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KOHUENMUWUA NOAITOTOBKU KAAPOB
andAa TPAHCINMOPTHOIO KOMIMJIEKCA A0 2035 NrOOA

IMOATOTOBKH KaApOB IJIA TPAaHCIOPTHOTO
xomIiekca 10 2035 roxa nmonmucan [pen-
cenarenb [IpaButenscTBa PO.

I[OKyMeHT TMMO3BOJIUT OCYHICCTBIATH NOATOTOB-
Ky CHELHaIHUCTOB COBPEMEHHOTO YPOBHS A
TPAHCHOPTHOTO KOMITJIEKCA, MOAEPHU3AIIUIO 00pa-
30BaTEJIbHONW, MHHOBAIIMOHHOMN NI€STEIbHOCTH U
HAay4HO-UCCIIEIOBATENILCKOTO MpoIecca.

[IpuopureTHsiMu 3aauamMu B cepe TpaHc-
MTOPTHOTO 00PA30BAHMSI SIBIISFOTCS: MOACPHU3AIIUS
00pa3oBaTeIbHON ACATENBHOCTH, IN(POBU3ALIIHS,
IIPOABUIKCHHUE O6pa3OBaTeJ'IBHI)IX IIPOAYKTOB 3a
pyOexoM, BXOJKICHNE Psiia TPAHCIIOPTHBIX By30B
B MEXIyHapOAHbIC PEHTHUHTH, (OPMUPOBAHUE
Moaeneﬁ MPUBJICYCHUA TAJTAHTOB, YKPCIJICHUC
MaTepHuaIbHOM 0a3bl.

B mpenonaBaHuu ITUCHMIUIMH OyIeT CAeliaH
0COOBIHA AKOCHT Ha aKTyaJIbHBIX BOIIPOCAX, B YUCJIC
KOTOPBIX — KOMIUIEKCHAsI TPaHC(HOPMAIUs TPaHC-
MOPTHOW M JOTUCTHYECKOH UHPPACTPYKTYP,
YIOpaBICHUE YEIOBCUECKUMH PECypcamHu, TpaHC-

P acriopspkeHre o0 yTBepkaeHun Konmenym

nopTHas 6€30MacHOCTh, CTPATETHUECKUIT MEHEIK-
MCHT U MHTCPMOJAJIBHBIC TIEPECBO3KU. HpI/I 9TOM
OyneT chopmupoBan mopTdens 00pa3oBaTeIbHBIX
IIPOrpaMM HOBOI'O YPOBHSI, ODUEHTUPOBAHHBIN Ha
JUHAMUYHO MEHSIOIIHECS 3alpoChl OTPACIU H
(hopcalT-nporHo3sl.

BakHbIM (hakTOpOM pazBUTHs CTaHET paspa-
00TKa OHJIAHH-KypCOB HOBOTO IOKOJEHUS, UHTE-
TPUPYIOLIUX BUPTyaJIbHbIE TPEHAKEPHI U PELLICHUS,
OCHOBAHHBIE HA TEXHOJIOTHUSX OOJIBIIMX JaHHBbIX
HCKYCCTBEHHOTO MHTEJUICKTA.

B pesynbrare peanu3aiuy KOHIECTIHHA 00pa3o-
BarCJIbHBIC OpraHu3alun JOJKHBI CTaTh yCTOf/'I‘IPI-
BOM M COBPEMEHHOM IUIOLIAJKON KaJpOBOIO U Ha-
YYHO-TEXHOJIOTHYECKOTO 00eCTIeueHUS TPAHCIIOPT-
HOM OTpaciy, FeHEPaTOPaMy HOBBIX UJEU U TEXHO-
JIOTUH, MEXKlyHapOIHBIMU LICHTPAMH KOMIICTEHLIH
B 00J1aCTH TpaHCIIOPTA.

IIo undopmanuu MunucrepcrBa TpaHe-
nopta Poccuiickoii ®enepanuu: https://
mintrans.gov.ru/press-center/news/9859@

THE CONCEPT OF STAFF TRAINING
FOR TRANSPORT INDUSTRY

training for the transport complex until 2035
has been signed by the Chairman of the
Government of the Russian Federation.

The document will allow to train specialists with
modern skills for the transport complex, it also
provides for modernisation of educational, innovative
activities and research process.

The priority tasks in the field of transport
education comprise modernisation of educational
activities, digitalisation, promotion of educational
products abroad, the entry of a number of transport
universities into international rankings, adoption of
models for attracting talents, strengthening the
infrastructure base of the universities.

Learning process will particularly focus on topical
issues, including the comprehensive transformation
of transport and logistics infrastructures, human
resource management, transport safety and security,
strategic management, and intermodal transportation.

T he order on approval of the Concept of staff

Besides, a portfolio of new generation
educational programs will be formed considering
special emphasis on the dynamically changing
needs of the industry, foresight, and forecasts, while
development of a new generation of online courses
that integrate virtual simulators and solutions based
on artificial intelligence and big data technologies
will be another important driver.

Thanks to the implementation of the concept
educational organisations should become a
sustainable and modern platform for staffing,
research, scientific and technological support of the
transport industry, generators of new ideas and
technologies, international centres of competence
in the field of transport.

Based on the news release

of the Ministry of Transport

of the Russian Federation: https://mintrans.
gov.ru/press-center/news/9859 @

@omo na nepeoui oonodicke. Catim MCAT (IRU): https://www.rumblestrip.tech/wp-content/uploads/2016/10/adobestock 8385296.jpeg.
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PycnaH F'YYUHCKUM

AHHOTALIUA

YnydweHue OuHaMUYeCKux Kayecme Agsiemcs npuopumem-
Holl 3adayell npu NpoekMUpPogaHUU Ho8020 NOABUXHO20 COCMaBa.
Yacmoma cobcmeeHHbIx u32ubHbIx KonebaHull Ky308a — 00UH U3
gaxHeliwux HopMuUpyeMbIx nokazamenel, npedsapumenbHas
OueHKka Komopo2o no3gossem noayyams OnMuMasbHble KOH-
CMpYKUUU Ky308a.

Llenb pabomsi cocmoum e OUueHKe nepcnekmuHocmuU npu-
MEHeHUs ynpyaux KpenneHuli 0bopy0osaHusi Ons NosbILEHUS
yacmome! cobcmeeHHbIX KorebaHull Ky30808 8a20H08 NPU20PO0-
Ho2o anekmponoesda. [ns pacyémos ucnons3yromes Memod
KOHEYHbIX 31eMeHmo8 U 61104Hb Il Memod JlaHyowa.

[Noxa3aHo, 4mo 01 8bMUCTEHUS Yacmom npu ModenuposaHuu
yenecoobpasHo UCnoIb308amb UHCMpPyMeHm xécmkol obnacmu
U IUHEUHO ynpyaue KOHeYHble 3neMeHmbl. BbideneHbl 0CHOBHbIE
Ouana3soHb! XEcmKocmU KpenseHuli, npu KomopbIx aghghekm npu-

aHanus, yacmoma cobcmeeHHbIx konebarull, uHaMuKa 8a2oHa.
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[pumeHeHne ynpyrux KpenneHumu
o0opyaoBaHMA Ans NOBbIWEHNA YacTOThbl
konebaHWK Ky30Ba BaroHa

Pycnan Banepveeuu I'yuunckuit ?

1000 «TMX Hncunupuney, Canxkm-Ilemepbype, Poccusi.
2 Unemumym npobnem mawunosedenuss PAH, Canxm-Ilemep6ype, Poccust.

MeHeHus1 ynpyaux onop pasnudeH. OnpedeneHue xécmkocmu
KpenneHuli npednazaemcs bINOHAMb No 3adaHHol yacmome
KkonebaHuti 06opydosarus. [Mpu KECMKOM KpenseHUU OMHOCUMesTb-
Hasi Macca 060py008aHUS He 8/IUSIEM Ha 3HAaYEHUE Yacmomel U3-
2UbHbIX KonmebaHull Ky3oea. pu ynpyeom kpenneHuu 6onbwezo
aggpekma ydaémes docmudb npu 6onbLieli omHocumenbHol
Macce 060pydosaHust. Ighehekm npuMeHeHuUs ynpyaux onop yeenu-
yueaemces npu pacnonoxeHuu 6onee msxénoeo obopydosaHus
6ruxe k yeHmpy Ky3oea. TokasaHo, Ymo enusHue cd8u2osol no-
Oamnugocmu kpenneru(i Ha yacmomy konebarull Ky308a Haxodum-
cs18 npedenax 1% u Moxem He y4UMbIBaMbCs NPU MOOeTUPOsaHUU.
B paccmompeHHOM npumepe Ky308a 8azoHa npu2opoOHO20 1ek-
mponoe3da npuMeHeHue ynpyaux onop Nno3eosisem yeenuyums
yacmomy KonebaHutli Ky3oea Ha 3-10 %.

Kntoyesbie croga: xenesHas 60[)028, Ky308, snekmponoesd, KECMKOCMb KpenneHusl, Memod KOHEeYHbIX 371eMeHMO8, MoOarbHbIl

[ns uumupoeanus: INyquHckuti P. B. MpumeHeHue ynpyaux kpennexuti 06opydosaHus Onis NogbIWeHuUs Yacmombi konebaHull Ky3osa
8acoHa // Mup mparcnopma. 2021. T. 19. Ne 2 (93). C. 6-12. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-1.

yuHckuu P. B., 2

MonHbIl mekcm cmamb U Ha aH2nuliCKOM si3bike ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.




BBEOEHUE

Pa3BuTHE COBPEMEHHOTO JKEIE3HOIOPOXK-
HOTO TPAaHCIIOPTA IPEATIONAracT yBEINICHHE
KOHCTPYKIIMOHHBIX CKOPOCTEH pu obecrede-
Hun Oe3omacHOCTH JABYKeHHUA. IloBbImeHHE
CKOPOCTH JBMKEHHS HEN30EKHO BBI3BIBACT
CIIO)KHOCTH ¢ 00ecleYeHneM TUHAMHYECKHX
KauecTB dKUMaxHo# yactu. OnuH U3 myTei
peIIeHns 3TOM MPOOIEMbl COCTOUT B CHIKE-
HUH Macchl BaroHoB. ONTHMH3aIHsI KOHCTPYK-
AN DKUIMAXHOW YacTHU IJIs1 CHU)KEHUS MacCChI
aKTyaJbHa JUIsl IIOOBIX CKOPOCTEH IBUKECHHUS,
TaK KaK MPUBOAUT K YMEHBIICHHWIO M3HOCA
B CHCTEME KOJIECO—PEINbC, COKPAIIEHUIO SHEP-
ro3zarpar M yBEIHYEHHUIO MacCaXHPOBMECTH-
mocTH [1].

OQHUM W3 DJIEMEHTOB BaroHa ¢ HamoOolee
BBICOKOW YAENBHON Maccoi SIBISETCS Ky30B.
OpmHaKo COKpalIeHHE MAacChl Ky30BOB BEIET
K YMEHBIIIEHUIO 001Iel KECTKOCTH, UTO HeTa-
THBHO CKa3bIBAETCS HA YaCTOTE COOCTBEHHBIX
KoJIe0aHuH, ypOBHE BUOPOYCKOPEHHH U, COOT-
BETCTBEHHO, MTOKa3aTeJsIX TUIaBHOCTH XOAa.
IloBbILIEHHBIN YPOBEHb TMHAMUYECKOU HArpy-
KEHHOCTH Ky30Ba MOKET IIPUBECTH K BO3HHK-
HOBEHHIO yCTAJTOCTHBIX MOBpEXACHUN [2].
[MosToMy akTyanbHOU sBIsEeTCS pa3paboTka
pa3nuUHBIX cucTeM nemnduposanus. s
BCETO KHITIaXKa B IEPBYIO OUEPEb BAXKEH Ipa-
BIUIBHBIN BBIOOpP TapaMeTpOB ABYX CTyIeHEH
peccopHoro monsemuBanus [3; 4]. Beibop
KOHCTPYKTHBHOTO HCIIOJHEHHS Ky30Ba, HaW-
O6omnee > PEKTUBHOTO C TOUYKH 3PEHHS €ro
MaccChl U KECTKOCTH, TAaKXKe Ba)kKeH I obec-
MeYCHUsI NTUHAMHYECKUX KadecTB. OnuH U3
HOPMHUPOBAaHHBIX APaMETPOB IHHAMHUYIECKUX
Ka4eCTB — 3TO MepBasi 4aCTOTa COOCTBEHHBIX
m3ruOHBIX Konrebanmii Ky3oBa (HCUK). Hanpu-
Mep, B Poccnn, o 0TedeCTBEHHBIM HOPMAaTHB-
HBIM JJOKyMEHTaM €& 3Ha4CHHNE AJIS TIOTHOCTBIO
000pyI0OBaHHOTO Ky30Ba BaroHOB MOTOp-
BaroHHOTO TOJIBHXXHOTO COCTaBa HE JOJKHO
6bITh MeHee 8 Tl DToT mapameTp mMo3BoISET
MIPOBECTH 3KCHPECC-OIEHKY JUHAMUYECKUX
Ka4eCTB Ky30Ba 0€3 MMOCTPOEHUS MOIHOH IH-
HaMHUUYECKOH Mojaenu. UeM BbIIIE 3HAUCHUE
UCHK, Tem meHbIIe OyOyT CpegHHE YPOBHU
BEPTUKANBHBIX YCKOPEHUH W, MPH MPOYHX
PaBHBIX, HIDKE MOKa3aTelM IUIABHOCTH XOJa.
[osermenns 3Hauenns neproit YCUK moxHO
JOOUTHCS C TOMOIIBIO0 HOBBIX KOHCTPYKIINOH-

* TOCT 33796-2016. MoTop-BaroHHsIif MOBHKHO# COCTaB.
TpeOoBaHMS K IPOYHOCTH M AMHAMHYECKHUM KauecTBaM. —C. 3.
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HBIX MaTepHajoB, ONITUMHU3ALUN KOHCTPYKIIMH
Ky30Ba W PacIIOJIOKEHUs] BHYTPEHHUX pEOep
SKCTPYAUPOBAHHBIX NaHelel, Bapuanuen
B PacIoOJIOKEHUH OKOHHBIX M JABEPHBIX IMPO-
émoB [5—8]. B ciyuae npumeHeHHs KECTKOTO
KpeIJieHHus] MOJBaroHHOTO 000pyIOBaHUS
yBenuuenus 3HaueHust YCHUK moxxHO noctuup
C MOMOUIBI0 PALMOHAIBLHOTO PACIIOIIOKEHUS
SIUKOB [9]. Mexay Tem, ynpyrue KpenieHus
000pyI0BaHUs TaKXKe MOTYT BIUSAThH HA JMHA-
MHUUYECKHE KadecTBa skunaxa [10].

HccnenoBaHuss BBICOKOCKOPOCTHOIO I10-
JIBUYKHOTO COCTaBa IMOKa3bIBAIOT, YTO IpUMe-
HEHUE yIPYTruX ONop NPpH NPABHILHOM BBIOO-
pe KECTKUX U AeMIpHUPYIOMUX CBOHCTB M03-
BOJISIET CHU3UTh aMIUIMTYAbI BUOPOYCKOPEHHI
B BEPTUKAJIHHOM U IMONIEPEYHOM HalpaBICHUU
U yAy4YIIUTh MIOKa3aTesy IIaBHoCTH XoAa [11].
[TapaMeTpsl MONBEMIMBAHUS JOJIKHBI OBITH
TIIATEIBHO MOA00paHbI, YTOOBI H30eXKATh pe-
30HaHCca PU COBMECTHBIX KOJleOaHUsIX 000py-
JIOBaHUA U Ky3oBa [12].

Jemndupoanue koineOaHUI BO3MOXKHO 3a
CYE€T NMPUMEHEHUS] aKTUBHBIX M MaCCHBHBIX
racutesied KoieOaHui, BUOPOU3OIUPYIOLINX
omnop. M3-3a BBHICOKOW CTOMMOCTH TacuTele
HauboJee 4acTo NMPUMEHSIOTCS BUOPOU30IIH-
pytouiue onopsl. OHAKO MPU ATOM HE yaagTcs
JIOCTHYb BBICOKHX IOoKa3aTelnei koddduunen-
Ta JeMI(pUpPOBaHMs M3-3a 3HAYUTEIHHOIO Ha-
rpeBa U30JUPYIOIIEro MaTeprasa, YTo YBeIH-
YHBAET BEPOSITHOCTh €r0 CTAPEHUS U paspy-
mienus [13].

Junamudeckue pacy€Tbl MOTYT BBINOJ-
HATHCS aHAJMTUYECKH, — C IPUMEHECHHEM
nupdepeHnaIbHOr0 YpaBHEHUS JABUKEHHUS
u 0amouHoi Mozaenu Ky3oBa [14], mubo ¢ uc-
MOJb30BAHUEM TPEXMEPHBIX KOHEYHO-
aneMeHTHBIX Moaenel [11]. [Tocneqnuit cro-
co0 siBisieTcs Hauboyiee TOYHBIM, TaK Kak
M03BOJIET a/IeKBaTHO y4ecTh (aKTHYECKYIO
)K€cTKOCTh Ky3oBa [15]. Jlo HacTosiiero Bpe-
MEHH HCCIIEJIOBAaHUS BIHSHUS MOJATIMBOCTH
KpeIuIeHni 000pyIoBaHUs MTPOBOIMINCH IS
CKOPOCTHOTO ITO/IBHIKHOTO cOCTaBa 0e3 yuéra
BIUSIHUSA CTOAIUX Maccaxupos [10; 12; 13].

I]env HacTOsIICH PAOOTHI COCTOUT B OICH-
K€ MEepPCIEeKTUBHOCTH IPUMEHEHHs NOJaTIH-
BBIX OIOp KperieHUsl 000pyJOBaHuUs /sl Ba-
TOHOB IPUT'OPOAHBIX 3JIEKTPOIOE3/10B, XapaK-
TEPU3YIOLIMXCSI THTEHCUBHBIMU KOJI€0aHUSIMU
KOHCTPYKIIMH paMbl. J[1s pacu€ToB HCTIOIB3Y-
I0TCS1 MenoO KOHEYHBIX JIEMEHTOB U OJI0YHBIN
Meton Jlanmoma.
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Puc. 1. KoHcmpykmueHasi cxema Ky30ea ea2oHa 3/iekmponoe3da (ebInosHeHa agmopom).

PE3YNbTATbI
KoHcTpykumsi Ky30Ba H METOAMKA pacuéra

Ky30B B3siTOTO0 1151 pAcCCMOTpPEHHUS IIPUTOPOI-
HOTO BaroHa (puc. 1), BHIIOJHEHHBIA U3 KOH-
CTPYKLIMOHHOW CTaJI, COCTOUT U3 PaMbl, OOKO-
BBIX, TOPLEBBIX CTEH U KpbIu. {71t MmaTrepuana
Ky30Ba 3amarorcs Moayiap FOura 2,1¢10° Mlla
u ko3 duuunent Ilyaccona, pasusiii 0,3. Pac-
CMaTPHUBACTCsA KOHCTPYKIHS, UMEIOIMAs JBE
TJIOCKOCTH CHMMETPHH, YTO IPH CHMMETPUIHOM
BEPTHKAJIBHOM HArPy>KCHUH ITO3BOJISIET UCTIONb-
30BaTh B pacuérax 4eTBepTh Ky30Ba. Pama Ky30-
Ba IMEET KIACCHIECKYIO KOHCTPYKIINIO, COCTOSI-
LIyF0 M3 O0BSA3KM 3aMKHYTOTO Npoduiis, more-
PEUHBIX 0aJIOK, MIKBOPHEBBIX M COKPAIEHHBIX
xpe0ToBbIX O0asnok. IIIkBopHEBbIE OaIKK Coenu-
HSIOTCA C OOBSI3KOH IPH TIOMOIIY PACKOCOB.
TaMOypsl pacmosoKeHBl B TOPLEBBIX YaCTIX
Ky30Ba, IMEIOTCSI BBIXO/IbI Ha HIDKHHE IU1AaT(hop-
MBI. B moziBaroHHOM NpOCTpaHCTBE pacionara-
FOTCS YETHIPE SAIIMKA 000PYIOBaHHS OMHAKOBOH
Macchl. KOHCTpYKIUs Harpy»aercsi coOCTBEH-
HBIM BECOM OpYTTO, BKJIIOYAs BEC CHASIIUX
¥ CTOSIIIMX Ha CBOOOJHOM IUIOMIAAX IOJa Imac-
CaXMpPOB U3 pacuéra 7 uen./m? . Pacmonokenue
BCEX BHYTPEHHHX JJIEMEHTOB BAaroHa MPUHSTO
Ha OCHOBaHUH KOHCTPYKTOPCKOH JOKyMEHTALIH.
Harpy3xu npukiiasIBatoTCs MPH IIOMOIIN H3Me-
HEHUS! TUIOTHOCTH COOTBETCTBYIOIINX YacTeH
Ky30Ba.

Ky30B pacmonaraeTrcs Ha ynpyrux omnopax
¢ BepTuKaibHOM xéEcTroCThIO 0,66 MH/M, uTO
COOTBETCTBYET OOIIeH KECTKOCTH ABYX CTyTIe-
Hel noxBemmBaHmst st Macchl 55000 kr Ky30Ba
BaroHa Opyrro. Tak Kak paccMarpuBarOTCA
TOJIBKO BEPTUKAJIbHBIE KOJICOAHUS, KECTKOCTH
OTIOp B OCTAJIbHBIX HAIPABICHUAX HE YIUTHIBA-
FOTCSI BO BCEX CITy4asiX, 38 NCKIIFOUYEHHEM OTACIb-

2 TOCT 33796-2016. MoTOp-BaroHHbIi ITOABUKHOM COCTAB.
TpeGoBaHMs K IPOIHOCTU U AUHAMUYECKNM KadecTBaM. — C. 3.
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Hoit orienku ux BiaustHust Ha UCHK. [{ns geThipéx
SIIIUKOB TTOJIBATOHHOTO O0OPY/IOBAHUS BBIIIOJI-
HSUJIACh OI[CHKA BITUSHUS )KECTKOCTH KPETICHUN
obopynosanus ma YCHK. Macca kaxmoro
suka cocrapirier oT 275 1o 1100 k. JKéctkocTh
SIAKA MOJICTHPOBANIACh JIByMs CIIOCOO0aMu —
C WCTOJB30BAaHUEM TOJHOM MOIETU Kapkaca
SIIUKA W C TIOMOIIBIO JKECTKOM 0OmacTu. XKécT-
Kasi 00JIacTh MPENIosaracT B3aMMHOE OTPaHU-
YCHHE MOCTYMATEeIbHBIX CTCIEeHEH CBOOOM s
IJIABHOTO Y3714, COOTBETCTBYIOIICTO IICHTPY Macc
SIIMKA, ¥ BTOPOCTEIICHHBIX y3JI0B, KOTOPHIC
pacrojararmTcs B BOCbMHU TOYKaX KPCIUICHUS
SIAKA — HIDKHUX y37aX YIPYTUX 3JICMEHTOB,
MOJICTIUPYIOIIUX MOJATINBEIC KperuicHus. Bepx-
HUE y3JIbI 3THX YIPYTHX IEMEHTOB pacroiara-
FOTCS Ha KPOHINTEWHAX U 0ajKaxX Ky30Ba B TOU-
Kax KpeIUICHUs 000pyI0BaHUS.

YacToTsl COOCTBCHHBIX KOJEOaHUN Ompee-
JISTFOTCSL C MCIOJB30BAHUEM MPOrPAMMHOTO
koMruiekca ANSY S MeToqoM KOHEUHBIX dJIEMEH-
TOB IPH TIOMOIIH 07104HOTO MeToza JlaHrora.
Jnst MozmenupoBaHusl Ky30Ba U 000pyI0BaHHS
HCTIOJIB3YIOTCS YCTHIPEXY3IOBBIC 3JIEMEHTHI
TOHKOW 00OJIOUKH, OJTHOY3JOBBIC MAacCCOBBIC
9JIEMEHTHI U JIByXY3JIOBBIC JIMHCHHO-YIIPYTHE
aneMeHThl. CpeiHuil pa3mMep 000JI0UCUHBIX KO-
HEYHLIX 3JIEMEHTOB B MOJIENIH COCTaBIAET 50 MM.

AHaau3 pe3yIbTaTOB MOIeJTNPOBAHUS
Pesynsrarsr pacuéra YCHUK npu sxécTroCTH
kpermienuit ot 0 1o 1000 MH/M nmpuBeneHs! Ha
puc. 2. MozaenupoBaHue SIIIMKOB 000PyIOBaHUS
KECTKON OOJIACTBIO MPHUBOIUT K MOTPEITHOCTH
onpexaencHus BepxHeit YCUK no 1 % (neBas
kpuBast) u HwkHeit YCUK no 3,5 % (mpasas
KpHUBasi) JUis JaHHOTO MCIOJHEHHUs Ky30Ba.
B naneHe#mx pacuérax xECTKOCTH 000pyI0Ba-
HUSI MOZIETTPYETCS C IOMOIIIBIO )KECTKO# 00nacTy.
CoOCTBEHHBIC YaCTOTHI KOJICOAHUIA SITUKOB
000pyIOBaHUS KaK KECTKOTO IIEIOTO MPH MaIOi
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Puc. 2. YCUK npu pasnuyHoli xécmkocmu KpenneHusi nodea2oHHo20 060py

XKECTKOCTHU KPETUICHUH HE BBI3BIBAIOT M3TUOHBIX
KosieOaHui Ky3oBa. X kojaeGaHus! TPOUCXOIST
Ha yactoTax 3—6 ', KoTopble MPEBBIIAIOT
YacToTy KoJeOaHUH MOANPHIrHBaHKS Ky30Ba, HO
He npesbimatoT YCHUK. C yBennuenueM xéct-
KOCTH KpEIUICHHH COOCTBEHHBIE KoJieOaHUs
SIIIUKOB HAYMHAIOT MPUBOJUTH K U3THOHBIM KO-
ne0aHMsIM Ky30Ba, aMILUTUTY/IbI KOTOPBIX BO3pa-
cratot. [Ipu onpesienéHHOM 3Ha4€HHH KECTKOCTH
KpEeIJICHNI aMIUINTYbl KojieOaHuH Ky30Ba Ha
HwkHe YCUK (pu KoTOpo# SIMKH U Ky30B
HCTIBITHIBAIOT CUH(A3HbIE KOJIeOaHMsT) CTAHOBST-
Csl COU3MEPHMBIMH C aMIUTUTY/IaMH Ha BEpXHEH
YCHK (konebaHus SIIIMKOB M Ky30Ba B IPOTH-
Boase). [Ipu manpHeieM yBeIHdeHUH KECT-
KOCTH KPEIUIEHHH U3rUOHbIE KOneOaHust Ky30Ba
omnpenensier HrwxkHsst YCUK (puc. 2). B nmpenens-
HOM COCTOSIHHH, KOTJIa JKECTKOCTh KPeIuIeHHH
BeJIMKA (OTCYTCTBUE YIPYTHX KpEIJICHUH),
Macchl Ky30Ba M 00OpYAOBaHMS HCIBITHIBAIOT
KoJIe0aHusl TaKKe B OJJHOM HaIlpaBJICHHU.
TakuM 00pa3oM, MOXXHO BBIACIHTH TPH
YCIIOBHBIX JIMara3oHa XECTKOCTH KpeTUICHUH
000py/I0BaHUsI, KOTOPBIE OKA3bIBAIOT BIMSHHE Ha
JMHAMHYECKHe KadecTBa Ky3osa. [lepBrIii ana-
1a30H MaJo XECTKOCTH (pUC. 2) XapaKTepH3y-
€TCsl HU3KMMH YacTOTaMU KoJieOaHui 00opyo-
BaHMS U HE COOTBETCTBYET TpeOOBaHUSIM Oe3-
OTIACHOCTH JKEJIE3HONOPOXKHOTO TPaHCIOPTa
13-32 BO3MOKHOTO PE30HaHCa C KOJeOaHUSIMH
Ky30Ba Ha PECCOPHOM MOJBeIMBaHIH. BTopoii
JIMana3oH CpeAHeH KECTKOCTH SIBISIETCS mepe-
XOJIHBIM, U B €r0 JICBOH YacTH COCPEIOTOYEHBI
3HaYeHUs KECTKOCTH KpEIUICeHHH, Hauboiee
OINITUMAJIGHBIE C TOYKH 3PEHHS YTy4IICHHS JTU-
HaMHMYeCKUX KayecTB Ky3oBa. OJIHAaKO MpH 3Ha-
YEHUAX KECTKOCTH, COOTBETCTBYIOIIUX €ro
MIPaBOi YacTH, BO3MOXKHO IOSIBJICHUE HU3KUX
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us1 obwell

i 4400 k2 (8bINONIHEHO a8MOPOM).

YCHK, uto obecrieHnBaeT MPUMEHEHHE YIIPYTHX
kperuieHuid. HakoHell, B TpeThbeM AuamnazoHe
BBICOKOM KECTKOCTH KY30B UCTIBITHIBACT CUH(DA3-
HBIC KoJIcOaHUs C SIIMKaMH OOOpYIOBaHUS Ha
YacTOTaX, MEHBIIUX 3HAYCHUS YACTOTHI MPHU
JKECTKOM KPEIICHUH 000PYI0BaHUS.

Taxoke 6putH ONTyuyeHb! 3HaYcHU YCUK s
Pa3TUYHBIX BECOBBIX J0JieH 000pyIOBaHMS.
3HaveHus KECTKOCTH YIPYTUX KPEIUICHUH TpHU-
HHUMAJIUCh 10 3aJaHHOW COOCTBEHHOM 4acToTe
KoJicOaHuil 000PyIOBaHUS KaK Teja C OIHOU

CTCIICHBIO CBOGOHLI:
4% fm,
el (1)

n

rae f— Jactora COOCTBEHHBIX KoyeOaHui 000-
pYIOBaHuUSA;

m . — Macca 000pyI0BaHHUS;

N — YUCIIO0 KPETUICHHUH SIIIHKA.

PaccmoTpeH nuanazoH 4acToT KoneOaHWn
obopynoBanust 69 ' i Bcex paccmarprBae-
MBIX KEcTKocTel kpemneHuit Bepxusas YHCUK
MIPOTIOPIIMOHAIbHA 3HAUYCHHUIO YIEITbHOH MacChl
ob6opynosanus (puc. 3). CrienoBaTenbHO, YeM
OoibIIIe Macca pacronaraeMoro Ha Ky3oBe 000-
PYAOBaHMs, TEM OOJBIIETO YBEIMUESHUS BEPXHEH
UCHK MOXHO TOCTHYb.

3agaBasch onpeaeIeHHON YacTOTOH sAluKa
JUTSE Toa00pa KECTKOCTH KPEIUICHUH, ClIeAyeT
YUMTHIBaTh, YTO JIEHCTBUTEIbHbIE COOCTBEH-
HBIE YaCTOTHI SIIIUKOB MOTYT OBITh, KaK MOKa-
3BIBACT pacyéT, Ha 2—5 % MeHbIIe 0003HaYeH-
HOH 4acTOTHI. DTO CBA3aHO C IOIOIHUTEIBHOMN
MOJATIMBOCTBIO o0nacTel KperuieHni B 6a-
Kax Ky30Ba.

Jlist 3phekTHBHOTO YMEHBIIICHHS KOICOAHMI
Ky30Ba C OTHOCHUTEIBHON Maccoii 000py10BaHMs
0,02—0,08 yactoTra 000pyIOBaHUS TOKHA OBITH
npumMepHo Ha 12—42 % nmxe UCHUK Ha peccop-
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Puc. 3. 3asucumocmb YCUK om ydenbHoli Macchbl o6opydoeaHusi
(cnpaea — 3HayeHust f, ['u) (8bInonHeHO asmopom).

HOM MOJBEUIMBAHUHU C YYETOM IMOJATIMBOCTH
KpeTUIeHH 000py/IoBaHHs.

