. Collage from a newspaper.

mechanisms and passenger cabins would be placed.
The outer surface became the supporting surface and
was in contact with the chute. To achieve maximum
performance and save space, the train had to be
equipped with electric motors. The new system is
called «Ball electric chute transport» (abbreviated
BECT).

Continuing to engage in the project, Yarmolchuk
graduated from Moscow Higher Technical School and

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Moscow Power Engineering Institute. At the same
time, the designer «knocked on all the doors», trying
to interest those in charge with his project. In addition
to the obvious «speed» advantages, a new type of
transport gave significant savings in building materials
and was able to simplify the construction of railways
themselves. The tray was proposed to be made of
reinforced concrete, which would reduce metal
consumption. In the 1920s and 1930s, the rails were
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Demonstration of wheel stability. After tilting, it should return to its normal upright position.
A shot from the newsreel.

laid manually, and concrete sections could be
prefabricated at the industrial site and then mounted
on site, which saved installation time significantly.
Nevertheless, the project of Yarmolchuk until the end
of the 1920s remained only on paper.

Higher education of a young man made its own
«adjustments» to the project. Graduated engineer
Yarmolchuk decided to abandon spherical cars,
replacing them with more conventional, but equipped
with the original chassis. The car was equipped with
two large wheels, which were located in front and at
the end of the frame. New wheels were planned in the
form of a «sharoid» with cut off side parts made of
metaland covered with rubber. Inside the hullthere was
an electric motor of appropriate power. According to

[

the creator’s estimate, the updated version of the ball
train could reach speeds of about 300 km/h and carry
up to 110 people. It was able to overcome the path
from Moscow to Leningrad in just a couple of hours.
The state turned its attention to a revolutionary
project in 1929, when the first model of a ball car was
builtat MIIT, where Yarmolchuk worked then. The car
confidently moved along the tray, which was installed
on the laboratory floor. The model moved so
«convincingly» that under the People’s Commissariat
of Communications, a special unit «Bureau of pilot
construction of ultrafast transport for development
and implementation of the invention of
N. G. Yarmolchuk» was created, abbreviated BOSST.
From now on, a group of engineers and technicians

Internal wheel units: the frame and the electric motor suspended under it. A shot from the newsreel.
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Ball car of N. G. Yarmolchuk.

were already working on the project, and official
laboratory experiments began.

After some time, the journal «Technology — to
youth» wrote: «The young, unknown Yarmolchuk ran
into indifference and hostile attitude of old specialists.
They claimed that his idea was ridiculous and
impracticable». The ball trains, another journal
assured, would become «a powerful vehicle capable
of transporting the population of entire cities in the
shortest possible time». Of course, the critics of the
project were not silent either, but their point of view
sank in the whole chorus of praise.

Design work went on until the spring of 1931. The
People’s Commissariat for Communications ordered
the construction of a mock-up sample and allocated
one million rubles and a plot of land for this. Not far
from the station near Moscow «Severyanin», in a
closed area a ball track was built. It consisted of two
closed rings with a length of about three kilometers,
interconnected. The tray was made of wood. In 1932
aball car of 1/5 full size was manufactured. Six months
later — a train of five cars. The composition was a
single body - flexible, smooth, with low ground
clearance. The first car was supplied with a fairing, it
had a driver’s cab. A blue-red ball ride rushed along
the tray at a speed of up to 70 kilometers per hour.

89 specialists were involved in construction of the
pilot section. Due to the difficult food situation in the
USSR, in addition to the railway, a vegetable garden
was laid out. On 15 hectares of land vegetables were
planted so that employees were not distracted from
public affairs. And they, what was the strength,
checked stability, safety, braking system, reliability of
the tray and the «sharoid». Each test car fit two
passengers, however, only in the supine position.
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The correspondent of the journal «Knowledge is
power» D. Lipovetsky was one of these passengers.
Here is how he described his feelings: «When | got
into a narrow trailer, | was tormented by doubts. It
seemed to me that the train at high speed should jump
offthe tray, had to roll over. Nothing happened. Gently,
slightly swaying, without the usual iron wheel
overhang, the train swallowed space. On the curves,
it automatically bent, maintaining balance, like a
bicycle. The rubber-clad balls whirled noiselessly,
carrying the metal snake forward with great speed».

The test results without delay were reviewed by
an expert council headed by Academician
S. A. Chaplygin. The conclusion was very positive. Its
main meaning was as follows: it is necessary to build
a ball tray road, no technical obstacles to this are
«seen» by this council.

The revolutionary project also inspired Soviet
poets. Vladimir Narbut wrote after his trip on the
miracle train:

Along the shallow tray

(Almost a chute for a skittle)

It started up.

It flies under the hum,

A shell recalling a certain ...

On August 13, 1933, the Council of People’s
Commissars obliged by its decree the Commissariat
of Communications to begin construction of the pilot-
ball track road «as soon as possible». It was about the
«medium size road», with reduced cars, with ball
skating rinks with a diameter of two meters and a
speed of 180 km/h. The construction of an «adult»
road for trains with ball skating rinks with a diameter
of3m 70 cm and a speed of 300 km/h was postponed
to the near future. An experimental road would allow
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These were intended to be a ball train (passenger cabin layout) and the end station of the experimental route.

one to gain experience in order to advance to super
speeds.

Itwas required to find a suitable route. Two options
were proposed: Moscow-Zvenigorod and Moscow—
Noginsk. Preference was given to the second option.
The new road was supposed to connect the industrial
areas of Moscow region. In Moscow, the route started
at Izmailovo, not far from the metro and tram stops.
According to preliminary estimates, the ball trains
could carry up to five million passengers a year.

The construction of the world’s first tray road was
planned to be completed by the autumn of 1934, by
the 27" anniversary of 1917 October revolution in
Russia. But the construction had not begun. Problems
emerged that are common to all monorail systems.
High cost, complexity of switches, icing of the tray in
winter. Solving these problems required time and
money, that were missing.

No matter what is your attitude to the very idea of
a ball train, it is obvious that N. G. Yarmolchuk was a
talented engineer, a pioneer in creation of an ultra-
high-speed train. Some of his ideas formed the basis
for design of hovercraft trains, rubber wheel covers
are used in metro trains, streamlined cars and
aerodynamic brakes have become common.

Alas, the ball train itself remained only an
instructive page in the history of transport
development. Test track near the station «Severyanin»
was soon dismantled. The cars of the ball train
apparently went for scrap.

Nikolai Yarmolchuk himself survived the war,
participated in the battle of Kursk, received the Order
of the Red Star, being a captain engineer, and then
continued to work as an ordinary engineer on the railway.

In the 1950s, in his free time, he led a circle of
young designers in the Baumansky District House of
Pioneers in Moscow and never stopped working on
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his «ball project». Moreover, under his leadership, the
guys from the House of Pioneers created a universal
model of a ball train for driving on roads with any
surface and it was presented at the World Festival of
Youth and Students in Moscow ( 1957).

We note two other significant details. First:
Nikolai Grigorievich Yarmolchuk, an engineer, on
July 13, 1929, as the base of patents of the USSR
testifies, filed an application for the invention of the
transport system, and according to a message
published on January 31, 1935, he was given a
patent No. 96929. The second detail: in the Central
Museum of railway transport (St. Petersburg) a
separate exhibition is now devoted to the project of
Yarmolchuk’s ball train.

Publication based on Russian
and foreign sources prepared by
Alla SHELIKHOVA
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ocyLecTBU1 HeMasio MacluTabGHbIX v KpariHe
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nyre¥i coobweHns n Muctutyt Kopnyca
WH)XeHepoB nyTel coobLyeHns — nepeoe
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TeM caMbIM Ha4aJlo OTe4eCTBeHHOW cucreme
UH)XeHEepPHOro o6pa3oBaHus.
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XpoHUuKa reHepana
beTaHKypa

peXe BCero Hamo OTMETUTh, UTO KHU-

Ty, BBILLIEIIYO B [OMYJISIPHOM U AaBHEN

ouorpaguyeckoii cepun «Ku3Hb 3ame-
YaTeJIbHbBIX JIIOACH», HECTy4aliHO MPeaBapsItOT
oOpallleHue K YATATeIsIM U MPEACIOBUE PEeK-
TOPOB IBYX YBaxKaeMbIX By30B — CaHKT-Iletep-
Oyprckoro MoJUTEXHUYECKOrO YHUBEpCUTETA
Iletpa Benukoro akagemuka PAH A. U. Pyn-
ckoro u [letepOyprckoro rocyniapcTBEHHOTO
yHuBepcuterta myteii coodieHus A. 0. TTaHbi-
yena.

IlepBblit B cBOEM 00OpallleHUU K YATATE b~
CKOW ayTUTOPUU C TTOJTHBIM OCHOBAHUEM YUCITAT
AgsryctiHa e betaHkypa co3nartesieM poccuii-
CKOI1 CHCTEeMBbI BBICILIETO MHXXEHEPHOTO 00pa-
3oBaHusl. [IpruyéM aeno He TOAbKO B TOM, UTO
TOYKOU OTCUETA 3TOMY CTaJIO MOAMUCAHUE
B 1809 roay (210 net Hazaa) umIrepaTopom
Anekcannpom I Bricovaiiniero manudecra 06
opranuzaimu Koprryca uHxeHepoB ImyTeil co-
obueHus, a npu HEM MHcTUTYyTa BO riaBe
C TeHepan-jaeiteHaHToM beraHkypom, HO
U B MIPOAEMOHCTPUPOBAHHOM TOTJA «PYCCKUM
KCTIaHLIEM» CTPEMJIEHUN K HOBAaTOPCKOMY MpaK-
TUKO-OPUEHTUPOBAHHOMY OOYUYEHUIO, LEJISIM
«cHabauth Poccuio MHXXeHepaMu, KOTOpbIe
MPSIMO Ha BBIXOJIE M3 3aBEAECHMS MOTJIU ObI ObITh
Ha3HauYeHbI K TPOU3BOJCTBY Bcex padot B M-
nepun» (¢. 6). B moarBep:kaeHME HErOJI0CIOB-
HOCTH CTOJIb 00ELIAI0IIUX MOAXOA0B aKaAEMUK
Pynckoil mpuBOIUT TaKoOW XapaKTepHbIA s
HUCTOpUU CcBOEro By3a (hakT: korna B 1902 romy
B IMOJIUTEXE HAYATMCh 3aHSITHUSI, OKOJIO TTOJIOBH -
HbI MperonaBaTesieil TeXHUIeCKUX OTAeICHU
OKa3arch BeimyckHUKamu MHctutyTa Koprty-
ca MHXEHepoB MyTeil coodiueHusi. To ecTs,
JIPYTUMU CJIOBaMM, B T€UEHUE MOYTU LIEJIOr0O
BeKa feTuile beraHKypa Mpoaoskaio ObITh
IJIABHOM «KY3HUILIEH KaapOB» I MaTeMaThye-
CKUX, (PUBUKO-TEXHUYECKUX, CTPOUTEJbHbIX,
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BCSUYECKUX MTPUKITAIHBIX IITKOJ U chep TOPOXK-
HO-TPaHCITOPTHOM, TTPON3BOJICTBEHHON 1 BO-
€HHO-MHXEHEPHOU NeATeIbHOCTH.

Kcratu, 3a6erasi Briepén, CTOUT BCTIOMHUT,
YTO MMEHHO YYeHMK BeTaHKypa 1 BBITYCKHUK
Mucrutyta Koprtyca nHeHepoB myTeit cooo-
meHus A. A. PozeHkamd, rmosyduB MpeKkpac-
HYIO TIpaKTUKY B KoMuTeTe MIST CTpOeHMIA
W TUIPABIUYECKUX PAOOT (€r0 TOXE BO3IIABISUT
TeHepat), BIIOCJIENCTBAY ObLT HA3HAYEH TNPEK-
TOPOM CO3[IAHHOTO Ha BOJTHE Mporpecca napo-
BBIX MAIIIMH U KeJIe3HbIX Topor MOCKOBCKOTO
peMecieHHoro yuyebHoro 3aBeneHus (1837 ) —
oynyiiero MBTY uMm. H. O. baymana, a tenepb
MoOCKOBCKOTO Tocy1apCTBEHHOIO TEXHUYECKO-
TO YHUBEPCUTETA, U3BECTHOTO BO BCEM MUpE
(c. 385—386).