Tlpu 3amanHO# Macce HAaUOOJBIICTO BIIHSI-
Hust o0opynosanust Ha YCUK MoxHO ocTHYB
YBEJIUUYEHUEM KECTKOCTU €ro KpEIICHUH.
OnHako 3Ha4YeHUs XECTKOCTU MPHU ITOM
JIOJDKHBI TPUHA/IJICIKATh JICBOM 4aCTH Eepexo-
HOTO JMana3oHa BO W30exaHWe MOSBICHUS
PE30HaHCHBIX KoJicOaHuii Ha HikHel YCUK.
Hampumep, Ha puc. 4 mokazanbl HOPMbI H3THO-
HBIX KoJeOaHuil Ky30Ba ISl yAEIbHONW Macchl
obopynoBanus 0,08 1 yacToT Kosebanuii 060-
pynoBanust 6 u 9 I'n. Ecnu nipu wacrore 6 I'g
aMILTUTYbl KoJIeOaHUI Ky30Ba Ha HUIKHEU
YacTOTE Ha MOPSJIOK MEHbIE aMIUTUTYI Ha
BepxHen (puc. 4a), To npu gactore 9 I'm am-
TUTMTYAbI KOJIeOaHUH OTIIMYAIOTCS B 1BA pasa
(puc. 46). Takum 00pa3oM, HCIOJb30BAHHE
KECTKOCTU KperyieHus: 000pyA0BaHuUs BBIIIE
0,44 MH/M (4TO COOTBETCTBYET YaCTOTE KOJIE-
Oanwmii o0bopynoBanus 9 ') B TaHHOM ciiy4dae
MOXET MPUBECTH K HEXKEJATeIbHOMY TOsBIIC-
HHUIO PE30HAHCHBIX KOJICOAHWH Ha HUKHEH
YCUK 8,38 I'y (puc. 46). DakTUYECKU ITO
OyJeT 03HaYaTh OTPHULATENbHBIN AP PEKT mpu-

= =

Puc. 4. ®opmb1 konebaHull Ky308a Ha 8epxHell (c8epxy) u HUXHel
(cHu3y) YCHK npu yacmome koneb6aHuii o6opydosaHus
6 (a) u 9 (6) 'y (8binonHeHo asmopom).
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MEHEHHS MOAATINBBIX KPEIUICHUH, TaK Kak
YCHK npu xECTKOM KperieHnn 000pyaoBa-
HHUA B 3TOM Ciry4ae coctasiser 9,85 I'm.

[pu xECTKOM KperieHuu 000pyIOBaHUS
UCHK Ha IOAATIUBEIX OMIOPax HE 3aBHUCHUT OT
yaenbHON Maccel 00opynoBanus. B To xe Bpe-
Ms M3BECTHO, YTO HAOIIONAETCS IMPOIOPLIHO-
HanpHOoe yBenunueHne YCUK Ha xécTrux
omopax ¢ yBEIHYEHHEM YACIbHOH Macchl
KECTKO 3aKPEIUIEHHOTO 000pynoBaHus [9].

Bnusxue pacnonoxeHus AIIHUKOB HO{BaroH-
HOT0 000PYZOBaHHS OLIEHUBAJIOCH 10 pacyéTam
IUISL MOZieNIel C YETBIPbMS, ABYMS M OJHHUM
SIIIMKOM OJMHAKOBOW 00Ieil maccoi 4,4 T.
Kaxapif sSmuk mMen BOCeMb KpemJIeHHH
(puc. 5).

[1pu pacnionoxeHuH 060pyTOBaHHS B YETHI-
péx smukax BepxHsigs UCUK oxa3piBaeTcs
HauMeHbIei. [Ipu pacronoxeHnuu 060pynoBa-
HUS 110 CTOPOHAM BaroHa B ABYX SIIIUKaX WIH
B HeHTpe Ky3oBa B ogHoM simuke YCUK yBe-
IU4uBaeTcs nmpuMepHo Ha 2-3 % (tabm. 1).
HecTabunpHOCTh 3HAYSHHI YACTOT B Cilydae
OJIHOTO WJIH IBYX SIIIIUKOB OOBSACHACTCS pa3HOH
MOJATIINBOCTHIO OaloK KperuieHus. bonee yaa-
NEHHOE pACIOJoXKEHHEe 000pyJOBaHUS OT
LIEHTpa Ky30Ba IIPUBOIUT K MEHbIIIEIH KOMIICH-
canuu koinebaHWil Ky3oBa B mpoTuBodase
¢ 000pyZOBaHUEM H, COOTBETCTBEHHO, K MEHb-
meMy 3HadeHuo YCHUK. Takum oOpazom,
Haubonee 3 GEKTUBHO pacroyiarath THKENOE
obopynoBaHHE Ha YIPYTHX OMOpax B MecTax
¢ HauOONBIIUMH aMIUINTYyJaMHU KoJIeOaHHH
Ky30Ba, TO €CTh OKOJIO €0 IIEHTPAILHOTO Ceye-
Hust. Tem He MeHee, Goee BaXKHBIM SIBIISETCS
BBIOOp ONTHUMAIBHOTO 3HAYEHHS XKECTKOCTH
KperuieHnii 060pyaoBaHUs, O3BOJSIOMIHI
yBexmanth YCHK B paccMmaTprBaeMoM npume-
pe Ha 3—10 %.

Bubpouzonupyroiue onopsl 00bIMHO 0012~
JIAroT TOAATIMBOCTHIO HE TOJIBKO B BEPTHKAIIb-
HOM, HO U B NPOMAOJIBHOM M IOINEPEYHOM Ha-
npaBieHusx [13]. s oneHKH BIUSHUS CIBU-
TOBOM KECTKOCTHU OIOP B IByX OCTAJIbHBIX Ha-
mpasieHusx Ha YCUK mozmens xy3oBa Oblna
JOIOTHEHA YIIPYTUMH 3JIEMEHTaMH B 001acTIX
KpeIUICHHS, 00€CIIeUnBAIOINMH YUET KECTKO-
CTH OTIOp B IIPOZIOJILHOM U ITOTIEPEYHOM HaAIPaB-
neHnn. TakuMm o0pa3oM, Kaxkgasl ormopa Kper-
JIeHUs AIKKa 000pyIOBaHUS MOJEIHPOBAIACH
TpeMs He3aBUCHMBIMU yIIPYTUMH IEMEHTAMHU.

Pe3ymprarel pacuéra mokazaHsl Ha puC. 6.
3nauenus YCHUK, cooTBeTcTByOmUE KpHu-
BOH |, momy4eHs! 0e3 yuéra CIIBUTOBOM KECT-
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Puc. 5. BapuaHmsI pacnonoxeHusi nodeazoHH020 060pydoeaHust (8bINOTHEHO a@MOPOM).

Taonanna 1
Bausinue pacnosioxenusi ooopynopanus Ha YUCUK
Yacrora xonebanuii 06opyaoBanusi, ' YCHUK
IIpU KOJIMYECTBE ALIUKOB, FI.I
1 2 4

6 10,61 10,62 10,4

7 10,77 10,8 10,51

8 10,94 11,02 10,68

9 11,13 11,28 10,94

KOCTH KpeTUIeHU, KpUBOH 2 — ¢ yuérom abco-
JIIOTHOM CIABUTOBOU *KECTKOCTU. Pe3ynbTaThl,
TTOJIyYEHHBIE TIPH JIFOOBIX NEeHCTBUTEIBHBIX
3HAYEHUSAX CABUTOBOM KECTKOCTH, pacnoiara-
IOTCSI MEXKY STUMH KPUBBIMH, HAIPUMED, IS
ciydas paBEHCTBa JXECTKOCTH KpeINJIEeHUH
B TPEX HampaBIEeHUAX (Mapkepsl Ha puc. 6).
Jng 3HaueHUN BEPTHKAIBHON XKECTKOCTH,
KOTOpBIE MOTYT HCIONb30BaThCS B LIENIAX MO-
seimenust YCUK (0,1-0,7 MH/m), paznuuns
B 3HaueHusXx YCHK npu pa3nuyHbIX CABUTO-
BBIX XKECTKOCTAX He mpeBbimaioT 1 %. Ilo-
3TOMY HpH BBIOOpE KECTKOCTH KpeIJICHUH
000pyI0BaHUsI CIIBUTOBOI )KECTKOCTHIO MOYKHO
npeHeOpeus. Takoe ympouieHue DOMmyCTUMO
B Clydae pacCMOTPEHHs M3THOHOH (hopMmBI
Ky30Ba, XapaKTepH3yIollelcss HHTEeHCUBHBIMH
BEpPTUKAJIBHBIMH Kodebanusmu. OxHako,
B CiIy4yae pacCMOTpEHHs APyrux (opm koie-
Oannii (HampuMep, HECUMMETPHUYHOH poMOo-
BUAHOU [16]), cCABUTOBBIC KECTKOCTH MOTYT

¢ MWP TPAHCIIOPTA.2021.T.19. N2 2 (93). C. 6-12

OKa3bIBaTh OoJice 3HAYUTEIBHOE BIHUSHHUC Ha
YacTOTy COOCTBEHHBIX KOJICOaHUH.

BbIBOAbI
YcranoBka 000pynoBaHMS Ha TONATIMBEIC
KpeIUICHHs! IIpU ONTHMAJIBHOM I0J00pe MX
KECTKOCTH MpUBOAMT K yBenmuueHuo YCHUK
BaroHa MPUropoAHOro 3nekrponoesna. Ilpensa-
PUTENBHBIH MOAO0p KECTKOCTH KpPETUICHHUH
MO)KHO OCYIIECTBIISTH 110 3HAUYCHUSIM COOCTBEH-
HOH 4acTOTHI KoJeOaHuii 000pyaOBaHUsL.
MozennpoBaHue 000pyIOBaHHS, yCTaHABIIHU-
BaeMOT0 Ha IOJAaTIIMBBIE ONOPHI, Hanbomee pa-
LHUOHANBHO BBINOIHATE C TOMOLIBIO IMHEHHBIX
YOpPYTUX 3JIEMEHTOB U MHCTPYMEHTA >KECTKON
oOmacty, koTopslii mo3Bomsier oueHUTh YCHUK
¢ TorpemHocThio He 6omnee 1 % mo cpaBHEHHIO
€O CIOCOOOM ITOJTHOTO MOZIETTMPOBAHNS KapKaca
obopynoBanus. [Ipu 3TOM BIHSHHE CIBUTOBOI
xké€ctroctr omop Ha YCHK cocrasiser MeHee
1 % 1 MOXXET He yJUTHIBATHCSI.
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Puc. 6. 3asucumocmpb YCUK om eepmukansHoll
J)écmkocmu kpenneHuli o6opydoeaHusi npu abcosmromHol
nodamnueocmu (1), abcomomuoil xécmkocmu (2) kpenneHul
8 deyx nepneHOUKyNAPHbIX HanpasneHusx. Mapkepb! -
0duHaKoeasi xécmKocmb KpenneHull 8 Mpéx HanpaeeHusX
(ebInonHeHo agmopom).

Hawubonee Tsoxénoe 060pynoBaHue pH ycra-
HOBKE €r0 Ha IMOJIaTIIMBbIX KPETUICHHSIX IeIeCOo-
00pa3Ho pacrionararh ONIKe K IEHTPY Ky30Ba
Juts 6ostee 3(h(HhEeKTUBHON KOMITEHCAITMH H3THO-
HBIX KOJIEOaHUH Ky30Ba.

IIpu mocTossHHO# Macce OPyTTO Ky30Ba yBe-
JIMYEHNE OTHOCHUTEIILHOM Macchl 000pyIOBaHHS
Ha nojatnuBbix KperieHusx ot 0,02 go 0,08
npusomuT K yBenndennto YCHUK na ynpyrux
OIIOPAaX M MPAKTHYECKU HE BBI3BIBACT H3MEHEHHMS
YCHK B cirydae xECTKOTO KperwIeHUs 000pyIo-
BaHMS.
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Lienu v pucku aesTenbHOCTM Kak (hakTopbl
PerynupoBaHusi B coLManbHbIX cUCTEMAX
Ha TpaHcnopTe

Hapexpa ®UUNNOBA Wropb BALLMAKOB
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AHHOTALNA

CywiecmeeHHble UMEHEHUSs, KoOmopbIe NPoUCXodsm 8 Hac-
mosiujee 8pems 80 sHewHell cpede, A8MAMCA 00bEKMUBHbIMU
npednockTkaMu NOSIBNIEHUS HO8bIX MEMOO08 yNpaeieHus, Komo-
poie npedonpedensirom npakmudeckuli nepuod nepexoda nped-
npusimuti om cmpameau4ecko20 NnaHuposaHus K cmpameaudye-
ckomy ynpaeneHuto (nepegoldy MbiweHus om 6ydyuwie2o K Ha-
cmoswemMy no NpuHYUny «30eck U celiyac).

Tak, Hanpumep, KpynHble NPOU3BOACMBEHHbIE CMPYKMYpbI
OpUEHMUPOBaHbI Ha CMabuTbHOCMb, NO3MOMY MEANEHHO peagu-
pylom Ha usMeHeHus1 eHewHel cpedsl, cnabo udym Ha puck,
CKITOHHbI K mpaduyuoHHbIM peweHusiv. Moducbuyupyrouue ea-
puaHmsl, pa3sumele 8 KpYNHbIX npednpusmusix, no cgoel cymu
ecmb pa3gusarolyue mo, 4mo ecme, a makxe 00NoAHALWUe U
AuchhepeHyupyrowue, koeda 02paHU4eHHOCMb 803MOXHOCMeEU
KkaKol 6b1 Mo HuU bb1r10 380/1HOYUU TTHOBOL cucmeMb MOXem bbimb
morbKo 8 ee npedenax.

OppekmugHocmb ompaxaem pesynbmambi pa3gumusi, HO
He mox0ecmeeHHa pe3yibmamam, mak Kak HuKakasi 9KOHOMUSI

00HUX Ghakmopos npousgodcmea He Moxem bbimb 0ocmueHyma
6e3 dononHumenbHbIX 3ampam Opyaux. M 30eck cmpameausi
npespawjaemcs 8 peasbHyH MoIbKO 8 pe3ynbmame KOHUenyuu
pa3pabomKu HOBbIX KOHKPEMHbIX NPOAYKMO8 Unu Npoueccos
npu ycrnoguu cobmodeHus credyruwe2o uHOUKamopa npoepecca:
Npu MUHUMyMe 3ampam MaKkCuMyM OC8OEHHOZO.

Llenbto uccnedosaHus siensemcs onpedenieHue cospe-
MEHHbIX hakmopoe peaynuposaHus 8 COYuanbHbIX cucmemax
Ha mpaHcnopme, COKPbIMbIX 8 Uensix u puckax makol des-
menbHocmu. [pedmemom u3yyeHus A6MsANCs agmomobusb-
HbIli mpaHcnopm. B cmambe ucnons3ytomesi MemoObl meo-
PemuYEeCcK020 U IMNUPUYECKO20 UCCIeA08aHUs 8 OMHOWEHUU
yeneli u puckos, KOmopkIe MOXHO onpedensms u Habmodams
8 0esAMenbHOCMU MPaHCNOPMHbIX COYUAanbHO-MEeXHUYECKUX
cucmem.

Llenu u pucku onpedensomcs kak hakmopbl, N03sonsouue
peaynuposamb KITo4esble nokasamesu 0esmenbHOCMU coyuank-
HO-MEXHUYECKUX CUCMEM, BMIUSIOWUX Ha UX 3¢hheKmMUSHOCMb.

Kntoyesbie criosa: mpaHcnopm, PUCKU, CHUXeHUe PUCKO8, ynpasrieHue puckamu, pe2ynuposaHue pucKkos, pUucku Ha mpaHchopme,

8bIsIB/IEHUE PUCKOB, I¢heheKMUBHOCMb.

[ns yumuposaHusi: @ununnosa H.A., bawmakos U. A., Kouezypa . FO. Lienu u pucku esmenbHoOCMU Kak ¢hakmophb! pe2ynupogaHust
8 coyuarnbHbIX cucmemax Ha mpaHcnopme // Mup mpaHcnopma. 2021. T. 19. Ne 2 (93). C. 13-18. DOI: https://doi.org/10.30932/1992-

3252-2021-19-2-2.

MonHbIli mekecm cmambUu Ha aH2nuiickoM si3bike ny6auKyemcst 80 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

TpaHcnopTHast OTpacib ABISETCS OJHOU U3
HamboJlee TIOABEPIKEHHBIX PHCKY, 9TO TpeOyeT
OT TPAHCIOPTHBIX KOMIAHWH HCIOIb30BAHUS
3¢ (EKTHBHBIX CTPATETHH YIPABICHUS PUCKAMH
npeanpusaTas. Mcronb3ys npaBUiIbHbIE METOIBI
¥ MHCTPYMEHTBHI, 3TH KOMITAHIMH MOTYT CHU3HUTh
3HAYNTEIHHYIO YaCTh CBOMX PUCKOB U JIydIlle
pearupoBaTh Ha TaKWe CUTyalllH, KOTZA OHH
BO3HHKAIOT [1].

CoBpemMeHHBIE (aKTOPHI PEryIUpOBaHUS
B COL[MATIBHBIX CHCTEMAX Ha TPAHCIIOPTE KPOIOT-
Cs B aKTyaJIbHBIX Ha AAHHBIH MOMEHT LEJSIX
TPaHCIIOPTHOW NEATEIbHOCTH, BKIIOYAIOIINX
B ce0s paboTy B MHTEepecax KIMEHTOB, T00po-
COBECTHOC HCIIOJTHEHHE B3ATHIX Ha ceds 00s13a-
TEJILCTB, HOAJCPKKY U Pa3BUTHE B3aUMOBBITOI-
HBIX, JOJITOCPOYHBIX OTHOILIEHUH C MapTHEPAMH.
ITommMo 3TO0TO, COBpEMEHHBIE (DAKTOPHI PETYITH-
pOBaHUS B COIMANBHBIX CHCTEMax Ha TpPaHC-
TIOPTE TECHO CBSA3aHBI C PUCKaMH KaK HEOThEM-
JEMBIMH KOMIOHEHTaMH TPaHCHOPTHOH Hes-
TENBHOCTH. YIPABIISISA pUCKAMH, MOXKHO P QeK-
THUBHO BO3EHCTBOBATh KaK Ha COIMAIbHBIC, TAK
¥ Ha TEXHUIECKNE KOMITOHEHTHI TPAHCIIOPTHBIX
CHCTEM.

‘YnpaBneHne pucKaMy — 3TO IPOLIECC aHAH-
THUYECKON M YNPaBIEHUYECKON NEATENbHOCTH,
HaIpaBIICHHBIH Ha BBIABICHUC M PEaKIWIO Ha
BO3HHKAIOIIYI0 HEOTPEAEIEHHOCTD, IPUCYIILYIO
YIPABJIECHUIO CIIOKHON CUCTEMOM U €€ aKTUBaMH.

Pucku, ¢ KOTOpPBIMH CTalKHBAIOTCS TPAHC-
MIOPTHBIE KOMIIAaHWH, HapuUMep, B cepe aBTo-
MOOWJIBHBIX TIEPEBO30K, MOTYT OBITh pa3HBIMH,
HO MOTYT BKIJIIOYATh B C€0s IEJIOCTHOCTH U Oe3-
OTIaCHOCTH aBTOMAPKa, 0€30MaCHOCTH U yAEpXKa-
HHUE BOANTEIIEH, a TAK)KE BOTIPOCHI COOTIOICHNS
TpeboBanmii. Ha HEKOTOpBIE M3 ITHX PUCKOB
HaNpsIMyIO BIMSIOT BHENTHNE (DAKTOPEL, B 4aCT-
HOCTH MOTOJIHBIC SIBJICHUSI, IBI)KCHHE U IOPOXK-
Hble ycnoBus. [lepeBo3unkn Takxke OepyT Ha
ce0st MHOXKECTBO IPYyTuX pUCcKoB. OHU HECyT
OTBETCTBEHHOCTH 32 JIOCTaBKy TE€X TPY30B, KO-
TOpBIE MOJAEPKUBAIOT OM3HEC WX KIMEHTOB-
rpy3ootnpasureneid. JltoOsie cOon, BKITIOUas
HECUYaCTHBIE CITydaH, MOTEPIO IPy3a Win HUHAH-
COBEIE ITPOOIIEMBI, MOTYT BBI3BATH COOH B IICTIOU-
K€ ITOCTaBOK, KOTOPBIH HAHOCHT yIepO pemyTa-
MU U CHIDKAET MpUOBLTH [2].

HexoTopele U3 «COBPEMEHHBIX» PHUCKOB,
C KOTOPBIMHU CTaJIKHWBAE€TCS TPAHCIIOPTHASA OT-
pacib, CBA3aHBI C pa3BUTHEM TEXHOJOTHH, KH-
0epys3BIMOCTBIO M KOJICOAHUSIMH PHIHKA, BBI-
3BaHHBIMH MEXAYHAapOAHBIMH TOPTOBBIMHU

criopamu. Kpome TOro, K TaKM PHCKaM MOXKET
OTHOCHUTBHCS HEXBATKa KBAJTHU(GHUIIMPOBAHHBIX
BOJIMTENEH, COOMOeHHE HOPMATHBHBIX Tpe-
0OBaHUIi U COCTOSHIE JOPOKHON HHDPACTPYK-
Typbl. XOTSI MHOTHE W3 3THX PUCKOB HEIOJ-
KOHTPOJIbHBI TPAHCIIOPTHBIM KOMIIAHHSM, €CTh
JICUCTBUSI, KOTOPBIE OHM MOTYT MPEIIPHHATD,
YTOOBI CHU3UTh CBOM PUCKH M UMETh BO3MOX-
HOCTh OTPEAarupoBaTh Ha HUX HAIJICKAIIUM
obpazom [3].

Llenvio viccrenoBaHust SABJISAETCS ONpe/esie-
HHE COBPEMEHHBIX (PAKTOPOB PEryIHPOBAHHUS
B COLIMABHBIX CHCTEMax Ha TPAHCTIOPTE, COKPBI-
TBIX B LEJAX M PUCKAX TAKOW JESATEIHHOCTH.
Hcnonb3ytoTces Memoosi TEOPETHYECKOTO UCCIle-
JIOBaHHUS, OIIUPAIONIMECS HA U3yUYCHHE CTETICHN
npopabOTaHHOCTH MOMOOHBIX BOITPOCOB IPYTH-
MU YYEHBIMH, UX aKTYalbHOCTH, KPUTHYECCKON
otieHKH. [ToMHMO TeOpeTHUECKOro, MPUMEHEHBI
METO/IBI AMITUPUIECKOTO UCCIICTOBAHUS B OTHO-
[ICHUH IIeJIeH M PUCKOB, BBIPAXKEHHBIC B H3JI0-
KEHUH WHPOPMAIINH, MOTYICHHON OMBITHBIM
IIyTEM.

PE3YNbTATbI
Ilenn n prucku HA TPaHCHOpTe

BuenpeHue ynpasieHUs: TPaHCIIOPTHBIMU
pUCKaM¥ — 3TO CIOCO0 OIEHKH KOHKPETHBIX
PHMCKOB 1 pa3pabOTKU cTpaTreruu 60pbObI C ITH-
MH PUCKaMH.

C y4€TOM KIIIOUEBOT'O BIIUSIHUSI TPAHCIIOPT-
HBIX PHCKOB Ha KOMMEPYECKYIO JIEeSITeIbHOCTh
Ka)k/asi TPaHCIIOPTHAsI KOMIIaHUs JOJDKHA pa3-
paborark peuieHue Jyis yIpapieHusl MU, KOTO-
poe OyneT ornpeaensiTh UX MOJIUTHKY U orepa-
1y, PenieHue He TOJNBKO CHMXKAeT PHCKH, HO
U MOXET CIYXKUTh MOIIHBIM HHCTPYMEHTOM
NPOaX, KOTOPBIN MPHUBICUET IPY300TIIPABUTE-
JIel, KOTOPBIE XOTAT OBbITh YBEPEHHBIMH, YTO X
TOBapbl HAXOJATCS B HAEXKHBIX PyKax.

Korna tpaHcnopTHas KOMIaHUSI HE MOXET
NPUMEHUTD Ha NpaKkTHKe 3((PEKTUBHOE peLeHne
10 YNPAaBJIEHUIO TPAHCIOPTHBIMH PHCKaMHU,
PYKOBOZACTBO COOOLIAET CBOMM COTPYAHHKAM
Y KJIIMEHTaM, 4TO yIpaBJIeHHE PUCKaMU HE SBJIs-
€TCs IPUOPUTETOM. DTO MOXET NaryOHO cKa-
3aThCsl HA MOPAJILHOM J1yXe, IPUBJICYCHUH CO3-
HaTeJbHBIX, KBAIM(HUINPOBAHHBIX BOJHUTENEH
Y BBIUTPBIILE B OM3HEce. MHOrHe rpy300TIpa-
BUTEJIH Ceiuac CrpalliuBaoT CBOUX MEPEBO3YH-
KOB, KaKH€ CYIIECTBYIOT IIPABUJIA JUIsl CHUOKEHUS
PHCKOB, KOTOpBIE MOT'YT ITOBJIHATH Ha UX Iepe-
BO3KH. be3 KOHKPEeTHOro 1 YETKOTO pereHus 1o
YOPaBICHUIO PUCKAMHU, KOTOPOE OHH MOTYT
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JIETKO TMMOKa3aTh KIHUCHTaM U ONPEACIUTh ypO-
BEHb UMEIOIIUXCSI PUCKOB, TPy300TIIPABUTEIIH,
CKOpee BCEro, yHIyT K IpyroMy MepeBO3YHKY.
Ha kapTy CTaBUTCS CIMIIKOM MHOTOE, YTOOBI
PHUCKOBATh.

I'maBHO#1 32a00TOM COBPEMEHHOTO IEPEBO3-
YHKa SBJISETCs obecrnedeHue OecrnepeOoHon
paboTHI LIETOYKHU MOCTaBOK. B pamkax cBomX
YCUIUI MO yHNPaBJICHHUIO TPAHCIMOPTHBIMHU
PHUCKaMH MEPEBO3YMKHU JOKHBI YUUTHIBATH
CTPaxoBO€ MOKPBITHE U YCJIOBHS €ro odecre-
YEHHS, OTBETCTBEHHOCTh Ha Ka)KJIOM 3Tare
LIETOYKHU TOCTaBOK, IUIaHBl 00ECIICUCHUs He-
MPEePHIBHOCTH OM3HECA, CTOUMOCTH CBOUX
Ipy30B, a TAaKXKe 00eCcreynuBaTh pe0TBpale-
HUe noTeps [4].

YpasiieHre TPaHCIIOPTHBIMU PUCKAMH MO-
JKET U He OBITh OIMHAKOBBIM IS KaXKIOW KOMIIa-
HuH. OTHAKO €CTh OCHOBOIIOJIATratOIINE SIEMEH-
ThI, KOTOPBIC Ka)Jasi TPAHCIIOPTHAS KOMITAHUS
JIOJDKHA BHENPATH B CBOIO MPAKTUKY. MOKHO
MPEJIOKUATh HECKOJIBKO TMOJIE3HBIX PEKOMEH/Ia-
LU TPAHCIIOPTHBIM KOMIIAHUSM, CTPEMSIIIIIMCS
CHH3UTh PUCKH, IPUCYIIIUE UX OTPACIIH:

* Pa3BUTHUE UCTIOTHUTEIILHOM MOICPIKKH IS
YIPaBJICHUS] PUCKAMHU;

* ONpe/CJCHUE MPUHIUIIOB yIIPaBICHUS
PHUCKaMH U OTBETCTBEHHOCTH OpraHU3alNY;

* (hopMasm3anys MOJAX0A0B K YIIPABICHUIO
pHUCKaMH C MCIIOJIBb30BaHUEM IEJIOCTHOIO IO/
Xola JUISL MOAACPKKU MPUHATUS PEIICHUN
U YJIYYIICHUS YCICIIHOTO JOCTHKCHHUS CTpaTe-
THYECKMX IIeNIel U 3a1a4;

* UCIIOJIb30BaHUE YIIPABICHHUS PUCKAMH JJIst
NePeCMOTPa CYIIECTBYIOLINX MTOJIUTHK, POLIEC-
COB U CTaHIapTOB;

* BHEJPCHHUC YIIPABJICHUS PUCKAMU B CyIIIE-
CTBYIOIIHE OM3HEC-TIPOIIECChI, YTOOBI MPH 00b-
€IMHCHUH aKTUBOB, POCTE MPOU3BOAUTEIILHOCTH
U YTIPABJICHUH PUCKAMH ITPOMCXOIMIIO YCIICIITHOE
MPUHSATUE PEIICHHUIA;

* BBISIBJICHHUE BJIA/ICIIBIICB PHCKOB U yIIPaBJIIc-
HHE PUCKAMH Ha COOTBETCTBYIOIIEM YPOBHE;

* HCIOJIb30BAaHUE IMPOIecca YNpaBieHUs
PHUCKaMH JUIsI TIOAICPKKH PACTIPEACICHUS PUC-
KOB IPH MPUHATHH PENICHUU, CO3MaHUU IMPO-
rpaMM M IPOCKTOB;

* HCIIOJIb30BAHUE YIIPABJICHUS PUCKAMH IS
MOJIyYCHHST SKOHOMHUYECKOTO 000CHOBAHUS IS
TPaAHCIIOPTUPOBKH U 3aBOCBAHHUS JOBEPHS 3aHH-
TEPECOBAHHBIX CTOPOH;

* UCIOJIb30BAaHKUE CJIOKHBIX WHCTPYMEHTOB
aHaJIM3a PUCKOB C COOOIEHUEM PEe3yJbTaTOB
3aMHTEPECOBAHHBIM CTOPOHAM.

CoBpeMeHHBIE PElICHHs! MTO3BOJISIOT Nepe-
BO3YHMKaM BBISIBJIATh PUCKH, aHAJTU3HUPOBATh UX
CepbE3HOCTH U ABTOMATH3MPOBATh 33/1a4y MOUC-
Ka aJbTepHATHB C MEHBIINM puckoM. OOHapy-
JKEHUE BKIIIOYAET MJICHTU(QHKAIMIO Ipy3a U Iie-
PEMEHHBIX, KOTOPbIE MOTYT IOBJIHATH Ha €T0
JocTaBKy. HebGnaronpusiTHble MOrogHbIe ycio-
BUsI, 9KCTPEMAaJIbHBIE TEMIIEPaTyphbl, COLHAIIbHbIC
OIIACHOCTH, CTUXUITHBIE OSACTBUS M OTKIIIOYECHHE
(oTKa3) HHPPACTPYKTYPHI ABJISIOTCS OMHUMHU U3
HauOoJee pacpoCTpaHEHHBIX PUCKOB [4].

3areM peleHre MOXET Y4eCThb 3TH HICHTH-
(GULMpPOBaHHBIE PUCKU M OLICHUTH MX BEPOST-
HOCTh BO3HMKHOBEHHUS Ha JIIOOOM dTare Mapii-
pyTa J0CTaBKH. DTO BaXKHBIN (pakTOp, KOTOPBIH
clie/lyeT NpUHUMATh BO BHUMaHHUE, IIOTOMY 4TO,
€CJIM CMOTPETh TOJBKO Ha MeCTa HOJY4YECHHUs
U JOCTaBKH, KaXkJias MPOMEKYTOUHasi TOYKa
UTHOPUPYETCS, 2 UMEHHO 3/1€Ch MOTYT IIPOU30¥i-
TH caMmble Oonbinue nepebou. bonpniMHCTBY
MEPEeBO3YMKOB HE XBaTaeT IIEPCOHAIIA, TEXHOO-
T'M{ WM BPEMEHH, YTOOBI COOpaTh Takoi 00bEM
nH}popMaLuK, 0COOSHHO KOT/[a HECKOIIBKO T'py-
30B MEPEMEIIAIOTCS B pa3Hble MECTa B MaCILTa-
0ax KpYIHOTro perioHa WM 10 BCEH CTpaHe.
TexHonoruu 3Ha4YNTEILHO OBBICHIIM TOYHOCTD,
MacuTad U CKOpOCTh OOHApYKEHHs ATUX JIaH-
HBIX, U 32 MOCJIeJHee AEeCATHICTHE OHO 3HAYH-
TEJILHO YJIYYIIHIIOCH.

[ToMuMO BBISIBIEHHS TOTEHIMATBHBIE PUCKU
JIOJDKHBI ITO/IBEPTHY ThCS aHAJIU3Y, YTOObI y3HATh
UX BEPOSTHOCTH, CEPbEZHOCTH, reorpaduio
u cpoku. Hanprmep, BEposITHOCTh POrHO3UpYe-
MOTO JIEATHOTO A0XKASI MOXKET cocTaBiATh 70 %
B OJTHOM M3 CEBEPHBIX PETMOHOB Ha MaplIpyTe
B TIOHEJEIbHUK, HO, €CIIH OXKHIAETCS, YTO I10-
JIBIDKHOHM COCTaB IMOKMHET 3TOT PETHOH B BOC-
KpeceHbe, OTIPy3Ka MOXKET OBITh OCYIECTBIICHA
B COOTBETCTBHU ¢ TpadukoM. B kauectBe ainb-
TEpHATUBBI, €CIIH HE 0’KUIAETCSI, YTO ITOABMIKHOM
cocraB OyAeT B 3TOM COCTOSHHU JI0 BTOPHHUKA,
CyIIECTBYET OlleHHBaeMblii B 50 % 1m1aHc, 94To oH
OyzeT 3ajiepkaH n3-3a o0JeIeHEH S JOPOTH.

3nech MOXKET OBITh d((PEKTUBHBIM CIIEIYIO-
LM 3Tan mnpoiecca ynpaBlieHUsS PUCKAMU:
puHsTHE peeHuit. imes Takyro nHGOpMAIIHIO,
MEPEBO3YNK MOXKET PEIINTh, KOT/Ja JIOJDKHA Ha-
4aTbcsl OTrpy3Ka. Ecin nepenecty nary nomyue-
HUsI Ha Oosiee PaHHIOK HEAENIO WM OTIOKHUTH
e€ 110 TeX 1op, II0Ka TeMIiepaTypa He HOJAHUMET-
Cs1 BBIILIE HYJISL, TPY3 MOXKET MHUHOBATb JICISTHOW
ox1b. Jla, OTrpy3ka MOXET ObITh paHHEH Win
MO3/IHEH, B 3aBUCHMOCTH OT 3TOTO PEIICHHS, HO
rpy3 Oyzmer obe3omaceH U He OyneT MOABEePIKEH
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BIIMSHUIO HU3KUX TEMIIEPATYP WK CKOJB3KUX
JIOPOT, KOTOPbIE MOTYT IMPUBECTH K TOBPEKIC-
HUIO Tpy3a W/WIIK TTOJBIKHOTO cocTaBa [S].

IlepeBo3unK MOXKET Jydilie 3arIaHUPOBATh
JIaTy MOJTy4eHHsl, ONIPEIEIUTh, KAKOH PHCK OH TOTOB
B3AITh Ha ce0sI C KKION OTIPABKOM, PEIIUTh, KAKOES
000pyI0BaH1E MOKET TOHATOOUTHCSI Is1 3aIUTHI
Tpy3a, OIPE/IeNUTh, KAKOH BU TPAHCIIOPTA JIyUIlle
Bcero. Jra (asa MpPUHATHS PELICHHS J0JDKHA
BKJIFOYATh TOYHBIC JJAHHBIC B PEXKHME PEabHOIO
BPEMEHH U TIPOTHO3HBIE JIAHHBIC, IPE/ICTABIICHHBIC
B SICHO#1 (hopme.

T'ubkoe mIaHUPOBaHUE — TO U €CTh yIPaB-
JICHUE TPAHCIIOPTHBIMU PUCKAMHU, B OHO UMEET
pelaroiee 3Ha4eHUe, YTOObI OCTaBaThCs KOH-
KyPEHTOCIOCOOHBIMH, PUOBLIBHBIMH U IPUHO-
CHUTb I0JIb3y CBOUM KJIMEHTaM.

KitrouoM K MOMCKY pelieHUs B yIpaBiICHUH
TPaHCIOPTHBIMH PUCKAMH SIBJISIETCS [TOHMMAHHE
UX Mpo3pavyHocTH. Kak rpy300TnpaBuTesM, Tak
U MIEPEBO3YMKAM HEOOXOIMMO B PEXKHUME Peaib-
HOTO BpEMEHHM MNoiy4yars MH(POpMaIHKo 00 OT-
MPaBJIEHUSX: YTO HAXOAUTCS B KAXKIOM ITOIBHK-
HOM COCTaBe, KaKk ClieqyeT TPaHCIIOPTHPOBAaTh
KOHKDPETHBIN Ipy3, MapIpyThl JOCTABKH, OXKH-
JlaeMbIe 1 (PaKTUIECKUE CPOKH TIOTYUCHUS U JI0-
CTaBKH, a TAKXKE BCE [IEPEMEHHbIE, KOTOPHIC MOTYT
TIOBJTUSATH HA 9TH Pa3IMYHbIE DIIEMEHTHI [6].

ITepeMeHHBIX MHOTO, & HEKOTOPbIE U3 HUX
Hernpeckasyemsl. [lorosa, cruxuiinbie OeaCTBY,
MPECTYITHOCTh, IPOTECThI UITH OSCIIOPSIKH, TIPOO-
JIeMbI ¢ HTHQPACTPYKTYPOI, 30POBBE 1 Oe3011ac-
HOCTh BOAMTEJICH M IPyrue mpoOiieMbl MOTYT
MPSIMO MJIM KOCBEHHO IMOBJIMATH HAa HAIEKHOCTh
JocTaBky. [IporHo3upyst 3Tu nepeMeHHsbIe 3apa-
Hee, TICPSBO3UMKH MOTYT JIyUIlle YCTAHABINBATh
COOTBETCTBYIOIINE OXKUIAHNS, CHIKATh 3aTPAThI
1 00eCIIeunBaTh HAIJICKAIIUA YXOI U JOCTaBKY
TPY30B B COOTBETCTBHHU C OXKHIAHUSIMH.

Takoii THI A€TaaIbHOM BUAUMOCTH, KOHEYHO,
TpeOyeT COOTBETCTBYIOLIEH TEXHOJIOTUH, HO HE
0a3oBoii miu ycrapesiieid. Ceroms Bcé 0osbliie
KOMITaHHMH TOJIAraloTCs Ha MCKYCCTBEHHBIN HH-
TEJUIEKT, KOTHUTUBHBIE TEXHOJIOTUH U MAIIMHHOE
o0ydeHue it cOopa JaHHBIX, KOTOPhIE pacipe-
JIeTIeHBI T10 HECKOJIbKMM cucteMaM. Bo3mokHO-
CTH €CTh, M TEMepPh TPAHCIOPTHAS OTPACIh
JIOJDKHA MCIIONB30BATh UX, YTOOBI KYIIPABIISTHY
CBOMMH PEIICHUAMH.

Ilpu mouCKe peleHus s yupaBieHUs
TPAHCIIOPTHBIMU PUCKAMHU 00S3aTEIBLHO HAI0
HANTH TaKoe, YTO YCTPAHSET BCE YIPO3bI pUCKA
JUIsl KOMITAaHHH, a TaKKe MMPEAOCTaBISET MoJIe3-
HbIC JAHHBIC, KOTOPhIC OYIyT HUCIOIb30BATHCS

JUISL IPUHATHA pelIeHUH. DTO 03HAdaeT, 4To
KOMITaHUsl OJDKHA 3HATh CBOHM PUCKH, PETyJIsp-
HO NPOBOJS TIIATEIbHYIO UX OLIEHKY. TpaHc-
MOPTHBIE KOMITAHUH JIOJDKHBI CHIPOCHTDH Ce0si:
«Kakue pucky MOTyT MOBJIHSTH Ha CTpaTeruye-
CKHe LeJIM ¥ 331a41 Komrianuu? Kak Mbl 10TKHBI
PACCTaBUTh MPHOPUTETHI [T HAIIMX UHBECTH-
umii? KakoBa BEpOATHOCTh IOCTaBKU B CPOK
U B paMKax Oromketa» [7]?

Korma 311 hakTopsl OyAyT HOHATHBI, MOXKHO
Oyner pa3paboTarh pelieHUE IO YIPaBICHHIO
pHUCKaMH.

IToMuMO TOTOABI U APYTUX NMEPEMCHHBIX,
KOTOpBIE MOT'YT MOBIIUSTH Ha PabOTy HEpEeBO3-
4YHKa, BCErja ecTh MpoOJIeMbl, CBSI3aHHBIC
¢ 6ezonacHocThlo. Ecim, HarpuMep, BOAUTEND
HE TPUJIEPXKUBAETCS TPABUII OE30MIACHOTO BOXK-
JICHUS1, PUCKY [TOABEPraeTcs He TOJIBKO IPy3, HO
U KOMITaHHS, KOTOPasi MOXKET CTaTh MPUIHMHON
HECYaCTHBIX CIIy4yaeB, TPaBM U Ja)Ke CMEpPTH.
KoMmaHuu HecyT OTBETCTBEHHOCTh 38 KaXKIBIH
TIOJIBM)KHOW COCTaB, BhIE3KAIOIIUI U3 CKilaaa/
XpaHwina/noka. OTBETCTBEHHOCTH 3a COOJIIO-
JIeHME BOJUTEISIMU MTPAaBUJI TEXHUKU Oe3omac-
HOCTHU U UCIPABHOCTH MapKa MOJBUKHOTO CO-
CTaBa JIS)KUT Ha MEepeBO3UnKe. DTU cooOpake-
HUSI UMEIOT pellaroliee 3HaueHUe sl CHIDKe-
HUSL PUCKOB.

CoorBercTBUe, 0€30MaCHOCTD, MOJOTYET-
HOCTB SIBIISIFOTCSI OCHOBOM PHCK-TIPEIYIPEKAat0-
LIMX MEPOIPUSTHH, BO3JIarasi Ha MepeBO3YHKOB
U MX BOJIUTENEH OTBETCTBEHHOCTH 32 COOIIIONIE-
HUE MPaBUJ, KOTOPBIC HAMPSIMYIO BIHSIIOT Ha
6e30macHoCTb [8].

DaKTOPHI PEryIMPOBAHNUS PUCKA
B CONMAJIbHBIX CHCTEMAX HA TPAHCIOPTe

K (hakTopam prCKOB B COIMATIBHBIX CHCTEMAaX
Ha TPAHCIIOPTE MOKHO OTHECTH:

1. Hebezonacnoe 6osicoenie —HeOE30MaCcCHOE
yIpaBJieHHEe KOMMEPUYECKUM TPAHCIOPTHBIM
CPEICTBOM, HAPUMED, IPEBBIILICHUE CKOPOCTH,
Oe3paccyHoe BOXKICHUE, HENPABUIbHAS CMEHA
MOJIOCHI JIBMDKEHUS, HEBHUMATEIBHOCTD U T. 1.
[91.

2. Hecobnoodenue uacos pabomoel — Hapyliie-
HUE WK HeCOOIIOIEHHE MTPaBUIT paboyero Bpe-
MEHH WK BOKIEHHE B yTOMIIEHHOM COCTOSTHUH.

3. Ilpucoonocms 6odumensi — BOAUTEIH
JIOJDKHBI MIMETh HaJIJIe)kKaIee COCTOSHHE 37[0PO-
BbI, ICMXOJIOTMYECKHE U INYHOCTHBIE KaUeCTBa,
a TaKk)Ke COOTBETCTBEHHYIO MOJATOTOBKY M OIBIT
JUTsi 0€30MacHOr0 yIpaBIEHHUs TPAHCIIOPTHBIM
CPEICTBOM.
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4. 3anpewénnvie sewecmea/ankoeons — 3o-
yIoTpedieHne IeKapCTBAMH, OTITY CKAaeMBIMH 1O
peuenty win 0e3 peuenrta, WM U3MEHEHHE
B XYALIYIO CTOPOHY COCTOSTHHSI BOJUTEIISI U3-3a
3aNpeIIEHHBIX BEIIECTB.

5. Texuuueckoe obcayscusanie mpancnopm-
H020 cpedcmea — HeCOOITIOICHNE TPaBUIT TEXHU-
YEeCKOro 00CIy)KUBaHHUSI TPAHCIIOPTHOTO Cpel-
ctBa (¢apbl, TOPMO3a, HEOOXOAUMBIH PEMOHT
MOBpEXKIeHUA, cBoeBpeMeHnHoe TO).

6. Hecobmiooenue npasun nepesosku onac-
HbIX 2py308 — HeJIONyIIEHHE MPOTeUeK KOHTEH-
HEPOB U LIUCTEPH C OMACHBIMH BEIECTBAMH,
HeNpaBHJIbHAS MapKUPOBKA, HENPAaBUIBHO
YIaKOBAHHBIN U NMOTPY’KEHHBII OMAaCHBIN TPY3.

7. Unouxamop cboeg — yactota M Cepbe3-
HOCTB cOOEB.

[enplo ynpaBieHHs TPaHCHOPTHBIMH
pUCKaMU He SIBJISIETCS yCTPaHEHHUE PUCKOB.
Pucku npucynu Kaxx10i oTpaciu, 1 MHOTHE
U3 HUX MOJHOCTHI HEMOAKOHTPOJBbHBI
Kakoi-1u0o opranu3anuu. BmecTo 3Toro
yIpaBjeHHuEe TPAHCIOPTHBIMHU PUCKAMU CITY-
JKUT CUCTEMOM JJIsl IPOTHO3UPOBAHUS TOTCH-
LHUaJIbHBIX COOEB C OAHOM LIENBIO: MOMOYb
TPAHCIOPTHBIM KOMIIAHUSM pa3paboTaTh
JUHAMHUYHBIE TPOLECCHI U CUCTEMBI, KOTOpBIE
OBICTPO, 3P PEKTUBHO U HAAEKHO pEarupyroT
Ha MEHSIOMIHUECS NPOOJEMBbl JIOTHCTHKHU
u TpaHcnoptupoBku [10].

OTH NPOTrHO3bI — TOJIBKO Havdasio. OHM 1po-
JIMBAIOT CBET Ha TO, YTO MOXET CIYYHUTHCS
KOTJIa-TO U T/Ie-TO, HO IVIaBHAs 1[eJIb — HAJIN4YHe
B JIOCTyIE NMPaBHJIbHBIX MEXaHU3MOB JJIs
JOJDKHOTO pearupoBaHUsl Ha 3TU MPOTHO3BI,
MpeXae YeM OHM HEraTHBHO IOBIHUSIOT Ha
o6usHec. UToOBI UMETh TUIAH JCHCTBUU B JIFO-
ObIX 00CTOSATENbCTBAX (M3BECTHBIX, IPOTHO3H-
PYEMBIX WJIM HEU3BECTHBIX), TPAHCIOPTHBIE
KOMIIaHHH JIOJDKHBI TTOCTOSIHHO MPOBOJUTH
MEPEOLEHKY CBOMX PUCKOB. JTO TOXE HE pa-
30BbI€ TPOIENYpPbl. PUCKH «IIyTEeIIeCTBYIOT»
C K&XK/IBIM TIOIBH)KHBIM COCTaBOM 4epe3 ThICSI-
Y1 KMJIOMETPOB JIOPOT U Yepe3 rpanuisl. OHK
KOJICOJIIOTCSI U MOTYT MEHSTHCS Ha KaKIOM
kmiiometpe mytu [11].

Kommnanuu oymKHBI UMETh IOCTYII K TOUHOM,
HaASKHOW M BceoObemutone uHdpopmanum,
KoTOpas 1aét 4y€TKoe MpecTaBleHne 00 ysI3BU-
MOCTSX IENOYKH MOCTaBOK U TPaHCIOPTHBIX
cereit. [IporHo3upys nepedou, KOMIaHUK MOTYT
AKTMBHO MUHHMH3HMPOBaTh UX BiusHue. OHH
MOTYT CO3/IaBaTh Pe3ePBHbIC IIaHBI HITH ITOJTHO-
CTBIO U3MEHSTh IUIaHbL, YTOObI yMEHBIINTD yiap.

ITo cyTu, oHM MOTYT OBITH OOJIEE YCTOHYMBBIMU
K U3MEHEHHUsAM U yrpo3am [12].

Ba)KHBIM acrieKTOM 3TOTO SIBIISIETCS] pa3BUTHE
COOTBETCTBYIOLIMX KOMIETEHIIMH PYKOBOJSIIETO
NepCOHaa, HaIPaBJIeHHBIX Ha YIPaBICHHE PHC-
KaMH, co3JjaHue AMBEpCU(PHUIHUPOBAHHBIX 110
KPUTEPHSIM U CIIOCO0aM MOOILPEHHST CUCTEM MO-
TUBaIMu [13], oAHUM U3 OLIEHUBAEMBIX U MOOLI-
psIeMbIX TIOKa3aTeNeil KOTopoii OyneT pa3paboTka
WM peajn3alysi CUCTEM YIIPaBJICHUS! PHCKaMU
NPUMEHUTEIFHO K JIJAaHHOW KoMIlaHuuW. B 1esnom,
YIIPaBIICHUE PUCKAMH JOJDKHO OBITH BKIIIOYEHO
B CHCTEMBI KOPIIOPAaTUBHBIX CUCTEM OOyuYEHUS,
KOHUETIIMH ¥ CTpaTertii moBbIeHus dhPeKTuB-
HOCTH JIESITEIIbHOCTH, PA3BUTHS JINAEPCTBA KaK Ha
YPOBHE LIEHTPAJIBHOTO armapara KOMIIaHHH, TaK
Y Ha YPOBHE MEHE/PKMEHTA JIMBU3UOHOB U JIMHEH-
HBIX IPepUSTHHA. Bonpocy BeICTparBaHMs TaKHX
CHCTEM, B TOM YHCJIE U B OTHOILICHHUH YIIPABJICHHS
PHCKaMH, TTOCBSIILIEHO OOJIBIIOE KOJIMYECTBO PaboT
(narmpumep, [14-16]), ogHako B cirydyae Kaxmaou
OTJIEJILHOM TPaHCIIOPTHON KOMITAHUH HEOOXOIMMO
0COOEHHO TIIATEJIbHO aNaNTHPOBATh CUCTEMY
NPHUCYILMX e MOKa3areseil Kak B OTHOILICHHH CY-
IIECTBYIOIIMX PHCKOB, TaK U 3((EKTUBHOIO BO3-
JICHCTBUS HA HUX B paMKax IPOLECCOB yIpaBJie-
HUs1. DTO 00yCIIOBIICHO TEM, YTO JUIsl TPAHCTIOPT-
HBIX KOMITaHUII 0COOCHHO BeliMKka (B OTIHYHE,
HanpHuMep, 0T OaHKOBCKOIO CEKTOpa) crienuduka
JIeSTENIEHOCTH, 00YCJIOBIICHHAsI [IEJION COBOKYITHO-
CThIO ()aKTOPOB, BKJIFOUAIOLIMX XapaKTEPHCTUKU
TIOJIBIYKHOTO COCTaBa, CrIel(UKY epeBO3UMBIX
Ipy30B, 0COOEHHOCTH KJIMEHTCKOM 0a3bl (KpyITHbIE
IPY300TIIPABHUTENH, COOPHBIE IPY3bI H T.11.), HAJIU-
4He JIOTHCTUYECKHX MOIIHOCTEH, reorpaduio
JIEATEIILHOCTU 1 UHBIE (haKTOPBIL.

3AKNIOYEHKUE

HTak, puck eCTh BIUSHUE HEONPEACIEHHO-
CTH Ha Leiu. B camoM mimpokom cMmeiciie
PHCK — 3TO BCE, UYTO MOXKET CTaTh IPEMATCTBU-
€M Ha IIyTH K TOCTHXKEHUIO IIeJIeH U peIIeHHIo
3a/1a4. YIpaBlIeHUE PUCKaMM — 3TO IIPOLECC
AQHAJIUTUYECKOM U yIpaBlIeHUYEeCKOH NesTelb-
HOCTH, HallpaBJICHHBIH Ha BBISIBICHHUE HEOTIpe-
JIeNEHHOCTEH, MPUCYIIUX YIPABICHHIO CIOXK-
HOIl opraHmu3anuei U e€ akTUBaMH, U pearu-
pOBaHUE Ha HUX.

IIpaxkTrKa ynpaBieHUs PUCKaMHU B CepbE3-
HBIX KOMITAHUSIX MTOKa3bIBaeT CIeIyolIee:

* YIIpaBJIeHUE PUCKAMU OAEPKHUBALT CTpa-
TErn4ecKoe OPraHU3alMOHHOE COITIaCOBaHUE;

* Y 3peJIbIX OpraHU3alui ecTh YETKasI CTPYK-
Typa yIpaBJIEeHUS] pUCKAMU;
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* B YCIIEIIHBIX OPTaHU3aIMSIX €CTh KYJIBTypa
YIPaBJIEHUS] PUCKAMH;

* HMCIOJIB3YETCs IUPOKHH CHEKTP MHCTPY-
MEHTOB YIPABJICHUS PUCKAMH;

* HHCTPYMEHTBI YIPABJICHUS PUCKAMH SIBJISI-
F0TCSI KJIFOYEBBIMH JUTS IPUHSATHS IPOTrPaMMHBIX
MHBECTHUIIMOHHBIX PEIICHHN;

* IOCTYIIHBI PA3JINYHBIE METOIBI YIIPABICHHS
pHUCKaMu;

* CTpareruy akTUBHOTO HH()OPMHUPOBAHUS
0 PUCKaX yJIy4IIaroT MPOLECC MPUHSITHS Pelie-
1307078

* yIpaBJieHUE PUCKAMU YIydIaeT yipasie-
HHE 3HAHUSMH U Pa3BUTHE TIEPCOHAIA.

CrenaHHble BLIBOABI ABIISIOTCS 00001at0-
[IIAMH U TIPEJICTABIISIIOT OCHOBY JIJIS pa3paboTKu
CHCTEM YIPABICHUS PUCKAMH B OTAEIBLHO B3sl-
TBIX TPAHCITOPTHBIX KOMITAHHSX.
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Moaenb TporaHusa TAXENoro cocraBa
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Wrops MOMNOB

AHHOTALUA

Pexum mpozaHus ¢ mecma 0111 Ha3eMHO20 mpaHcnopm-
Ho20 cpedcmea siensgemcs Haubonee msxénsim. 3mo 06-
YCNo8IEHO MeM, YmO cusia MPEHUsl NOKOS 3HAYUMENbHO
npesocxodum cuny mpeHus dsuxeHrus. ns noezdos amom
pexum npedcmasnsgem HacmMosbko cepbé3Hylo npobnemy,
ymo uHozda npuxodumces NPUHUMame cneyuanbHbie Mephbl,
makue kak ucnosib308aHue necka 6 30He KoHmakma 6aHdaxa
Koneca ¢ pefibcoM UU 8CNOMO2ameslbHo20 JT0KoMomuga.
SppekmugHbiM cnocobom mpozaHus noe3da c Mecma A6/s-
emcsi 8blbop 3a30pos 6 cyenkax. [pu 3mom 8a2oHbI NPUSO-
damcs 8 dsuxeHue nocnedogamenbHo, U UHEpMHas macca,
a makxe cusma mpeHusi NOKosi HenocpedcmeeHHO 8 MOMEHM
mpozaHusa MUHUMasbHbI.

Omom cnocob, o0Hako, umeem 08a CyweCmBeHHbIX Hedoc-
mamka — Manyto hUKCUPOSaHHYI0 8EMTUYUHY 3a30p08 8 Cuenkax,
ymo oepaHuyusaem aghgpekmusHocms cnocoba, U ydapHbil
xapakmep nepedayu umnynbca, Ymo ompuyamenbHoO CKasbl-
8aemcsi Ha COCMOSIHUU KOHCMPYKMUBHbIX 31eMeHmMo8 noe3da.
YkasaHHbIX He0ocmamko8 MOXHO U3bexams, eCiu Uucnosb30-
8amb ynpyao dechopmupyembie CUenku.

Kypeanckuii 2cocyoapcmeennviit ynusepcumem, Kypean, Poccus.

Llensto pabomesi81iiemcs nokasame NpeuMyuwiecmeo mpo2aHust
noe30a ¢ ynpyaumu Cuenkamu no CPagHEHUIO ¢ MPadUUUOHHS IM nymém
€20 MamemMamu4ecko20 OnucaHus U aHanusa. TpoeaHue cocmasa
CynpyaumMU cuenkamu 3Ha4umesTbHO fezqe, YeM HedeghopMupPyEMO20.
[Mpu amom yem bortbLue YuCo 8a20HO8, MeM borIbLUE NPEUMYL4ECM80
nepeozo neped emopbiM. CMseyeHuUe pexuma mpoeaHusi cocmasa
¢ mecma, no cywecmay, 0bycroenugaemcs 3aMeHol 00HOBPEMEHHO-
20 mpo2aHUsi cexyuli Ha noo4epédHoe. Amom npouecc akmyareH ons
UHEPYUOHHBIX CUrt. [TpUMEHUMETbHO K CUTE MPEHUS NOKOS MEXaHU3M
6ydem no0obHbIM, Mo ecmb NPeodoIe8aemcs He 8CH Cuna MpeHUst
nokosi 00HOBPEMEHHO, a Noo4YepEAHO npeodonesaromces eé Marbie
yacmu. s uckikoyeHus npodosibHbIX KonebaHull cocmaga nocrne
BoCMUDKEHUSI MaKCUMAITbHO20 PaCMsHKEHUS CUeNnKU criedyem MexaHu-
yecku 610KUpPOBamb B03MOXHOCTb €€ 2apMOHUYECKO20 Camusi
¢ nocredyroweli 8p160pKoli ynpyeoli dechopmayuu, Hanpumep, ¢ uc-
nornb308aHueM 0eMnghUpyrWUX ycmpoticme.

B kayecmee 00N0HUMEsbHO20 NOMOXUMENbHO20 ghehekma
0m UCNOb308aHUS ynpyeux CUEnok MOXHO paccmampusamb
UckmoyeHue nepedayu ydapHbIx Hazpy30K Ha deueamenu foKo-
momusa.

Kntoyesbie crnosa: mpaHcnopm, XenesHasa 00[)086, noe3d, mpoeaHue, cuenku, mpeHue, nepemeujeHue, CKopocme.
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BBEOEHUE

Cwuita TpeHHS TTOKOS 3HAYUTEIHHO IPEBOC-
XOIHT CUIIY TPEHUS ABIDKCHUS. DTO IPUBOIUT
K TOMY, 9TO PEXUM TPOTAaHUS JJIT HA3EeMHOTO
TPaHCIIOPTHOTO CPEICTBA SIBISICTCS Hanbolee
TsOKENBIM [1—4]. 18 Tm0e310B 3TOT pexuM
TPEACTABISAET HACTONBKO CEPhE3HYIO TIpoodITe-
My, 9YTO HHOT/Ia TIPUXOAUTCS IPUHUMATH CIIe-
HalbHBIE MEpPHI, TAKHE KaK HCIOJIb30BaHUE
mecka B 30HE KOHTaKTa OaHma)xa Kojeca
C pPeIBCOM HIIH BCIIOMOTATENHHOTO JIOKOMOTH-
Ba [5—7]. Ota mpobnema ycyryoisercs B CBSI3U
€ YCTOMYMBOM TEHICHLIMEN NOBBIILIEHUS MaCcChl
W UTIHBI TT0€3110B.

O¢ddexTuBHBIM cITOCOOOM TpOTaHUS ITOE3/1a
SIBIISIETCS BEIOOD 3a30pOB B cIenKax. [Ipu s3Tom
BaroHbl IPUBOAATCS B IBIKECHUE TTOOYEPETHO,
¥ MHEPTHAs Macca, a TakKe CHJIa TPEHHUS TIOKOS
HEIMTOCPEACTBEHHO B MOMEHT TPOTaHUS MIHH-
MaJbHHI [8; 9].

OTOT c110c00, OTHAKO, IMEET JBa CYIICCTBEH-
HBIX HEJOCTaTKa — Mallylo (UKCHPOBAHHYIO
BEJIMYMHY 3a30POB B CIICTIKAX, YTO OTPaHUINBA-
eT 3¢pexkTnBHOCTH crIOC00a M yHapHBIA Xapak-
Tep Mepeayd WMITYIIbCa, YTO OTPHUIATEIBHO
CKa3BIBAETCS HAa COCTOSTHUU KOHCTPYKTHUBHBIX
SIIEMEHTOB TT0€3/1a.

‘YKa3aHHBIX HEJJOCTATKOB MOKHO M30€XKaTh,
€CIIM MCIONB30BaTh yIPYyro aedopMupyeMbie
crieniku [10].

B nmreparype mpencTaBiIeHBI pe3yabTaTHI
TEOPETHYECKUX MCCIICIOBAaHUI AIIEMEHTOB KOH-
CTPYKIIMHA, UCTIONB3YIOMINX THOKUE W YIpyTHE
KoMToHeHTHI [11-13].

B cBs3u ¢ 3THM NIpenCcTaBIsSeT HHTEPEC -
HaMHKa BCETO Moe37a B pPeXUME TPOTAHUS
C Mecra.

Lenvro pabOTHI SABIAETCS MaTeMaTHIECKOE
OTIMCaHNE «IETKOTO» TPOTAHUS M0e3/1a C yIIpy-
THUMH CICTIKAMU.

PE3YJIbTATHI

Pacuér mexanndeckoil CHCTEMBI B COCTaBe
MAaCCHBHBIX JIOKOMOTHBOB, BarOHOB H yTIPYTHX
CIIETIOK SIBIISICTCSI JOCTATOYHO TPOMO3IKHUM [ 14;
15]. J11st ero MEHUMH3AIAH TIPHHAMAIOTCS CIIe-
IyIONIHe NOMyIIeHHs: cuia F, pa3BuBaemas
JIOKOMOTHBOM, — BEJTUYMHA MIOCTOSTHHAS; MACChI
JIOKOMOTHBA W BaroHOB PaBHBI MEXAy COOOM
M COCTAaBIISIIOT 1.

JIOKOMOTHB H OHH BaroH

YPaBHeHI/Ie CHJI, MTPUJIO)KEHHBIX K JIOKOMOTH-
BY, UMECT BU/:
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d°x,

ar +hk(x,—x,), (1)

F=m

rae Xx,X, — NepeMEICHUEC, COOTBETCTBECHHO,

JIOKOMOTHBA U BaroHa;
k — xoapunnent ynpyrocru cuenku [16].
Cuutbl, IPUIIO)KEHHBIE K BaroHy, yAOBIETBO-

PSIOT YPaBHEHHIO:

d*x,

O=m
dr*

—k(x, —x,).

W3 nocnenHero ypaBHeHUs CIEyeT:
X, = ﬁ@ +X, 2)
1 k dtz 2.
IToncranoBka 3Toro Beipaxkenus B (1) gaér:
_ mf2 d“x2 m d’x, _ _
k df dr dr’ 3)
_m’ d'x,
Tk dr?
Torna mycTb:
d’x,

ar =Z. (4)

U Torna (3) 3amuiercs B BUAC:

k __kF
" 28,
o me ©)

+2m

dr?

XapaKkTepucTHYeCKOe YpaBHEHHUE:

P2k o .
m
Ero kopuu paBHbI:

hy=4%i 2% .

Ob1m1ee peneHne COOTBETCTBYIOIIETO OTHO-
POIHOTO ypaBHEHHS:

z, =C, cos f2£1‘+C2 sin /251.
m m

UacTHOE pemieHue B COOTBETCTBHHU C (5)
HUMeeT BUI:

z,=A.
IToncranoBka ero B (5) gaér:
Pk gk F
m m 2m

OO1uee pemienne ypaBHeHus (5) HAXOIUTCS
Kak:

z=2+2,=Ccos, 2£t+Czsin 2£t+i_
m m 2m

B momeHnT Bpemer ¢ = 0 cuenka He nedop-
MHpOBaHa, CIELOBAaTEIbHO, HA BaroH CHia He
JIefcTByeT 1 BemuuHa (4) paBHa Hyimio. [Toatomy
s t = 0 mocieHee BEIPaKeHNE PUMET BH:

2(0)=0=C, cos /2£0+Czsin4 2£0+L’ C1=—i,
m m  2m 2m

C yuérom sT0TO:

F f k f k F
=——c0s,/2—t+C,sin, [2—f +—
¢ 2m m ? m 2m’ (©)
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B cootBercTBuu ¢ (4):

jzdt——i m sin 2£ -

2m VZk \J m

f cos / t+—t+C
x2=.|.v2dt=%cos /ZE -

m

m k F )
-C,—sin f2—t+—t2+C3t+C4.