Bropoit mpemBapsonnii TEKCT KHUTH PEeK-
Top AnekcaHap [TaHbYueB MMeeT camoe Hero-
CPEICTBEHHOE OTHOIIIEHWE U K TIPOIIOMY,
M K HaCTOsAIIEMY O0eTaHKYPOBCKOTO TJIaBHOTO
JeTuiia, noo npeeMHukom Mucrutyra Kopiry-
ca MHXXEHEpOB MyTelt cooOIeH s (Kak HUA Me-
HSUTVICh 3a IBECTH C JIMIITHUM JIET IIPOMEXKYTOU-
HBIE €TO Ha3BaHMSI) cTal HeIHeImHU [letep-
OyprcKuii ToCy1apCTBEHHBIM YHUBEPCUTET ITy-
Teil coobueHuss Mmmneparopa Anekcanapa I.
Tlepeuncisisi 3aciTyrvi OCHOBATeJIs By3a, peain-
30BaHHBIC UM TTPOEKThI, HAyIHO-TEXHUYECKIE
WIeN, Halll COBPEMEHHUK OTHAET JOJIKHOE
U TOMY, Ub€ UMS ceifYac HOCUT yueOHOe 3aBe/ie-
HUe, U KTO, COOCTBEHHO, a1 beTaHkypy camy
BO3MOXKHOCTb TBOPUTh BO 0J1ar0 TIPOBOAMMBIX
B CTpaHe pedhopM 1 OTHOBPEMEHHO MOCTAPAJICS
BJIOXWUTh B OOLIIECTBEHHOE CO3HAHUE BIOJIHE
TPUBUATIBHYIO K TOMY MOMEHTY MBIC/Th O Ha-
3peBIleil HEOOXOAUMOCTU B [TOATOTOBKE MHXKe-
HEPOB IyTell COODILIEeHNsI, KOTOPbIE ObUIU Obl
CITOCOOHBI cOYeTaTh B ceOe 3HAHUS W OIBIT
MEXaHUKOB, CTPOUTENIeH, reo(h3UKOB, apXu-
TEKTOPOB, MCITOJIb30BaTh HOBEUIIINE METOIbI
M TEXHOJIOTUH TIPY COOPYKEHUU MOCTOB, JTOPOT,
KaHaJIOB, TIOPTOB.

IToka3zarenbHO, YTO MPOYTEHUE KHUTHU
U, ECTECTBEHHO, €€ collep>kaHne BOCIIPUHUMA-
FOTCSI, CYJIsl TTO KOMMEHTAPHSIM B TTPEIVICIIOBUH,
B KOHTEKCTE HE TOJIbKO «BO3BpAILIEHUSI UMEHU
Berankypa B maHT€OH POCCUIICKOI 1 BCEMUP-
HOW WHXXEHEPHOM CJIaBbl», HO W 3aday «I0-
MyJAsIpU3alii UHXEHEPHOTO 00pa30BaHUS»
(c. 11.), nockonbKy NOTPEOHOCTH B HEM MOCTIEe
JTOJITOTO MAIeHUsI C HEU30EXKHOCTBIO PACTET —
U 3T0 HagoJiro. CMOXKET JI BCE TTpeICTaBIeH-
HOE aBTOPOM TTOBECTBOBaHMSI — Ouorpaguye-
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CKHUI1 MaTepuasl UCTIAHCKOTO Mepuoaa, onu-
canHblie ImutprieM Ky3He110BbIM XKU3HEHHbBIE
KOJUIM3UM Teposl Ha ero BTOPOUl poauHe,
BecbMa Ooratasi pakTosorus — npooyIuTh pU
YTEHUU YEl-TO MHTEPEC HACTOJBKO, YTOOBI
CONIEMICTBOBATh MOMYJISIPU3aTOPCKON MUCCUU
KHWTH, CIIpalllMBaTh, pa3yMeeTcsl, He TIPUX0-
nuTcst. OHAKO B TAKOM «He3alaHHOM» BOTTPO-
Ce KaueCTBEHHasl CTOPOHA COMIEPXKAHUS CaMO-
ro MpPOU3BEACHUSI, HECOMHEHHO, 3aTPOHYTa
1 000TH €€ MOJTYaHUEM OBbLIO ObI HECTIPABE/I-
JIUBO.

C 3TOli TOUKU 3peHUs1, BAXKHO 3HATh, UTO 10
cux nop ums ABryctrHa ie berankypa okpyxke-
HO MHOTMMU 3arajikaMu, 1 Kak pa3 aBTop KHU-
T TIOTIBITAJICS Pa3rafiaTh XOTsl Obl HEKOTOPBIE
W3 HUX, UCTIONB3YS MOPOI, MO CYTU, NETEKTUB-
HbIE METOIBI PACC/IETOBAHKS U ITPOBO/IST HEMTPO-
CThIE (a moIyac, HaBepHoOe, Y TOHYAIIUe) ap-
XMBHBIE U3bICKaHUsI. XapaKTep cCOOpaHHOTO
nucareieM-uccieoBareieM MaTepyaia B U3-
BECTHOI Mepe MpeAoIpeae/ NI HECTAaHAAPTHBIN
KOMITO3UIIMOHHBIN X0l — CBOOOIHASI, HE CBSI-
3aHHAas1 HA XECTKOM XPOHOJIOTUEH, HU JJIOTUKOW
COOBITUM WM KaTaKJIU3MaMU YeJTOBEYECKUX
CTpacTeil mociea0BaTeIbHOCTD IV1aB, TMILIEHHAS
cioxeTHoi nHTpuru. [IpudéM rinaB cBepXKpaT-
KUX, B CPeAHEM ITPUMEPHO MO 1,5 cTpaHUIIbl —
apupmeTrKa rpocra: 449 ctpanni Ha 310 T1aB.
KoHueHTpar (akToB, JaAKOHUYHOCTb OLIEHOK,
MUWHUMYM JAUAJIOTOB (MOHOJIOTOB) JEHCTBYIO-
X JINIL.

CKynoCTb Xy0>KECTBEHHbBIX CPEJICTB, BITPO-
YyeM, BITOJIHE KOMITIEHCUPYETCSI OOUTUEM COObI-
TUITHO-AeJIOBOM MH(bOPMaLUM, Kacatollencs
ouorpaduu beraHkypa, a TakKe nepeMexaro-
IIMXCST UMEH, (DAKTOB, COOOLIEHUIA, TOKYMEH-
TOB, KOTOPBIE CO3IAI0T JOCTATOYHO MOJIHYIO
KapTuHy amoxu Anekcanapa I u peanbHoM
Cpeibl OOLLEHM S, AeITENbHOCTH, TUYHOM K13~
HU TJIaBHOTO TiepcoHaxa KHuru. [1pu Bceit
(bparmeHTapHOCTH CozepXKaTebHOM KaHBbI
YUTATEIU BMECTE C TepoeM HaOMIOIAI0T HPaBbl
TOCYIapCTBEHHBIX YNHOBHUKOB (Cpe/iv HUX B Te
rojibl, HaJ0 3aMeTUTh, ObLT OCOOEHHO BEIUK
MPOLIEHT MHOCTPaHLIEB), 'yOEpHATOPOB, BUIST
TPUBBIYHBIC BPEMEHU TIOSIBJICHUST KOPPYTILINH,
CYTb U TTOCJIEACTBUS TTOJIUTUYECKUX MHTPUT,
KOHKYPEHTHOIH 00pHObI 32 PYKOBOISILINE KPeC-
ja. To ecTb uctropudeckuii GoH coxpaHseT
ONpeAeEHHYIO LIEJTbHOCTh, a OHA, B CBOIO OYe-
pelb, MOMOTaeT MOHATh OOYCIOBIEHHOCTh
JIeCTBUIA, TTOCTYNIKOB, HEOOBIYHOCTb CaMOIi
JIMHUY MTOBEJCHUS YeJTIOBEKA, B IIITUIECATIIET-



HEM BO3pacTe PelMBIIEeTOCs MOABEPTHYTh
PUCKY ce0sl, CBOIO CEMbIO, TTPO(ECCHOHATEHYIO
pETyTaInio B COBEPIIIEHHO YyKO CTpaHe.
[MpornsapiBaroiast 3a BCEM 3TUM BO3MOX-
HOCTb OLICHUTb, OOBSICHUTh KHUKHYIO (hadyty,
TTOBEPUTH aBTOPCKUM BEPCHSIM, OECCTIOPHO, HE
MOXeT He MPUBJIEKATh YMTAIOIIYIO TTyOJIUKY.
W Bpsi 1 KOTO-TO CMYTST YK€ OTMEUEHHBIE
¢parMeHTapHOCTh/IPOOIEHOCTH B IOBECTBOBA-
HWU, OTCYTCTBUE B HEM TPAIUIIMOHHBIX JUTS
0OJIBIIIOTO TIPOU3BENCHUSI BEX-OPUEHTUPOB
(4acTu, pasaesibl, KpyIHbIE TJ1aBbl). JINUHO MHE
TIPECTaBIISIETCS] TTPaBUILHBIM BOCITPUHUMATD
¢ yuétoM aToro KHury Ky3HelioBa Kak HEKYIO
XPOHUKY XW3HU reHepana beraHkypa (BCro-
MHUM Padasnsg CabaTtuHu, MeXy MpoYnM,
TOXE MCIaHIla, U ero «XpOHUKU KaluTaHa
bnana», coctosiBilve U3 nByX KHUT). Bo Bcsikom
cilyyae HUYTO, MoJjiaraio, He MelllaeT HaMm U3
pa3HbBIX MAJEHBKUX CIOKETOB B YIOOHOMW ISt
ce0s TIocTIeIoBaTeIbHOCTH PUCOBATh TOPTPET
Teposi B MHTEPhepe IBYXCOTIETHEH TaBHOCTH.
Kazknast iiaBka «XxpoHUKW» MHTEPECHA CBO-
VMU JIETAJISIMU, KOTOPBIE TIOTOM CKJTa/IbIBAIOTCST
B CBOEOOpa3Hyl0 pa3HOMACTHYIO MO3auKYy.
Hamnpumep, B ToM MecTe, T/ie paccKa3bIBaeTCst
o noanucaHuu AnekcanapoM I maHudecta
o coznanuu Kopryca u THCTUTYTa MHXKEHEPOB
IyTeli COOOIIEHMSI, TIOOOMBITHBI COITYTCTBOBAB-
1IMe TeM IaraM KpUTepuu W 3aJaHHOCTH,
YCJIOBUSI TIpMEMA Ha BaKaHTHBIE TTOCTHI, TIPU-
3HaHME KaTacTporuecKoii HEXBaTKN MHXKEHE-
poB-TyTeieB. YupexaeHHsiii Koprryc npemy-
cMatpuBai 193 nosKHOCTH, BKIIOYAst TPEX re-
HEpaJIOB-MHCITEKTOPOB, NEeCITh HAYaJIbHUKOB
OKPYTOB TTyTeli cooOLIeHusI, 35 TPOUIbHBIX
IMPEeKTOPOB, a Takxke 30 nHxkeHepos | Kiacca,
45 — II xnacca, 70 — 111 xmacca (c. 104). Uro
kacaercst iHcTuTyTa, TO razeta «Cankr-ITetep-
Oyprckue BemoMocT» 9 ceHTs0pst 1810 roma
coo0111a1a, YTo OH MPU3BaH 3aHSATh BHICOKOE
TIoJIoKeHUe B cpepe oTeuecTBEHHOTO 00pa3o-
BaHUs: «Ha3HaueHHBIN MHCIIEKTOP HOJDKEeH
COOTBETCTBOBATh YMHY TeHepa-JIeTeHaHTa,
aIMpeKTop He HIKe reHepaii-Maiiopa. [Tpodec-
copa JIOJDKHBI UMETh YMH He HIDKe Maiopa,
CMOTPUTEJTh MACTEPCKUX M SKOHOM YMH KaIlu-
TaHa. BocnmutaHHMKaM e pUCBanBaeTCs YMH
npanopiukoB. Takum oOpa3oM, MyHIUP UH-
CcTUTyTa OyIeT BOUHCKUM» (c. 107—108).
[TpumeuaTenbHas IeTab: B TIEPBOM BBIITY-
CKe MHCTUTYTa BecHoii 1813 roma u3 mectHa-
JIIIaTH HOBOMCTIEYEHHBIX WHXEHEPOB ITyTei
COOOIIIeHUST TBEHAIATh ObUTM YYaCTHUKAMU
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BopomuHckoro cpakenusi. Cpert OHBIX 3Ha-
yuicst U Anekcanip CTporaHoB, HO He oKa3a-
Jiock Jiobumoro yueHuka berankypa Cepres
CrporaHoBa, KOTOpBIi yiins n3 alma mater Ha
noJjist OTedyecTBEHHOM BOiHBI U npoliast bopo-
nmHOo, CMoneHcK, TapytrnHo, noiins B 1815 ro-
ny no IMapuka, yxe He BEpHYJICS Ha «ITyTH CO-
001LIeHYS» U U30pal UHOM MyTh — OPraHU30BaJl
CITYCTSI IECSITh JieT B MOCKBE TIEpBYIO POCCHIA-
CKYIO PHUCOBAJTBHYIO IIIKOJIY, TIOJIOXKUIT HAavyaio
TIPOMBIIIITIEHHOMY JTM3aiiHy B cTpaHe. U cero-
JTHST OCHOBaHHOE MM YHUKaJTbHOE y4eOHOe 3a-
BeJieHWe HOCUT ero (amminio: MocKoBcKast
TOCYIapCTBEHHAs XyJI0KEeCTBEHHO-TIPOMBIIII-
neHHas akagemus uM. C. I. CtporaHoBa
(c. 247-248).

Hewmaro ynensist Mecto o0pa3oBaTeIbHOM
nesitenbHOCTH betaHKypa, KOHEYHO, HeNlb3sT
OTOIBUTATh Ha BTOPOU IIAH €r0 OCHOBHBIE
00513aHHOCTH — YIIPABJISITh BOISTHBIMU U CYXO-
MMYTHBIMU COOOIIEHUSIMU, KOMUTETOM JIISI
CTPOCHUIT ¥ TMIPABINYECKUX PaboT.