2k m 4dm

C yaérom (2), (4), (6) u (7):

X, = —%cos 2£t+
m

+C2ﬂsin /2£t+£+£cos 2£t—
k m 2k 4k m

¢, Msin 2K i icusc,
2k m  4m ’

v, = @ _ 2k sin f kt+C /2——cos / -
dt m m

£ Zk sin /Zkt C, /2£—cos t+—t+C

4kN m m m 2k

_n_F ok ok,
dt 2k m m
-C, 2——sin Zkt——Z—cos 2kt+
m m m

oL /zkt+i
m 2k m 2m’

F / k
x2(0)=0=Ecos 2;0—

¢, M sin o X0+ Lo o4,
2k m  4m

L+C4:09 C4:_£9

4k 4k

m
V2(0)=0=—CZ‘E+C3,
1,(0)=0=C, /25ﬁ—c 25ﬂ+c =
mk m 2k
=C, +C
\/ m 2k
m
—C2Jﬁ+C3=O
m
C, /§+cs=o

OxoHYaTeTFHOE peIIeHHE:

F 2k, F , F
xlz——cosJ —t—t
4k m  4m 4k
X, I f2kt+it2 £ ,
4k m  4m 4k

2k, F
sin t+—t
2m

, C,=0, C,=0,

v,
1 2\/2k
V. sin 2kt+£z‘
2” 2x/2km 2m
F ka F F 2k, F
@ =——CO0S,[—t+—— @ =———CO0S,[—1+—
2m m 2m 2m m  2m

XapakTepHbIi 0TPE30K BPEMEHH T, (MHIEKC

«,» O3HA49AET KOJNMIECTBO COCTABHBIX JacTeH
M0€371a) [UTS pPAacCMaTpPUBAEMOTO CITydasi OIpesie-
JISIETCSI N3 YCIIOBUS MAKCHMAIIBHOTO PaCTSKEHUS
ynpyroii cuenku. [Ipu stom:

F F 2k
a(1,)-——=0 numm —cosJ—rz:O ,
2m 2m m
/25T T T m
m? 27 7% 2\2k*

3aBpeMs T, TOKOMOTUB IPOHAET paCCTOSHUE

k'n: F‘rtm F Fn F
xl k +—

4m 4 2k 4k 32k 4k
U pa30BBET CKOPOCTh

v (1,)= L sinf% f
0 km m 2\ 2k 2m2\/

F T
=—+ .
2\J2km  4~2km
YMecTHO CpPaBHUTH 3TH NOKA3aTeJIn € COOT-

BCTCTBYIOLIMMHU BCJIMYMHAMU JJISL HeZ[e(l)OpMI/I-

pyeMoro cocraBa:
a=— v=it L :
2m’ 2m ’ dm

F n*m Fn

N O 8 L .3
Y7 am 4 2k 32k VT 2m2\ 2k a2km
(%) _ Fr?/(32k)+ F/(4k) _, 32

( N
(t2) _ F/(2\2km)+ Fr/(42km) 1420164
v(rz) Fr/(42km) n '

OTHOMICHHE AT KHHETHYECKUX dHEPTUH
nmokomoTuBa [17] cocTaBnser:
E,
E(w)_, 60
E(r,)

[TomrydyeHHBIE COOTHOIICHUS HAITIAHO Je-
MOHCTPHPYIOT, YTO TPOTaHHE COCTABA C yIIPYTHU-
MH CLIEIKaMH 3HAYUTENBHO Jierye, 4eM Henedop-
MHPYEMOTO.

JIOKOMOTHB U 1Ba BaroHa
YpaBHEHUS CHJI, IPUIOKEHHBIX, COOTBET-
CTBEHHO, K JOKOMOTHBY ¥ BaroHaM, IMEIOT BUJI:

d’x,
ae KT ®)
d’x,
k(x,—x,)=m—=% 7 +k(x,—x;) ; 9)
d’x,
k(x,—x3)=m e
W3 nocnennero ypaBHeHUs CIEAYET:
md*x
X, = % d13+x3, (10)

HpOI/BBOZ[HaSI OTOI'0 BbIPAXKCHUSA paBHA:
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d’x,
dr’

4
md’x,

_m dx3
k dr*

dt

IToxcraHoBKa MOCHETHUX IBYX BBIPaXKCHUI
B (9) maér:

_m d X,
— 242X, — X, =

md’x, ,md’x,

k dr’

+2x,— X, =

(11)

HpOI/I3B0,I[Ha$I OTOI'0 BBIPpAXKCHUS paBHA!
dle m* d° da’x; md'x, d’x,
— +
df K At Tk dit T dr

IToncraHoBKa MOTy4eHHBIX BRIpaKeHHH B (§)
naéT:
Fm’ d®x,
kK df

m? d*x,
k* dr*
_m*d’x,
KA
dd;3 N

3m2 d*x,
k* dr*

2
2mdx, x
ke 0
m? d*x,
k* dr*
k d'x,
— +
m dt*

IlycTs:

=z, (13)

md’x,
k ar
mdzxa_x
k dt P
mdix,
“kodrr

2 2
LCE S (12)

m? dt* m

Torna (12) 3anmmiercs B BUE:

k k? k*F
"+4—=7"+3—z=—7p. (14)
m m m
XapaKTepI/ICTI/I‘ICCKOG YpaBHCHHUC!
2
r +4£r +3k—=
m m
k , k k k ’ k
L =—2m+;= . 7'12 =—3;, r22 =_; , Ny =i 3; .

|k
Iy =T |—.
m

OO01iee pelieHne COOTBETCTBYIOIIETO OHO-
POZIHOTO ypaBHEHHUSL:

z,=C, cos /3—t+C sm1/ kt+
+C, cos\/7t+C s1n\/7

YacTHOE peleHnue UMeeT BU:

z,=4.
IToncranorka ero B (14) maér:
2 2
m m 3m

OO01iee pelieHne HaXOIUTCS, KaK:

}3k . f3k
z=7+27,=C cos ZHCzsm ZH
+C, cos fﬁﬂc4 sin /EHL.

m m  3m

(15)

B cootBerctBuu ¢ (13):

=J‘zdt=Cl\/zsin\/Et—Cz\/Zcos\/Et+
3k m 3k m
+C3\/Zsin\/zt—c4\/zcos\/zt+it+@; (16)
Ivadt—— —cos\/@ C—smﬁ -
m m ..
C37cos\/%t—c4;sm\/%t+at2+C5t+C6, 17)

C yuérom (10), (13), (15) u (17):

X, =—C cos %t+—C sin %t+
k k

m m
+%Cscos\/gt+%c4sin\/gt+ﬂi_
C—cos f3kt C, —sm f3kt C. —cos\/7 —
—C, ﬁs1n\/?t+it +Ct+Cy =
k 6
=—C cos fSkt+—C sin /3k;+
m

¥ (1)

+—+it +Ct+C;
3k 6m

_dx, __2m f%qsim %H
dt 3k \N\m m
+2—m f%CZ 0s ,%t+it+cs=

3k \m m  3m
=—E4/3—mClsin4/%t+g ’S_mcz 084/%t+it+C5'
3V k m 3\ k m  3m ’
dv, f3k . f3k F
=—2=-2C, —t-2C —t+—
a it 1 COS p , sin T (20)

C yuérom (11), (17), (18) u (20):

(19)

x1=—2C1ﬂcos 3kt 2C, 2 sin %t+iﬂ+
k m 3mk
+22—mC cos /3kt+22—mC sin /3kt+
3k m 3k
+£+£12+2C5t+2c +

+C, —cosJ t+C2—s1n f3kt+C —cos\/;t+
m m m
+c4ﬂsin\/zr—it2 —Ct-C, =
k m  6m
=—C1ﬂcos %t—CzﬂSin /%t+C3ﬂcos\/zt+
3k m 3k m k m
+C4msin\/zt+£+it2+cst+ce‘
m k 6m ’
dx1 -q / sin /3k N
3k m
-C, /ﬂcos /%t—cs\/zsin\/zm
3k m k m
+C, (cosft+—t+c

@n
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Taoauna 1

K

Komeero [ (o) | w() | &(9
noesza x(1) v(r) E(r)
2 1,81 1,64 2,69
3 2,6 2,22 4,93

a,=C, cos /%t—cscos\/glwi_
m m  3m

B cootBercTBHH € (20):

0,0)=—26+1 -0, =L
3m

6m
B cootBercTBHH € (15):

w=0=Lrc+E - F
6m 3m

2m’
B cootBercTBHH C (18):
2m F
0 =—C —+C,=0
x,(0) 1+3k+ s

£+£+C =0, C——ﬂ.
9% 3k 9%

B cootBerctBHH ¢ (16), (19), (21):

v,(0)=-C, +C +C 0;

3k

m m
1,(0)==C, /§—c4\/;+cs=o, C,=0:
v2(0)=§ /37’”cz+cs=o, C,=0, C,=0.

OKOH'-IaTeJII:Hoe pemeHHe'

x == { - \/7t+—t :
18k ok
X, =L cos f%t+it2—£'
9% m 9%’
——cos1/ t+—cos\/7
18k

v, = F sin %t+ F sin\/Et+it'
Y 6\3km m  2Jkm m  3m’

v, =— r sin %Hit
2 3J3km m 3m >’

—Lsin % sin kt+it-
> 6v/3km m 2\/ 3m >

F [3k, F \/F F
a =——CO0S,[—1+——COS, [~ +—
6m m 2m m 3m
az=——cos/ t+—
m
70081,3kt—7008\/71+7

XapakTepHbIf OTPE30K BPEMEHU T, A

paccMaTrpuBacMoro ciiydas OnpeacIsieTCsa U3
YCII0BHA MAaKCUMAJIbHOI'O PACTKCHUA pryFOI;‘I
CHCIIKH.

IIpu sTom:

F F 3k F k
a(ty)-——=0 uam —cos,[—1,+-—cos,[—1,=0;
3m 6m m 2m m
ECOSx/g £T3 +cos, £T3 =0,

3 m m

Pemrenne nocnemuero YpaBHEHUS UMEET BU:

\/E‘Ca =0,427Tn | 1, :0,42775\/E .
m k

3aBpemst T; JJOKOMOTHB IPOHIET pacCTOSHHUE:

L cos4’3k '0,427n\/i—
k m k

xl(T3) :_K

:E —%cos\/g-o,ﬂ?n— _
k —lcoso A27n+= (O 427115) §
L 2 6 9
1 1
——cos\/g *0,427t—=co0s 0,427t +
:E 18 2 =0.78—
k +1(0,4277r)2+§ k
L 6 9

U Pa30BbET CKOPOCTH:

F . |3k m

v,(1,) = ——=sin,|— *0,427%, [— +
1 (%) 63km  \'m Vk
F . |k m F m

+ /—°O,427 /—+ +0,427 /—=
Msm p s < 3m b p

L Giny3-0,427n+

__F |63 _F
Jikm| 1. 1 Jikm

+=sin0,427n+=0,427x
2 3

‘YMeCTHO CpaBHUTH 3TH MOKA3aTeIHN C COOT-
BETCTBYIOIIMMH BEITHYMHAMU I HeePOpMU-
pyeMoro cocTaga:

=i; v=it; x=it2;
3m 3m 6m
2
x(1,) = eF [0,42711\/;] =0 3£,
m

v(ts)—i *0,427m, [— 045\/F_ ;
xl(TS) =26-

x(1y) ’

vl(TB) 2 22

<
/—\
<

OTHomIeHue I KHHETUYECKUX DHEPTHH
JIOKOMOTHBA COCTaBIISIET:
E (T
E(x) =4,93
E(t)
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BbIBOAbI

[prmeHenue yrpyro aeopMHUpyeMbIX CLIETOK
petiaeT npooaeMy TPOraHus TSHKEIOTO0 Moe3zia.

B Tabn. 1 cBeneHsI mepeMeIieHusl, CKOpOCTH
¥ KMHETUYECKHE SHEPTUH JIOKOMOTHBA /7Sl MOMEH-
TOB MaKCHMAJILHOTO PaCTsDKEHHs! YIIPYTOi CLICTIKH,
OTHECEHHBIE K COOTBETCTBYIOLIUM NapaMeTpam
HeziehopMHUPYEMOTI0 COCTaBa.

IomyueHHBIE COOTHOIIEHHS HAISIIHO JIEMOH-
CTPHPYIOT, YTO TPOTAHHE COCTaBa C YNPYTUMHU
CLIETIKaMH 3HAYUTEIIBHO JIerde, 4eM HefiepopMupye-
Moro. [Ipy 3ToM deM GoJIbIIe YHCIIO0 BarOHOB, TEM
GoIIbl1IE PEUMYIIIECTBO IIEPBOIO TIEPE]] BIOPBIM.

CwmsrdeHye pexuMa TPOraHus COCTaBa, o Cy-
IIECTBY, OOYCJIOBIIMBAETCS 3aMEHOH OIHOBPEMEH-
HOTO TPOTaHUsI CEKLIUI Ha oouepéaHoe. Bomie 3ot
TIPOLIECC OTIHCAH VTSI HHEPLIOHHBIX cuil. IIpume-
HUTEJBHO K CHJIE TPEHHS TIOKOSI MEXaHW3M OyneT
HONOOHBIM, TO €CTh IIPEONOJIEBACTCS HE BCS CUJIA
TPEHMS MTOKOSI OTHOBPEMEHHO, a TIOO4YEPENHO TIpe-
071071eBAIOTCS €€ MaJIbIe YacTH.

TonmyueHHbIe BbIpayKeHUs IS MIEpeMeIleHHH,
CKOPOCTEHl U yCKOPEHUM JIOKOMOTHBA U BarOHOB
HMEIOT FapMOHUYECKHe cocTapyuiromnue. [ uc-
KJIFOUEHHS IIPOOJIBHBIX KoJIeOaHMi coCTaBa Iocie
JIOCTIDKEHHS] MAKCHMAIIBHOTO PACTSDKEHUS CIICTIKH
cleyeT MEXaHH4eCKH OJIOKUPOBATH BO3MOXKHOCTb
€€ TapMOHMYECKOTO CXKaTHsl C TOCIENYIOILEH BbI-
Gopxoit ynpyroii nedopmaryy, HarpuMmep, ¢ Uc-
TIOJIb30BaHUEM JIEMIT(PHUPYIOLINX YCTPOICTB.
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AHHOTALINA

Mamemamuyeckoe ModenupogaHue Npoyeccos OBUKEHUS
no3sosnsiem oueHUMb OUHaMUYeCKUe kayecmea 8a2oHa Ha cmaduu
e20 npoekmuposaHusi. OdHako Heobxodumo y4yumbigamb pood
nepeso3uMoz0 2py3a, d8UKEHUE KOMOPO20 OKa3bigaem e/lusHUE
Ha nokasamesu 3mux Kka4yecms.

B pabome paccmompeHa mamemamudeckasi MoOeTb 80CbMU-
0OCHOUI X€ne3HO00POXHOU YUCMEPHbI, pa3pabomanHasi ¢ Ucnosb30-
8aHueM ypasHeHus JTazparxa emopozo poda. B paccmampugaemoli
Mamemamuyeckoli Modenu npednoxeH nodxod, 0CHOBaHHbIU Ha
Yuéme MUsIHUS SHepaUU KUGKO20 2py3a Npu YCMaHo8UBLEMCS pe-
KUMe OBLXKEHUS. Y4Em 3moeo e/usiHUS OCyLecmensiics 3a c4ém
OUEHKU KUHEMUYecKol U nomeHyuassHol sHepaul konebaHul ne-
PEeso3UMO20 XUOK020 epy3a.

[nsa paccmampusaemoll Mmodenu cocmasneHbl Oug-
¢hepeHyuanbHble ypagHeHus konebaHus, ede xuokull epy3
npedcmasnsemcs kak meépdoe meno. [1o0xod 0nsa y4éma

8USHUS KUOKO20 2py3a npu KonebaHusix 8a20Ha-UuUCMepHbI 0C-
HO8aH Ha npednonoxexuu, Ymo obwuli 0bbEM cMewarowelics
JKUOKOCMU npuMepHoO coomeemcmeayem 06bEmy cros Xudkocmu,
onpedenisieMo20 cmeweHueM nodnpblausaHus, unu, 8 ciyyae
2a/10NUPOBaHUST, — NPU Y2ri080M CMEWEHUU 00HO20 KOHUE8020
CeYeHUs Komna YUCMepHbl 8Mopoe ceyeHue NOOHUMaemcs Ha
3amy xe 8eUYUHY, UHbIMU Crio8amu, paomaem cucmema coob-
warouyuxcs cocydos. Ha ocHoge amux npednonoxeHull NOMy4eHb!
3Hepeemuyeckue 0obasKu, KOmopbIe y4UMbIBatom nepemeyeHue
JKUOKO20 2py3a npu yCmMaHo8UBLIUXCS PEXUMAX O8LOKEHUSI.

Mo npednoxeHHoMy no0xody bbiu 8bINOMHEHb! npedsapu-
menbHble pacyémbi u daHa OueHKa NOTyYeHHbIM pe3ysibmaman,
Komopble nokasanu ydoenemeopumenbHylo cXoduMocmb C 8bi-
YUCIEHUSMU, 8bINOTHSIBLIUMUCA C NPUMEHEHUeM Apyaux nodxodoe
K MOOEUPOBaHUI0 NPOUECCO8 OBLKEHUS Kee3HOOOPOXHbIX 8a-
20HO08-YUCMEPH.

Kntoyesbie criosa: mpaHcnopm, 8a2oH-yucmepHa, OuHamu4eckue kadecmsa, konebaHus Xudko2o 2py3a, 80CbMUOCHasA yucmepHa,

Hagpy)eHHOCMb, KOméi1.
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BBEAEHUE

IIpu MoxenpoOBaHUH POIIECCOB ABIKEHHS
TIOJIBMKHOTO COCTaBa IO JKEIe3HOZOPOKHOMY
Iy TH HCCIe0BaTeNe HMHTEPECYIOT MOKa3aTeNn
JMHAMHYECKHUX KauecTB (K03 GHUIMEeHTHI JHHA-
MUKH, THHAMHYECKHUE CHUITBI pa3IMYHOMN HaIlpaB-
JICHHOCTH, YCKOPEHMUS, TIEPEMEIIICHUS SIIEMEHTOB
KOHCTPYKIHH) [1; 2], 3Ha4eHNS KOTOPHIX B KO-
HEYHOM CUETE OTPENeNIOTCS BETMINHAMU KH-
HETUYECKOU U TOTEHLUAJIbHON SHEPTUi U BEJIH-
YUHAMHU UX COOTHOIIEHWH B mporecce paboThI
CHUCTEMBI.

Y4uTBIBast 3TO 0OCTOATENBCTBO, MOXKHO CKa-
3aTh, YTO €CIIH NPH W3YyYSHHUH IPOLECCOB JBH-
JKeHHS BaroHa C )KUIKMM IPy30M B MaTeMaTnde-
CKOM MOJENTH MPEeaCTaBUTCS BO3MOXHOCTH
CPaBHHUTEIHHO YAAYHO OTPA3UTh SJHEPTETHIECKIE
TTOKa3aTeNH ABIKYIINXCSA MAacc XKUIKOCTH, TO
B pe3yibTaTe MOXKHO CO3/1aTh ONTUMH3HPOBAH-
HYI0 YOPOIMEHHYI0 MOENb, OTPa)XamIyio
BIIMSHUE JKUIKOTO TPy3a Ha IMOKa3aTely IIaBHO-
CTH XOJ1a TIPH YCTAaHOBUBILIEMCSI pEKUME JIBHKE-
Hus [3]. Pemrenrie 3Toi 3amaqu MO3BOIIIO OBI
TIOTyYUTh OLIEHKY XOHOBBIX KadeCTB W HAarpy-
JKEHHOCTH TPy30BOI EMKOCTH TSI TIOOBIX TPaHC-
TMIOPTHBIX €IWHUII, CBA3aHHBIX C MEPEBO3KOMN
KUJIKHUX TPY30B. [lenvio ipeanaraeMoit paboTs
SIBTSIETCS pEIICHNE 3TO 3a/1a9H IPHIMEHHUTEITFHO
K JKeJIe3HOJOPOKHBIM ITUCTEPHAM.

MATEPWAIbI U METOAbI

CTOUT OTMETHTBH, UTO, KaK MPABUIIO, TPH
pa3paboTke MaTeMaTHYeCKUX Mojesel Koneba-
HHUI BarOHOB-LIUCTEPH NEPEBO3UMBIN I'py3 pac-
CMaTpHBaIOT Kak TBEpHoe Temno [4; 5]. OnHaxo,
Kak ObUIO OTMEUYEHO BBIIIIE, IEPEBO3UMBII IPy3
OKa3bIBacT BIUSHUE HA MOKA3aTeIu JUHAMHYC-
CKHX Ka4eCTB paccMaTpUBaEeMBIX MOJIEIICH Baro-
HOB-IHCTepH. TakuM oOpazom, HEOOXOIUMO

HCIIOJIb30BaTh PAaCYETHBIE MOAXObI, YUUTHIBAIO-
LI1€ DHEPreTHYECKUI BKJIAJ JKHUIKOTO Ipy3a
B OOILYIO CHCTEMY.

Tak B paborax [6—9] orieHHBaeTCs BIUSHIE
KUIKOTO I'py3a MPHU MEPEXOJHBIX PeXHMax
paboThl, TAC ONMUCAHHUE JBHIKEHHS >KUIAKOCTH
OCYLIECTBISETCS YPABHCHUSIMU MEXaHUKHU
CIUIOIIHBIX CpeA. YUET BIMSHUS KHUIKOTO Ipy-
3a B COBPEMEHHBIX ITPOrPaMMHBIX KOMILIEKCaX
OCYIIECTBIISIETCSl C IOMOLIBbIO PEIIeHUs 33134
ruapoauHaMuki [10; 11] nau ¢ ucnons30BaHu-
€M MasgTHHKOBBIX aHaioros [12—14].

B npennaraemoii pabore METOMKa CTPOUTCS
Ha MPEeIIOJIOKEHUH, YTO 000I049Ka EMKOCTH a0-
COJIIOTHO KECTKast, KOHCTPYKIUS CUMMETPUYHA
OTHOCHUTENBHO MPOJOJIFHOM U HONEePEeYHON II0C-
KkocTeit. EMKOCTh MMeeT KpyroByro LIMTHHpHYe-
ckyto ¢opmy. Havgaio koopauHar coBnaaaer
¢ EeHTpoM cpezHero cedenus. [IponosbHas och
X HarpaBJieHa B/I0JIb OCH LIMIIMHAPA, TToTIepevHast
0Cb Y coBIaJaeT ¢ ropu30HTAIbHBIM JINAMETPOM
CpeIIHero CeueHus, a BEpTHKaIbHasi Z HallpaBlie-
Ha 110 BEPTHKAILHOMY JTHaAMETPy CPEIHETO cede-
HUSL

[puHIMManbEHOI OCHOBOH B hOpMUpYyEMBIX
MOJZIEJISIX CIIY)KUT 3aKOH COXpPaHEHHs SHEPTUH,
TO ecTh TpaHc(hOpMalMs KHHETUYECKOI dHep-
MU, CBSI3aHHON CO CKOPOCTBIO JIBUKECHHS BOJIHBI,
B MOTEHIHAIBHYIO JHEPTHIO, 00YCIOBICHHYIO
BBICOTOM BOJIHBI.

Pa3paboTka MaremaTHuecKix Mozesel Bbl-
TMIOJIHSIETCSL C MCHOJIb30BaHHEM ypaBHeHus Jla-
rpamxka Broporo poxaa [15], kotopoe mus pac-
cMaTpuBaeMou 3aa4u Oy/ieT UMETh BUJ:
Rt M

dr o4, og,
e g, — 00001IéHHAs KOOPAMHATA,
T, — KHUHETUYEeCKas SHEPTHs CHCTEMBI;
I, — noTeHnMaIbHAS SHEPTHS CUCTEMBL.

Puc. 1. PacyémHas cxema dns onpedenieHus konebaHull 8a2o0Ha-yuUCMepHbI (8bINOHEHa agmopamu).
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Puc. 2. Pacuémnas cxema 0nsi onpedeneHusi 3Hepaemuyeckoli dobaeku u3-3a konebaHull xudkoz2o 2py3a npu konebaHusix nodnpbl2ueaHusi
(cocmaeneHa asmopamu).

PE3YNbTATHI
Cucrema quddepeHINAIBHBIX YPaBHEHHI

B xauecTBe pacy€THOI MOJIEIIH PACCMOTPHM
YCIIOBHYIO CXEMY BOCBMHOCHOMH KeJIe3HOMOPOK-
HOW LUCTEPHBI.

B pabote npuHIMaeM ciemyromnme 0003Ha-
YCHUS:

m, — Macca OpyTTO KOTIa IIMCTEPHE;

J, — MOMEHT MHEpPLMH KOTJIa UCTEPHBI;

m, , — mMacca COCIMHUTENBHON 0aJKH;

J,; — MOMCHT MHEPLHH COCIUHUTEIBHOM
OaJku;

C, — BepTUKaJIbHAs XKECTKOCTh COEIMHHUTENb-
HO¥ Oaku;

C, — BepTHKaJIbHas KXECTKOCTh KOMILIEKTA
PECCOPHOTO MOIBCIINBAHHS,

J, — KOOQOHUIMEHT CyXOro TpeHHs (PPHKIIH-
OHHOTO TacUTEIIs KoJIeOaHuil;

2L — 6a3a NUCTEPHBI;

2L — puvHa UUITMHAPUYECKOH YacTH KOTIa
LUCTEPHEI;

2L, — 6a3a TENexKu;

n1’2’3’4(t) — (hyHKIHS HEPOBHOCTH IYTH IO
COOTBETCTBYIOIICH TEIICIKKOM;

z, — BEPTHKAIbHOE MEPEMENIEHUE IIEHTPA
MAacC KOTJIa IIUCTEPHBI;

@, — YroJl MOBOPOTa KOTJIa UCTEPHBI OTHO-
CUTEJIHO TOINEpeyHoit ocu Y;

Z,, — BEPTHKAIbHOEC NIEPEMEILICHNUE LICHTPa
Macc COeTUHUTENTbHOM OaKu;

¢, — YTOJI IIOBOPOTA COEIMHUTENBHOM Oasku
OTHOCHUTEJIBHO MOIEpeyHon ocH ¥;

p,.— TWIOTHOCTh MAcChl IIEPEBO3UMOTO HKHI-
KOTO Tpy3a;

g — YCKOpeHHUe CBOOOTHOTO MAACHUS;

B,,,— YTOJ HaJIMBa XMJIKOTO IPy3a;

R — pannyc KOTIa IACTEPHBL;

H — nuneiinsiit pazmep cBOOOIHOI MOBEPX-
HOCTH JKHJIKOCTH B TTOTIEPEYHOM HAIPaBICHUH,
omnpezensieMbli kak H = 2sinf}_ .

Hall

Jlist mpencraBieHHON Ha puc. 1 cXxeMsl cuc-
TeMa nudQepeHnanbHbIX YpaBHEHNN OyaeT
BEITVISLACTH CIEAYIOIIAM 00pa3oM:

mz+C (22, -2,-2,)=0

Jipy+CLy (20,L; -2, +2,) =0

myZ, +C, (-z,1 - +2z, ) +

+C, (L+ £y, ign (85, ) (22, =My (1) —,(1)) =0

8, +C, (1+ £, sign(A,A,)) (29, L, ~, (1) 7, (1)) =0
mZ +Cy(-z+ oL, +25)+

+C, (L+ 1, sign(As, A) ) (22, =M () 7, (1)) = 0

o5 +C, (L+ £, 8ign(8g, Ag) ) (20,1, = (1) -7, (1)) =0

2

THE Ags =22,5 — My (H) —M,,(),
Ags = 22y5 = M5 (1) = M4(0),

Ay =20,,L —n5(H) —M,, (1),

A g = 2051y =1 (1) =, (1),
lnpu x>0

impux<o  PAasPhIBHAL GyHKIHSA,

sign(x) :{

0003HauaroIas CMEHY 3HaKa.

B npuBenénnoii cucreme nuddepeHunaib-
HBIX ypaBHEHHH (2) epeBO3UMBIN XKHUIKHH IPy3
BOCIIPUHHMMAETCA Kak TBEpoe Teno. EcrecTBeH-
HO, YTO BEIMYUHBl KHHETHYECKOI U MOTEHIU-
aJbHOH HEPruil BOIHOBOIO JBU>KEHUS IIOBEPX-
HOCTH KHAKOCTH 3aBHUCST OT BBICOTHI BOJH,
BO3HHMKAIONIMX Ha CBOOOJHOM MOBEPXHOCTH
J)KuAKoro rpysa. Ilpu MogenupoBaHuu B 3agadax
KosieOaHus CBOOOHOM MOBEPXHOCTH XKHUIKOCTH
MOJYKHO BBECTH HPEIIOIOKEHUE, YTO OOIMHH
00BbEM cMelaromencs JXUIKOCTH TIPUMEPHO
COOTBETCTBYET 00BEMY CII0S )KUIKOCTH, OTIpe-
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Puc. 3. Pacuémnas cxema 0nsi onpedenieHusi 3Hep2emu

i dobaeku u3-3a KonebaHuil udKo20 2py3a npu KonebaHusIX 2a10NUPOBaHUS

(cocmaeneHa asmopamu).

JIENSIEeMOTO CMEIICHHS TOATIPHITUBAHUSL, TO €CTh
BEJIMYMHOM z, (pHc. 2). Takoe npeanosoxenue
MOXXHO 00OCHOBATh T€M, YTO OOBEM BOJIHBI,
MTOJHUMAEMOH HaJl CJIOEM, HaXOSIIMMCS B T10-
KO€, paBeH 00BbEMY BOJHBI, HAXOSIIEMYCSl IO
9TUM cioeM. Takum 0O6pa3oM, B IIpe/ICTaBIICH-
HYIO MOJIEJTh JIOTIOJTHUTEIEHO BBOJSTCS BKJIA IbI
kuHeTnueckol T v morenumansHoi I suep-
THUH JKUAKOTO Ipy3a, IepeMeIIaronerocs Beaea-
CTBHE KoJeOaHUH KOTJIa IUCTEPHBI.
Omnpenenum 00BEM 1 Maccy JKHIIKOTO Tpy3a,
3aXBa4E€HHOTO BCJIEACTBUE KOJICOAHUHN MTOIIPHI-
ruBaHus. byaeMm cuuTarh, 4TO 3TOT YPOBEHb
COOTBETCTBYET YPOBHIO IEpEMEIIeHHs KOTIa
uucTepHsl z,. Torna oObEM 3Tol Macchl OyaeT
paBeH:
V. =2RsinB, 2L z.

Torna kunetnueckas 1’ xacpr M TIOTEHIMATIbHAS
IY”Wr JHEprHH OyAyT OIpenesIThCS KakK:
T = p2RsinB, 2Lz .,
KBEPT _le s (3)

1

eepr Px

2RsinB,, 2L, z,87.

IToncrasus Beipaxenus (3) B ypaBHenue (1),
TOJYYUM BBIPKEHHS ISl TIOJCTAHOBKH B HC-
XOJHYIO cHcTeMy An(depeHIINaIbHBIX ypaBHe-

Huli (2)
0T
i xuzaepr =4p, Rsin BHML“ (le +z12i1);
dr o7 @
oIl X
S =8p, Rsin,,,8L,%,.

Paccmorpum yriioBbie konebanus. [Ipu yr-
JIOBBIX KOJIeOaHHX paboTaeT «cxema coo0IIaro-
LIUXCSl COCYAOBY», TO €CTh IIPH YIIIOBOM CMeIlle-
HHUH OHOTO KOHIIEBOTO CEUEHUSI KOTJIA [IUCTEPHBI
(HarmpuMep, BHU3) BTOPOE CEUCHHE TIOTHUMACT-
Cs1 Ha 3Ty K€ BEIMUYHHY. M Tpy 3TOM, O4EBHIHO,
OCYIIECTBIIAETCS CMEIEHNE 00BEMA )KUAKOCTH.
IIpu yrnoBbIx KoneOaHUAX 00BEM KUIKOCTH,
Haxogseics ciaeBa OT CPEAHETO CeUSHHUs, A0I-

¢ MWP TPAHCIIOPTA. 2021.T.19. No 2

JKEH PaBHATHCS 00bEMY KHUIKOCTH, HAXOSIIEH-
csl cIIpaBa.

Haiiném 00bEM xuaKocTH V)Kym U CKOPOCTb
IIEPEMEIICHHS LICHTPA MACC V, , H3MCHSFOLLIUXCSI
BCJIE/ICTBHE YIVIOBBIX KOJICOAHUH KOTJIA IIUCTEP-
HBI:

. 2, .
V)xym = foR sin Bﬂan(Pl; vm‘ = ELIJ.T(PI'

®)

C yuérom 3TOTO, KUHETHUECKast 1 yea 1 TIO-
TeHIHaJbHAas H)Kym SHEpruu nepeTeKaroei
JKUJIKOCTH OYIyT ONPECIATHCS KaK:

T = gprf‘RSin Bran® P15
e ©)
1, = 3 Lp,RsinB,, go;.