Kaxnast ouepenHas ciyxeOHasi TToe3aKa
JlaBajia reHepajty MpuMepbl pa3HOTO TOJIKA — OT
CaMOTO HACTOSIIIIETO BOCXUIIIEHNSTI HEKOTOPBI-
MU THJAPOTEXHUUYECKUMU COOPYXKEHUSIMU
(1wtt0361 MaprMHCKOTO KaHasa) 10 HepamocT-
HBIX 3aKJIIOUEHUI O COCTOSTHUM OOJTBIITMHCTBA
WHXXEHEPHBIX O0BEKTOB BOIHOW CUCTEMBI,
CBSI3bIBAIOIIICH cTONUILy ¢ pekoit Bosroit. [Tpu
5TOM IO X0y OCMOTpa JIBeHAIIIaTh He3aBep-
MEHHBIX cTpoeK beTaHkypa, Kak 1 ero BbICO-
KOITOCTaBJIEHHOTO KOJUIETY, OOJIbIlle BCETO
MOpas3uay BOIUIONIME 3JI0yNOTPEOIeHUS
1 B3SITOYHUYECTBO HA BCEX YPOBHSIX aMUHU-
CTpaTUBHOTO yrpasieHus. X coBmecTHast
JIOKJTaHasT 3amicka KOHCTaTUpoBaia: «371ech
MOTIJIM 32 B3SITKY TPOIYCTUTh Bcero 40—50
JIOJIOK, 3afepxkuBas nporyck 500—600 cynos,
YTO CIIOCOOCTBOBAJIO B HAXKMBE KPYITHBIM CIIE-
KYJISTHTaM, KOTOpbIE YMEJIO TMOBBIIIATN WU
TIOHVXKAJIM 1IEHBI Ha MPOAYKTHI W TOIIJIMBO»
(c. 81-82).

CrycTs 111eCTb JIET Iocjie puobITHS B Poc-
cuto beraHkyp B mucbMe pogHOMY OpaTy Xoce
COOOIIIAET O CBOMX JIOCTVKEHUSIX M Harpaaax
(B TOM 4mCJie O BpyYeHUM €MY BBICIIIETO TOCY-
napctBeHHOTO opreHa CB. AHnpest [TepBo3BaH-
HOTO) 1 Ha3bIBA€T HEKOTOPBIE OCYIIIECTBIEHHBIE
WM TIPOEKTHI: «$] CIIPOEKTUPOBAI MAIIIMHY JIJIsT
ouncTku KpoHinraarckoro nopra, e€ yepTexku
TbI BUJIEN, KOra sl paboTai Han Heit B [Taprike.
[Momyunnock HACTONBKO BETMKOJIEITHO, YTO 3Ta
Jipara Kaxable JBe MUHYTHI TOCTAET OIHY KyOu -
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YEeCKyIo Bapy IpyHTa ¢ niyouHsl B 20 ¢byToB.
51 mocTpomn HECKOJIBKO AEPEBSIHHBIX MOCTOB.

TMocnenHuii 13 HUX TOJIBKO YTO 3aKOHYEH, 1 €TO
YepTEX, CACTaHHBI MHOIO MEPOM, MOCHLIAI0
Tebe ¢ ApaycoM. A MoJIHOCTHIO OOHOBWIT JIUTE-
HOE JIeJIO Ha OPY>KEeHHOM 3aBOJIe U Cliena eme
MHOTO JieJ1, KOTOpbIE MTPUIILTOCH OBl AOJTO Te-
peuncisaTh» (c. 269).

Llenblii OTAEABHBIN MUIACT TPOdeCCUOHATb-
HOI esiTeJTIbHOCTU CBsI3bIBaNI betaHKypa ¢ pe-
KoHcTpykiueit Ilerepoypra. C npugaHuem
MMIIEpaTOPCKUM YKa3oM emy elé u Komutera
JUTSI CTPOEHUIA U TUAPABINYECKUX paOOT ropof-
CKasl 3aCTpoyiKa cTajla OCYIECTBISTHCS UCKITIO-
YUTEJIbHO KOMIUIEKCHO, C YYETOM HE TOJIBKO
€IMHOTO apXUTEKTYPHOTO PEIIeHMsI, HO U BCEX
BUIOB MHXKEHEPHBIX KOMMYHUKalnid. Komurer
YTBEPKIaJI MPOEKTHI JIIOOBIX HOBBIX SKMJIBIX
1 OOIIECTBEHHBIX 3aHUI, KOHTPOJIUPOBAI
CaMo CTPOUTEBCTBO, CO3IaHUE MOCTOB, Habe-
PEXHBIX U TPOTYapOB, CIEAU 3a TOPOACKUM
BOIOCHAOXKEHVEM U KaHau3auei. Crelpaib-
Hasi KOMUCCHSI TIPOEKTOB U CMET OLIEHUBAJIA UX
5KOHOMMYECKYIO LIEIECO00Pa3HOCTh, HAYMHAS
OT TIOCTPOWKY MPUCTAHEH 1 TTPUIAJIOB 1 3aKaH-
Y1Basi BO3BEIEHUEM XPaMOB 1 BBITTYCKOM ITapo-
BBIX MAILIMH, CTAHKOB ¥ HACOCOB (c. 286—287).

BykBanbHO ITPpHUXaMU €111I€ HECKOIBKO BEX
OeTaHKypOBCKOI Ororpaduu.

Hacrynaet nopa nepexona oT TPYHTOBBIX
JIOPOT K IIocCeHBIM. KpyIHbIe rocy1apcTBeH -
HbIE JIOPOTH TIOJTHOCTHIO OTIAIOTCSI BEMOMCTBY
nyTei coodieHus, u beraHkyp nepsbiM B Poc-
CHU BBOAUT OCOOBIN cOOP (MO CYTU, TOPOXKHBINA
HaJIor) Ha UX coiepxKaHue — 25 KOIl. C peBU3-
CKOI Iy11IM, UCTTOJIb3Y$1 CBOI ONbIT B MicmaHuu,
TJIe OH OBUT KAKOE-TO BPeMsI IJTaBHBIM MHCTIEK -
TOPOM ITyTel COOOILIEHUSI.

Ocenblio 1820 rona, korga B mEpBhIit peiic
no HoBoMy 1nocce IleTep6ypr—MockBa OT-
MPaBWJINCH JBa TUJIMXKAHCA, a caM O0BEKT
MPU3HAJIN BBIIAIONIMMCS He ToJIbKko B Poccun,
Ho u B EBporne, Bopy ObLJ10 OTMEUYAaTh Cepb-
€3HbII ycreX OTeYECTBEHHOW WHXEHEePHOU
IIIKOJIBI, Y UCTOKOB KOTOPO# cTostt MHCTUTYT
Kopnyca nH:xxeHepoB nyTeit coodieHust. Ero
YYEHBIM M MTUTOMIIAM MPUIIIOCH BIIEPBBIC
CTOJIKHYTBCSI ¢ TIpoOJieMaMU BO3BEICHUS
3eMJISTHOTO MOJIOTHA Ha 00JI0TaX, YCTPOKCTBa
MOCTOB M TPyO OCyIIeHUEM 3a00J0YeHHBIX

MecT. B pesynbraTe B «[IpaBuiia 1o mpousBoI-
CTBY pabOT» ObLTH BBEIEHBI KaK 00sI13aTeTbHbIC
TPU CTAIUM IPOEKTUPOBAHUSI: OOIINIA TPOEKT,
HOPMaJTbHBIN TTPOEKT, UCTIOTHUTETbHBIHI TIPO-
€KT, YTO BITOJIHE OTBEYaeT COBPEMEHHOM
CTaIUIHOCTH TTPY BBHITIOJTHEHUY aHAJIOTUIHBIX
3aaa4 (c. 387, 389).

BecbMa KpyITHBIM ITPOEKTOM JazKe TTpruMe-
HUTEIbHO K MaclilTabaM 3a00T reHepana be-
TaHKypa cJeayeT CUYUTATh CTPOUTEIHbCTBO
Hwuxeropoackoit sipMapku, JAJWBIIEeCS
¢ 1817 ropa no KOHLIA XU3HU Tepost (U 3TO
B KHUTE OT/IeJIbHAsI, pa30pBaHHAst BO BpEMEHU
HUCTOpUS — B He€ Hal0 BHUKATh CO BCEMM T10-
NpOoOHOCTAMMU). JIF0OOTBITHA, OAHAKO, TIOITYT-
Hasl IeTaib U3 pa3psiaa TeX, YTO XOTb KaK-To,
HO MOTYT BBbIIaTh HACTPOCHUSI TeHepaia-1Iy-
Teiilla OTHOCUTEIHLHO HACTyMAIOIIei 3MoXu
mapoBo3a 1 napoxopa. Yyxe3eMHbIe MOIETN
MMapOBBIX MAIlIMH M KeJIE3HOW MOPOTU TOTIA
yxe crosuii B My3ee MHcTutyTa (. 247). U BOT
betankyp, cobupasichk Ha CTpoiiky B HrkHuUi
Hosropon BmecTe ¢ ceMbEit, TojydaeT mpuria-
IeHWe TPOoCiIe0BaTh 4YacTh MapuipyTa
(mo Hlnuccennbypra) Ha nupockade, cyaHe
C MapoBOI MAILLIMHOM — MPUYEM Cpa3y Ke C pa-
JIOCTBIO IIPUHUMAET MpepioxeHue (c. 369—
371). YBBI, IpsIMOTO OTBETA HA TPOBOKAIIMOH-
HBI BOTIPOC B KOHTEKCTE KHUTW HAMTH HE
ynaércs. Tak v jaBaiiTe COYTEM 3TO OCTaBILIEH -
¢Sl MaJleHbKOM 3aragkoit. I mputom abCcooT-
HO 6€300UTHONA.

3aTo, 3aroBOpUB O 3arajgkax, ImojayJyaem
MOBOJI BEPHYTHCS K CIOXKETY cepbe3HoMy. He 10
KOHIIa pa3raiaHbl, CKJIOHHBI AyMaTh MHOTHE,
MPUYMHBI TPAHIMO3HOTO TI0XXKapa HAIpOTUB
MockoBckoro Kpemurs B 2004 romy, korma or-
HEM criaymmio MaHexX — 3aMedaTe/TbHOe apXu-
TEKTypHOE Y MHXKEHEPHOE TBOPEHME ABTYCTH -
Ha e betankypa. C onucaHusi 3TOro Tparnye-
CKOro COOBITHSI, COOCTBEHHO, OMOrpachuIecKoe
IMOBECTBOBaHWE W HauMHaeTCs (IIepBbIe TPU
raBbl — ¢. 15—20). ABTOp KHUTHU Aaxe OepeT
CMEJIOCTh YTBEPKIATh: UMSI €r0 TepOosT BEPHYJT
oroHb. He 3Hato, He 3Hato... [IpoBepsTe CTOND
OPOCKYIO BEPCUIO CaMMU.

IOpuii BTIAJIMMUPOB,
Kanauaat punocodckux Hayk,
Mocksa, Poccus @

KoopanHatel aBTopa: Bnagumupos 0. B. — mirtr@mail.ru.
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CHRONICLE OF GENERAL BETANCOURT

ABSTRACT

The book tells the story of life of
a Russian subject from the Canary
Islands, a Russian Spaniard
Augustine Betancourt — a scientist,
an engineer, architect, and chief
director of transport of the Russian
Empire. Being in the public service
atthe court of Alexander | for the last
sixteen years of his life and being in
the rank of general, occupying a
ministerial post, he managed to do

Kuznetsov, D. I. Betancourt. Moscow, Molodaya gvardia publ., 2018, 472 p. Life of
remarkable people: biographic series; issue 1720. — ISBN 978-5-235-04094-6.

a lot, carried out many large-scale
and extremely important projects for
the country. Thanks to him, the
Corps of Railway Engineers and the
Institute of the Corps of Railway
Engineers were created — the first
higher education institution in
Russia that trained engineering
personnel of the European level
since 1810 and thus marked the
beginning of the domestic system
of engineering education and of
higher transport education.

Keywords: transport history, engineering education, Betancourt, biography, Institute of the
Corps of Railway Engineers, transport construction, architectural and construction projects,

inventions.

First of all, it should be noted that the book,
published in the popular and long-standing
biographical series «Life of remarkable
people», is not by chance preceded by a
message to readers and the preface written by
the rectors of two respected universities —
Peter the Great St. Petersburg Polytechnic
University, academician of the RAS A. I. Rudsky
and Emperor Alexander | St. Petersburg State
Transport University A. Yu. Panychev.

The former in his address to the readership
considers with good reason Augustine de
Betancourt to be the creator of the Russian
system of higher engineering education. And
the point is not only that the starting point for
this was signing in 1809 (210 years ago) by
Emperor Alexander | of the Highest Manifesto
on organization of the Corps of Railway
Engineers, and of the Institute headed by
Lieutenant General Betancourt, but also that
the «Russian Spaniard» striving for innovative
practice-oriented training, proclaimed the goal
«to provide Russia with engineers who, right at
the exit from the institution, could be assigned
to perform all the work in the Empire» (p. 6). In
confirmation of unfoundedness of such
promising approaches, academician Rudsky
cites a case, characteristic of his university:
when classes began in 1902, about half of the
technical department teachers turned out to
be graduates of the Institute of the Corps of
Railway Engineers. That is, in other words, for
almost a whole century, the brainchild of
Betancourt continued to be the main «forge of
personnel» for mathematical, physical-
technical, construction, all kinds of applied
schools and the fields of road-transport,
industrial and military engineering activities.