IToncraBuB BeIpakeHUs (6) B ypaBHEHHE
(1), momydnM BBIpaXKEHUS IJIS MOACTAHOBKH
B HUCXOAHYIO cucTeMy AU depeHInaIbHbIX
ypaBHeHHiA (2):
2
%aaq:éx =%prf‘RSinBHu ((P12 +(P1¢)1)§
ofl, 8

20 =3 Lip.Rsinp,..g0!.
1

(N

I[ToMuMO BEpPTHUKANBHOIO MEpPEMEIIEHUS
LIEHTpa MAacC ITepPeTEKArOIIEH JKUAKOCTH HE00X0-
JUMO YYECTh €ro TOpHU30HTAIBHOE CMELICHUE.
Hcnone3ys paccykaeHus, OnUCcaHHbIE BBIIIE,
MOJIyYUM 3HaYE€HUsI KHHETHUECKOU T’ crop ¥l TIOTEH-
LUAJIBHON IYmp SHEPruil FOPU30HTAIBHOIO IIe-
peMelleHus LEHTpa Macca MepeTeKaruero
JKUJKOTO Ipy3a:

2 . 2
Ty = 2%@&05[5”@) ;
(®)

. 2
m,.,=2p,2RsinB, 0.2 ER COSP,, P

[loxcraBuB BeIpaxkeHus (8) B ypaBHEHHE
(1), momydnM BBIpaXXCHUSA I BKIIOUCHUS
B UCXOAHYIO cucTeMy nuddepeHInaibHbIX
ypaBHeHuU# (2):

[puropseB [1. C., KopxuH C. H.; Uooaynnoes L. P., YaH ®. T. MatemaTnyeckoe moaennposaHue

Koneb6aHn BaroHOB-LIMCTEPH C yYETOM HEMOJTHOrO 3anofIHEHUS1 EMKOCTU XUAKUM rpy30M




Puc. 4. lpumep 2pacpuka usmeHeHus cus, 8o30elicmayroUuX Ha 0NOPbI KOMIa YUCMEPHbI: YEPHBIU 2paghuk — u3MeHeHus1 cun 6e3 yyéma
deuxeHus KUAKo20 2py3a, KpacHbIll (NYHKMUP) — USMEHEHUS CUT Ha ONOpPax Koma YucmepHbI ¢ y4émom deUkeHus Kudko20 2py3a

(cocmaenieHo asmopamu).
Taoauna 1
Ko>(punneHTsl BepTUKAJIBbHOI THHAMHUKH (Pac4éThl AaBTOPOB)
CKOpOCTL, YPOBCHB 3aII0JIHCHHS KOTJIa HUCTECPHBI XKUIKUM I'DY30M
KM/Y 95 % 80 % 70 % 50 %
klll k}:lZ k).ll k}lZ k)ll k).lZ knl k}:lZ
20 0,003 0,004 0,006 0,004 0,012 0,004 0,022 0,004
40 0,014 0,017 0,01 0,017 0,015 0,017 0,017 0,016
60 0,041 0,045 0,033 0,041 0,033 0,046 0,029 0,042
80 0,124 0,132 0,1 0,124 0,087 0,126 0,079 0,131
100 0,26 0,287 0,217 0,279 0,22 0,27 0,197 0,264
k,, — k09 QuLMEHT BePTHKANBHOM IMHAMUKH € y4ETOM KoJIeOaHHIi KHKOTO Tpy3a;
k , — x0d(QQuimenT BepTUKATbHON MHaMKUKK Ge3 yu€Ta KoneGaHui JKIIKOro rpysa.
dOT, 8 o , Y Pemenne
dr ogt =g Px LR sinB,,, cos”B,,, (@5 +o); TMonyuennas cucrema audGepeHHaTbHBIX
o, 8 , .. (€)) ypasaenuit (10) peranachk YMCICHHBIM METOIOM
o0, 3 Lip R sinB,, c0sp,,0;. Pynre—Kytra B nporpammuoii cpene Mathcad [16].

B kagectBe HepOBHOCTCﬁ 3aaBaJIacCh alrpOKCUMHU-

pyromiast QyHKIHS HEPOBHOCTH ITYTH, TIPESIOKEH-
Hast B yteparype [4]:

Takum 06pa3oM, OJICTaBUB BeIpaxkeHHs (4),
(7)1 (9), nonyuum oburyto cucremy nuddepen-

[UABHBIX YpaBHCHUI KoJieOaHUWA 00O0I0OYKU ™ 3
KOTJ/IA [ECTEPHBI ¢ YIETOM AMHAMUKH XKugkoro  N(f)=bsin 7! +b,sin 7! ]
rpy3a (10). ’ ’

) B pesyssTare YMCIEHHOTO MHTETPUPOBAHHSA
m5+G (24 -5 -5)+ cucTeMbl audQhepeHIMATBHBIX yPaBHEH A GBI
+4p, Rsinp,,, L, (5 +2%)+ TIOJTYYEHBI 3HAUCHNUSI CHJT Ha OIIOPax KOTia [UCTep-
+8p, Rsinp, gL z, =0 HBI.

T, +CL (201, -7, +2,)+ Ha puc. 4 npuBenéH npumep rpaduka, ImocTpo-
8 . . Lo €HHOTO JUTSl CITydast JIBKKEHHS] BATOHA CO CKOPOCTBEO
+gPxLuRsinB., (61 +0)+ 20 kM/4 1 crenensio 3anonuenust 80 %. Ha rpadu-
K& BHJIHO, YTO MPU YCTAHOBHUBIIUXCS PEKHMAX

+2 13p, Rsinp,, 07 + oo pi Y A P
3 JIBIJKEHHS aMIDTMTY/Id CHJI C YYETOM JIBIDKEHHS
.8 p LRsing,,, cos’B,,, (¢ + b, )+ . JKHJIKOTO TPy3a yBeInumiIach npuMepHo Ha 60 %,
9 (10)  arazoke yBenmHmIICs nIeproz KoneOaHHiA B TpH pasa.

2 Lp Resing,, cosp,, g9, =0

Gt —aiy + )+ OBCYXOEHUE

2Tl ‘ “ HeKkoTopble pe3yIBTars YMCIIEHHOM peaTH3arim
+C, (1+ fms1gn(A3,A3))(212 -1,(H)-1,(1))=0 TIPEIUTOEHHOTO TIOIXO/IA TIPE/ICTABIICHEI Ha PHC. 4
1, +C, (1+ £,sign(A,, A4))(2(p2 L-1,()-n,(1)=0 u B Ta0m. 1. [TomydeHHbIEe pe3ylBTaThl JOCTaTOYHO

i+ C (= oLy +2)+ XOPOILO COIIACYFOTCS € PE3YNETATAMH, HOTyYEHHbI-
, ‘ MH METOJOM MATeMATHYeCKOr0 MOIEIUPOBAHMS

+C, (1+ £, sign(Ay, Ay) ) (22, = (1) -, (1) =0 .
' HpUMEHEHHEM IIPOIPAMMHOTO KOMILTEKCA « YHH-
iy + Gy (1+ f,sign(Ag, Ag) ) (20, L, =1 (1) =, (1) =0. BepcasIbHbIA Mexanusm» [12; 13]. Cnenyer orme-
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THTb, YTO IIPU HU3KMX CKOPOCTSIX JIBMIKEHUS U, KaK
CJIE/ICTBUE, HU3KHX YaCTOTaX BO3MYIIIAIOIINX BO3-
JISVCTBUH, BIUSIHUE YKHUJIKOTO TPy3a OKa3bIBACTCS
MaKCHMAJILHBIM. JTO IOCTAaTOYHO XOPOLLIO POCIIe-
JKUBAETCS 10 pe3ysibTaraM, MpelCTaBIeHHbIM
B Tabn. 1. B wactHocTH, npu ckopoctu 20 kM/4
U cTeneHy 3anonHeHust 50 % 3aMeTHO CyIleCTBEH-
HOE BIIMSTHUE YKHJIKOTO IPpy3a.

Bepudukanust nony4eHHbIX pelIeHuil ¢ uc-
TIOJIb30BaHUEM Pa3IMYHBIX UCXOIHBIX JIAHHBIX I10-
Kazaja yOBJIETBOPUTENIbHYIO CXOTUMOCTb PE3YIb-
TaToB C IPUMEHEHHEM JIPYTUX TIOIXO/IOB.

BbIBOAbI

B pesynbrare HCIONB30BaHus TIPETIOKEHHOTO
nozxoz1a ObLa mojtydeHa cucreMa qudhepeHImab-
HBIX ypaBHeHHUH. CrcTeMa ypaBHEHHI HMeeT Heli-
HeWHBII XapakTep. BBUIY ClIOXXHOCTH MOITy4YeHNs
AHAJIMTUYECKOTO PELIEHHsI IAaHHOW CHCTEMbI ObLI
MPUMEHEH YMCIICHHBIM METON peltieHust b hepeH-
LUAJIBHBIX ypaBHeHuU PyHre—Kyrra 4-ro nopsiaxa.

JIaHHBII MMOXOT TTO3BOJISET OLICHUTD BIIUSHHC
MEepeBO3UMOTO0 XHAKOTO I'py3a B BaroHax-
LUCTEPHAX, B YAaCTHOCTH, OMNPEIEIUTDh BIHSIHHE
YPOBHSI 3allOJHEHHsI KOTJIa [UCTEPHBI KHIKUM
IPy30M Ha IMHAMHYECKHE Ka4yeCTBa [P Pa3TMIHbIX
napamMeTpax KoTa [IMCTEPHBI U YIIPYTHX SJIEMEHTOB
BCEro BaroHa.
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KomnblomepHoe 3peHue u Helipocemu
KaK 0CHo8a asmomamu3ayuu co30aHus
mMampuuybi KoppecnoHOeHYUU.
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Anatonui MOCTONUT

AHHOTALIUA

Mampuya koppecnoxderyuli sensemces yHdameHmarnbHoU
Xapakmepucmukol mpaHcnopmHol cemu, a hopmuposaHue
docmosepHoU Mampuuyb! KOppecnoHAeH Ul sensiemcs 8axHed-
well 3a0aqell npu opaaHU3ayuU Naccaxupckux nepeeo3ok. Oxa
Agnsemcs moli 0cHoeol, Ha 6aze KomopoU cmpoumcs Mapwpym-
Hasi cemb 06LWEeCMBEHHO20 mpaHcnopma 2opoda (peauoHa) u
8bINOIHAEMCS €€ oNMUMU3aYUSI.

B Hacmosiwee epemsi c6op ucxo0HoU uHgopmayuu 0515 no-
CMPOEHUS MampUUb! KOPPECNOHAEHYUL 3a4acmyro OCyEecmens-
emcs nymém HamypHsIx 0bcrnedosaHull: aHkemuposaHus Hace-
NeHUsl, y4éma nepeMewjeHus Naccaxupos no ebidagaeMbiv UM
maroHam, UCNomb308aHUS Y4EMYUKO8 8 CaloHax MpaHCNOPMHbIX
cpedcms, npocmoz0 onpoca haccaxupos. Kpome moeo, ucnosb-
3yemcs Mamemamuyeckoe ModenuposaHue, 0CHOBaHHOe Ha
cmamucmuyeckux 0aHHbIX 0 Koluyecmee xumenel 8 pasfudHbIX
palioHax 2opoda, konuyecmee pabomHUKO8 Ha NPedNPUAMUSIX U
yyawuxcsi 8 y4ebHbIx 3a8edeHusIX, @ makKxe Ha paHee NoMmy4eHHol
UHbopMayuu 0 xapakmepucmukax naccaxuponomoka no onpe-
0OenéHHbIM Mapwpymam. Bce amu obcredosaHusi o4eHb dopoau,
nposodsimcs MosbKO pas 8 HeCKobKo nem, daom bonbuwlyro
N02PeWHOCMb, U3-3a Ye20 NPUHSIMbIE Ha 0CHO8e 3MUX OaHHbIX
peweHus danexku om onmumarbHbIx.

Mup Tparcnopra. 2021. T. 19. Ne 2 (93). C. 32-40

ABTOMaTH3auua cOopa NepBUYHbLIX AAHHBIX
ana hopMmpoBaHMa MaTpULbl KOPPECNOHAEHLUN
noe3foK naccaXnMpoB Ha OCHOBE KOMMbLIOTEPHOrO 3peHus
W HEMPOCETEBbLIX TEXHONOMMIA

Anamonuii Braoumupoeuu Ilocmonum
Komnanusa Smart Information Systems, Mockea, Poccus.

Ha pbiHke npozpamMmHo-mexHuyeckux cpedcms umeemcs
macca peweHull, obecneyusanwux agmomamu3uposarHbi
cbop OaHHbIX 0 naccaxuponomokax. OHu 6asupyromcs Ha
ucnone308aHuu nubo uHgpakpacHbix damyukos, nubo gudeo-
kamep. OOHako HU 00Ha u3 amux cucmem He daém uHgopma-
yuu o0 moykax 8xoda-8bIxoda kaxdoe2o naccaxupa.

Lenbto Hacmoswe2o uccnedosaHus ssunack paspabomka
memodos asmoMamu3ayuu nosydeHust docmoeepHol UHEOp-
mayuu 0 noe3dkax naccaxupos, Ha 0CHOBE KOmopoLi MOXHO
cmpoums akmyasbHble U 00CMOBepPHbIE Mampulbl KOPPECNOH-
OeHyuli noe3dok naccaxupos. [aHHas 3adaya mMoxem 6bimb
peweHa nymém nocmosiHHO20 MOHUMOpPUHaa noe3dok nacca-
Xupoe ¢ ghukcayueli Mecma 8xoda u 8bIxoda Kaxdoz2o nacca-
Xupa.

OnucaHa 803M0XHOCMb CO30aHusi npo2pammHo20 obec-
NeYeHUs: Ha OCHOBE KOMNbIOMEPHO20 3PEHUS U UCKYCCMBEH-
HO20 UHMennekma, Yymo obecneyum asmomamusayuto cbopa
nepeuyHOL UHhopMayUU 0 nepeMeleHuU kax0020 naccaxupa
om mecma nocadku 8 mpaHcnopmHoe cpedcmso 00 8bixoda
U3 He2o0, Mo ecmb asmomMamu3ayuro hopmMuposaHus daHHbIX
0n151 NOCMPOoeHUsi Mampuubl koppecnoHdeHyuli noe3dok nac-
caxupos.

Knioyesbie criosa: naccaxupcKuli mpaHcnopm, NaccaxuponomoKu, Mampuua KoppecnoHOeHUUUL, UCKYCCMEeHHBI UHmesekm,
HeUPOHHbIE CEmU, MalUHHOe 0BYYeHUE, KOMNBLIOMEPHOE 3PEHUE.

[ns yumuposarus: lNocmonum A. B. Aemomamusayusi c6opa nepsuyHbIx 0aHHbIX 01151 (hopMUpPO8aHUst Mampulib! KOPPECNOHOEHUULI
noe30oK naccaxupos Ha OCHOBE KOMNBIOMEPHO20 3PEHUS U Helpocemesbix mexronoaul // Mup mpancnopma. 2021. T. 19. Ne 2 (93).
C. 32-40. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-5.

MonHbIl mekcm cmamb U Ha aH2nuliCKOM si3bike ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

Marpmura KoppecIoHIeHIHA — 3TO 0a3oBas
TabMIIa, ONMCHIBAIOIIAS XaPAKTEP TIEPEABHKE-
HUS HaceleHus 1o ropony. OHa MOKa3bIBacT,
CKOJIBKO JKHTEJIEH MepeMeIaeTcsi U3 OJHOTO
paiioHa ropoza B IpyTOM, U SBISIETCS TOH 0a301,
Ha OCHOBE KOTOPOI CTPONTCS MapIIpyTHAS CETh,
oTIpenieNnsieTcss He0OXOANMOE KOIMYECTBO IIO-
JBIDKHOTO COCTaBa, (GOPMHUPYETCs paciicaHue
nBrkeHws [1; 2].

B coBpeMeHHBIX TOposiax U KpYITHBIX MeTa-
MIOJICAaX BO3BOAUTCS Macca OOBEKTOB JKHIOW
1 TIPOMBIIIICHHON MH(QPACTPYKTYPBI, NEPEHO-
CSITCS TIPEATIPUSITHS, MEHSIOTCS MECTA MPHIIOKE-
HUSI TPYAA U TIPOKUBAHUS, ITO MIPUBOAUT K JTU-
HaMUYHOMY M3MEHEHHIO 00bEMOB M HampaBiie-
HUH TPAHCIIOPTHBIX KOPPECIOHACHIMN. B aTHX
YCIOBHUSX MOCTPOCHUE HCTHHHBIX MaTpPHUI] KOp-
pecnionaeHIuil TpeGyeT abCOTIOTHO JOCTOBEP-
HOW MH(OpPMALUK O PEaTbHBIX EPEMEICHUIX
MacCaXHpPOB.

Ha peiHKEe mporpaMMHO-TEXHUYECKHX
CPE/ICTB MMEETCSI Macca pEIIeHNH, obecneyn-
BAaIOIMIMX aBTOMAaTH3MPOBAHHBIA cOOp JaHHBIX
0 TTaCCaXUPOTOTOKaxX. B OonbIIMHCTBE CiTyyaeB
OHHF OCHOBaHBI Ha MH(PPaKpacHBIX AaTYnKax [3]
U BHAEOKaMepax B NpoéMmax JABepel BXona-
BBIXOZIa B TPaHCIIOPTHOE cpeacTBo [4]. OmHako
HU OJIHAa U3 CYIIECTBYIOIINX CHCTEM aBTOMATH-
3anuu cOOpa TaHHBIX O NMACCAKHUPOIIOTOKAX HE
naét mHGOpPMAMH O TOYKAaX BXOJa-BBIXOAA
Ka)KIOTO MTaccaXnpa. A IMEHHO Ha 3TUX JaHHBIX
CTPOSTCS MaTPHIIBI KOPPECTIOHACHINH MOE3T0K
MaccaXxupoB. M3-3a OTCYTCTBUSI TAaKUX JaHHBIX
MaTPHUIbl KOPPECMOHACHINH MO-TIPEXKHEMY
(hopMHpYIOT Ha OCHOBE BEIOOPOYHBIX 00CIEnO-
BaHMH, OTIPOCax HACENICHNUsI, Ha CTATHCTHIECKUX

Puc. 1. Mampuya koppecnoHdeHyuli noe3dok naccaxupoe [1; 2].

JIAaHHBIX O KOJIMUECTBE KUTEIIEH B TEX MUIIM HHBIX
paiioHax ropojaa ¥ KOJMYeCTBE PabOTHHKOB Ha
NPEANPUSITUIX. DTU JaHHbIE HE OTPaXKaroT pe-
aJbHO KapTHHBI €KeJTHEBHOI MUTPALIMU TOPOI-
ckoro HacesieHus. COOTBETCTBEHHO, TPUHIMAae-
MbI€ Ha OCHOBE ATOH MH(OPMAaLUU PELICHUs
JIaJIeKu OT ONITHMaJIbHOCTH. Bee cymiecTBytomue
METO/IbI aBTOMATH3alNH YUETa MacCaKUPOIIOTO-
KOB HE IO3BOJISIIOT MOJYYUTh JaHHbIEC IS 110-
CTPOEHHS MATPHLIBI KOPPECTIOHACHIINH MOE3/I0K.

Vcxopst M3 BBILIIECKA3aHHOT O, Y€/1b10 HACTOSI-
IIET0 MCCIIEI0BaHUS SIBUIACh Pa3paboTKa METO-
JIOB aBTOMATH3aL[MK TOJY4YEHHUS! JaHHBIX JUIS
(hopMHpOBaHUS MOJTHOM M JOCTOBEPHOW MaT-
PHILIBI KOPPECHOHICHIIN TIEpEeBHIKEHUSI Hace-
JIeHUsI Ha 00LIEeCTBEHHOM Ha3eMHOM I1aCCaXKUp-
CKOM TpaHCIIOpTe.

JlaHHast 3ajja4a MOXKET OBITH pelieHa MyTeM
MOCTOSTHHOTO MOHMTOPHHTA TOE3/I0K TTaCCaKH-
poB ¢ dukcanueil MecTa BXo/ia U BbIXOJa KaxK-
Joro naccaxupa. Jns ¢ukcanum mecra Bxoja
W BBIXOJIa KQXJOTr0 Haccaxkupa MpeniaraeTcs
UCIIOJIb30BATh MemoObl KOMITBIOTEPHOTO 3pEHHS
U MCKYCCTBEHHOTO MHTEJUICKTA.

PE3YNbTATbI
HenocTaTku CylmecTBYHOIIUX TEXHOIOT Wi
JUIS1 pelieHNsI aKTYaJIbHBIX 3a/1a4

[Ipu penieHny 331891 ONTUMH3AIHH MapIII-
PYTHOH CeTH OOLIECTBEHHOTO TpaHCIIOpTa
cleyeT 4ETKO pas3/iessiTh J1Ba IOHATHS: Iacca-
JKHPOMOTOK M MaTpHIla KOPPECHOHACHIINIT e~
pemenieHus naccaxxupos. [laccakuponoTox
B OOJIbIIIEH CTENEeHU XapaKTepU3yeT OOIIYIo
CTATHCTHKY TIePEMEIICHHUS TACCAKUPOB (KOITH-
YECTBO [ACCAXKUPOB B pa3HOE BPEMsI CyTOK, THU
HeJIeIIH, BpeMsi T0f1a U T.11.) C TPUBSI3KOH K OCTa-
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Puc. 2. Aemomamu3upogaHHbie cucmeMbl y4éma
naccaxuponomoka [4].

HOBKE, MapIpyTy, TPAHCIIOPTHOMY HPEATIPHSI-
THIO, TOPOAY H T. 1. MarpuLia KOppeCHOHICHIIUH
(puc. 1) sBnsieTcst KONMYECTBEHHO XapaKTepH-
CTUKOW, KOTOpas onpezelsieT o0bEM MOTOKa
MACCaKUPOB MEXK Ty KaXKJOU Mapoit «todex» [1;
2]. Ilox «Toukamu» 37€Ch MOHUMAIOTCS JTHOO
KOHKpPETHBIE OCTaHOBKH OOIIECTBEHHOTO TPAHC-
1opTa, JMO0 YCIOBHBIE 30HBI, KOTOpbIE ObUIN
MOJTy4eHbl Ty TEM 00bEeAMHEHHST OCTaHOBOYHBIX
MyHKTOB B HEKOTOpbIE 00JacTu (Hampumep,
paiioHbI TOPOIA).

Marpuna KoppecnoHaeHIui sBisiercst hyH-
JTaMEHTAJIbHOM XapaKTepUCTHKON TPaHCIIOPTHOM
cetd, a GpopMHpOBaHUE UCTUHHOW MAaTPUIIBI
KOPPECTOHIEHITNH SABJIsIeTCs] BAKHEUIIIEeH 3a1a-
Yyell IpH OpraHM3aly MacCaKUPCKUX MepeBo-
30K. Marpulia KOppecroHACHINHN SBISIETCS TOM
OCHOBOIA, Ha 0a3e KOTOPOW CTPOUTCSI MapIIPYT-
Hasl CeTh OOLIIECTBEHHOT'O TPAHCIIOPTA U BBIIIOJ-
HaeTca e€ onmTuMu3anusi. B cBowo ouepens,
rpaMOTHO MOCTPOEHHAasi MapUIpyTHas CETh
MO3BOJISIET OINPEIEIUTh HEOOXOMUMOE KOJIHue-
CTBO IIOJIBM)KHOTO COCTaBa Ha MaplIpyTax, OIl-
TUMH3UPOBATH paclicaHue ABUKEHHS, CHU3UTh
MarepHajbHbIE 3aTPaThl Ha OPraHU3aLUIo [Iepe-
BO30K M, B KOHEYHOM CYETE, C MUHUMAJIbHBIMU
3arparamu yJOBJIETBOPHUTH MOTPEOHOCTH Hace-
JICHUSI B TPAHCIIOPTHBIX YCIIyrax.

ABTOMaTH3aIysl y4€Ta MaccaKUpOIIOTOKOB
B HACTOAILIEE BPEMs IOCTATOYHO TIIYOOKO Mpo-
paboTaHa M peann3oBaHa B BHJE MHOXECTBA
Pa3IMYHBIX TEXHUYECKHX PEIICHUH — KOHTAKT-
HBIE JIaTYMKH Ha CTYNEHbKaX TPaHCIOPTHOTO
cpezcTBa, HH(ppaKpacHbie AaTYUKy [3] WK BU-
neokamepsl [4] B palloHe BXOJHOW IBepHU

(puc. 2).

OnHako cTaTUCTHYECKHE JaHHBIE O Tacca-
YKMPOIIOTOKAaX Ha MapuIpyTax He JaloT BO3MOXK-
HOCTb TMOCTPOUTHh MAaTpHIly KOPPECIIOHICHIUN
M0€3/J0K MAaCCaXUPOB. DTO BCETO JIUIIB O0IIHe
JIaHHBIE O BXOMSIINX U BBIXOMSIIHUX ITaCCAKUPax.

Ha tekymuii MOMEHT aBTOMaTHU3aIHsI cOOpa
JaHHBIX JUI1 (OPMHPOBAHMSI MATPHIBI KOppe-
CHOHJICHIIUH TaccaKMpoB (haKTUYECKU HE pea-
JIM30BaHa. JTa 3a/ia4a peraercs ¢ J0CTaT0qHO
00JIBILION MOTPEIIHOCTBIO U C OOJIBILIUMY 3aTpa-
TaMH Ha OCHOBE CIIEL[HaJIbHO OPraHU30BaHHBIX
HaTypHBIX 00ciienoBaHuii. CTOUT OTMETUTb, YTO
HaTypHbIE METOABI 00CIIeJOBaHUS 3a4acTyIO
CBsI3aHBI CO 3HAYUTENILHBIMU IPOOIeMaMy opra-
HU3aLMOHHOI0, PUHAHCOBOTO M MPABOBOTO Xa-
pakrtepa, o3TOMY UX NPUMEHEHHE HHOT/Ia CTa-
HOBHUTCSI HEBO3MOXHBIM, 0COOEHHO B KPYITHBIX
ropojiax, Iie MacCaKUpONOTOKH Benuku. Ha
HEKOTOPBIX BHJIaX TPAHCIIOPTA (3KeNIe3HON0POXK-
HBII, BO3YIITHBIH, BOIHBII) 3312492 (opMUpOBa-
HUSI MAaTPHILBI KOPPECTIOHACHIIMH MOXET OBITh
pellieHa Ha OCHOBE aHaln3a KyIUICHHBIX Ouile-
TOB, T/Ie YKa3aHbl IyHKTHI OTIPABICHUS U MPHU-
OBITHS.

Kitaccnueckum MeTo10M NOJTyYeHHs! IAaHHBIX
JUISL IOCTPOEHHST MaTPHIIBI KOPPECIOHCHIUH
SIBJISIFOTCSI HATypHbIE 00ciieIoBaHus (TaIOHHBIE,
AQHKETHPOBaHKE HACEJIEHHS, OIIPOC ITaCCAKHPOB
Cu€TYMKAMU TOE3/I0K U T.II.), & TAK)KE UCIIOJIb-
30BaHUE METOJIOB MaTeMaTHYeCKOTO MOJICIINPO-
Banus [5]. Hemocrarkamu HaTypHBIX 00cieno-
BaHMUU SIBIISIOTCS 3HAYMTENIbHASL TPYNOEMKOCTD
1o cOopy 1 00pabOTKe TaHHBIX, HU3KAsl JOCTO-
BEPHOCTH JAaHHBIX U3-3a YEJIOBEYECKOro (hakTo-
pa, BBICOKasi CTOMMOCTb 00CJI€0BaHUs, OTCYT-
CTBHUE CTATUCTUKH NOBTOPSIEMOCTH (HEBO3MOXHO
BBIJICIUTH MOTOJHBIE YCIIOBHS, BpeMs roja,
U JIpyre 0COOEHHOCTH TEKYILEro JiHst). Beicokas
CTOMMOCTb M TPYIOEMKOCTh 00CII€I0BaHHS IPH-
BOJISIT K TOMY, YTO Takue 00CIIeI0BaHKs IPOBO-
14T pa3 B 15-20 neT, 4To He Ja€T BO3MOXKHOCTH
OIepaTHBHO KOPPEKTUPOBATH U ONITUMU3UPOBATH
yIPaBJICHYECKUE PELICHUS.

CyecTBYIOT MOAXO/AbI K aBTOMAaTU3alUuU
(dbopMupoOBaHUs NMPUOIUZUTEIBHON MaTPUIIBI
KOPPECHOHICHIIMIT HA METPOIIOJIMTEHE C UCIIOJIb-
30BaHUEM MOOWIILHBIX TeJIe()OHOB TACCAKUPOB
[6]. Oneparopbl COTOBO¥ CBSI3U MOT'YT OTCJIEKH-
BaTh BXOJIbI M BBIXO/IbI 1ACCAKUPOB, OTIPEAEIISS
MOMEHTBI, KOI/Ia UX MOOMIIbHBII a0OHEHT repe-
KJIF04aeTcs Ha 0a30BYIO CTAHLIMIO, pa3MELIEHHYIO
B MeTpO (BXOAMT) MJIM Ha 0a30BYIO CTaHLHUIO
B ropoye (Bbixoaut). Takre aHOHUMHBIE JaHHbIE
MOTYT CIIy>KUTh OCHOBOW 1Uisi (hOpMHPOBAHHS
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MaTpHLBI KOPPECTOHICHIINH ISl KaXKI0W Mapsbl
CTaHIMH MeTpornonuTeHa. OHaKo TakoH MOAXO0
HeTIpHeMIIEM AJI Ha3eMHOTO MaCCa’KUPCKOTO
TpaHcnopta. TpyIHOCTH peleHus 3ToH 3a1a4u
TaKoKe CBA3aHBI C 0OJIBIION Pa3MEPHOCTHIO IIep-
BUYHOU MH(OPMAIIMU U C OTCYTCTBUEM €IUHOM
METOJIMKH NOJIyYEeHHUS MaTPHILIBI KOPPECIIOHIECH-
LUH AJ1s Toponia, KoTopasi JOJDKHA BKJIFOYaTh
B ce0s He TOJIBKO TPY/IOBBIE U y4eOHBIE ITepe/IBU-
JKEHUs, HO U NEePEeJBHIKEHUS KYJIbTYyPHO-
OBITOBOIO XapakTepa, a TAKXKe II0E3KH IEHCHO-
HEpOB.

EsxenHeBHO Ha 00IECTBEHHOM TPAHCIIOPTE
paboraroniee HaceleHUe ropoja U ydaluecs
COBEPILAOT MTOE3IKK K MECTaM padOThI U y4EObI.
Taxue noe3axu coCTaBIIOT HAMOOIBIIYIO OIIIO,
MTOCKOJIbKY OHU HOCST PEryJSIpHBIN XapakTep.
OpHaKo CyIIeCTBYIOT IIepeMeleHus HepaboTaro-
LIMX IICHCHOHEPOB, a TAKXKE APyTUe IepeMelie-
HHSI TPa)KJaH, KOTOPbIe HOCAT KYJbTYypPHO-
OBITOBOIT XapakTep. DTH NepeMEILEHUs TaK WIN
WHaye BIUSIOT Ha 3arPy)KEHHOCTb OPOJICKUX
MapuipyToB. O01as MaTpyIia KOPPECTIOH ICHIINH
MI0€3/10K, BKJIIOUAOmas B ce0s KaKk TPYIOBBIC,
TaK ¥ KyJBTYpHO-OBITOBBIE IIEPEABMIKEHHS, T10-
3BOJIUT B IIOJIHOW Mepe OIMCATh XapakTep Bcex
nepeaBwxeHui B ropoze. s neneit ontumusa-
MU MapUIpyTHOW CETH Takas JeTallu3anus
npeacTaBisieTcs 0COOCHHO BaXKHOH.

Onucanue npemiaraeMoi TeXHOJIOTHH

A MOXHO JIM aBTOMAaTHU3UPOBATh MPOIECC
yuéTa oe3/10K ¢ YETKOH (uKcamuei MecTa BX0o-
Jla ¥ BBIXOJIa KaXI0TO0 maccaxkupa? Pemuth Ta-
KYIO 3a/1a4y Ha 0a3e MH(PPAKPACHBIX TATYHMKOB
MPAKTUYCCKH HEBO3MOXKHO, TIOCKOJIBKY OHU HE
MO3BOJISIOT WACHTHU(PHUIIMPOBATh OOBEKT. A BOT
Ha 0a3e BHeOKaMep 3TO BIIOJIHE peabHo. B mo-
CJICJIHHUE TONbI C Pa3BUTHEM CBEPTOYHBIX HEH-
ponnbix cereii (CNN, R-CNN, Mask R-CNN)
MPOU30IILIO B3PBIBHOE PA3BUTHE HEHPOCETEBBIX
TEXHOJIOTHI U CUCTEM KOMITBIOTEPHOTO 3PCHUSI.
Co0O0TBETCTBEHHO MOSIBUIACH BO3MOXXHOCTD pa3-
PabOTKH MPUHIMITHATBHO HOBBIX aBTOMATH3H-
POBaHHBIX CUCTEM Y4ETa U aHaJIN3a ITaCCaAKHPO-
ITOTOKOB Ha 0a3€ 3THX TEXHOJIOTUH C BO3MOXKHO-
CThI0 (hOPMHUPOBAHMS TOCTOBEPHOM ¥ MOIHOM
MAaTPHIIBI KOPPECIIOHICHIIHIA TOE3I0K MaCCaXKU-
POB Ha TOPOJCKOM HAa36MHOM I1aCCa)KMPCKOM
TpaHcnopre. Pa3paboTka Takoii cHCTEMBI, OTCYT-
CTBYIOIICH HA PHIHKE TPOrPAMMHO-TEX HUYSCKHUX
CPE/CTB, U SIBJISICTCS] HOBU3HOM TAaHHOM paOOTHI.

[IpuHIMNUaNbEHAS CTPYKTYPa CUCTEMBbI aBTO-
MaTH3aluu cOOpa MEPBUYHBIX JAHHBIX O MOE3/I-

Kax Macca)kupoB Ha 00II[ECTBEHHOM TPAHCIIOPTE,
KoTOpasi 0a3upyercsi Ha HEHPOCETEBBIX TEXHO-
JIOTHSIX, M pa3paboTaHa B paMKax JaHHOTO HC-
CJIe/IOBaHMsL, TIPE/ICTaBIIEHa Ha PUC. 3.

[TporpaMMHO-TEXHUYECKUI KOMILIEKC, IPH-
Be/IEHHBIM Ha pHC. 3, COCTOMUT M3 CIEIYIOINX
3JIEMEHTOB:

* BUJIEOKAMepa, PACIOIIOKEHHAasl B BEpXHEH
4acTH NpoéMa BXOAHOW JIBEPU TPAHCIIOPTHOTO
Cpe/CTBa;

* OOPTOBOW MUHH-KOMITBIOTED.

DTOT KOMILIEKC paboTaeT CIAeAyIOIM 00pa-
30M. Bu1eonoTok B pexxume pealibHOro BpeMeH!
MOCTYIAET C BUACOKaMephl B 0OPTOBOI KOMITBIO-
Tep ¥ 00pabaThIBACTCs CICHUATM3UPOBAHHBIM
porpaMMHBIM oOecrieueHueM. JlanHoe mpo-
rpaMMHOE oOecrieueHHe pellaeT CleaAylolne
3aj1a4uu:

* pacno3Haér MaccaKMpoB, KOTOPHIE BXOAST
B CaJIOH TPAHCIIOPTHOTO CPEJICTBA U BBIXOJST U3
HEro (JETEeKTOp MacCaKMPOB — BUJ| CBEPXY);

* IpeoOpa3oBbIBACT M300paKEHUE KaXKIA0TO
BXOJISILIIETO MACCaXUPa B YHUKAJIBbHYIO LHU(PPO-
BYIO MOJIEJIb M COXPaHSET e€;

* (hukcHpyeT mapameTpbl BXoJa KaXKIO0ro
naccaxkupa (1ara, BpeMsi, 0CTAaHOBKa BX0/1a);

* IpeoOpa3oBbIBACT M300paKEHUE KaXKIA0TO
BBIXOJSLIET0 acCaXnpa B YHUKAIBHYIO LI PO-
BYIO MOJIEJIb M COXPaHSET e€;

* (UKCUpYeT MapaMeTpbl BhIXOJA KaXKI0TO
naccaxkupa (Jara, BpeMsi, 0CTaHOBKa BbIX0/a);

* corocTaBisieT U(POBYIO MOzIEIb H300pa-
JKEHUSI BBIXOJSIIUX MTACCAKHUPOB C LU (DPOBBIMU
MOJIEJISIMH BOILLEIINX TACCAXXUPOB U popMUpY-
€T YHUKAJIbHYIO NTapy 3HaY€HUH BXOJI-BBIXO[ LIS
Ka)KJJOr0 Maccaxupa;

* TIOJICUUTBHIBAET KOJIMYECTBO MACCAKUPOB!
BOILIE/IINX B CaJlOH, BBIICAIINX U3 CaJlOHa,
HaXOJSIINXCSl B CaJIOHE TPAHCHOPTHOIO Cpel-
CTBa Ha KQKZAOM OCTAaHOBOYHOM ITyHKTE.

[Tony4yeHHble TakuM 00pa3oM MapameTpsl
MOE3/IKK Ka)JIOTO MacCaKMpa Mo 3aBepIICHUN
paboThI TPAHCIIOPTHOTO CPECTBA HA MAPLIPYTE
NepeNatoTcsl Ha CEPBEPHYIO IIaTdopMy, e Ha
0a3ze cepBepHOro NPOrpPaMMHOTO OOecreueHHs
OyzeT popMHpOBaTHCS MaTpUIIa KOPPECIIOHIEH-
LIUH MMOE30K MacCaXXKUPOB M CTATHCTUKA T10
MacCaXUpPOIOTOKaM.

Ha nepBslii B3MI1 MOXHO, HE UCIIONB3YS
U(POBbIE MOJIEIH, TPOCTO CONOCTABIIATH CHU-
MOK ITacCaKMpa Ha BXOJI€ CO CHUMKOM ITacCaKH-
pa Ha BbIxoze. OIHaKo AJIsl TAKOTO COMOCTaBIIe-
HUSL HY’)KHO 00513aT€JIbHO BBIIOJIHATH IPOLEYPY
HOpManu3aluuu nzobpaxenuid. Ho naxe nocie
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Puc. 3. MpuryunuanbHas cmpykmypa cucmeMbl asmomamu3ayuu c6opa nepeu4HbIX 0aHHbIX 0 N0e30Kax Naccaxupos Ha o06LeCMEeHHOM
mpaHcnopme Ha 6a3e HelipocemesbiX mexHon02ull (8bINOHEHO ag8MopPoM).

HOpMaJIN3aIN N300pakeHNit MOYKHO HE ITONTy-
YWUTH HY)KHOTO PE3YIIbTaTa, HOCKOIbKY MacCaxup
MOXXET BOWTH TIPSIMO, a BBINTH OOKOM, IOA
KaKnM-TH00 yIJIOM WM Aaxe cruHoi. HyxHa
MHOTOKpaTHasl IIUKIIMYecKast POIeypa MOBO-
poTa u cpaBHEHHMS H300paKEHHUH, YTO MOTpedy-
€T ¥ JOTIOTHUTEIBHOTO BPEMEHH Ha 00paboTKy
¥ MOXKET HE TIPUBECTH K OKUIAEMOMY PE3YIIbTa-
Ty. Kpome Toro, monmHoe n300pakeHre 3aHUMAaeT
JIOCTaTOYHO OONBIION 00BEM OINepaTUBHON Ta-
MSATH, 9TO TaKXe MOTpeOyeT OOIBIINX BPEMEH-
HBIX pecypcoB Ha 00paboTky. bonee mpaBuibpHO
B 3TOM CITyJae MCIONb30BaTh HU(PPOBYIO UICH-
TU(QUKAITMOHHYTO MOJIENb n300paxeHus. Takue
MOJIETTH CTPOSITCS Ha OCHOBE BBIJCIICHHSA Ha
n300pakeHusAX Habopa KITF0YeBBIX ToUeK. B Kka-
YeCTBE OCHOBBI ISl TAKHX MOJETIEH MOXKET HC-
TI0JTb30BAThCS TPHAHTYISAIMA JleroHe nim ana-
rpaMMbl BopoHOTO, KOTOpBIE HCTIONB3YIOTCS
B CHCTEMaXx COIOCTAaBJICHUS M MOP(HHTA JIUII.
MoryT OBITh HCTIONIB30BAHBI THCTOTPAMMBI Ha-
npaBieHHbIX rpaanerToB (HOG geckpuntopsr
0COOBIX TOYEK), KOTOPBIE UCTIONB3YIOTCS B KOM-
TIBIOTEPHOM 3PEHUH JUIS PAcIIO3HABAHUS O0BEK-
TOB [7].

B Hacrosmiee BpeMs ¢ ydacTHeM aBTOpa
MCCIIEIOBaHNS HayaTa peajn3anis TEXHOIOTHN
W MIPOTPaMMHBIX MOAYJIEH Ul aBTOMAaTH3aIN

cOopa JaHHBIX O MOE3/KaxX MacCaXUPOB HA OC-
HOBE HEHPOCETEBBIX TEXHOIOTUI U KOMITBIOTEP-
Horo 3peHns. Ha puc. 4 mpuBeaeHs! pUMEpHI
(hopMupoBaHUs IUPPOBEIX MOJEIIEH N300paske-
HUM, KOTOPBIE TOCTPOEHBI HA OCHOBE TUCTOTPaM-
MBI HaIIPaBJICHHBIX I'PaINCHTOB. 311eCh N300pa-
JKEHUSI IPUBOJWIINCH K OJJHOMY IIBETY — Ipajia-
ILIUsI CEpOoTo.

EcrecTBeHHO, 9TO IU(pPOBaAsT MOZIENb 3aHU-
MaeT B MaMATH KOMIIBIOTEpA TOpa3I0 MEHBIIE
MECTa U, KpOME TOTO, 1aET BO3MOXXHOCTB CpPaB-
HUBATh H300paXEHUSI M OIIEHUBATh UX MOJ00MeE.
Ha puc. 5 npencraBineHs! npuMepsI CONOCTaBIe-
HUSl M300paXeHUH Ha OCHOBE MX HIH(POBBIX
MozeTIeH.

Kak BumHO U3 puc. 5, ams abCoIOTHO Ou-
HaKOBBIX H300pakeHNH KO3 PUIMEHT OTITHaus,
paccunTaHHBII Ha ocHOBE IH(pOoBON Moxeny,
paseH Hymo. C HapacTaHWEM Pa3HOCTH MEXAY
($parMeHTaMH M300paKEHUH XapaKTEpHCTHKA
OTIMYMN yBEeNHUYMBaeTCsA. Tak BO BTOPOM psiny
OIIMH M TOT K€ YEJIOBEK CMEHHJI ITOJIOXKECHHE
TOJIOBBI, M 9TO U3MECHEHHE OBLTO 3a(pUKCHPOBAHO
B ructorpamme. OTHaKo XapaKTEPUCTHKA OTIIH-
yns (14) He MpeBBICHIIA TOPOTOBOTO 3HAYCHUS
(19), n n300pakEéHHBIE HA HUX OOBEKTHI MOKHO
OTHECTH K HJICHTUYHBIM. A BOT B TPETHEM DALY
XapaKTepUCTHKa OTIH4us (22) mpeBbIchIIa 110-
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Puc. 4. Jughposbie modenu uzobpaxeHuii Ha OCHOBE 2UCMO2PaMMbI HanpassieHHbIX 2padueHmoe (8bINOHEHO a8MopoM).

pOToBO€ 3HA4YEHHUE, YTO TOBOPHUT O TOM, YTO Ha
N300paXKEeHUAX pasHble OOBEKTHI (TOPOTOBOE
3HAUYE€HHE ONPENENAETCS ONMBITHBIM IMYTEM).
C ucrnonp3oBaHneM IU(POBOH MOIETH U TIpa-
BUJIBHO TO0OPaHHOTO MOPOTOBOTO 3HAYCHUS
MOXXHO OIEHHWBATh CXOJICTBO WJIM Pa3ITHUUS
OOBEKTOB Ha M300PAKEHMAX, TO €CTh JUI pac-
CMaTpUBaeMOH 3a7a4 — HAlTH COOTBETCTBHE
MEXXIy BOLIEIINM H BBIIIEIIINM aCCaKUPOM.
C emé OombIneil TOYHOCTHIO MOJKHO COMIOCTaB-
JISITh 0OBEKTHI HAa N300paKeHUSX C HCIIO0JIb30Ba-
HHEM THCTOTPaMMBbI HE OHOTO IIBETa, a THCTO-
TpaMM TPYTITBI IIBETOB (pHC. 6).

Oco0pIif mHTEpEC M MOWCKAa CXONCTBA
B N300pa)KEHMSAX MPEACTABISIFOT METOABI TOMO-
rpaduu, IpHU HCIOJIB30BAHUN KOTOPBIX YTIIBI
TIOBOPOTA M HAKJIOHA CPAaBHUBAEMBIX N300paske-
HUH HE IMEIOT MIPUHITUITHAIBHOTO 3HaUeHUH [ 8].
370 0cOOCHHO Ba)KHO IS PEIICHHS PaCCMaTpH-
BaeMOM 3a/1aul, TIOCKOJIBKY IOJOKEHUE Tacca-
KHpa MPH epeMeIeHNH B paiioHe KaMephl HaJl
BXOJTHOM JIBEPBHIO HE MOXKET OBITh CTPOTO (HHK-
cupoBaHHEIM. Ha puc. 7 npencrasieH npumep
BHU3yaJIbHOTO COIOCTABJICHHS M300pakeHUH
MeTonoM romorpaduu. UtoOsl obecnednTs 10-

CTAaTOYHYIO TOYHOCTH PAcliO3HABAHNS ITACCAXKH-
pa Ha BXOJI€ U BBIXOJIE, ITOTpedyeTcs UCTIONh30-
BaTh KOMOMHAIIMIO OTMEYEHHBIX BBIIIE CTIOCOO0B
(OpMHUPOBAaHUSA M COMOCTABICHUS MU(POBBIX
Mozenei.

Jist Toro uToOBI 3aUKCHPOBATH MECTO BXO-
Jla-BBIXOJa TTacCaKMpa Ha OCHOBE €ro n3odpa-
JKEHUsI B BUAIEOTIOTOKE, HEOOXOIMMO BHITTOJTHNTD
CIJIe/TyTOIIHE IIaru:

* PacHoO3HAThH CHIIYST MAcCakKupa IpH €ro
BXOJI€ B CaJIOH TPAHCIIOPTHOTO CPEACTBA;

* CETMEHTHPOBATh CHIIY3T, IpeoOpa3oBaTh
€ro B IH(POBYIO MOAETH U 3apUKCUPOBATH TIa-
paMeTpsI BXOAa;

* PacHo3HATh CHIIY3T MAcCakKupa IMpH €ro
BBIXOJI€ M3 CaJIOHA TPAHCIIOPTHOTO CPE/ICTBA;

* CETMEHTHPOBATh CHIIY3T, IpeoOpa3oBaTh
€ro B IIU(POBYIO MOAETH U 3apUKCHPOBATH TIa-
paMeTpsl BXOa MM BBIXO/IA;

* JUIS BBIIEANIETO TacCaXUpa HA OCHOBE
COIOCTaBICHNS IN(PPOBBIX MOJIENCH HAWTH Ta-
paMeTpsl BXojaa U cHOPMHUPOBATH MOE3AKY
(ocTaHOBKa BXO]a — OCTAHOBKA BBHIXOJIA).

MecTo (ocTaHOBKA) BXO/a M BBIXO/IA Iacca-
JKUPa MOXXET OBITH OMPEJENIEHO C MOMOIIBIO
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Puc. 5. MpumepsI conocmaeneHus uzobpaxeHuil Ha 0CHoge UX Yughposbix Modenell (8bINOIHEHO a8MOPOM).

Puc. 6. lfpumep 2ucmozpammbI 4gemoe U306PpaKeHuUs (8bINOIHEHO a8MOPOM).

60pTOBOIl CITyTHUKOBOW HABHTalMOHHOW CHC-
TEMBI TPAHCTIOPTHOTO cpencTBa. CHHXpOHU3a-
oM IEPBUYHBIX JAHHBIX O MEcTax BXOja-
BBIXO/Ia TACCAXXHPOB C OCTAHOBOYHBIMH ITyHK-
TaMH MOTYT OCYIIECTBIISITHCS JINOO Ha YPOBHE
TPaHCIOPTHOTO CPeCTBA (ITyTEM WHTETPAIUH
60pTOBOTO MPOTPAMMHOTO 00ECIICUCHHS ABYX
MOJICKICTEM), TNOO Ha CEPBEPHOM YaCTH CHC-
TeMBbl 00pabOTKHW HaBUTAIIMOHHBIX JTaHHBIX
(ryTéM comocTaBIeHIsI BDEMEHH BXOJa-BBIX0/a
MacCaKUPOB M3 CHCTEMBI y4ETa MOE3/I0K Iac-
Ca)XMPOB CO BPEMEHEM ITPOE3/1a 0OCTAHOBOYHBIX
ITyHKTOB — JAHHBIX, TOTYYaEeMBIX OT HABUTAIH-
OHHOM CHCTEMBI).
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B pesynberare 06paboTKH BupeoMarepHanoB
mporpaMMHOe obecriedeHrne GopmMupyer o0e3-
JMUYEHHBIC TaHHBIE O MOE3JKaX MacCaXXKHPOB
C YKa3aHHEM CIIEAYOIINX [TapaMeTPOB:

* OCTAHOBOYHBIH ITyHKT, JIaTa U BPeMsI [OCal-
KM B TPAHCIIOPTHOE CPENICTBO;

* OCTaHOBOYHBIH MYHKT, 1aTa ¥ BPEMsI BBIXO-
Jla U3 TPAHCIIOPTHOTO CPE/ICTBA.

Ora nHpOpManys 3arckBacTCsi B 00PTOBOH
>KypHAaJI B BUZI€ TEKCTOBOTO (aitna. Takoii daiin,
cofepKamIyii, Hapumep, ceeaeHus o 1000 mo-
€3/I0K MacCaXXHpoB, OyIeT 3aHUMAaTh B MAMSTH
xommbloTepa He 6onee 50 K6. IToce 3aBepme-
HUA pabOTHI TPAHCIIOPTHOTO CPENICTBA HA MapIIl-
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KOPpPECNOHAEHLINM NOe3A0K NacCaXMPOB Ha OCHOBE KOMMBIOTEPHOIO 3PEHUSA U HEUPOCETEBBIX

TEXHONormm



Puc. 7. BusyanbHoe conocmaesneHue usobpaxeHuli MemodoM 20Mo2paghuu (8bINOTHEHO a8MOPOM).

pyTe STOT MacCHB TaHHBIX TOJDKEH MepeaaBaTh-
Csl Ha CTallMOHAPHEIA KOMITBIOTEp (WK Ha cep-
BEPHYIO IIaTPOpPMY), TIe Ha €T0 OCHOBE OyneT
(dhopMupoBaTECA MaTpUIla KOPPECIOHACHITII
T0E37J0K MmaccakupoB. Kpome Toro, Ha OCHOBE
ATOTO K€ MAacCHBA JAHHBIX MOKHO OyIeT MOJy-
YUTP U TPAIUIIOHHYIO OTYETHOCTD O TACCAXKH-
POIIOTOKAX.

Pewmenue nmocraBineHHON 3a1a4d OCHOBAaHO
Ha KCIOJIb30BaHUU HEMPOHHBIX CETEH, MallIuH-
HOTO 00Y9EHHS 1 PA3INIHBIX METOJ0B 00paboT-
KM U300pakeHuH. B cBs31 ¢ 3THM A7t pa3paboT-
KH TIPOTPAMMHOTO 00ECIIeYeHHUsT OBLTH TIpHMe-
HEHBI CIEAYIONINe HHCTPYMEHTAIbHBIC CPEel-
CTBa!

* SI3BIK IporpaMMupoBanns Python;

* CIEeIHAaTN3UPOBAHHEIE OMOMHOTEKU IS
MOCTPOECHMSI HEMPOHHBIX CETEH W MAILIMHHOTO
ooyuenus (Keras [9], PyBrain, Scikit-learn,
TensorFlow, PyTorch ¢ torchvision u np.);

* OubnmmoTexu It 00padOTKM N300paKEHUH
u pabotsl ¢ Mmatpuriamu (OpenCV [10], ImageAl
[11], NumPy).

Jist ynporieHus co3qaHusl aHAIOTHIHBIX
MPUJIOKEHUN M COKpaIIeHUs MPOTrpaMMHOTO
Kozma pa3paboTaHa cOOCTBEHHass OMOTHMOTEKA
noctobpaborku m3o6paxenuii (Postoperative
Library for Image Transformation — PostoLIT).

Ha cerognsiiinuii 1eHb ¢ UCHOIB30BaHUEM
ATOTO MHCTPYMEHTAPHS peajn30BaHBl HEKOTO-
pbie 0a30BBIE MOIYIIN CHCTEMBI KOMITBIOTEPHOTO
3peHHUs NSl PEIICHHS TIOCTABIICHHON 3a1adu,
B YaCTHOCTH:

» Helfiponnsie cetn R-CNN u1s1 pacnozHaBa-
HHS 00BEKTOB;

* MOIYJIM CETMEHTAllUU W KJIACTePU3alUU
n300pakeHUH Ha OCHOBE KacKa10B Xaapa;

* MOIYJIM PAcIlO3HABaHUSA W CETMEHTAIlUU
IK3EMIULIPOB O0BEKTOB Ha 0a3e cereit Mask
R-CNN;

* MOJIYJIA PaclO3HABaHUS KIFOYEBBIX TOUCK
n300pakeHns (Ha OCHOBE TEXHOJOTHH MOWCKa
JIMIIEBBIX OPHEHTHPOB 1 JIEMEHTOB JINIA);

* MOIYAH MOCTPOEHHS IM(POBBIX MOAEIEH
n300paXeHNI Ha OCHOBE THCTOTPaMMBbI HaIpaB-
JICHHBIX TPaIECHTOB;

* MOIYJH COMOCTABJICHHS M300pakeHnil Ha
ocHoBe romorpaduu 1 HOG meTekropos.

J1J1s1 KOTO MOTYT NPEICTABISITH HHTEPEC CHC-
TEMbl aBTOMaTH3MPOBAHHOTO cOOpa MaHHBIX
0 Toe3zIKax ¢ (hukcarme Mecra BXOAA-BbIXOA
Kak7oro maccaxupa? B mepByio ouepens, 310
MaCCKUPCKUE aBTOTPAHCIIOPTHBIE IPEATIPHATHSL.

Hampumep, B Poccun, cornacHo gaHHBIM
AHATMTUYIECKOTO areHTCTBA «ABTOCTAT», 110 CO-
ctostHAIO Ha 1 stHBaps 2020 roma HACYUTHIBACTCS
nopsiaka 409,9 Teic. aBroOycos!, Gomee 8 ThIC.
TpamBaeB? u 4 TeIC. TpoiwtelOycoB®. Do mocta-
TOYHO OOJIBIIION MMapK TPAHCIIOPTHBIX CPENICTB, HA
KOTOPBIX MOJKET HCIIONIb30BaThCsl JAHHAS CHC-
Tema. Takue CHCTEMBI MPEACTABISIOT HHTEPEC
JUTSI TOPOJICKUX M PETHOHATIBHBIX OPTaHOB BIIACTH,
KOTOpbIe 00ECTIEeUNBAIOT OPTaHU3aAINIO TPAHC-
MIOPTHOTO OOCIyXnBaHus Hacenenus. Ha cero-
JHAIHUA 1eHb B Poccuiickoit denepannu Hacuu-
ThIBaeTCs 85 cyopexToB u 1117 roponos, 3 HUX
173 ropona umerot Hacenenue cBbime 100 ThIC.
xureneit*. B Poccun HacuuteiBaercs 43 kpyr-
HEWIINX MoCTaBIINKa MH()OPMAIIOHHBIX CHCTEM
JUISL TPAHCIIOPTHBIX KOMITAHWH, KOTOPBIE Cpe-

! Poccuiickuii mapk aBro0ycOB: OCHOBHbIE [10Ka3aTe/H Ha
navano 2020 roxa. [OnexTpoHHbIH pecypc]: https:/www.
autostat.ru/infographics/43090/. Joctyn 25.02.2021.

2 CocrostHue TpaMBailHOM cuctembl B Poccuu. [DrekTpoH-
HBIH pecypc]: http:/www.ipem.ru/news/publications/914.
html. Toctyn 25.02.2021.

3 Tposueiibycusie ropoaa Poccun. [DnexTponHbilii pecypc]:
http://trollcity.narod.ru/stat.htm. loctym 25.02.2021.

4 MenepanbHoe ycTpoicTBO Poccuu. [DneKTpoHHBIH pe-

cype]: https://mnogofactov.ru/goroda-i-strany/skolko-sub-
ektov-v-rf-na-2019-god.html. Joctym 25.02.2021.
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JIA IPOYMX MPOTPAMMHBIX MPOAYKTOB pa3pa-
0aTBhIBAIOT U BHEIPSIOT CUCTEMBI yuéTa mac-
CaXUPOMOTOKOB®. OHU CMOTYT HUCITOJIb30BaTh
pa3paboTaHHbBIE MPOTPAMMHBIC MOIYJIH IS
BCTPAMBaHUS X B CBOM YK€ CYLI[ECTBYOIINE
CHCTEMBI YuéTa MacCaKUPOIMOTOKOB U B aBTO-
MaTH3UPOBAHHBIEC CUCTEMBI OILIATHI IPOE3/a,
TEM CaMbIM pacliupsis UX QyHKIMOHAJIbHbBIC
BO3MOXXHOCTH. A TakKXe CO3/aBaTh HOBBIC
MPOAYKTHI HA OCHOBE MPEJI0KECHHBIX MPO-
TPAMMHBIX U TEXHOJIOTHYCCKUX PEIICHUM.
Kpowme Toro, npeyiaraeMbliii TEXHOJIOTHYE-
CKHUH MOJXOJ U MPOrpaMMHOE OOecreueHue
MOT'YT OKa3aThCsi BOCTPEOOBAHBI HE TOJBKO
B TPAHCTIIOPTHOM OTPACIIH, HO U B APYTHX Ce-
pax IpPOU3BOACTBEHHON NESITECIbHOCTH, TIC
TpebyeTcs puKcaIis nepeMenicHusi 00beKTOB,
HMEIOIINX BHEIIHUE WHIUBUAYAJIbHBIC OCO-
OCHHOCTH, I7le He00X0IMMa OIICHKA BPEMEHHU
00CIy)XKMBaHHUS KIMCHTOB, a TaKXe OIICHKA
3¢ (deKTUBHOCTH PabOTHI MEepcoHala CEPBUC-
HBIX ciyx0. Hanpumep, B cuctemax ompese-
JICHUsT BPEMEHH NMpeObIBaHUS TMOKyIareinei
B TOPTOBBIX TOYKaX, OI[CHKH BPEMEHHU 00CIIy-
>KUBaHUs KJIueHTOB B ML, B mOMMKINHUKAX,
B 0aHKax M JIpyrux opranumsanusx. Bc€ sto
TOBOPHUT O MEPCIEKTUBAX Pa3BUTHS U BOCTPE-
OOBaHHOCTH CHCTEM KOMIIBIOTEPHOTO 3PCHHS.

3AKIOYEHUE

KoMmmnbrorepHoe 3peHre U HCKYCCTBEHHBII
WHTEJUIEKT SIBISIFOTCS, MOXalyil, caMbIMU
BOCTPEOOBAHHBIMU HAMPABICHUSIMH Pa3BUTH
HH(DOPMAIIMOHHBIX TEXHOJIOTHH.

Cy1iecTByOIINE CHCTEMBI aBTOMAaTHU3aIlUU
cOopa MaHHBIX O MOE3JKaX MacCaXHUPOB HE
MO3BOJISIIOT 3a()UKCUPOBATH MECTO BXOJa
M BBIXOJla KaXXJOTO Macca)xupa, COOTBET-
CTBEHHO Ha 3THUX JAHHBIX HE MPEACTABIACTCS
BO3MOKHBIM ITOCTPOUTH MaTPUILy KOPPECIIOH-
JIICHIUI.

YpoBeHb HOCTUXKEHUN B 00JIACTH HUCKYC-
CTBEHHOTO HMHTEJJIEKTa U KOMIBIOTEPHOTO
3peHus MO3BOJISET peaan30BaTh aBTOMAaTHU3a-

5 Kpynseiimue nocraBmmkn UT mwist TpaHCIIOPTHBIX KOM-
manuii 2019. [DnexrpouHsIit pecypc]: https://www.cnews.
ru/reviews/it_v_transportnoj_otrasli_2020/review_table/
bf149373aeald048bd7ffb7edc98bda8b2917245. loctyn
25.02.2021.

110 cO0pa JaHHBIX O MOE3/KaX HacCaXKHUPOB
Ha 00IIECTBEHHOM TpaHCIopTe ¢ pUKcanuen
MecTa BXOJa U BEIXO/Ia KXKAOTO IacCaKupa.
C y4éToM TOro, 4TO Ha JaHHBI MOMEHT Ha
PBIHKE IPOTPaMMHOI0 0GECIECUCHHS OTCYT-
CTBYIOT MOJOOHBIC PCIICHUS, OHH HMEIOT
BECOMBIE KOHKYpPEHTHBIE NpPEHUMYILIEeCTBA
U XOPOMIYI MEePCHEeKTHBY MPaKTHYECKOH
peanu3aium.
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AHHOTALIUA

basoeas cmanyus (5C) s8rAemcs OKOHeYHbIM yempoticmeom
cemu paduocesi3u, a paduocss3b Ha xene3HOA0POKXHOM MpaHC-
nopme uzpaem 8axHylo ponb 8 obecneyeHuu besonacHocmu
Nepego3oK Naccaxupos U 2py3os.

Mpednaeaemcsi memoduka pac4éma pabomocnocobHocmu
6a3o8bIx cmaHyuli 8 YUpPosbIX cemsix paduocseasu Xene3Hooo-
POXHO20 MpaHCNopma C Uenblo paccyumams 8epossmHoCmu
HaxoxdeHusi 5C 8 onpedenéHHbIX COCMOSHUSIX.

MpouseedeHa dekomno3uyus 6C u ebideneHbI makue
(hyHKUUOHabHBIE 3IEMEHMbI, KaK Ny4YKU KaHanos ces3u, paduo-
YacmomHbIli mpakm U yeHmpanbHsIli Modyrb, obecneyusaruuli
obmeH uHpopmayuel ¢ snemeHmamu daHHol u Opyaux bC.
JlemanbHo uccrnedogaH KaxObili 31eMeHm, 4mo No8bICUIO0
moyHocmb npednazaemoli Memoduku. B coomeememsuu ¢
Maprosckoli modenbto 5C npedcmasneHa Kak cucmema, 8 Ko-
mopoli y4ymeHbI 8Ce 803MOXHbIE COCMOSIHUSL. [TocmpoeHb! Mo-

denu 0ns1 5C ¢ 08yms u mpemsi nyykamu kaHasnos. [Tapamempbi
Kax0020 (hyHKUUOHANBHO20 dnemeHma Modenu mogym bbimb
nomyyeHbl ¢ NOMOWbI0 HabodeHuUsT 8 meyeHue onpedenéHHo20
nepuoda spemenu. PeweHue cucmembl ypasHeHul 0ns kaxoou
U3 npueedéHHbIX 8 cmambe mModeniell No3gonuUM NOMyYuMb
3HaYEeHUsT HaxoX0eHUs cucmeMbl 8 onpedenéHHOM COCMOSHUU.
MonyyeHHble xapakmepucmuKku MOXHO UCNob308amb 051si
pacyéma HadéxHocmu ecell cemu paduocesi3u, a 6 umoze Ons
OUEeHKU Kayecmea oberyxusaHus aboHeHmos amoli cemu.

CdenaHbi 86180061 0 803MOXHOCMAX NPUMEHEHUS NOTYYEH-
HbIx Modeneli Npu NPOEKMUPOBaHUU HOBbIX U pacYéme nokasa-
menel kayecmea cywiecmeyowjux cemed ces3u Xene3HoO0poX-
H020 mpaHcnopma. [MpednoxeHHble MOOenU Mo2ym NPUMEHSIMb-
cs He monbko Ons cemell paduocesa3u Xene3Ho00POXHO20
mpaHcnopma, Ho U 05151 cemeli NOA8UXHOU C853U KOMMEPYECKUX
onepamopos.

Krmioyesble criosa: yughposas cemb paduocesiau, MelekoMMyHUKaUUOHHBIe CUCMEMbI Xefe3H0O0POXHO20 MPaHCNOpMa, KaYecmeo

obcnyxusaHus 8130808, 6€30nacCHOCMb ABLXEHUS N0e3008.

[na uumuposarus: Hemyos K. B., Cepéeur W. B., BonbHog [1. Y. PabomocnocobHocmb 6a308bix cmaHyuli 8 4ughposbix cemsix
paduocss3u xene3HodopoxHo2o mpaHcnopma // Mup mpaxcnopma. 2021. T. 19. Ne 2 (93). C. 41-48. DOI: https.//doi.org/10.30932/1992-

3252-2021-19-2-6.