By the way, looking ahead, it is worth
remembering that it was a student of Betancourt
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and a graduate of the Institute of the Corps of
Railway Engineers, namely A. A. Rosenkampf,
who after having received an excellent practice
in the Committee for structures and hydraulic
works (it was also headed by the general), was
subsequently appointed director of the Moscow
craft school (1837), that was created following
the progress of steam engines and railways. The
craft school then gave birth to future Moscow
Higher Technical Schooln.a. N. E. Bauman, now
Moscow State Technical University, known
throughout the world (pp. 385-386).

Rector Alexander Panychev, the author of
the second introductory text of the book, is
directly related to the past and to the present
of Betancourt’s main brainchild, because
Emperor Alexander | St. Petersburg State
Transport University (although the names
changed for several times over two hundre
yeasr) is the successor to the Institute of the
Corps of Railway Engineers. While enumerating
the merits of the founder of the university, his
projects, scientific and technical ideas, our
contemporaries pay tribute to Alexander |
whose name now bears the educational
institution and who, in fact, gave Betancourt
the opportunity to creatively act for the benefit
of the reforms being carried out in the country
and who tried to persuade the public to share
a completely trivial idea about the urgent need
to train railway engineers who were able to
combine the knowledge and experience of
mechanics, builders, geophysicists, architects,
to use the latest methods and technologies in
construction of bridges, roads, canals, ports.

Itis indicative that reading of the book and,
naturally, its content are perceived, if we judge
by the comments in the preface, in the context
of not only «returning the name of Betancourt
to the pantheon of Russian and world



engineering glory», but also through the tasks
«to popularize engineering education» (p. 11.)
since the need for it after a long fall inevitably
grows — and this is for a long time. There is no
need to ask whether all the narrative presented
by the author — the biographical material of the
Spanish period, the hero’s life conflicts in his
second homeland, rich factology will be able
to awaken someone’s interest to contribute to
the book’s popularization mission. However,
such an «unasked» question touches upon the
qualitative aspect of the content of the book,
and it would be unfair to bypass it with silence.
From this point of view, it is important to
know that until now the name of Augustine de
Betancourt is surrounded by many riddles, and
the author of the book tried to solve at least
some of them, using sometimes, in fact,
detective methods of investigation and
conducting difficult (and sometimes, probably,
the finest) archival research. The nature of the
material collected by the writer-researcher to
a certain extent predetermined a non-standard
compositional course — a free, unrelated
sequence of chapters, devoid of plot intrigue,
neither a rigid chronology, nor the logics of
events or cataclysms of human passions. And
the chapters are super-short, on average
about 1,5 pages — the arithmetic is simple: 449
pages for 310 chapters. They focus on
condensed facts, laconic evaluations, a
minimum of dialogues (monologues) of actors.
The stinginess of artistic means, however,
is quite compensated by the abundance of
event-business information regarding
Betancourt’s biography, as well as alternating
names, facts, messages, documents, which
create a fairly complete picture of the era of
Alexander | and the real medium of
communication, activities, personal life of the
main character of the book. For all the
fragmentary content of the canvas, the
readers, along with the hero, observe the
mores of government officials (among them in
those years, the percentage of foreigners was
especially large), governors, they see the usual
times of governing corruption, the essence and
consequences of political intrigues, and the
competition for leadership positions. That is,
the historical background retains a certain
integrity, and it, in turn, helps to understand
the conditionality of actions, deeds, the
singularity of the very line of conduct of a
person who being fifty years old decided to put
at risk himself, his family, professional
reputation in a completely foreign country.
Looking through all this, the opportunity to
evaluate, explain the book plot, to believe the
author’s versions, undoubtedly, cannot but
attract the reading public. And it is unlikely that
someone will be confused by the already noted
fragmentariness/fragmentation in the
narrative, the absence of milestones (sections,
chapters, major chapters) that are traditional
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for a large work. Personally, it seems to me
correct to take into account this book of
Kuznetsov as a certain chronicle of the life of
General Betancourt (remember Raphael
Sabatini, by the way, is also a Spaniard, and his
«Chronicles of Captain Blood», consisting of
two books). In any case, nothing, | suppose,
prevents us from using different small plots in
a convenient sequence to draw a portrait of the
hero in the two hundred years old environment.

Each chapter of the «chronicle» is interesting
for its details, which then add up to a kind of
variegated mosaic. For example, in the place
where Alexander | signed the manifesto on
creation of the Corps and the Institute of Railway
Engineers, the criteria and assignments
accompanying those steps, the conditions for
admission to vacant posts, the recognition of
the disastrous shortage of railway engineers are
curious. The established Corps provided 193
posts, including three generals-inspectors, ten
district chiefs of railways, 35 specialized
directors, as well as 30 engineers of class |,
45 - of class Il, and 70 — of class lll (p. 104). As
for the Institute, the newspaper St. Petersburg
Vedomostion September 9, 1810, reported that
it was called upon to occupy a high position in
the field of national education: «The appointed
inspector must correspond to the rank of
lieutenant-general, and the director is not lower
than the major general. Professors must have
a rank not lower than a major, a caretaker of
workshops and a manciple should have at least
the rank of captain. Students are given the rank
ofensigns. Thus, the uniform of the institute will
be military» (pp. 107-108).

Noteworthy detail: among the first
graduation of the institute in the spring of 1813,
of sixteen newly graduated railway engineers,
twelve had participated in the Battle of
Borodino. Alexander Stroganov was also
among those, but there was no favorite student
of Betancourt Sergey Stroganov, who left alma
mater to the fields of the Patriotic War and
passed Borodino, Smolensk, Tarutino, having
reached Paris in 1815, did not return to the
«railways» and chose another way — he
organized the first Russian drawing school in
Moscow ten years later, laid the foundation for
industrial design in the country. And today, a
unique educational institution founded by him
is named after him: Moscow State Stroganov
Academy of Design and Applied Arts (pp.
247-248).

Paying much attention to educational
activities of Betancourt, of course, one cannot
overshadow his primary responsibilities — to
manage water and land communications, a
committee for structures and hydraulic works.

Each regular business trip gave the general
examples of various kinds — from real
admiration of some hydraulic structures
(gateways of the Mariinsky Canal) to sad
conclusions about the state of most of the
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engineering objects of the water system
connecting the capital with the Volga River. At
the same time, during inspection of twelve
unfinished construction projects, Betancourt,
like his high-ranking colleague, was most
affected by flagrant abuse and bribery at all
levels of administrative management. Their
joint memorandum stated: «Only 40-50 boats
could be processed for a bribe here, delaying
the pass of 500-600 ships, which contributed
to the profit of large speculators who skillfully
raised or lowered the prices of products and
fuel» (pp. 81-82).

Sixyears after arriving in Russia, Betancourt,
in a letter to his brother Jos, reports on his
achievements and awards (including the award
of the highest state order of St. Andrew the
First-Called) and names some of his projects:
«| designed the cleaning machine for the port
of Kronstadt, you saw its drawings when
| worked on it in Paris. It turned out so great
that this dredge every two minutes takes one
cubic vara of soil from a depth of 20 feet. | built
several wooden bridges. The last one has just
been finished, and | am sending you a drawing
with my pen to you with Araus. | completely
updated the foundry business at the weapons
factory and did many more things that | would
have to enumerate for a long time» (p. 269).

A whole separate layer of professional
career connected Betancourt with
reconstruction of St. Petersburg. With the
imperial decree imparting to him also the
Committee for structures and hydraulic works,
urban development began to be carried out
exclusively in a comprehensive manner, taking
into account not only a single architectural
solution, but also all types of engineering
communications. The committee approved the
projects of any new residential and public
buildings, supervised the construction itself,
the creation of bridges, embankments and
sidewalks, followed the urban water supply and
sewerage. A special commission of projects
and estimates assessed their economic
feasibility, ranging from the construction of
marinas and moorings and ending with the
erection of temples and the production of
steam engines, machine tools and pumps
(pp. 286-287).

A few more milestones of Betancourt’s
biography can be described as follow.

It is time to go from dirt roads to highways.
Large state roads are completely given to the
department of communications, and
Betancourt is the first in Russia to introduce a
special tax (in fact, a road tax) on their
maintenance — 25 kopecks from the auditor’s
soul, using his experience in Spain, where he

was for some time the chief inspector of
communications.

In the autumn of 1820, when two stage-lifts
set off for the first voyage on Petersburg-
Moscow highway, and the object itself was
recognized as outstanding not only in Russia
but also in Europe, it was time to celebrate the
serious success of the national engineering
school, originated from the Institute of the
Corps of Railway Engineers. For the first time,
its scientists and students had to face the
problems of building a road bed in swamps,
building bridges and pipes by draining
wetlands. As a result, in the «Rules for
production of works» three design stages were
introduced as mandatory: a general project, a
normal project, an executive project, which
fully corresponds to the modern stadiness
when performing similar tasks (pp. 387, 389).

The construction of the Nizhny Novgorod
Fair, which lasted from 1817 until the end of
the hero’s life (and this is a separate story torn
in time, that should be considered in detail)
should be considered as a very large project
even in relation to the scale of General
Betancour’s concerns. Curious, however, is a
passing detail from the category of those that
at least somehow, but may give the mood of a
general-railway engineer concerning the
coming era of a steam locomotive and
steamboat. Foreign models of steam engines
and railways stood already in the museum of
the Institute (p. 247). So Betancourt, going to
the construction site in Nizhny Novgorod with
his family, receives an invitation to follow part
of the route (to Shlisselburg) on the pyroscafe,
on a ship with a steam engine — moreover, he
gladly accepts the offer (pp. 369-371). Alas,
a direct answer to the provocative question in
the context cannot be found. No, and let’s
consider it to be a remaining little mystery. And,
moreover, absolutely harmless.

But, having started talking about riddles,
we get a reason to return to the serious plot.
Many are inclined to think, the causes of the
grandiose fire in front of the Moscow Kremlin
in 2004, when the Manezh burned down with
fire — a remarkable architectural and
engineering creation of Augustine de
Betancourt, are not fully resolved. With the
description of this tragic event, the biographical
narrative itself begins (the first three chapters,
pp. 15-20). The author of the book even takes
the courage to argue: the fire made the name
of his hero popular once again... | shall not
comment on that. Check out such a catchy
version you

Yuri V. VLADIMIROV,
Ph.D. ®
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AUCCEPTALUA

Selected abstracts of Ph.D. theses
submitted at Russian transport universities
(aHrn. rekct — English text — p. 265)

Booposa B. . YUncieHnblii METO pacyéTa MmoJIOrHX
0001049€K HA IMHAMUYECKHE Bo3/ieiicTBUs / ABTOped. auc...
KaHJ. TexH. Hayk. — M.: PYT, 2018. — 19 c.

B nuccepraiimm npenjiaraeTcsi airOpuTM pacuéra
MOJIOTUX 000JI0UEK Ha TMHAMUYECKUE BO3ICCTBHS Ha
OCHOBE 00OOIIEHHBIX YpaBHEHU MeTOla KOHEYHBIX
pasHocteit mpod. P. ®@. Ta66acosa. [1o cocTaBieHHOMI
METOJIMKE MOJArOTOBJeHA IporpaMma pacuéra Ha DBM,
MpoBe/ieHa e€ anpodaliust Ha pellieHuu psiia TECTOBBIX
3a7a4 U MOJIyYeHbBI Pe3yJIbTaThl 10 HOBBIM BapuUaHTaM,
KOT/Ia IPEIMETOM BBIYMCIICHUIT CTAHOBUTCS COCTOSTHUE
TMOJIOTUX 000JIOUEK IO/ ICUCTBUEM PA3TUYHBIX BUIOB
NUHAMUYECKUX HArPy30K C Pa3IMYHBIMU KPAaeBbIMU
YCJIOBUSIMU (@ TAKKE COUETAaHMSIMH ITUX YCIIOBHIA).

Paboma evinoanena 6 Hayuonanvhom uccaedosamens-
ckom Mockoeckom 2ocy0apcmeeHHoM CmMpoumensbHoOM
YHugepcumeme.

Boiiko C. I1. MozaemmpoBanue 1 nobimenue 3¢ dexTus-
HOCTH (hyHKIMOHNPOBAHKSI cCaMOpereHepupyonmxcst pusT-
POB B CMA30YHBIX CHCTEMAX CYIOBBIX Iu3elneii / ABToped.
JIAC... KaHI. TeXH. HayK. — BinaauBocrok: MI'Y um. aam.
I'. 1. Hesenckoro, 2018. — 26 c.

Pazpaborana Moziesb TBYXCTYTIEHYATOrO (DUIIBTPOBa-
HUSI Maciia yepe3 MOPOBYIO CTPYKTYPY CIIOKHOI KOH(Ury-
paluuy ¢ BHEUIHMM W BHYTPEHHUM 3a[epPXUBAIOIIUMU
Y4acTKaMU, MO3BOJISTIOIIAS C BBICOKOM TOUHOCTBIO PACCUM-
THIBaTh TOHKOCTb, (hPAKLIMOHHBIE KOI(MOULIMEHTHI U IO~
HOTY OTCeBa TKaHbIX (DMIBTPOBBIX CETOK MOJOTHSIHOTO
neperuiereHust. [IposeneHa uneHTrduKaims 6e3pasmepHoii
KOOPIMHATBI OTCEBA, YTO IAET BO3MOXHOCTB IO YITPOILEH-
HOIi CXeMe MOJIeTTPOBATh TCUCHHUE CYCTICH3MH, ITOBBIILICHA
C VICTIOIb30BaHHMEM CITeIIMATbHBIX TAOYIMPOBAHHBIX (DYHK-
LIl TOYHOCTb TEOPETUYECKOM OLIEHKU 3(D(PEKTUBHOCTUA
OYMCTKM Macjia cCaMOpPEreHUpyLIMMHCs (GribTpamMu.
CdopmypoBaHbl mokasarte/iv 3(HEeKTHBHOCTH 1 CO3aHa
MOJieJTb IPOTUBOTOYHOM pereHepaiu. [1peaioxeHbr Ha-
YYHO-TEXHUYECKHE PELICHMSI MO0 COBEPLICHCTBOBAHUIO
koHcTpyKinit CP® u noBbieHno 3G GhEeKTUBHOCTU UX
COBMECTHOM PabOThI C LIEHTPOOEKHBIMU OUUCTUTEIISIMU —
LeHTprdyraMu ¢ HATOPHBIM CJIMBOM U CAMOOYHILAIOIIN-
MUCSI cerapaTopamMmu MPOMBIBOYHOTO MacJia.

Bpaxubiii A. Y. HaBuranuonHasi 0e30nacHoCTh KapaBa-
HA NPU MOPCKUX H OKEAHCKHUX OYKCHPOBKAX ILIABYYHX COOPY-
JKeHuii / ABroped. muc. .. Kanz. TexH. HayK. — BraguBocTok:
MTY um. anm. I'. Y. Heseansckoro, 2018. — 18 c.

B muccepralinoHHOM UCCIIEIOBAHUY OTIPENETIEH YPO-
BeHb MH(POPMUPOBAHHOCTU MPU pa3pabOTKe MPOEKTa
MOPCKOW OYKCUPOBKH ITIaBy4ero COOPYKEHUsI C TIPU3HA-
KaMU «MaJIOMOPEXOTHOTO» 00BEKTAa U MOKA3aHbI TTyTH T10-
BBILIEHUS 3TOK MH(pOpMUpoBaHHOCTU. [IpennoxeHbl
OIIEHKA CTPYKTYPHOUW YCTOMYMBOCTU CHUCTEMBI MOPCKOI
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ABTOpedepaTbl AUccepTaunmn

OYyKCUPOBKM /18 TOA0OHOTO 0OBEKTA [TPU CTALIMOHAPHOCTH
rpoliecca OyKCMPOBKH, a TAKXKE MOJIE/IM OLIEHKM Oe30rac-
HOCTH TUTaBaHWsI TIPY OYKCHPOBKE B paMKax JIMHEHHBIX
MPEIIOIOKEeHU U MOJIETb MeXaHNU3Ma CTa0WIU3aInu
00beKTa B Iosioce MojiokeHus. Pa3paboraH MexaHU3M
BBIOOpA TTOCIIENOBATEILHOCTH MPUOPUTETHBIX PELICHUIA,
obecrieunBatolrx 6e30MacHOCTh MAaHEBPUPOBAHUS OYKCHU-
POBOYHOM CHCTEMbI [IPH PACXOXKICHUM C HABUTALIIOHHBIMU
OIACHOCTSIMU.

Tonosyenko I'. B. MeTopl pecypcHO-BpeMeHHOI ONTH-
MH3ALMH NPOLECCA ONEPATHBHOIO YNPABJIEHUS A3PONOPTOM
B COOIHBIX cUTYausx / ABroped. Juc... KAHI. TEXH. HAYK. —
CII6.: CIIT'Y I'A, 2018. — 22 c.

IIpoBenéHHbII aBTOPOM KOHLIENTYaJIbHBIN aHATU3
MPOLIECCOB B3aMMOJEICTBUS CIIyk0 asponopra U pas-
BuTus [T mo3Bosina 060CHOBAaTh HEOOXOAUMOCTh pas-
pabOTKM MeToJa PecypCHO-BPEMEHHON ONTUMM3ALUU
0uepENHOCTU OTIPABIIEeHUsT BO3AYHTHBIX cynoB (BC)
u rpadukoB paboTel Opuran no TO npu onepaTMBHOM
ynpagieHuu (OY) asporoproM B cOOMHOM cUTyalUH.
[TocTaBneHa 3amava v CO3AaHbI AHATUTUYECKHIE MOJIETU
pecypcHO-BPEMEHHOI ONTUMU3ALINY, YIUTHIBAIOLINE HE
TOJIBKO COCTOSTHME MEHSIIOILIMXCSI BO BpEMEHU PECypCOB,
HO 1 MecrtonosioxkeHne BC Ha nmeppoHe. PaszpaboraHa
HOBasi UMUTALIMOHHAS MOJENb Ipaduka pabot Opuran
TO npu 3amaHHO ouepéaHocTU oTnpabieHuss BC
B LUTATHOU U COOMHON CUTyalMsIX, OTJIMYAIOLLIASCS OT
M3BECTHBIX MOJIE/IEl UCTIOIb30BAaHUEM BEIYUCIUTETbHOMN
cpenbl Mathcad, ynpouiaroonieit Moaudukauuo Kpure-
pueB 3(GhHEeKTUBHOCTU, UCXOMHBIX YCTIOBUI M aJITOPUT-
MOB MOZIETTUPOBaHUsI. MoIenn U METOIbI PEATU3YIOTCS
B AC «KOBPA-2», 4yTo momoraer aBTOMaTU3MpOBaTh
MPOIIECCHl OTIEPATUBHOTO YIPABJICHUST a9POIOPTOBOM
NIeSITEIbHOCTBIO.

3eomwma M. J1.-X. Pacuér u onenka 3ddexruBHOCTH
CHCTEM BHOPOM3OJISIMHN C JIMHEHHBIMU Y HEJIMHEHHbIMM Xa-
pakTepucTHKamMu / ABToped. IuC. .. KaH. TeXH. HAayK. — M.:
PVYT, 2018. — 24 c.

PaspaboTaH MeTos1 pacu€Ta, BbISIBJICHbI 3aBUCUMOCTH
U JaHbl AITOPUTMBI CO3AaHUSI BUOPO3ALLUTHBIX CUCTEM
C HEJTMHEMHBIMU XapaKTePUCTUKAMU (JIOTIOJTHUTEIbHON
OITOPHOI1 CBS3bIO, AeMIM(BEPOM BSIIZKOTO TPEHMSI) C UC-
M0JIb30BaHUEM TepelaTOUHbIX U UMITYJIbCHBIX TEPEX0-
HBIX (DYHKIINI KaK CUCTEM C OJTHOU U IBYMST CTETICHSIMU
cBoOobl. [IpeanoxeH MeTon pacuéra ropu30HTAIbHO-
BpallaTeIbHbIX KOJeOaHUI MaCCUBHBIX TeJ MIPU MPOU3-
BOJIBHBIX KUHEMATUIECKUX BO3IEUCTBUSIX. [locTpoeHBI
aMIUTUTYJHO-YaCTOTHBIE XapaKTEePUCTUKU CUCTEMBbI
¢ IMHAMUYECKUM racutesieM KojiebaHUil KaK CUCTeMbI
C TpeMsI CTETIEHSIMUA CBOOO/TBI METOIOM, OCHOBAHHBIM Ha
BbIOOPE MOPOXKIAIOIINX YPABHEHUIA.

Paboma evinoanena 6 Hayuonanvrom uccaedosamens-
ckom Mockosckom eocyoapcmeeHHOM CmMpoumensbHOM
YVHUeepcumeme.

Kosanés P. A. MeTop! 11 aIr0pUTMBI HHTEJLIEKTYAJIb-
HO# CHCTEeMbl PACTIO3HABAHUS CXeM KeJe3HOI0POKHOMI
ABTOMATHKM U TeJieMeXaHUKH / ABToped. JucC. .. KaHJ. TEXH.
Hayk. — CII6.: IIT'YIIC, 2018. — 16 c.

IIpennoxeHa HOBast MOJIEIIb 11abJIOHA paclio3HaBa-
HUsL, hopManu3ylolasi rpaduyeckoe OnMcaHue MeMeH-




Ta MPUHLMIHUATLHON 35ekTpuyeckoii cxembl ([19C),
TOYEK COEIMHEHU C APYTUMHU 3JIEMEHTAMU U PacIioio-
JKEHUE TEKCTOBBIX aTpUOYTOB. MO/IEb TIO3BOJISIET BIUSITH
Ha aJITOPUTM pacrio3HaBaHusi 6e3 epeodydeH st U u3Me-
HeHMs ero onrcanus. PazpaboraH MeTos morcKa TeKCTo-
BBIX BeIpaxkeHuit [19C u nx kinaccudukamy B COOTBET-
CTBUM C aTpUOyTaMU 3JIEMEHTOB C IPUMEHEHUEM METO/IOB
KJactepHOro aHanu3a. CripoeKTpOBaHa CTPYKTYpHast
cxema cucteMbl pacro3HaBaHus [1DC xkene3HOTOPOKHOIM
aBTOMAaTHKH W TEJIEMEXaHUKH, OMUCHIBAIOLIAsT TIOJHBIN
LIMKJT TIepeBO/Ia TEXHUIECKOW TOKYMEHTAILIMU U3 UCXOI-
HOTO M300paXXeHNUsT pacTPOBOTo hopMara B 3JIEKTPOHHYIO
0OBEKTHYIO MOJICTb.

Kocoix I1. A. Pa3uTe MeTOAMKH pacuéra JETKUX
CTaJIbHBIX TOHKOCTEHHBIX MPoduIieii ¢ npon3BoIbHOI (hop-
Moii nepcopaimu Ha oceBoe cxkatue / ABroped. auc... Kauu.
TexH. Hayk. — M.: PYT, 2018. — 21 c.

YcraHoBJIeHa 3aBUCUMOCTD HECYILEH CITOCOOHOCTU
TOHKOCTEHHBIX TTpoduiiell ¢ HecTaHaapTHOM Tiepdopa-
1Mel IPU OCEBOM CXKAaTUU OT Pa3MEPHBIX MMapaMeTpOB,
KOHGUTypaluuu BbIpe3oB 1 (GopMbl HauaIbHbBIX TEOMET-
PUUECKUX HECOBEPIIIEHCTB, YTO IMO3BOJISIET O0JIee TOUHO
TIpeacKa3arh MpeaebHO OMyCTUMYIO Harpy3Ky. [Toctpo-
€H aJITOPUTM OTPEICTICHUS «9KBUBAJICHTHBIX» TEOMETPHU -
YEeCKUX XapaKTePUCTUK MPOMUIIST pa3HBIX TUTIOPA3MEPOB
C HETMTOCTOSTHHO¥ TI0 UTMHE (POPMOTi ITOTIEPEeYHOTO ceve-
HMSI /151 BBIMUCIICHUSI KPUTUUYECKOM CUITBI TOTEPU YCTOM -
yuBocTH nepdopupoBaHHbIX Npoduieii. [TosydyeHbl
aHATUTUYECKUE 3aBUCUMOCTU, TTO3BOJISIONINE CAENIATh
pacuéT Hecyllel cToCOOHOCTH MephOPUPOBAHHBIX TPO-
(ueii cinoxHoit reomeTpuu.

Paboma evinonnerna 6 Ilepmckom HAUUOHANLHOM UCCAe-
006amenbCKOM NOAUMEXHUHECKOM YHUGepcumeme.

Margeepa . I'. DkoHOMHYeCKOe 000CHOBaHHE NPO-
rPaMM COBepPIIEHCTBOBAHMS OU3HEC-TPOLECCOB HA XKeJe3-
HOJOPOKHOM TpaHcnopte / ABToped. AucC... KaHI. 9KOH.
Hayk. — M.: PYT, 2018. — 24 c.

MonuduurpoBaH NoaAX0A K UCCIIETOBAHUIO MOTEPh
B IIpolieccax yIpaBJIeHUs TPAHCTIOPTHON KOMIaHUe
C UCTIOIb30BaHNEM MHCTPYMEHTOB OEPEKITUBOTO IIPOU3-
BOJICTBA IS AOCTHUKEHMSI LIEJIEBOTO COCTOSIHUSI XOJITUH -
ra «PXKJ1». ChopMupoBaHbl METOAMYECKUE PEKOMEH 1~
MY TI0 OIIeHKe KayecTBa MPOEKTOB OEPeKINBOTO TPO-
M3BOJCTBA, HAMPABJICHHBIX Ha AOCTIKeHHUE d(PheKTUB-
HOCTU M 0€30MacHOCTHU MePeBO30YHOTO Tpolecca.
TpennoxeH MeTO 1 TOKa3aHa BO3MOXKHOCTD OTIpe/iesie-
HMSI 9KOHOMUU HAKJIaAHBIX PACXO0B OM3HEC-ETUHULIB
TPAHCIIOPTHOTO XOJIIMHTA U YCIOBHOM 9KOHOMUM OT
TOBBIIeHUsT (D (PEKTUBHOCTH NCTIONb30BAHMS OCHOBHBIX
cpencts. s vccnenoBaHus SKOoHOMUYecKoi addex-
TUBHOCTH IPOEKTOB COBEPILIEHCTBOBAHUST OPTaHU3AIT
TIEPEeBO30K alaNTUPOBAHA MOJEJb IPUMEHEHUST MeTOoIa
PacXOIHBIX CTAaBOK M OLEHKU YCTpaHEHMSs MOTepPhb
B CKBO3HBIX ITPOIIECCaX XKeJIe3HOMOPOKHOTO TPaHCTIOPTA.