MonHb1ii mekem cmambu Ha aH2nulickoM si3bIke nyb6uKyemcsi 0 emopoll yacmu daHHO20 8bInycka.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

PaanocBsi3b Kak OMH U3 BUJOB CBA3M HAIIlIa
IIMPOKOE MPUMEHEHUE HA KEJIE3HOAOPOKHOM
TpaHcnopte. [lepBoHavYaIbHO OHA HNCITONB30BA-
JIach TONBKO ISt OOMEHa pedueBoit mHpopMarei
MEXIy TOABI)KHBIMH WM CTallMOHApHBIMH a00-
HeHTaMH. C yd4ETOM pa3BUTHS BHICOKOCKOPOCT-
HOTO JIBIDKEHHS, a TAKXKE CTPEMHUTEIILHOTO POCTa
TEJIEKOMMYHHUKAIMOHHBIX U HH(OPMAIIMOHHBIX
TEXHOJIOTUH, MOSIBJIEHUSI HOBBIX NMOKOJEHUU
MOOWIIBHOH CBSI3M (PYHKIIMOHAIIEHOCTD Pasino-
CBSI3M CTajia 3aMETHO yBennumBarbes. Ceidac
OHA UCTIONB3YETCS IS MIEpeiady TEIeMETpHYe-
CKO# MH(OpMAaIH, aBTOMaTHIECKOTO yIpaBiie-
HUS TIOABIDKHBIM COCTAaBOM (aBTOBEICHHE), BH-
neo-koHGpepeH-cBa3u. [lo pagmokanamam
CTPOSATCSI HOBEHIINE CHCTEMBI HHTEPBAIHHOTO
peTyINpOBaHUs IBMKEHHEM IOE310B (paauo-
OJIOKMPOBKA), KOTOPHIE MPUXOIAT HA CMEHY
PENBbCOBBIM HETIIM. TakHie CHCTEMBI TTO3UIIHOHH-
poBaHus onucaHkl B [1].

W3Becten psan padot [2; 3], B KOTOPHIX pac-
CMOTPEHBI BOTIPOCHI BEIOOPA HAMITYYIIIETO CTaH-
JlapTa ¥ TOIIOJIOTHUH U(PPOBOH CETH PaTHOCBSI3H
JKETIE3HOJOPOXKHOTO TpaHcmopra. HemanroBax-
HOM paboToii B 001acTH 3PPEKTHBHOTO UCTIONb-
30BaHHS HJIEMEHTOB CETH CBSI3H CIIEAYET CINTATD
[4], a pe3ymbTaThl I3MEPEHMIT HEKOTOPBIX Xapak-
TepucTuk npexactasiaeHsl B oruére ITU-R [5].
Taroke B HEKOTOPBIX CTpaHaX HaOMpaeT MOMyYIIsIp-
HOCTh MPHUMEHEHUE HOBEWIINX TEXHOJOTUN
TOABIKHOM cBsi3u (Hampumep, LTE u 5G), ko-
TOpBIE TTIOIPOOHO OMICAHH B [4; 6].

Ha cetu xene3nsix nopor Poccuiickoin @e-
Jepanuy uQpoBbIe CETH MOE3AHOH pPaHOCBI3H
opranusyiorcs Ha 0a3e cranmaptoB TETRA,
GSM-R mmm DMR, nipu 3T0M momxHa obecrre-
YMBATHCS BEPOSTHOCTH CBSI3M IO MECTY M BpE-
MeHH He MeHee 95 %2, a 3HaueHust ko3 uim-
€HTa TOTOBHOCTH CETEH paJinoCBsA3U TSI BBICO-
KOCKOPOCTHOTO TPaHCIIOpTa — Ha yPOBHE HE
meHee 99,95 % [7]. [losTomy B Hacrosmiee
BpeMs BOTIPOCcaM CTaOMIBLHOM M HAAEKHOH pa-
60THI pafAMOCBA3N yHENAETCS TOCTATOUYHOE
pHuMaHne. OHU paccMmarpuBaroTcs B [8; 9],
a BOTIPOCHI pacdéra KUBYIECTH IUPPOBOH CETH
paanocss3u onucassl B [10].

IIpn IpOEKTHPOBAHUYM CETH CBSA3U CTABATCS
HECKOJIBKO 3a/1a4: PaCCUNTHIBAIOTCS TOKA3ATEIIH

t TOCT P 54959-2012. Xene3HonopoxkHast 3MEKTPOCBSI3b.
Iloe3nuast pagnocs3s. TexHHIECKHE TPEOOBAHHS H METOBI
koHTpois. Jlara BBenenus: 1 anpens 2013 1. [DnekTpoHHbII
pecypc]: https://docs.cntd.ru/document/1200095030. octyn
12.01.2021.
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KayecTBa AN KaKIOro Kiacca 0OCIlyKUBaHHS
aOOHEHTOB NP U3MEHEHUH HATrPy3KHU, CTPYKTY-
PBI TATOTEHHS, IPOIYCKHOM CHOCOOHOCTH KaHa-
JIOB, a TaKKe MPHU OTKa3e KOMIIOHEHTOB CETH;
OLICHUBAIOTCSA 3arpy3Ka 00OpyHNOBaHUS U KaHa-
JIOB CBSI3U, HEOOXOIMMOCTh PE3E€PBUPOBAHUS.
JlaHHBIE 3aJa4n PEIAOTCs B pe3ylbraTe Mojie-
JIMPOBAHMS U MOCIIEIYIOIIEr0 CUCTEMHOIO aHa-
nu3a [11]. IlpeanoxeHHbIe B JTaHHOM HCCIIE0-
BaHUW MOJEJIH YIPOCTAT HAXOXK/IECHHE HEKOTO-
PBIX XapaKTEPUCTHK CETH CBSI3H.

L]envio uccnenoBanus sABiseTcs pa3paboTka
METOIHMKH pacuyéra paboTocrnocodHoCcTH 0a3o-
BBIX CTAaHIMH B U(POBBIX CETAX PaIMOCBSI3H
KEJIE3HOOPOKHOTO TPAHCIIOPTA U BEPOSITHOCTH
HaxoxzaeHust BC B onpeienéHHbIX COCTOSHUSIX.
OCHOBHBIM Meno0OM UCCIEAOBAaHUS ABIISIIOCH
aHaIUTUYECKOE MOJECIUPOBAHHE, UCIIONIb3YEMOE
B TEOPHH TeJieTpadHKa IIPH PEeLIEHUH TTOJJOOHBIX
3ajad.

PE3YNbTATDI

PaccMoTpuM yrpoméHHy o cxemy nugppoBoit
CETH PaJMOCBSI3U KEJIEIHOAOPOKHOTO TPaHC-
MopTa Ha 33JJaHHOM y4acTKe JKeJIe3HOW JOPOTH.
PezepBupoBaHue paiMONOKPBITHS OTCYTCTBYET.
CeTb pajiMOCBSI3H COJEPKUT OINpEeAesIEHHOE
KonnuecTBo 0a30BbIx crannuii (bC), cBsA3aHHBIX
MEXJy CO00W Ha3eMHBIM KaHajloOM CBS3HU
(puc. 1).

Cxema coequnenus bC nocnenosarenbHas,
TaK KaK COINIACHO TPEOOBAHUSIM [ 5], OHH JIOJKHBI
ObITh MOJKIIOUEHBI K KOHTpouiepy BC (Base
Station Controller, BSC) mo npunnumy «mpo-
CTPaHCTBEHHOTO KoJyibla». Kaxjas aHTeHHa
00cCITy)KHMBaeT orpezeaEHHbII ceKTop coThl. Bee
3asBKH HA COCIUHCHUS OT MOOUJIBHBIX TEPMHU-
HajoB nepenarorcs or bC mo kaHamaMm cBs3u
k BSC. On noakitodaeT k padote Tpedyemyro
BC, xotopasi B CBOIO ouepenb uepe3 KaHall pa-
JIMOCBSI3H MOJIKJIFOYAET TEPMHUHAII BBI3BIBAEMOTO
aboHeHTa. PamnonokphITHe HEOOXOMMOI 30HBI
obecrieunBaeTcst 4epe3 aHTeHHbI KaX/0r0 CeK-
TOpA.

OyHKITMOHAIbHAS MOJICIIb 0a30BO# CTaHIMH
UU(pPOBOM CETH PaJHOCBS3M NPEACTABICHA Ha
puc. 2. Hudpamu 1 u 2 0603Ha4uM paguodac-
TOTHBIH TpakT 0a30BOHM cTaHIUK (AHTCHHBI,
aQHTEHHO-(UIEPHbIE YCTPOIICTBA U TIP.) JIEBOTO
1 [IPaBOTO CEKTOPOB, IO 3 — MOAYIH KOM-
MYyTalUH, YIPaBJICHUs U COSAMHEHHI, oOecre-
yyBarolue ooMeH uHpopManuei ¢ ApyrumMu
0a30BBIMHU CTAHIUSAMH MO MyYKaM KaHAaJIOB
(tdpe1 4 1 5), a TaKKe B3aUMOJACHCTBHE C pa-
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Puc. 1. YnpowéHHasi cxema yughpoeoli cemu paduocesi3u xene3Ho00pOXHO20 MPaHCNoOpma (8bINOIHEHa aéMmopamu).

JIMOYaCTOTHBIM TpakToM. B nanbHeimem amns
VIpOIIEHUS KOMIIOHEHT 3 OyaeM Ha3bIBaTh
KOMMYTaTOPOM.

[Ipemmnaraercs paccmorpers bC kak cucremy
C HECKOJIbKUMH (DYHKIIMOHAJIBHBIMH JIEMEHTa-
Mu. ISl IOdNy4YeHHUs] 3aBUCUMOCTEN HYXKHBIX
XapaKTEePUCTUK OT BCEX MapaMETPOB CHCTEMBI
HCIIOJIB3YIOT aHAJIMTHYECKOE MOJICIIMPOBAHUE,
SIBISFOLIIEECS] pAacTIpOCTPaHEHHBIM B TEOPHH Te-
neTpaduka IpH pPEHICHUH MONOOHBIX 3aad.
OmnucaHue u NpuUMeEpsl HEKOTOPBIX MOAeNeH
rpuBeeHEI B [12], a pemeHne nogo0HbIX 3a1ad
omucaHo B [13], B TOM YHCIIe IPUMEHHUTEIEHO
K OTpacyy KeJIe3HOIOPOKHOTO TpaHcmopTa [ 14].

Jna mameit ¢pyHkimoHanpHONH Momenu bC
(puc. 2) moctponM rpad BOZMOKHBIX TIEPEXOIOB
MEXIy COCTOSHHSAMH paboTOCTOCOOHOCTH
(puc. 3). 3agagum 0003HAYECHUSAMH A MHTCHCHUB-
HOCTb ITOTOKA OTKa30B Ka)KJJOT'0 MJIEMEHTa MOJIe-
JIH, L — THTEHCUBHOCTH ITOTOKA BOCCTAHOBJICHHS,
P, — BEpPOATHOCTb HAXOXIEHHUS CHCTEMBI B CO-
crosganu i =(0,10].

Cxema (pyHKIMOHMPOBAHMS MOJAEIHN MO3BO-
JISIET BBIJCTHUTB IECSTh AUCKPETHBIX COCTOSHUH,
B KOTOPBIX MOXKET HAXOJUTHCS CUCTEMA!

0 — oba cexTtopa 6a30BO¥f cTaHINK PadOTO-
CIIOCOOHBI, BCE ITyYKH KAaHAJIOB HCIPABHBI,
KOMMYTAaLHsI BBITTOIHIETCS;

1 — oba cexTopa 6a30BOif cTaHIMK PadOTO-
CIIOCOOHBI, OJJVH U3 ITyYKOB KaHAJIOB HEHCIIpa-
BE€H, KOMMYTAIHsI BBITIOTHACTCS;

2 — oba cekTopa 06a30BOW cTaHIINH PabOTO-
CIIOCOOHBI, 00a IMy4YKka KaHaJOB HEWCIIPABHEI,
KOMMYTALHsI BBITTOIHAETCS;

3 — TONBKO OZTUH U3 CEKTOPOB 0a30BOIi CTaH-
nuu pabotocnocoOeH, BCe IyYKH KaHAIOB HC-
TIPaBHBI, KOMMYTALUSI BBIITOTHSACTCS;

4 — TOJIEKO OZIMH U3 CEKTOPOB 0a30BOM CTaH-
MU PabOTOCIIOCOOCH, OJIMH U3 IIYYKOB KaHAIOB
HEHCIPaBEeH, KOMMYTAIUs BBITTOIHIETCS;

Puc. 2. ®yHKyuoHanbHas modenb 6a3oeoil cmaHyuu ¢ dsymsi
cexmopamu, 08yMsi nyYKamu KaHanioe U KOMMymamopom
(ebIinonHeHa aemopamu).

5 — TOJIBKO OJMH U3 CEKTOPOB 0a30BOii CTaH-
nun paborocmocobeH, o0a Imy4ka KaHAJIOB He-
UCTIPaBHBI, KOMMYTAIXs BBIIOIHICTCS;

6 — 00a cekropa 06a30Boii cTaHIH Hepabo-
TOCTIOCOOHBI, BCE IMYYKH KaHAJIOB HCIIPABHBI,
KOMMYTALHsI BBITTOTHSACTCS;

7 — 0b6a cekTopa 6a30Bo¥i cTaHIH Hepabo-
TOCHOCOOHBI, OJJH U3 ITy4YKOB KaHAJIOB HENCTIPA-
BE€H, KOMMYTAIHs BBIIOIHACTCS;

8 — 00a cekropa 6a30Boii cTaHIH Hepabo-
TOCTIOCOOHBI, 002 IMyYKa KaHAIOB HEUCIIPABHEL,
KOMMYTALHsI BBITTOTHSACTCS;

9 — oba cexTopa 0a30BOH cTaHIMH PabOTO-
CIIOCOOHBI, BCE NMYyYKH KaHAJIOB HCIIPABHHI,
KOMMYTAIUsI HE BBINTOIHACTCS

10 — 0ba cexTopa 6a30BoOM cTaHIH HEPabo-
TOCIIOCOOHBI, BCE MyYKH KaHAIOB HEHCIIPABHBI,
KOMMYTAIUSI HE BBIITOIHSIETCS.

Cocrosiane 0 CBUIETENBCTBYET O MOIHON pa-
6otocniocobHocTr cuctembl. Coctostaus 1, 3 u 4
CBHJETEIBCTBYIOT O TOM, YTO 0a30Basi CTaHIMS
TIOJTYYHIIA CEPHE3HBIE TIOBPEKICHHS, HO (DyHKIIHO-
HHpYeT 110 Ha3HAYCHHIO C YXYIIICHHEM Ka4ecTBa
obcyxuBanust. [Ipu coctostamsx 2, 5-9 cucrema
CUUTAETCs] HepabOTOCIIOCOOHON TaXke TpH (PyHK-
LIMOHUPOBAaHUU €€ OTIEJIbHBIX KOMIIOHEHTOB. Ko-
HeyHOoe cocTosiHHE 10 CBHIETENHCTBYET O TOITHOM
OTKa3¢ KOMITOHEHTOB 0a30BOM CTAHIUH.
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Puc. 3. ['pagh cocmosiHuli Modenu pabomocnocob6Hocmu 6a3oeoll cmaryuu ¢ dsymsi cekmopamu, deyms nydKaMu KaHao8 U KOMMYmamopom
(ebInonHeH asmopamu).

| cucremy. Jns pemeHus Mog0O0HOW CHCTEMBI
| HEoOXOmUMO 100AaBUTH eII€ OIHO ypaBHEHHE,
|

| OTIPEZICTISTIONIEe HOPMUPOBOYHOE YCIIOBHE, I10-
! CKOJIBKY CyMMa BEPOSTHOCTEH BCEX COCTOSHUH
|

|

|

|

|

paBHa EMHUIIE.
3amuimeM CUCTeMY YPaBHEHUI paBHOBECHS

4—:—» 3 5 comtacHo rpady:
< 6 | > ¢ | o Py oy thg; Th9) =P bty HP3py + Py,

|
: : Py(uygth, T2 )=Phg, +Pop, +P s

P,(u,,+A,.)=PA,+P.pu.,;
Puc. 4. ®yHKyuoHanbHasi Modenb 6a3080li cmaHyuu ¢ d8ymst 22T s thaz T sMse

ceKmopamu, mpems ny4Kamu KaHano8 U KOMMymamopom P, (g Filsg A3, ) =Pt FP 0y TP ss
(8binonHeHa aemopamu).

. P, (1 s H ity ) =P Ay, + P, P, P,
CoctaBnM cHeTeMy ypasHermii o cieyto- ¢ ThisTha FHa) =P P+ Pyt P,
LIMM MPABUJIAM: CJIEBa OT 3HAKa PABEHCTBA  Py(MgTho The) =P AP Ao+ Py 1)
TOUT BEPOSTHOCTh HaX HUS BOU CTaH- - .

CTO €po. ocC axoxae 0a30BOM C Ps(u63+}" 7)_P3)\’36+P7u76’

MM B COCTOAHMM P,, a cnpaBa B ypaBHEHHH
CTOUT CyMMa IPOU3BEICHUH BEPOSITHOCTEH BCcex
TIEPEXOI0B, BXOMIIMINX (BXOMAIMINAEC CTPEIKHA HA  Pgllgs Ty TAgo)=Phog TP A TP o0
puc.3)B COCTOAHHE | CHUCTEMBI, Ha HHTEHCHBHO P (1, ., Y=P gy +Pyoitie;

CTH COCTOSIHHIA, U3 KOTOPBIX 3TH TOTOKU HCXOJIAT,

MHUHYC BEPOSTHOCTD paccMarpuBaeMoro coctos- | 20(Hie FHuse) “Poha* Pekasy.

HUS {, yMHO)KCHHAs! HA CyMMapHYIO HHTCHCUB- VkaxeM HOPMHPYIOLIEE YCIOBHUE:
HOCTb IEPEXOA0B, BBHIBOASIIUX (BBIXOASLINE ip;l

. T :
CTPEJIKH Ha pUC. 3) U3 NAHHOTO COCTOSHUSA i  i0
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Puc. 5. [pagh cocmosHuii modenu pabomc 6Hocmu 6a3080li cmaHyuu ¢ deymMs cekmopamu, mpeMsi ny4ykaMu KaHasos

U KOMMymamopoM (8bINOTHEH agmopamu).

3amaauM CIeayIOINEe YUCIIOBBIE 3HAUCHHUS
rapaMeTPOB MOJIEITH — HHTEHCUBHOCTEN OTKa30B
u BoccTanoBieHus: Ay, = 0,009¢10°, &,
0,00810°%, A, = 1210, A = 1210, X, =
1,89¢10°, A, =1,29¢10%,4,,=0,001110°%, 2 ,=
0,01110°%, &,, = 0,9¢10%, A, = 0,115¢10°°, &, =
0,20510°°%, A,, = 0,14510°%, A, = 0,001910°°,
Agyo=0,0110°, A, =0,122¢10°, n, =9,99°10°,
W,y =9,77°10°, pg, = 2,63°10°°, u, = 3,4510°,
Hg, = 2,21210°°, p, = 1,01210°°, u,, = 4,5610°,
By = 9,99¢10°°, n,, = 4210, p, = 9105, pu,, =
1,01+10°%, p,, = 5107, pgy = 9,89¢10°6, u, =
1,1110°%, p,,, = 2¢10°. Beibop mapameTpoB
Mojieu 00y CIIOBIICH JOCTHKEHHEM MAKCUMAJTh-
HOTO 3HAYCHUS BEPOSITHOCTH pabOTOCIIOCOOHOTO
cocrosiuusi BC (cocrostaue 0).

Janee mpou3BOIUTCS PacUET MOTYUYSHHOM
CHCTEMbI YPaBHEHUN UTEPAIUOHHBIM METOIOM
T'aycca—3eiinens.

[NomyueHHBIE 3HAUCHNS IPEICTABICHBI HIDKE:

P, = 0,98623; P, = 0,00496; P, = 0,00066;
P, =0,00663; P, = 0,00445; P, = 0,00270; P, =
0,00019; P, = 0,00107; P, = 0,00079; P,
0,00189; P,, = 0,00037.

Takum 00pa3oM, BEpOSTHOCTh pabOTOCIIO-
COOHOCTH BCEX KOMIIOHEHTOB 0a30BOM CTAHIIMH
cocrasut P = 0,98623. BepostHocTs paboTo-
CHocoOHOCTH 0a30BOM CTAHIMHU C YXYALICHUEM
Ka4ecTBa 00CITyKMBaHusA COCTaBUT P, + P, +P, =
0,01159. BeposiTHOCTh HEBBINOIHEHHS 0a30BOM
CTaHIMel CBOMX (DYHKIHUIT COCTaBUT P2 + P5 + P6
+P,+P,+ P, =0,00733, a camprit HeGMaromnpu-
SITHBIM UCXOJ] BO3MOYKEH C BEPOSTHOCTBIO P10
0,00037.

Janee paccMoTpuM (yHKIIMOHAIBHYIO MO-
nenb BC undpoBoit cetn pagnocBsi3d HHOTO
THTIA, MOZIEJTh KOTOPO IIpeIcTaBlIeHa Ha puc. 4.
B sT0li MOzenu 3aelicTBOBaHbI TPU IIyUYKa Ka-
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0,01159

0,1 /

IlepBast Mmozienb

= TTonuast paGoTOCIIOCOOHOCTH

HAJIOB CBSI3H, KOTOpble 0003Ha4eHb! LU(pamu
4-6.

IocTpoum HOBbIH Tpad BO3MOXKHBIX Tepe-
XOJIOB MEXKITY COCTOSTHUSIMH PabOTOCTIOCOOHOCTH
BC (puc. 5).

B 3t10it Mogenu BeiienuM 13 AUCKpETHBIX
COCTOSIHUI:

0 — oba cexTopa 6a30Boii cTaHIMK PabOTO-
CrOCOOHBI, BCE NMMYYKH KAHAJIOB HUCHPABHBI,
KOMMYTAIIUsI BBIIOTHSCTCS;

1 — oba cexropa 6a30Boii cTaHIMU PabOTO-
CIOCOOHBI, OJIMH M3 MMyYKOB KaHAJIOB HEHCIIpa-
BCH, KOMMYTAIIMs BBIONHSIETCS;

2 — oba cexTopa 6a30BOI cTaHIMU PabOTO-
CHOCOOHBI, 00a ITyyka KaHAJIOB HEHCIIPABHBL,
KOMMYTAIIUsI BBIIOTHSCTCS;

3 — oba cexTopa 6a30BOii cTaHIIMK PabOTO-
CIOCOOHBI, BCE IyYKH KAHAJIOB HEUCIIPABHBI,
KOMMYTAIIUsI BBIIOTHSCTCS;

4 — TONTBKO OIIMH U3 CEKTOPOB 6a30BOit cTaH-
UK paboToCIIOCOOEH, BCe MyYKH KaHaJIOB HC-
MPaBHBI, KOMMYTAIIUs BBIOIHSIETCS;

5 — TOJIBKO OIMH U3 CEKTOPOB 0A30BOM CTaH-
uu paboTocrnocoOeH, OMH U3 IIy4YKOB KaHAJIOB
HEHCIPABEeH, KOMMYTAIIUSI BBIOIHICTCS;

6 — TONBKO OJIMH M3 CEKTOPOB 0a30BOM CTaH-
nuu paboTtocrocoOeH, 00a MydyKka KaHAJIOB He-
HCTIPABHbI, KOMMYTAIIHS BBITONHSIETCS;

7 — TONBKO OJIMH M3 CEKTOPOB 0a30BOM CTaH-
MK paboToCIOCOOeH, BCe MyYKH KaHAJIOB He-
HCTIPABHbI, KOMMYTAIIHS BBITONHSIETCS;

8 — oba cekropa 6a30BO# cTaHIMU Hepabo-
TOCIOCOOHBI, BCe MYYKH KAHAIOB MCIPABHBI,
KOMMYTALHMsI BBIIOTHSCTCS;

0,0077

= YacruuHas paboTocrocoOHOCTh

098601

0,01676
0,00722
Bropas moznens

B OTKa3 CUCTEMbI

Puc. 6. Juaepamma pabomocnocobHocmu 5C (8binoiHeHa asmopamu no pe3ynbmamam npednoxeHHo20 pacyéma).

9 — oba cekropa 6a30BOl CTaHIMH Hepado-
TOCIOCOOHBI, OJINH U3 MYYKOB KaHAJIOB HEHCIIPa-
BEH, KOMMYTAIIUs BBIMIOIHSIETCS;

10 — 06a cexTopa 6a30Boii CTaHIIUK HEPAOO-
TOCHOCOOHBI, 00a ITyyKa KaHaJIOB HEHCIPABHHbI,
KOMMYTAIIUSI BBITOTHSIETCS;

11 — oba cexropa 6a30Boii cTaHIIMK HEPaOo-
TOCIOCOOHBI, BCE MYYKH KAHATIOB HEHCIIPABHBI,
KOMMYTAIIUSI BBITOTHSIETCS;

12 — oba cexropa 6a30B0ii cTaHIIMU PabOTO-
CIOCOOHBI, BCe MYYKH KaHAJOB HCIPAaBHBI,
KOMMYTAIUSI HE BBITIOIHSCTCS;

13 — 06a cexTopa 6a30BOM CTaHIMK HEPAOO-
TOCHOCOOHBI, BCE MMyYKH KAHAJIOB HEHCIIPABHHBI,
KOMMYTALHsI HE BBITOIHSACTCS.

Cocrosiaue 0 CBUAETENBCTBYET O TMOJTHOU
paborocniocodHocTr cucteMbl. CoctosiHus 1, 2,
4, 5 1 6 CBUIIETENBLCTBYIOT O TOM, uTO B BC npo-
M301IEN 3HAYMTENbHBIN 0TKa3 e€ KOMIIOHEHTOB,
HO OHa (DYHKLIHOHUPYET [0 HA3HAYCHHIO C YXY/I-
[ICHUEM KauecTBa 00cmyxuBanus. [Ipu cocrosi-
HuUsX 3, 7-12 cucrema cuutaercs HepaboTOCIO-
coOHOW nake 1pu (YHKIMOHUPOBAHHU €€ OT-
NIeNbHBIX KOMIIOHEHTOB. KOHeYHOE cOCTOsIHUE
13 cBUAETENBCTBYET O MOJHOM OTKa3e KOMIIO-
HEHTOB 0a30BOM CTaHIHH.

Jlns HOBOM MoOJeNnu CHUCTEMa ypaBHEHUH
OyaeT BBINIAACTH CISAYIOMMM 00pa3oM:

Py 1t h0)=P it Pl TPy

Py A, T4 )=Poh g +Popy P
Py(ythosthyg) =P, +Pong, tPypg,;

Py(hyy H130)=Pouys +P A5
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Puc. 7. Mpacpuk 3asucumocmu P, = f(A,) (ebinonHeH asmopamu no pesynbmamam npedsioxeHHo20 pacyéma).

P (gt husThug)=Poho, TP, T Popig,;
P.(pg, g g Ay ) =P, A +P AP + Pyt

Py (st 1e, TAgr T Ag10)=Pheg TP, A5 T Popse + Prottyoes
Py (o6 H 2 F15) =Pk Py PR )
Py(pgytAg) =P Ayt Popg;

Py(oggt st ho10)=Pghgg TP ey +P o 1tioo5

P oo (Moo T 06 TA1011) =Porgio T PAgio T Pistliigs

P (B0 7 T 2003) = Pioh o TP A FP s

P (M0t A1) =PoRos, TPighyg,3
P i) =Pt Pk s

14
SP=l.
i=0

st Mozenu ¢ TpeMsi y4YKaMH KaHaJIoB 3a-
JaJiM CIIETyIOLHe 3HAYeHUsI HHTEHCUBHOCTEH
OTKa30B ¥ BOCCTAHOBJICHU S, KOTOPBIE IPaKTHYE-
CKU HE OTJIMYAIOTCS OT MapaMeTpOB MOJENIH
¢ IByMst y4Kamu KaHasoB: A, =0,009¢10°¢, A, =
0,00810°%,&,,=1,5¢10° A, , = 1,1110°°, A
0,111+10°%, &, =1,2910%, A, , = 1,1110%, 1, =
1,2410°%, Ay = 2,14210°%, A, = 1,11210°%, &, =
0,205+10°°,4,,=0,011+10°, 1, =1,67°10°, A, =
0,01¢10°6, A, =1,222-10°, A, = 1,246°105 A, =
2,456°10°, A, = 0,01¢10°%, A, . = 0,111+10°°,
Agpo = 2°10°°, p, 0 = 9,99¢10°6, u,, = 9,77¢10°,
B, =2,12010% n,,,=0,1¢10%, p ., =5,55:10°,
B =1,01410°p,  =8,76210° p,,=1,11-10,
o= 1,234¢10°, pn ., =9,99¢10°, n,, = 1,0110°,
By =99:10°, p, =1,5464+10°, p, . =1,1110°,
Hgs = 2,1453210°°, p,, = 8,76°10°°, p, =
9,99¢10°, w,,,, = 900410, w, = 5,67+10°.

[ony4yeHHbIe 3HAYEHHMS TPEICTABICHBI HUKE:

P, =0,98601; P, = 0,00875; P, = 0,00414;
P, =0,00311; P, = 0,00032; P, = 0,00213095;
P, =0,00140; P, = 0,00119; P, = 0,00013; P, =
0,00105; P,,=0,00053696; P,, = 0,00017; P, =
0,00098; P,, = 0,00002;
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TakuM 00pazoM, BEpOATHOCTH paboTOCIIO-
COOHOCTH BCceX KOMIIOHEHTOB 0a30BO CTaHIMN
cocrasut P, = 0,98601. BeposTtHocTs paboTo-
crocoOHOCTH 0a30BOH CTAHIMH C yXyALICHUEM
Ka4eCcTBa 00CITy)KWBaHus cocTasut P, + P, + P, +
P, +P,=0,01676. BeposATHOCTb HEBBITIONHEHHUS
0a30BOM CTaHIMEH CBOMX (YHKIMH COCTaBHT P,
+P,+P,+P,+P +P +P,=0,0072,acampri
HeOJIaroNpUSATHRIA MCXO BO3MOXEH C BEpOST-
Hocteio P, = 0,00002.

Jlanee BBITOJHAM CpaBHEHHE MONYyYCHHBIX
pe3yasraroB. BeposTHOCTH paboTOCTIOCOOHOCTH
Ka)X/10M MozenIn M300pakeHbl Ha JuarpaMme
(puc. 6). B momyueHHBIX pe3yabTaTax JoImycKaeM
MOTPENTHOCTD, ITPUCYILYI0 UTEPAIIMOHHBIM Me-
TOaM PEIIEeHUS CHCTEMbI YPaBHEHHUH.

Teneps paccMOTpuM, Kak OyJeT N3MEHATHCS
noiHas pabotocnocodHocTs bC ¢ m3MeHennem
MHTEHCHBHOCTH TIOTOKa OTKa30B A ;. Ilomyden-
HBIE PE3YIIBTAThI IS KX IOH MOJISITH TTPEACTaB-
JIEHBI Ha puUC. 7.

Ha ocHOBe IOy YeHHBIX Pe3ybTaToB MOXKHO
CZIeNaTh CIIETYIOINE BHIBOMBI:

* MOJIETIb C 3 MydYKaMH KaHaJOB MEHee Ha-
néxHa ¢ pasaunei B 0,02 %;

* BEPOSITHOCTD YACTHIHON paboTOCIOCOOHO-
ct bC Oombiie BO BTOpOi MOemnH;

* BEpOATHOCTH IONTHOTO 0TKa3a bC Bo Bropoit
MOJIENN MEHBIIIE, YeM B TIEPBOI MOJIEIIH;

* [IpM YBEJIIMYCHUN MHTEHCHBHOCTH ITOTOKA
OTKa30B A, B 2 pa3a MoJIHasg paboToCIIOCOOHOCT
BC nns mepBoit Momenn CHHYKAeTCs IPUMEPHO
Ha 0,18 %, a ms Bropoit monemu Ha 0,05 %. 13
3TOTO JeNaeM BBIBOJ, YTO HAJIHYUE TPETHETO
IyYKa KaHAJIOB CHIYKAET BEPOSTHOCTH HEBBITION-
Hernus bC cBonx dyHKImMi.

Takxe MOXHO TPEIIION0XKNTh, YTO TIPH pa-
JIMOTIOKPBITHH COCEHUX COT BEPOSITHOCTH pa-
6oTocmocobHOCTH Beel IdpoBoi ceTn paano-
CBsI3M OyZeT yBeIndeHa.
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3AKNIOYEHKE

Pa3paboTaHHbIE MOJIEITI IMEIOT IPAKTHIECKYTO
LIEHHOCTb ¥ MOTYT NPUMEHSTECS TIPU MPOEKTHPO-
BaHWM IM(POBBIX CETEH PaaMOCBSI3N KEIE3HOMIO-
POYKHOTO TPAaHCIOPTA, & TAKXKE HPH BBIYUCICHUN
XapaKTEPUCTHUK KauecTsa AeiicTBytomiei cetu. s
TIOBBIIICHHS TOYHOCTH PACIETOB MOTyYCHHBIE 3Ha-
YeHWS TIOITHOM FITH 9aCTHIHOH paboToCTIOCOOHOCTH
MO’KHO HCTIONIb30BaTh COBMECTHO C TIEpBO#i (hOpMy-
JI0# DpI1aHTa, ONPEIeIISFOIIeH BEPOSTHOCTH OITOKH-
POBKH BBI30BOB IIPH 33JITaHHOH YJIENbHON Harpy3ke
7 gmcine KaHanoB. [Ipon3BeneHne nByX BEPOSITHO-
CTeif 1 OyZieT PEACTaBISITh KOHEUHBIH PE3yIIBTaT.