Mopo3sosa E. 1. FInTerpajibHasi olleHKa HHHOBAIIMOH-
HBIX POEKTOB BLICOKOCKOPOCTHOTO HA3€MHOT0 TPAHCTIOPTA
/ ABtoped. muc... Kana. 3kon. Hayk. — CI16.: TYMP®
um. aaMm. C. O. Makaposa, 2018. — 23 c.

ChopMyIMpOBaHO MOHSITUE «MHHOBALIMOHHBIN
TIPOEKT BEICOKOCKOPOCTHOTO HA36MHOTO TPAHCIIOPTa»
Ha OCHOBE 00OOIIEHUST U COMEPKATEIHLHOTO aHaIM3a
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ABTOpedeparTbl guccepTaunm

MOHSITUI <MHHOBALIMS», <AHHOBALIMOHHBI MIPOEKT»,
«BBICOKOCKOPOCTHOI Ha3eMHBI TpaHcopT». [Ipemn-
cTaBiieHa KitacCU(UKAIUS MHHOBAIIMOHHBIX TIPOEKTOB
BBICOKOCKOPOCTHOTO HA3¢MHOTO TPAHCIIOPTA C YUETOM
KJacCUuGUKAIMOHHBIX TPU3HAKOB JUISI OIIEHKU WX
MHBECTUIIMOHHO pUBJieKaTeIbHOCTU. OTIpeaesieHbl
06a3MCHBbIC MPUHLMUIB OLEHKH MHHOBALIMOHHOTO
MpoeKTa Ha TPaHCIOpTe, 000CHOBaHA MHTErpaTbHas
OlleHKAa MHBECTUILIMOHHO MPUBIEKATEIbHOCTH PO-
€KTa BBICOKOCKOPOCTHOTO HAa3¢MHOIO TPaHCIOPTa,
MpeUTOXKEeH MepeyeHb KPUTEPUEB U TToKa3aTeeil ero
OLIEHKH, UCXO/Is N3 HUHTEPECOB CTEHKXOJIEPOB 1 OC-
HOBHBIX HallpaBJIeHUN CTPATErHYCCKOTO Pa3BUTHS
HallMOHAJIBHOW MAaKPOIKOHOMUYECKON CUCTEMBI.

Paboma evinoanena 6 [lemepbypecicom eocydap-
cmeeHHOM yHueepcumeme nymeii coobujenus Umnepa-
mopa Anexcandpa I.

TapacoB A. H. Ynpasjienue acCHHXpPOHHbBIMH TST0-
BBIMH 3JIEKTPOJBUTATEISIMH TeJE€XKKH JOKOMOTHBA
B Mpe/ieJIbHBIX MO CHEMJIEHHI0 PeXHMAaX ABMKeHHs /
AsToped. auc... Kana. TexH. Hayk. — M.: PYT, 2018. —
20 c.

JluccepTaHToM pa3paboTaHbl CIIOCOO YIIPABICHMS,
(byHKLIMOHATBHAS CXeMa U alITOPUTMbI (DYHKIIMOHUPO-
BaHUSI TATOBOTO 3JIEKTPOIIPUBOIA TOKOMOTUBA C COB-
MECTHBIM yrpaBieHueMm AJl TejexXKU Ha Mpejelie
cueruieHusi. Co3naHbl MaTeMaTHYECKUE U KOMITIEKC-
Hble KOMITBIOTEPHBIE MOJEU TSTOBOTO 3JIEKTPOTIPU-
BO/Ia TMOPUIHOTO MaHEBPOBO-BBIBO3HOTO TEIJIOBO3a
TOMOIH c cucrtemoii ynpasieHus, pealusylouiei
Tpee/bHbIe 1O CUEMJICHUIO YCUITHUSI TIPU COBMECTHOM
yrpasinenun AJl tenexku. [IpoanannsupoBaHa paborta
TOBII ¢ coBMeCTHBIM pa3pbiBHbIM ynpaBieHuem AT/
TEJIeXKKU IMPU M3MEHEHUHU yCIoBU Y clierieHus. [Toka-
3aHO, YTO MPEJIOKEHHBIE aITTOPUTMbBI PETYJTUPOBAHUST
MTO3BOJISIIOT YACTMYHO KOMIIEHCHPOBATh HEONI TUMAITb-
HOCTb KOHCTPYKIIMHM MeXaHU4YecKoii moacucteMbl TOIT
¥ 00€CIeYrnTh PeaTn3alnio MOTEHIINATbHBIX YCIOBUIA
clLeIUieHus He MeHee yeM Ha 90 %.

Paboma evinoanena ¢ bpaunckom eocyoapcmeennom
MeXHU4eCcKoM yHugepcumeme.

IIBurynos /I. I'. B3aumoaeiicTBue ce30HHONPOMeEp-
3210MHUX TPYHTOB ¢ (yHIAMEHTAMH BEPTHKAJIbHBIX
CTepXKHEBBIX 3,1eMeHTOB / ABTOped. IHC... KAHA. TEXH.
Hayk. — M.: PVT, 2018. — 24 c.

B xome mcciemoBaHus co3maHa MaTeMaTHYeCKast
MoOJIe/Ib CE30HHOMPOMEP3aIOIIETO IPYHTa, YYUTHIBAIO-
1ast HAKOTUIEHWE MUTPAIIMOHHOM BJIark B TpOMep3alo-
KX TIMHUCTBHIX TPYHTAX U BIUSHUE €€ Ha CHIDKEHUE
MPOYHOCTHHIX U Ae(HOPMALIMOHHBIX XapaKTePUCTHK
TPYHTOB OCHOBaHUST BOKPYT BEPTUKATbHBIX CTePXKHE-
BBIX DJIEMEHTOB IIpM oTTamBaHuM. [lomydeHo paspe-
aloliee ypaBHeHuUe Tpoliecca MpupalieHust OTHOCHU -
TeJbHBIX Aedopmaiuii rpyHTa. [IpemioxkeHa 3Kcmo-
HeHIIMaJbHAas 3aBUCUMOCTh CONIPOTHUBIIEHUS] TPyHTA
CIBUTY OT €r0 BIAaXKHOCTH. BhIsIBIIeHa CBSI3b IPOYHOCT-
HBIX XapaKTePUCTUK IPYHTA MPY BUOPOTMHAMUUECKOM
BO3IEICTBUU C PEXMMOM €r0 TEMIIEPATYPEL.

Paboma evinoanena 6 lanvHegocmouHom yHU8epcu -
meme nymeii cooOujeHus.

Toarorosuna Haranes OJIETHUK ©



ABSTRACTS

of PH.D. THESES

Selected abstracts of Ph.D. theses
submitted at Russian transport universities

Bobrova, V.I. A Numerical method for calculating dy-
namic impact on shallow shells. Abstract of Ph.D. (Eng)
thesis. [Chislenniy metod rascheta pologih obolochek na
dinamicheskie vozdeistviya. Avtoref. dis... kand. tekh. nauk).
Moscow, RUT publ., 2018, 19 p.

The thesis proposes an algorithm for calculating dy-
namic effects applied to shallow shells based on generalized
equations of the method of finite differences of professor
R. E Gabbasov. According to the compiled methodology,
a computer calculation program was developed, it was
tested while solving a number of test problems and results
were obtained for new variants, when the state of gentle
shells under the action of various types of dynamic loads
with different boundary conditions (as well as combinations
of these conditions) becomes the subject of calculations.

The work was performed at National Research Moscow
State University of Civil Engineering.

Boyko, S. P. Modeling and improving the efficiency of
functioning of self-regenerating filters in the lubricating
systems of marine diesel engines. Abstract of Ph.D. (Eng)
thesis. [ Modelirovanie i povyshenie effektivnosti funktsio-
nirovaniya samoregeneriruyushchikhsya filtrov v smazochnyh
sistemah sudovyh dizelei. Avtoref. dis... kand. tekh. nauk].
Vladivostok, Maritime State University named after admi-
ral G. I. Nevelskoy, 2018, 26 p.

A model of two-stage filtering of oil through a pore
structure of complex configuration with external and
internal retarding sections has been developed, which
allows to accurately calculate fineness, fractional
coefficients and completeness of screening woven filter
meshes of plain weave. The dimensionless dropout
coordinate was identified, which makes it possible to
simulate the suspension flow using a simplified scheme,
and accuracy of the theoretical estimate of efficiency of oil
purification by self-regenerating filters is improved using
special tabulated functions. Performance indicators are
formulated and a countercurrent regeneration model is
created. Scientific and technical solutions have been
proposed to improve the design of SRF and increase the
efficiency of their work with centrifugal cleaners —
centrifuges with pressure discharge and self-cleaning
separators of flushing oil.

Brazhniy, A. 1. Navigation safety of a caravan during
sea and ocean towings of floating structures. Abstract of
Ph.D. (Eng) thesis. [ Navigatsionnaya bezopasnot karavana
pri morskih i okeanskih buksirovkah plavuchih sooruzhenii.
Avtoref. dis... kand. tekh. nauk]. Vladivostok, Maritime
State University named after admiral G. I. Nevelskoy, 2018,
18 p.

The dissertation study identified the level of awareness
in development of a project for offshore towing of a float-
ing structure with signs of a «low sea-going» object and
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showed ways to increase this awareness. An assessment of
structural stability of the marine towing system for a simi-
lar object with stationarity of the towing process, as well as
models for assessing safety of navigation when towing
within the framework of linear assumptions and the
model of the object stabilization mechanism in the position
strip are proposed. A mechanism has been developed to
select a sequence of priority decisions that ensure safety of
maneuvering of the towing system in case of divergence
with navigational hazards.

Golovchenko, G. V. Methods of resource-time
optimization of the process of operational management of
an airport in emergency situations. Abstract of Ph.D. (Eng)
thesis. [ Metody resursno-vremennoi optimizatsii protsessa
operativnogo upravleniya aeroportom v sboinyh situatsiyah.
Avtoref. dis... kand. tekh. nauk]. St. Petersburg, SPSU CA,
2018, 22 p.

The conceptual analysis of the processes of interac-
tion between the airport services and IT development
made it possible to substantiate the need to develop a
method for resource-time optimization of the order of
departure of aircrafts and schedules for maintenance
crews under operational management (OM) of an airport
in a situation of technical failures. The task has been set
and analytical models of resource-time optimization have
been created, taking into account not only the state of
resources changing in time, but also the location of air-
craft at the apron. A new simulation model of the schedu-
le of maintenance crews for a given order of departure of
planes in normal and failing situations is different from
the known models using Mathcad computing environ-
ment, which simplifies modification of efficiency criteria,
baselines and simulation algorithms. Models and methods
are implemented in AS «COBRA-2», which helps auto-
mate the processes of operational management of airport
activities.

Kosykh, P. A. Development of the method for
calculating light steel thin-walled profiles with an arbitrary
shape of perforation during axial compression. Abstract of
Ph.D. (Eng) thesis [ Razvitie metodiki rascheta legkih stalnyh
tonkostennyh profilei s proizvolnoi formoi perforatsii na osevoe
szhatie. Avtoref. dis... kand. tekh. nauk]. Moscow, RUT
publ., 2018, 21 p.

The dependence of the carrying capacity of thin-walled
profiles with non-standard perforation under axial com-
pression on the dimensional parameters, configuration of
the notches and the shape of the initial geometric imperfec-
tions, which allows us to more accurately predict the
maximum permissible load, is established. An algorithm is
developed for determining the «equivalent» geometric
characteristics of profiles of different sizes with a non-
constant cross-sectional shape to calculate the critical
buckling strength of perforated profiles. Analytical depen-
dences are obtained, allowing to calculate the bearing
capacity of perforated profiles of complex geometry.

The work was performed at Perm National Research
Polytechnic University.

Kovalev, R. A. Methods and algorithms for an intelligent
system for recognizing the circuits of railway automatics and
telemechanics. Abstract of Ph.D. (Eng) thesis [ Metody i
algorimy intellektusinoi sistemy raspoznavaniya skhem
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zheleznodorozhnoi avtomatiki i telemekhaniki. Avtoref. dis...
kand. tekh. nauk]. St. Petersburg, PSTU, 2018, 16 p.

A new model of pattern recognition is proposed, which
formalizes the graphic description of an element of the
schematic electrical diagram (SED), connection points
with other elements, and the location of text attributes.
The model allows to influence the recognition algorithm
without retraining and changing its description. A method
hasbeen developed for searching SED text expressions and
classifying them in accordance with the attributes of
elements using cluster analysis methods. A block diagram
of the SED recognition system of railway automation and
remote control, describing the complete cycle of translating
technical documentation from the original raster format
image into an electronic object model, has been designed.

Matveeva, 1. G. Economic justification of programs for
improving business processes in railway transport. Abstract
of Ph.D. (Economics) thesis [ Ekonomicheskoe obosnovanie
program sovershenstvovaniya biznes-protsessov na zhe-
leznodorozhnom transporte. Avtoref. dis... kand. ekon. nauk].
Moscow, RUT publ., 2018, 24 p.

The approach to studying losses in transport company
management processes was modified using lean manufac-
turing tools to achieve the target status of the Russian
Railways holding company. Methodical recommendations
have been formed for assessing the quality of lean produc-
tion projects aimed at achieving the efficiency and safety
of the transportation process. The method was proposed
and the possibility of determining savings in overhead costs
of a business unit of the transport holding company and
the conditional savings from improving the efficiency of
use of fixed assets was proven. To study the economic ef-
ficiency of projects to improve organization of transporta-
tion, a model has been adapted to use the method of ex-
penditure rates for estimating elimination of losses in the
end-to-end railway transport processes.

Morozova E. 1. Integral assessment of innovative high-speed
ground transportation projects. Abstract of Ph.D. (Economics)
thesis [Integralnaya otsenka innovatsionnyh proektov vysoko-
skorostnogo nazemnogo transporta. Avtoref. dis... kand. ekon.
nauk). St. Petersburg, Admiral Makarov State University of
Maritime and Inland Shipping, 2018, 23 p.

The concept of «innovative project of high-speed land
transport» is formulated on the basis of generalization and
meaningful analysis of the concepts «innovation», «in-
novative project», and «high-speed land transport». A
classification of innovative projects of high-speed land
transport is presented taking into account classification
criteria for assessing their investment attractiveness. The
basic principles for evaluating an innovation project in
transport were determined, integral assessment of invest-
ment attractiveness of a high-speed land transport project
was justified, a list of criteria and indicators for its evalua-
tion was proposed, based on the interests of stakeholders
and the main directions of strategic development of the
national macroeconomic system.

The work was performed at Emperor Alexander 1
St. Petersburg State Transport University.

Tarasov, A. N. Control of asynchronous traction electric
motors of a locomotive bogie in limit-set motion modes.
Abstract. of Ph.D. (Eng) thesis [ Upravlenie asinkhronnymi
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tyagovymi elektrodvigatelyami telezhki lokomotiva v
predelnyh po stsepleniyu rezhimah dvizheniya. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2018, 20 p.

The author has developed a control method, a
functional diagram and algorithms for operation of a
traction motor drive of a locomotive with joint control of
the bogie’s AM at the adhesion limit. Mathematical and
complex computer models of a TEMI9N hybrid maneuver-
removing diesel locomotive electric drive with a control
system that implements the maximum adhesion forces
under the joint control of AM of the bogie. The operation
of TEP at the joint discontinuous control of ATD of the
bogie when the adhesion conditions are changing, is
analyzed. It is shown that the proposed control algorithms
can partially compensate for the non-optimal design of the
mechanical subsystem of TEP and ensure implementation
of potential adhesion conditions by at least 90 %.

The work was performed at Bryansk State Technical
University.

Tsvigunov, D. G. Interaction of seasonally freezing
soils with the foundations of vertical pivotal elements.
Abstract of Ph.D. (Eng) thesis [Vzaimodeistvie
sezonnopromerzayushchih gruntov s fundamentami
vertikalnyh sterzhnevyh elementov. Avtoref. dis... kand.
tekh. nauk)]. Moscow, RUT publ., 2018, 24 p.

During the study, a mathematical model of
seasonally freezing soil was created, taking into account
accumulation of migratory moisture in freezing clay soils
and its influence on reduction of strength and
deformation characteristics of base soils around vertical
core elements during thawing. The resolving equation
for the process of increment of the relative deformations
of the soil is obtained. An exponential dependence of
soil resistance to shear on its moisture is proposed. The
relationship of the strength characteristics of the soil
under vibrodynamic effects with the mode of its
temperature is revealed.

The study was performed at Far Eastern State Trans-
port University.

Zebilila, M. D.-H. Calculation and evaluation of
effectiveness of vibration isolation systems with linear and
nonlinear characteristics. Abstract of Ph.D. (Eng) thesis
[Raschet i otsenka effektivnosti sistem vibroizolyatsii s
lineinymi i nelineinymi kharakteristikami. Avtoref. dis...
kand. tekh. nauk]. Moscow, RUT publ., 2018, 24 p.

A calculation method has been developed,
dependencies have been identified, and algorithms for
creating vibration-proof systems with non-linear
characteristics (additional reference constraint, viscous
friction damper) using transfer and pulse transient
functions as systems with one and two degrees of freedom
are given. A method for calculating the horizontal-
rotational oscillations of massive bodies with arbitrary
kinematic effects is proposed. The amplitude-frequency
characteristics of a system with a dynamic oscillation
damper as a system with three degrees of freedom are
constructed using a method based on the choice of
generating equations.

The work was performed at National Research Moscow
State University of Civil Engineering.

Compiled by Natalia OLEYNIK @



DOI: 10.30932/1992-3252-2019-17-1-267-268

HOBbIE KHUI'N

O TPAHCMNOPTE

New books on transport and transportation.
English text is at p. 268

Wilson J. Railroading & The Automobile Industry —
2019. — 96 p. — ISBN 10:1627005285.

AHocoB A. I1. Teopust 1 ycTpoiicTBO cynHa: KOH-
CTPYKIIUS CHeIMaTbHBIX CyI0B: Yueh. rmocodue. — 2-¢
W31, UcTp. U Aor. — M.: FOpaiit, 2019. — 182 c. — ISBN
978-5-534-05611-2.

ApedreB U. b., KopossikoBckuii E. K. Ananus
¥ MOJEeIMpOBaHME TPAHCIOPTHBIX y370B. — CIIO6.:
IOI1H, 2018. — 228 c. — ISBN 978-5-905853-19-7.

Basunesckuit @. 0., Ipaués B. B., [pumen-
k0 A. B. MukpomnpolieccopHble CHUCTEMBI yIPaBICHUS
Y TMarHOCTUPOBAHUS IOKOMOTHUBOB: Yue0. mocodue. —
CIlo.: IIT'YIIC, 2018. — Y. 1. — 71 c. — ISBN 978-5-
7641-1176-6.

Bectyrun A. P, ®uiuH A. 1., CanHukos B. A. Oc-
HOBBI OPraHM3aIM Y BO3IYIITHOTO ABVKEHUS: YIeOHUK
/ Hon nHayu. pen. 1O. I. IllatpakoBa. — M.: FOpaiir,
2019. — 515 ¢. — ISBN 978-5-534-06502-2.

Boabmup A. C. OG0JI0OYKH B TIOTOKE KMIKOCTU
¥ ra3a: 3aaud adpoymnpyrocTu: yueb. mocoodue . — 2-¢
u3a., ctepeoturl. — M.: FOpaiit, 2019. — 423 ¢. — ISBN
978-5-534-06870-2.

TopeB A. D. Teopust TpaHCIOPTHBIX MPOIIECCOB
U CUCTeM: YUeOHUK. — 2-¢ U3[., UCTp. U Jom. — M.:
IOpaiit, 2019. — 182 c. — ISBN 978-5-534-07302-7.

Hyxno H. A. u np. TpaHcnopTHOe TTpaBo: YUueOHUK
/ OtB. pen. H. A. lyxno, A. U. 3emnuH. — 2-¢ usf.,
nepepab. u gor. — M.: FOpaiit, 2019. — 379 ¢. — ISBN
978-5-534-10845-3.

XKunkun B. b. Teopust u ycTpoiicTBo Kopads:
Y4yeOHUK. — 5-¢ u3M., ucmp. u gorn. — M.: KOpaiit,
2019. — 407 c. — ISBN 978-5-534-10057-0.

Kosun M. H., Kyp6anoB A. X., Kono6os E. O. Kon-
TpeiiiepHbIe IIEPEBO3KU MTPU 00eCTIeYeHUY HAIIMOHATb-
HOIi 6€30MMaCHOCTH rOCYIapcTBa: MHCTPYMEHTHI U Me-
TONbI olleHKU dddekTuBHOCTU: MoHOrpadusi. — M.:
HUKN ®CUH Poccun, 2018. — 99 c. — ISBN 978-5-
907092-40-2.

Konuk A. B. KoMOMHUpPOBaHHbBIE XeJIe3HOI0POXK-
HO-aBTOMOOWIbHBIE TIEPEBO3KM B LIETISIX TOCTABOK. —
M.: Texnonurpacuentp, 2018. — 302 c. — ISBN 978-
5-94385-143-8.

Kypunkun [1. H., [Tanuenko M. H. OcHOBBI Mexa-
HUKH, TEOPUsI U KOHCTPYKIIMSI TOKOMOTHBOB: YueO.
nocobue. — CI16.: IIT'YIIC, 2018. — 101 ¢. — ISBN
978-5-7641-1142-1.

Kypoukun JI. E., Konitenio B. A. bezonacHocTs Ha
MOpcKuX cynax: Yue6. nocodoue. — M.: LlenTpkatasior,
2019. — 206 c. — ISBN 978-5-903268-15-3.

JIucoB M. A. BuHTOKpBIIBIE TpaHC(HOPMEPHI: OT
Ka-26 no Ka-226. — M.: Pycckue Butsisu, 2019. —
414 c. — ISBN 978-5-6040157-9-7.

Manukosa T. E. MatemaTnueckue METOIbI U MO-
NleJii B YIpaBJIeHUU Ha MOPCKOM TpaHCIopTe: Yueo.
mocobue. — 2-¢ U3A., Ucmp. U gom. — M.: KOpaiit,
2019. — 373 ¢c. — ISBN 978-5-534-04919-0.

® MWP TPAHCIMOPTA, Tom 17, N2 1, C. 267268 (2019)

HoBble KHUIrM 0 TpaHcnopTe

ITetpocos B. B. PemoHT aBTOMOOWMIIEH 1 ABUTATE-
neit: YueoHuk. — M.: Akagemust, 2019. — 222 ¢c. —
ISBN 978-5-4468-7494-1.

[Monocun M. JI. OcyliuecTBieHUEe TEXHUYECKOTO
00CITYyXXMBaHUSI U PEMOHTA JOPOXHBIX U CTPOUTEIb-
HBIX MallWH: YueOHuK. — M.: Akagemus, 2019. —
238 c. — ISBN 978-5-4468-7511-5.

TToroB A. H. 1 1p. ABTOMaTrka u MUKpOMpouec-
COpHas TeXHUKA B IOKOMOTUBHBIX CCTEMaX U KOMTI-
JieKcax obecrnieyeHust 6e30macHoCTH: Yueb. nocoodue. —
Exatepun6ypr: YpI'VIIC, 2018. — 154 ¢. — ISBN
978-5-94614-440-7.

Ps3anoBa A. B. ABTOMaTU3MpOBaHHbBIE CHUCTEMBI
OIUTATHI ITPOE3/Ia Ha TOPOJICKOM MAaCCaskMPCKOM TPaHC-
nopte. — Xabaposck: TOTY, 2018. — 92 c. — ISBN
978-5-7389-2536-8.

CanbkoB H. A. MozenupoBaHue reoMeTPUIeCKIX
¢dopM aBTOMOOMIBHBIX Hopor: MoHorpadpus. — M.:
Hudpa-M, 2019. — 161 c. — ISBN 978-5-16-014029-2.

Cokonos 0. U., Ebumona O. B., Jlas-
pos U. M. SKOHOMH‘{eCKoe obocHOBaHUE CO3I[aHI/IH
MHTETPUPOBAHHOTO MH(OPMALIMOHHOTO MTPOCTPAHCTBA
B3aUMOJICIICTBUSI TPAHCTIOPTHBIX KOMIIAHUI U KJIMCH-
ToB: Monorpadus. — M.: PYT (MUUT), 2019. —
99 c. — ISBN 978-5-7876-0275-3.

Cnupun U. B. Opranusaius u ynpasjieHHe rac-
CaXXMPCKUMU aBTOMOOWJIBHBIMU TTEPEBO3KAMU: Y4eo-
HUK. — M.: Akagemus, 2019. — 397 c. — ISBN 978-5-
4468-7477-4.

Xapuenko A. O. u np. Mcropus pa3BuTHs aBTO-
TpaHcmopTa: Yueb. nmocodue. — M.: LleHTpkaraor,
2019. — 199 ¢. — ISBN 978-5-903268-14-6.

Xomomr M. C., bauypun A. A. Opranuszanus
TPAHCIOPTHO-JIOTUCTUYECKOM NesSTeIbHOCTA Ha aB-
TOMOOMJILHOM TpaHCIopTe: YYeOHUK. — 3-€ M3I.,
crepeotun. — M.: Akagemus, 2019. — 303 c. — ISBN
978-5-4468-7528-3.

Yamaeirua C. A. [luHaMmuka mojiéta. U3opaHHble
pab6otbl. — M.: FOpaiit, 2019. — 263 ¢. — ISBN 978-5-
534-04105-7.

Ilankuu B. C., 3atyunsiii [. A., Kosnos A. U.
u ap. OueHka HaAEXHOCTU CPENCTB HABUTALUU
Y yIpaBJIeHUs BO3AYIIHBIM IBUXeHeM: MoHorpadbust
/ Hon pen. 1. A. 3aryuHoro. — M.: PanuotexHuka,
2019. — 246 c¢. — ISBN 978-5-93108-174-8.

KOnenkosa JI. ., BaaskoBa C. C., Banb-
koB B. E. Pa3zpaboTka TexHUYECKOro 3aaaHus Ha
MPOEKTUPOBAHME ONMTUMAIbHOTO TUIA CYAHA IS
MepeBO3KU I'PY30B Ha 3aJaHHOM HalpaBlIeHUU: Yueob.
nocobue. — BrmaguBocrtok: JdambpeioBTy3, 2018. —
116 c. — ISBN 978-5-88871-719-6.

FOHmBH A. OT KOHKYPEHTOCTIOCOOHOCTH K KJTIO-
4YeBOW KOMIIETEHIINU: TEOPETUICCKUI U MpaKTHIe-
CKMII aHAJIN3 WHTEPHALIMOHAIN3aIIUU KUTANCKNAX
KOpropaluii, MoapoOHbIi rpadMuecKuii CpaBHUTENb-
HBIII aHAJIU3 CO3[aHUsT KUTAUCKMMU KOPIIOPAIIUSIMU
Ou3Heca 3a pyOeXoM, MHHOBALIMOHHAS TOPOXHAas
KapTa YCKOPEHMsI KUTAaCKMMU KOPIOpaLusiMU pea-
JIM3alUM MHUIUMATUBBI «OIMH MOsIC — OJUH MyTh» /
Iep. ¢ xut. — 3-e u3n. — M.: leno u Cepsuc, 2019. —
431 c. — ISBN 978-5-8018-0717-1.

IToarorosnia H. OJIETHUK @




i

NEW BOOKS ON TRANSPORT

AND TRANSPORTATION

Anosov, A. P. Theory and Design of the Vessel:
Construction of Special Ships: Study guide [7eoriya
i ustroistvo sudna: konstruktsiya spetsialykh sudov: Ucheb.
posobie]. 2" ed., rev. and enl. Moscow, Yurayt publ., 2019,
182 p. ISBN 978-5-534-05611-2.

Arefyev, 1. B., Korovyakovsky, E. K. Analysis and
modeling of transport hubs [Analiz i modelirovanie
transportnykh uzlov]. St. Petersburg, UPI publ., 2018, 228 p.
ISBN 978-5-905853-19-7.

Bazilevsky, F. Yu., Grachev, V. V., Grishchenko, A. V.
Microprocessor control systems and locomotive
diagnostics: Study guide [ Mikroprotsessornie sistemy
upravleniya i diagnostirovaniya lokomotivov: Ucheb.
posobie]. St. Petersburg, PGUPS, 2018. Part 1. 2018, 71 p.
ISBN 978-5-7641-1176-6.

Bestugin, A. R., Filin, A. D., Sannikov, V. A. The
fundamentals of air traffic management: Textbook [Osnovy
organizatsii vozdushnogo dvizheniya: Uchebnik]. Moscow,
Yurayt, 2019, 515 p. ISBN 978-5-534-06502-2.

Chaplygin, S. A. Flight dynamics. Selected works
| Dinamika poleta. Izbrannie raboty]. Moscow, Yurayt, 2019,
263 p. ISBN 978-5-534-04105-7.

Dukhno, N. A. [ef al] Transport law: Textbook
[ Transportnoe pravo: Uchebnik]. Ed. by N. A. Dukhno,
A. 1. Zemlin. 2" ed., rev. and enl. Moscow, Yurayt, 2019,
379 p. ISBN 978-5-534-10845-3.

Gorev, A. E. Theory of transport processes and
systems: Textbook [Teoriya transportnykh prosessov
isystem]. 2" ed., rev. and enl. Moscow, Yurayt, 2019, 182 p.
ISBN 978-5-534-07302-7.

Kharchenko, A. O. [et al] The history of development
of vehicles: Study guide [Istoriya razvitiya avtotransporta:
Ucheb. posobie]. Moscow, Tsentrkatalog, 2019, 199 p. ISBN
978-5-903268-14-6.

Khodosh, M. S., Bachurin, A. A. Organization of
transport and logistics activities in road transport: Textbook
|Organizatsiya transportno-logisticheskoi deyatelnosti na
avtomobilnom transporte]. 3 ed., ster. Moscow, Academia,
2019, 303 p. ISBN 978-5-4468-7528-3.

Kolik, A. V. Combined rail-road transportation in the
supply chain [ Kombinirovannie zheleznodorzhno-avtomobilnie
perevozki v tsepyakh postavok|. Moscow, Tekhpoligraftsentr,
2018, 302 p. ISBN 978-5-94385-143-8.

Kozin, M. N., Kurbanov, A. Kh., Koloboy, E. O.
Piggyback transportation in ensuring national security:
tools and methods for evaluating effectiveness:
Monograph [Kontreilernie perevozki pri obespechenii
bezopasnosti gosudarstva: instrumenty i metody otsenki
effektivnosti: Monografiya]. Moscow, PKU NII FSIN
of Russia, 2018, 99 p. ISBN 978-5-907092-40-2.

Kurilkin, D. N., Panchenko, M. N. Fundamentals of
mechanics, theory and construction of locomotives: Study
guide [Osnovy mekhaniki, teoriya i konstruktsiya lokomotivov:
Ucheb. posobie]. St. Petersburg, PGUPS publ., 2018, 101 p.
ISBN 978-5-7641-1142-1.

Kurochkin, L. E., Koptelov, V. A. Safety at sea vessels:
Study guide [ Bezopasnost na morskikh sudakh: Uchebnoe
posobie]. Moscow, Tsentrkatalog, 2019, 206 p. ISBN 978-
5-903268-15-3.

Lisov, M. A. Rotary-winged transformers: from Ka-26
to Ka-226 [Vintokrylie transformery: ot Ka-26 do Ka-226).
Moscow, Russian Knights Foundation, 2019, 414 p. ISBN
978-5-6040157-9-7.

Malikova, T. E. Mathematical methods and models in
management of maritime transport: Study guide
| Matematicheskie metody i modeli v upravlenii na morskom
transporte: Ucheb. posobie]. 2™ ed., rev. and enl. Moscow,
Yurayt, 2019, 373 p. ISBN 978-5-534-04919-0.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 1, pp. 267268 (2019)

New Books on Transport and Transportation

Petrosov, V. V. Automobile and engine repair: Textbook
[Remont avtomobilei i dvigatelei: Uchebnik]. Moscow,
Academia, 2019, 222 p. ISBN 978-5-4468-7494-1.

Polosin, M. D. Implementation of maintenance and
repair of road and construction machines: Textbook
|Osushchestvienie tekhnicheskogo obsluzhivaniya i remonta
dorozhnykh i stroitelnykh mashin: Uchebnik]. Moscow,
Academia, 2019, 238 p. ISBN 978-5-4468-7511-5.

Popov, A. N. [ef al] Automation and microprocessor
technology in locomotive systems and safety complexes:
Study guide [Avtomatika i mikroprotsessornaya tekhnika v
lokomotivnykh sistemakh i kompleksakh obespecheniya
bezopasnosti: Ucheb. posobie]. Yekaterinburg, UrGUPS,
2018, 154 p. ISBN 978-5-94614-440-7.

Ryazanova, A. V. Automated fare collection systems for
urban passenger transport [ Avtomatizirovannie sistemy oplaty
proezda na gorodskom passazhirskom transporte]. Khabarovsk,
TOGU, 2018, 92 p. ISBN 978-5-7389-2536-8.

Salkov, N. A. Modeling of geometric forms of
highways: Monograph [ Modelirovanie geometricheskikh
Jform avtomobilnykh dorog: Monografiya]. Moscow, Infra-M,
2019, 161 p. ISBN 978-5-16-014029-2.

Shapkin, V. S., Zatuchnyy, D. A., Kozlov A. 1. [ef al]
Assessment of reliability of navigation and air traffic control
systems: Monograph |Otsenka nadezhnosti sredstv navigatsii
i upravleniya vozdushnym dvizheniem: Monografiya]. Ed.
by D. A. Zatuchny. Moscow, Radiotekhnika, 2019, 246 p.
ISBN 978-5-93108-174-8.

Sokolov, Yu. I., Efimova, O. V., Lavrov, I. M. Economic
justification of development of an integrated information
space for interaction between transport companies and
customers: Monograph [ Ekonomicheskoe obosnovanie
sozdaniya integrirovannogo informatsionnogo prostranstva
vzaimodeistviya transportnykh kompanii i klientov:
Monografiya]. Moscow, RUT (MIIT), 2019, 99 p. ISBN
978-5-7876-0275-3.

Spirin, I. V. Organization and management of
passenger road transport: Textbook [Organizatsiya
i upravlenie passazhirskimi avtomobilnymi perevozkami:
Uchebnik]. Moscow, Academia, 2019, 397 p. ISBN 978-
5-4468-7477-4.

Volmir, A. S. Shell in the flow of liquid and gas: the
tasks of aeroelasticity: Study guide [Obolochki v potoke
zhidkosti i gaza: zadachi aerouprugosti: Ucheb. posobie]. 2™
ed., ster. Moscow, Yurayt, 2019, 423 p. ISBN 978-5-534-
06870-2.

Wilson, J. Railroading & The Automobile Industry,
2019, 96 p. ISBN 10:1627005285.

Yongsheng, Ya. From competitiveness to key
competence: theoretical and practical analysis of
internationalization of Chinese corporations, detailed
graphic comparative analysis of creation of overseas
business by Chinese corporations, innovative acceleration
road map by Chinese corporations to implement the «One
Belt — One Way» initiative [Ot konkurentosposobnosti k
klyuchevoi kompetentsii: teoreticheskiy i prakticheskiy analiz
internatsionalizatsii kitaiskikh korporatsii, podrobniy
graficheskiy sravnitelniy analiz sozdaniya kitaiskimi
korporatsiyami biznesa za rubezhom, innovatsionnaya
dorozhnaya karta uskoreniya kitaiskimi korporatsiyami
realizatsii initsiativy «Odin poyas — Odin put»]. Translated
from Chinese by D. Nayan, C. Sin. 3" ed. Moscow, Delo
i Servis, 2019, 431 p. ISBN 978-5-8018-0717-1.

Yudenkova, L. I., Valkova, S. S., Valkov, V. E.
Development of a technical assignment for designing an
optimal type of vessel for carriage of goods in a given
direction: Study guide [Razrabotka tekhnicheskogo
zadaniya na proektirovanie optimalnogo tipa sudna dlya
perevozki gruzov na zadannom napravlenii: Ucheb.
posobie]. Vladivostok, Dalrybvtuz, 2018, 116 p. ISBN
978-5-88871-719-6.

Zhinkin, V. B. Theory and design of the vessel:
Textbook [ Teoriya i ustroistvo korablya: Uchebnik]. 5" ed.,
rev. and enl. Moscow, Yurayt, 2019, 407 p. ISBN 978-5-
534-10057-0.

Compiled by N. OLEYNIK @



* Ha HoBbli1 rog My>k4nHe 13 CO-
CEIHETO MOoIbe31a IOJAPUIIN TAJTUCMAaH,
KOTOPBbIi JOJKEH MTPUTITUBATD IEHBIH.
OH moBecuJI ero Ha JIOOOBOE CTEKIJIO
cBoero aBTomoomisi. M Bc€ cObLIOCh: Ha
CICAYIOIINIA I€Hb B HETO Bbexajla MH-
KaccaTopckasl MaliHa!

* [locnenHuii ypoK nepea 3MMHUMUI
KaHUKYJIAMU. YIUTEJIb, 3aBepIIasi TEMY
3aHSITHUSL:

— MMeHHO Torma ObLIO caejlaHO
OTKPBITHE, KOTOPOE IOMOTAeT JIIOISIM
Jietath. KTO roToB Ha3BaTh 3TO U300pE-
TeHue?

JleBouka Ha MepBOii mapTe:

— ITo-MoeMy, TOCIOAWH YYUTEIIb,
5TO TMHAMMUT.

* Jlexxypnsiii uHcriektop A TTC mo3n-
HO BEUSPOM BUIUT MYAILILYIOCS ITO BCTPEU-
HOM MOJIOCE MPUTOPOIHOIO IIOCCE

CmMex CKBO3b MbIC/IUN

KoM agpyppl Be gets.
MTEYK A, 1 OTHETYWATEID,
H CTegyopofi ATEHTL.

Y. Kuriko http://cartoonbank.ru

JIETKOBYIO MalllMHY M TOPMO3UT €&
MOIHSITBIM KE3JI0M:

— M xyma mbI Tak criermmm?!

— Cam He 3Halo, HO, MTOXO0Xe, yXe
onosnai. Bel ke BuguTe, Bce enyT 00-
paTHo.

N3 nukna «baonaunka 3a yriom»

* [Iepen HoBbIM romgom iBe noapy-
ri-0JOHAMHKM TOeXaad Ha KPYyTOM
BHEJIOPOXXHUKE B Jiec 3a €nkoil. Mckanu
YacoB IISITh, HE MEHBIIIE, K OYeHb YCTa-
M. Y TyT omHA TOBOPUT:

— Crymrait, s 3aM€p3ya, 1a U TeM-
HEeTh HauMHaeT. JlaBaii yxk 6e3 Urpyiiek
BO3bMEM! °

B cTpaTocodepy.

Pacxoxue ¢ppa3bl U TEKCTbl — B HOBOM KOHTEKCTE

® [TOBUCHYTb B BO3OyXE: yNog0OUTLCA BEPTONETY.
® BoauTb Ha NoMoYax: B3ATb Ha OyKcup.

® Bo3HecTuncb 00 Hebec: noneTeTb

e JlaTb NMPUKYPUTb: NOOEINTLCA aKKYMYIIATOPOM.

® BcnbiBaloT B NaMSTU: MOPCKMe NCtopunn.

AexypHbiii no pyopuke — A. KOPHEEB
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