IIpu ucronb30BaHUM Pa3IMYHBIX APXUTEKTYP
cereit cranmapra GSM-R, ormicaHHBIX B peKOMEH-
JIAISIX [ 5], OMydeHHbIe XapaKTepHUCTHKH PadboTo-
crniocobroctr BC mpearonaraercsi HCIOIb30BaTh
B pacy€Te CTPYKTYPHOH HaAEXHOCTH CETH CBS3U.
M3mMenss mapamMeTpsl pa3pabOTaHHON MOJENH,
BO3MO’KHO ITOJIO0PATh TAKYIO APXUTEKTYPY, KOTOpast
OyZeT ONTUMAITFHOH 10 3aTpaTtaM M OOSCIICUHT 3a-
JTAHHYTO Pab0TOCTIOCOOHOCTH IM(POBOH CETH pa-
JIMOCBSI3H.

B uenoM MOXXHO NpennoNOAKUTh, YTO BCIIE-
CTBHE HOBBIX TEXHOJIOTMI M BBICOKHX CKOPOCTEH,
ormicaHHbIX B [15; 16], GymyT HMOSBISTECS HOBBIC
APXUTEKTYPBI CETEH CBSI3H KEITE3HOIOPOKHOTO
TpaHCIIOpTa ¥ METOAMKHU pacuéra ux paboTocro-
COOHOCTH.
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EBreHus TAPACEHKO

AHHOTALINA

Knaccugpukayusi 06beKkmog ynpagneHust Uensimu nocmasok
co30aém ocHoey 0n1s ynpaeneHus ux yemodyueocmsto. Mpedno-
JKeHa Uepapxusi NpUopUMemos 06bEKMOB ynpagieHust = CUCMEM,
npoueccos U omHowieHul, npednonazatowas co3daHue adexksam-
HbIX aHMUKPU3UCHBIX MEP ONepamueHo20 ynpagieHust NOmokamu
pecypcos.

Lensimu uccrie0osaHus A8siomMcs ymoyHeHue U 00NOsTHeHUe
Kknaccugbukayuli 06beKmos ynpasneHus UensmMu nocmaeok Ha
0CHO8E UX Ka4eCmBEeHHbIX NPU3HaKos, pelaemble 3ada4u nped-
nonazatom ebisiefieHue npobrem knaccugukayuu o6bekmos
ynpaeneHusi uensMu nocmasok, onpedesneHue npednockinok u
onpedeneHue cnocobos peweHus 0aHHbIX npobnem.

Memodonoauyeckoli 6a3oii uccnedosaHus S8IAMCS NOMO-
JKEHUSI JT02UCMUKU Kak HayKu 06 ynpaeieHuu nomokamu pecypcos
U ynpaefieHusi yensMu Nocmasok, cucmemamu U npoyeccamu

Mup tpaHcnopTa. 2021. T. 19. Ne 2 (93). C. 50-56

Knaccudmkaums 06beKToB ynpaBneHus
LiensiMu NOCTaBOK C LieNbio obecneyeHns
NX YCTOWYMBOCTH

Eezenus Anexceesna Tapacenxo®?
Y Unemumym skornomuxu Ypanockozo omoenenus Poccutickoti akademuu Hayx,

2 Camapcruil 2ocyoapcmeennvlil ynusepcumem nymet coobwenust, Openbype, Poccust.

co3daHusi u docmasKu UeHHOCMeU KOHeYHbIM nompebumensam
npodykyuu u/unu ycrye.

Ha ocHoge noeuko-cmpykmypHbIX MemMoAdo8 U UHCMPYMeH-
mog 6uHapHbIX Mampuy pa3pabomaHb Knaccughukayuu NomoKos
nepeoeo («Ax) usmopozo («b») yposHel, cozdaroujue ocHosy Ansi
ucnonb308aHus k0008 0aHHbIX NOMOKOS C yKasaHUeM munog
cucmem U npoyeccos, obecneyusalWux ux ycmolyugocms,
npednoxeHa uepapxus npuopumemog 06bEKMO8 ynpaseHus, 8
3a8UCUMOCMU OM KOMOPOU Peanu3yrmes aHMUKPU3UCHBIE MEPbI
0onepamusHO20 ynpasneHusi NOMoKamu pecypcos. Pesyibmamei
uccnedosaHusi NO38ONIAIM ycmpaHUMb NPOMUBoPeYUs Mexdy
uensmu 3eeHbes yenell nocmasok (nocmaswjukos) u yenel
mpebosaruil (nompebumeneli) u Ha 3moli 0CHoge OpeaHU308aMb
ux aghgpekmugHoe 83aumodelicmaue.

Knroyesbie crnoga: nomok, uHme2pupo8aHHbIli NOMOK, ycmolyueocms Nomoka, npouece, Uens NOCMasok, YEHHOCMb.

[lns uumupoeanus: Tapacerko E. A. Knaccugukayusi o6bexmos ynpagneHusi 4ensmu nocmagok ¢ Uenbi obecneyeHus ux
ycmotqusocmu // Mup mparcnopma. 2021. T. 19. Ne 2 (93). C. 50-56. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-7.

MonHbIl mekcm cmamb U Ha aH2nuliCKOM si3bike ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

TepMuH «11enb MOCTaBOK» OTHOCUTCS K Tep-
MHHaM, CyIIHOCTh U COZIep)KaHHe KOTOPBIX JI0
CHX ITOP OCTAIOTCS HE BIIOJHE sICHBIMU. C OfHOU
CTOPOHBI, LIENb MOCTABOK ONPENeIIAeTC Kak
«TpyIIa B3aUMOCBSI3aHHBIX yYaCTBYIOIINX KOM-
TIaHU, KOTOPBIE JOOABIISIOT LIEHHOCTH K TIOTOKY
peoOpa30BaHHBIX BXOMHBIX JAHHBIX OT HX HC-
TOYHHKA POUCXOXKICHUS 10 KOHEYHBIX IPOIYK-
TOB HJIH YCITYT, BOCTPEOOBAHHBIX Ha3HAYSHHBIMH
KOHEYHBIMHU moTpeburemsmm» [1]. C apyroit
CTOPOHEL, IIeIb IOCTABOK — TO «CIIOXKHAS CETh
B3aMMOOTHOIICHUH, KOTOPYIO OpraHU3aINH
MOAJEPKUBAIOT C TOPTOBBIMH MAPTHEPAMH JUIS
IOy YEHUS, IPOM3BOJCTBA U IIOCTABKH ITPOILYK-
un. OHa OXBaTHIBAET BCE BUMBI ACATCIBHOCTH,
CBSI3aHHBIE C MEpEeMENIeHHeM H Ipeodpas3oBa-
HHUEM TOBApOB H YCIIYT OT MECTa IIPOUCKOXKIe-
HUSL 1O KOHEYHOTO NMOTPEOHTENS, 8 TAKIKE CBSI-
3aHHBIE C 3TUM HHPOPMAHOHHBIE U (PUHAHCO-
BBIEe TOTOKM» [2]. HeomHO3HauYHOE TOJIKOBAaHHE
TepMHHA MM MOCTABOK» HAKJIaIbIBaeT
CepbE3HBIC OIPaHUYCHHS Ha TEOPHIO U METONIO-
JIOTHIO YCTOHYHMBOTO YNPaBICHUS LETSMH I10-
ctaBok (Sustainable supply chain management,
naiee — SSCM).

Llenvro uccnenoBaHus SBISCTCS yTOYHEHHE
¥ IOTIONTHEHUE KIIacCu(PpUKaIii 0OBEKTOB yIIpaB-
JICHUS LEISIMU IIOCTaBOK, TAaKUX KaK MOTOKH,
MIPEIIPHATHS, OTHOLICHHS MEXTy HAMH H IIPO-
LIeCCHI Ha OCHOBE MX Ka4eCTBEHHBIX IIPU3HAKOB,
(bopMHpyeMBIX Ha OCHOBE KOMITOHEHTOB KOMII-
JIeKca JIOTHCTHKH, K YUCITY KOTOPBIX OTHOCSTCS
KayeCcTBO, KOJIMYECTBO, 3aTPAaThl, BPEMsl, TeppH-
TOpUS M TpaeKTopus. JlocTimkeHne mocTaBieH-
HBIX IIeTieil oOecrieunBaeTcs 3a 4T OMHAPHBIX
Marpul, GOpMUPYEMBIX Ha OCHOBE COBOKYITHO-
CTH aKTyaJbHBIX Ka9eCTBCHHBIX IPU3HAKOB H NX
IMXOTOMHH — IBYX ITPOTHBOIOIOKHBIX COCTOS-
HU{ TaHHBIX IPU3HAKOB.

3TO MO3BOJSET YTOYHHUTH CONCPIKAHUE CHC-
TEMBI YIIPaBICHHUS KOMIIOHEHTaMH YIPaBJICHUS
LETSIMH [IOCTaBOK Ha OCHOBE CHCTEMHOTO ITOJIX0-
Ila, a TAKOKe CO34aTh HEOOXOAUMEBIE TEOpETHYC-
CKH€ TIPEITOCHUIKH [UTS TTOBEIMIeHNs e€ ddek-
THBHOCTH Ha BBICOKO KOHKYPEHTHBIX PBIHKAX.

Memooonozcuueckyio 6a3y HCCIEIOBAHUS
COCTABIISIOT JIOTHKO-CTPYKTYpHBIE METOJBI, Ta-
KHU€ KaK QaHAIIM3 U CHHTE3, NHIYKIHA U IeTyKIIHs,
IPYNIHUPOBKA, THIIOJIOTHSA U KIacCU(pHKALMS,
a B KauyecTBe MHCTPYMEHTa HCCIICIOBAHUS UC-
TI0JIb30BaHbI OMHAPHBIE MATPHLIBI, YTO ITO3BOJISIET
OTHO3HAYHO OXapaKTePH30BaTh OOBEKTHI yIIpaB-
JICHUS LETSIMU [TOCTABOK.

PE3YNbTATbI
YTouHeHHe M JONOJIHEHHe KIaccupuxanmi
00beKTOB yNpaBJeHHs HENMsIMH MOCTABOK

BecbMma CyIIecTBEHHBIM aCIEKTOM, CIOCO0-
CTBYIOIIMM JOCTIDKEHHIO TIEIH HCCIICIOBAHMUSA,
sieysieTcs onpenenenne SSCM Kak «ynpaBIeHAS
MaTepraNtbHBIMHU, HHPOPMAIIIOHHBIMA W KallH-
TaJGHBIMH TIOTOKaMH, a TaKKe COTPYIHIMYECTBA
MEXXIy KOMIAHUSIMH TI0 BCEH IETIOYKe TTOCTaBOK
€ y4€TOM LIeJIEH. . . TPEX U3MEPEHHI yCTOMYHBOIO
Pa3BHUTHS, TO €CTh IKOHOMHUYECKUX, SKOJIOTHYE-
CKHX ¥ CONHAIBHBIX (PaKTOPOB, YUUTHIBAFOIIIX
TpeOOBaHUS KIMCHTOB M 3aMHTEPECOBAHHBIX
cTopon» [3].

B npuBeéHHOM BBILIE ONPEAETIEHUN UCTIONb-
3yeTCsl TEPMUH — «IIOTOK», KOTOPBIH, IT0 MHEHHUIO
Ppsizia aBTOPOB, SIBISIETCS 0OBEKTOM HCCIICIOBAHNS
JIOTUCTUKH [4].

Takum o0pazoM, Kraccupuranms oOHEKTOB
YIpaBIICHHUS IETIIMH ITOCTaBOK MOXET OBITH MC-
MONTb30BaHa sl 00ECIEYeHNS YCTOWIUBOCTH
TTOTOKOB PECYPCOB.

Crnenuduka yrnpaBieHHs yCTOWYUBOCTHIO
MTOTOKOB PECYPCOB OTPEAEISICTCS WX THIIOM.
[pennoxeHb! pa3uaHbIe KITACCU(UKAIINH ITOTO-
koB [5-9]. Tem He MeHee, B paMKax yIIPaBICHUSL
YCTOWYMBOCTBIO II€JI€CO00pa3HO YTOUHHUTH ITH
KIJIacCH(HUKALINH, UCTIONB3YS CIEAYIOIINe Kade-
CTBEHHBIC MIPU3HAKH:

* THIT 00BEKTA IIOTOKA PECYPCOB: BEIIECTBEH-
HBII; HE BEIIECTBESHHEBIN;

* (haKTOPHI ESATEIFHOCTH 3BECHBEB IIETH I10-
CTaBOK: SKOHOMHYECKHE, yIIPABICHIECKHUE.

JlaHHBIE TPU3HAKY KITACCH(IKAIIAH (THIT «A))
TIO3BOJISTIOT BRIJICTIMTE YETHIPE THITA TIOTOKOB pe-
CypCOB: MaTepHaidbHbIE, HHPOPMAIIHOHHEIE,
(huHAHCOBBIC W TrOACKHe. Mcmonp30Banne on-
CKMX TIOTOKOB B Ka4ecTBE MOTOKOB (puc. 1) 00-
ycioBneno MHeHHeM A. Xomu u A. I'mifoHa
(A. Halley, A. Guilhon [10]), gTo «I0oTHCTHKA
OCHOBaHa Ha yCTOHYMBOM YTIPABICHUH YEIIOBE-
YECKIMH PECYpCaMm».

Ecmm npencraBuTh nporiecc GOpMUPOBAHHS
CTPYKTYPHI MHTETPUPOBAHHOTO TTOTOKA KaK IO-
clefioBaTeIbHOC 00BbEIMHEHNE TTOTOKOB OTHOTO
YpOBHSI (CTPYit), TO HA OCHOBE YETHIPEX BBIICIICH-
HBIX BBIIIE BHOB MOTOKOB MOXKHO TIONY4YHUTh 16
BapHaHTOB HHTETPHUPOBAHHOTO ITOTOKA (TabI. 1).

Kaxk cremyer u3 Tabi. 1, Ha OCHOBE ITOTOKOB
getBEpToro yposHs ¢ mmdpamu 0001, 0010, 0100,
n 1000 MOXKHO TTOYYIHUTH IECTh IIOTOKOB TPETh-
€r0 YpOBHS, YETHIPE MOTOKA BTOPOTO YPOBHS
W OIIFH TTOTOK TIEPBOTO YPOBHS (MHTETPUPOBAH-
HBIH 1TOTOK). [locnenoBaTenbHOCTS U BapHAHTHI
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Taoauna 1

Kaaccudukanusi BApMAHTOB MHTETPUPOBAHHOI0 MOTOKA pecypcoB (pa3padoTaHO aBTOPOM)
MarepuajibHbIH HNHdopmanuoHHbIH DUHAHCOBBIH Jlronckoii Mudp
MOTOK MOTOK MOTOK Horox NOTOKA
(ne yuntbiBaercst — 0, | (He yuntbiBaetcs —0, | (He yumrsiBaetcsi —0, | (He yuursiBaercsi — 0, | pecypcoB
yuuThIBaeTcs — 1) ydauThIBaeTcs — 1) yuuThiBaercs — 1) y4HuThIBaeTCs — 1)

0 0 0 0 0000

0 0 0 1 0001

0 0 1 0 0010

0 0 1 1 0011

0 1 0 0 0100

0 1 0 1 0101

0 1 1 0 0110

0 1 1 1 0111

1 0 0 0 1000

1 0 0 1 1001

1 0 1 0 1010

1 0 1 1 1011

1 1 0 0 1100

1 1 0 1 1101

1 1 1 0 1110

1 1 1 1 1111

Tlotoku 4
YPOBHS

TloToku 3
YPOBHS

Puc. 1. llocnedosamensHocmb u 8apuaHmsI hopMUPOBaHUs
UHMe2pUPo8aHHO20 NOMOKa pecypcoe (pazpabomaHo aemopom).

(hopMupOBaHUS MHTETPUPOBAHHOTO IOTOKA
TIpesicTaBieHsl Ha puc. 1. @opMupoBaHue HHTET-
PHPOBAHHOTO ITOTOKA MOYKET IIPOUCXOTUTH ITapat-
JIETTFHO, MUHYS TOT WM MHOH ypoBeHsb [11]. Io-
TOKH HU3IIETO YPOBHSI IT0 OTHOIICHHUIO K TOTOKaM
BBICIIIETO YPOBHSI I1EJIECOO00PA3HO paccMaTpHBaTh
B KauecTBe CTpyH. IIpn ympasneHnn notokamu
pecypcoB Kaxas U3 CTPyH XapaKTephU3yeTcs
YPOBHEM YCTOHMUMBOCTHU, KOTOPBIM MO BO3IEH-
CTBHEM BHYTPEHHEN U BHEHIHEH CPEIbl MOXKET
MEHSTBHCA, YTO IPEATIONAraeT yCTaHOBICHHE
¥ MOHHUTOPHHT NIPUOPUTETOB YIIPABICHUS TEMH
WM MHBIMH CTPYSMH MOTOKOB pecypcoB. [Ipuo-
PHUTETHI CTPYH MOTOKOB TPEIIONIATaloT UX KJlac-
cuukarmo Tina «b» ¢ UCHonb30BaHIEM MPH-
3HAKOB: OTHOIICHUE TTOTOKA K [IEHHOCTH KOHEU-
HOTO MOTpeOuTENs (CO3AaHNe, COIPOBOXKICHHE);
THIT 3B€HA, ()OPMHPYIOIIETO MOTOK (TIOMIIOMIAI0-
mee 3BEHO, FeHEPHPYIOIIee 3BEHO); BIUSHIC

¢ MWP TPAHCIIOPTA.

TIOTOKA Ha KaueCTBO IEHHOCTH (OTIpeierisiioniee,
BTOpOCTENeHHOe) (Tadm. 2).

Hannbie Ta0n. 1 u 2 cO3Ma0T TPEIITOCHIIKA
JUTSL CO3IIaHMS KOZIOB TTIOTOKOB PECYpPCOB, KOTOPBIE
YIOOHO HCTIONB30BATH C TOMOIIIBIO KOMITBIOTEPHO-
r0 o0ecredeHus B paMKax HH(POBU3ALAH YIIPaB-
JICHWS IETSIMU TIOCTaBOK. Tak, HampuMep, KO
«1100-010» o3HauaeT BCIIOMOTAaTENbHBIN HHTE-
TPUPOBaHHBIN MOTOK (TPETHETO YPOBHS), B COCTA-
BE KOTOPOTO HaXOASATCSI MaTepHAIIBHBIN 1 HH(OP-
MalnOHHBIA MOTOKH (CTpyH). s meransHOTO
TIPENICTABICHUS O THIIAX TIOTOKOB (Taln. 2) Oplia
pa3paboTaHa pazpaboraHa Ta0d. 3, KOHKPETHU3H-
PpYroIIasi KX TUTIEI HA IPAIMEPE «IIEHHOCTH YHCTOM
OZIEKABI VTSI KOHEIHOTO TTOTPEOUTEIISD».

Omnpeznennm JaHHBIE TTAPAMETPBI U XapaKTe-
PHCTHKH ITOTOKA Ha MPUMEpE TIOTOKA MaTepHalb-
HBIX PECYPCOB.

B niepByro odepens Hy>XHO yCTaHOBUTH 00b-
€KTHI TTOTOKA JAHHOTO THIIA Ha OCHOBE CIIEIYIO-
IMX KJIACCH(HUKAIMOHHBIX TPU3HAKOB: Ha3HAYC-
HHE 00BEKTa MOTOKA (TMOAEpKaHUe [IEHHOCTH,
JTOCTaBKa IIEHHOCTH); OTHOIIICHNE 0OBEKTa TIOTO-
Ka K IIEHHOCTH (CO37aHne, CONMPOBOXKACHNE).
MOXHO BBIICITUTB CITEYIOIIE O0BEKTH MaTepH-
aBHOTO TIOTOKA: MPOMYKTH (HOCHUTENN IIEHHO-
CTH), Tapa (yNakoBKa), TPAHCIOPTHOE CPENICTBO
U TIOTPY304HO-Pa3rpy304HbIE YCTPOICTBA.

OcCHOBBIBasiCh Ha COBPEMEHHBIX padoTax,
Pa3BHBAOMINX HAIPABICHNS MHUKC-MapKETHHTA,
OCHOBBI KOTOPOTO OBIIIM 3aJIOKEHBI B paborax
3. JIxx. MakkapTu, HocBsmEHHBIX Monern 4P [12],

.T.19. Ne 2 (93). C. 50-56

TapaceHko E. A. Knaccudukaunsa o6 -eKToB ynpaBneHus LenAMu NOCTaBOK C LIeNbH

obecrnevyeHus uX yCTom4iMBOCTH




Taodauna 2

Kaaccudukanus «b» noTokoB pecypcoB (pa3paéoTana aBTopoMm)

OTHOLIeHNE MTOTOKA Tun 3Bena, gopMupyio- Biusinue noroka Ha Tun noroka

K IIEHHOCTH KOHEYHOro 1[ero MOTOK Ka4eCcTBO eHHOCTH

noTpeduTeNsA (nmornomatromiee 38eHo — 0, | (onpenenstomiee — 0, BTopo-

(co3ganue — 0, conpoBo- reHepupylomiee 38eH0 — 1) | cremenHoe — 1)

skaeHue — 1)

0 0 0 OcHOBHOI

0 0 1 JlomoTHUTEeIbHBIH
0 1 0 BcnomorarenbHslit
0 1 1 Kocennsrii

1 0 0 ConyTcTBYIOIMit
1 0 1 TTo6ounbIit

1 1 0 TonnepxuBaromImii
1 1 1 TToncoGHbIi

Taéauna 3

KommnonenTs! notoka ¢ koom «1100-010» na npumepe «L{eHHOCTH YHCTOH O/I€KABI
JIJIS1 KOHEYHOro MoTpeduTes» (pa3padboTaHo aBTOPOM)

Tun noroka IIpumep ob6bexTa
MarepuasnbHblil TOTOK MNHdopMaOHHEII TOTOK

OcHOBHOH CTupanbHas MalluHa MHcTpyKuus 0o SKCILTyaTayuu

JIOTOTHUTEbHBIH IInanry nis Boasl U €€ cauBa PexomeH1aluy o yCTaHOBKE IIJTAHTOB JUIS BOJIBI
B KaHAIN3ALHIO

BcnomorarenbHblii TpaHcnopTHOE CpPEenCTBO Mudopmarus o MecTe pacIoIoKEHHS OKYIIaTeIIs
JUISl IEPEMEILEH s CTUPAIbHON Malllu- | CTUPaJIbHON MAIIMHEI H CTHPAIbHOTO HOPOILIKA
HBI 1 CTHPAJILHOTO IIOPOIIKA
K MECTY HX IPOJaXu

KocBenHbIit Ilorpy3o4Ho-pasrpy304Hsle yCTpoHcTBa | IHCTpYKIHUS O TEXHUKE OE30IIaCHOCTH IIPH JKC-
IPOU3BOAUTEINS U MOTPeOUTENs ILTyaTall1 MOrPy304HO-PA3rPy30UHBIX YCTPOHCTB

ComyrcTByromuit CrupainbHblil TOPOILOK CBejleHHs 0 pacxojie CTUPAIbHOIO MOPOLIKA

ITo6ounbIiH Ilocyna-no3arop 1yt CTHPAIEHOTO JlaHHBIE 0 IIeHaX Ha NOCYIy-103aTop JUIS CTUPAb-
TIOPOIIKA HOTO MOPOIIKa

IonnepsxuBaromuii TonuBo- 1 roproye-cMa3ouHbIe HopmatuBbl pacxo/a TOILUIMBA 1JIsl TPAHCHOPTHOTO
MaTepHabl 11 TPAHCIOPTHOTO CpeICTBa U IOTPY304HO-PA3TPY30UHBIX YCTPOUCTB
CpeJCTBa U MOTPy304HO-PA3rPy30YHBIX
YCTpOHCTB

ToncoGubIi YasoyHble TPUCHOCOOICHHUS Nudopmariust 0 npeaensHoi rpy30moabEMHOCTH

1 IIPOBEPKE YATOYHBIX NIPUCHIOCOOICHII

MO>KHO BBISIBUTB PsiJl YKPYTHEHHBIX KOJITYECTBEH-
HBIX T1apaMeTPOB ITOTOKOB (Tabm. 4).

Kak BumHO U3 Ta01. 4, MOMUMO TTApaMETPOB
«KOJIMYECTBOY, «KAUECTBOY, «3aTPaThD» H «Bpe-
MsD», TIPEAJIaraeTcsl UCIONIb30BaTh ITapaMeTphI
«TPAEKTOpUS» U «TeppUTOpus». HerpynHo 3ame-
THUTB, YTO J@HHBIE TTApaMETPhl KOHKPETH3UPYIOT
KOMIIOHEHT KOMILIEKCa MapKeTuHra «mecto» [13].
[TapameTp «TpaeKTOpHS» HUCHOJIB3YETCS MpPH
YIIPaBIICHUH Ha €r0 OCHOBE «...JJIsl 0000IIeHN S,
OOHOBJIEHHS Y BOIUIOILIEHUS B )KU3Hb OIUCAHUS
TPaHCHOPTHBIX MPOLIECCOB Ha BCEX ATaIax cTpa-
TETMYECKOH M TAKTHYECKOH KOOPIMHAIINK 1 SKC-
niayaranuny [14]. Iapametrp «TeppUTOpUL»
MIPEAIoIaraeT OPUSHTAIMIO Ha SKOHOMHYECKH
000CHOBaHHbIE I'PAaHHIBI JCATEILHOCTH 3BEHA
nenu rmocraBok. Harmpumep, koraa poct 005EMOB

MPOAAK TPOIYKIMU H/UITH YCITyT CACPKUBACTCS
YBEJIMYCHUEM TPAHCIOPTHBIX PAcXOIIOB HA HMX
JIOCTABKY KOHEUHOMY oTpeburento [14].

YupagsiieHue yCTOHYNBOCTHIO

VrpapieHue yCTOHYMBOCTBIO TTOTOKA 00ec-
MEUNBAIOT MPEIIIPUATHS — 3BSHbS IIETIH MTOCTa-
BOK. /laHHBIE 3BEHBs 00pa3yIOT CUCTEMBI pa3HOi
KOH(UTYpAIUU B 3aBUCUMOCTH OT TpeOOBaHUI
KOHEYHBIX IOTpeOuTeseH. THIl 3BeHbEB U MecTa
UX reorpadudIecKoil AUCIOKAIUH (HOPMHUPYIOT
TPACKTOPHH, MO KOTOPHIM IEPEMEINAIOTCS Pe-
cypebl. Knaccudukarys 38eHbEB 11eNH OCTaBOK,
OCHOBaHHAasl Ha TaKWUX KIacCUGUKAITMOHHBIX
MPHU3HAKAX, KaK 3a]Ia4l 3BEHbEB LU TOCTABOK
(co3maHue W CONMPOBOXKICHHUE IICHHOCTH), TIPHU-
OPUTETHBIA BHUJ TOoBapa (IPOIAYKT, yCayra),
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Tadmuna 4
KosauuecTBeHHBIE TapaMeTpbl 00bEKTOB
MaTepHaJIBLHOIO MOTOKA
(pa3paboTaHo aBTOpPOM)

ITapamerpsr | OOBEKT MaTepHAIBEHOTO OTOKA

oObekTa Ma-

TepUANLHOTO Iponyx- | Tapa, |Tpanc- | Ilorpysou-

MOTOKA THI (HO- |yma- |mopr- | HO-pas-
CHTEIM | KOBKa |HOE Ipy304HOE
LIEHHO- cpel- | ycTpoicTBO
CTH) CTBO

KomnuectBo |+ + + +

KauectBo + + + +

3arpatsl + + + +

Bpems + + + +

Tpaekropust |+ + + +

Teppuropust |+

MO3BOJISIET BBIJICTUTH TEXHOJIOTHUESCKHE, TOPrO-
BbI€, JIOTHCTHYCCKUE 3BEHbSI M 3BEHbs HH(pa-
CTPYKTYypHI [15].

JIBmkeHHe TIOTOKOB PECypCcoB 0OecreunBa-
eTcs mporeccamMu (OMepamnusiMi), KOTopbie
TAK)Ke MOYKHO OLIEHHTH C MO3UIINH X YCTOWYH-
BOCTH W BIHSHHUS HAa yNpaBlIeHHE MOTOKAMHU
pecypcoB. JlaHHbBIE IPOIIECCHI MOXKHO BBIICIUTS,
HCTIONB3Ysl KIIACCU(PUKAIIMOHHBIC MPU3HAKH:
COCTOSIHHE OOBEKTOB ITOTOKA PECYpPCOB (IIOKOH
U TepeMelleHne); CTadMIbHOCTh IIapaMeTpoB
MOTOKA PECYPCOB (HE MEHSIOTCSI M MEHSOTCH).
Ha ocHoBe 3TuX MpU3HaKOB (JOPMHUPYIOTCS Clie-
JYIOIIHE TPOIIECCH YIIPABICHHs TOTOKAMHU pe-
CYPCOB: TPAaHCTIOPTHPOBKA, XPAHEHHE, KOMILICK-
Talusl, a TAK)Ke KOHCOTHUAAIIMS/PasyKpyTHEHHUE.
B psize ciyuaeB nenecooOpasHO OT MPOLECCOB
(puc. 5) nepexonuTh K oneparpsM. Eciu ucrnosnb-
30BaTh TaKHE KIACCH(PUKAIMOHHBIC MMPU3HAKH,
KaK MECTO PACIMONIOKEHHS MPOAYKTA (BHE 30HBI
XpaHeHus! (TPaHCIIOPTHOTO CPEICTBA) H B 30HE
XpaHeHus (B TPAHCIIOPTHOM CPEJCTBE)); THI
00bekTa mMOTOKa (MPOAYKT U MOTPY30UHO-
pasrpy304HOE YCTPOMCTBO), MOXKHO BBIJCIUTH
OIeparny, CBSI3bIBAIOIINEG XPAHEHHE M TPAHC-
MOPTHPOBKY TMPOAYKTOB: PacCKOHCEPBAIHIO/
KOHCEPBAIUIO, CKIaAUpOBaHue (MaHEBPHUPOBa-
HHE), MOHTaX/JEMOHTaX 1 OKUIAHHUE.

COBOKYMHOCTD BBIIEIICHHBIX BBIIIIE MPOIIEC-
COB U OIIepaliii II03BOJISIET CHIEIIATh CICAYIOLIHE
BBIBOZIBI. BO BHMMaHHE NPHHUMAIOTCS TOJBKO
JIOTHCTUYECKHE Tpoliecchl (oneparuu). B ciy-
yae HeOOXOAUMOCTH K HUM MOT'YT OBITh 100aB-
JICHBI TEXHOJIOTUYECKHE M WHbBIC BUIIBI MPOIIEC-
coB (onepanuii). OueHKa ynpaBieHus yCTOHYH-
BOCTBIO MOTOKA JOJKHA OCYIIECTBIATHCS Ha
BPEMEHHOM HHTEPBaJIe, MPEAIOIATAIOIIEM BbI-
MOJTHEHHE IIETSIMH MOCTABOK Psjia MPOLIECCOB.

Ecnu B xayecTBe OCHOBBI B35ITh CKIJIAJICKYIO
(opMy JBMIKEHHSI PECYPCOB 10 CXEME «TPaHC-
MOPTUPOBKA — XpaHEHUE — TPAHCIIOPTUPOBKAY,
TO MOXKHO C()OPMHUPOBATH MOCIIEI0BATEILHOCTD
MPOIECCOB (OTeparuii) ynpaBJieHHs TOTOKAMHU
pecypcos (puc. 2).

Bo Bpemst JBIKEHUS MaTepHalibHOTO ITOTO-
Ka (€CIIM OH SBJISETCSI OCHOBHBIM) OCYIIECTBIIS-
€TCsl ABMXKEHUE COMYTCTBYIOIIHX MOTOKOB
(Tabm. 1), ycTOHYUBOCTH KOTOPBIX MOXKET CYIlle-
CTBEHHO BJIMATH Ha YCTOWYMBOCTH OCHOBHOTO
noTtoka. ITo aHamorum ¢ nmpeacTaBiIeHHBIMH
BbIIIE KJIACCH(UKALMSIMH NPOLECCOB, CBS3aH-
HBIX C YIIPaBICHUEM MaTepHaIbHBIMU IIOTOKAMH,
MOTYT OBITh MJIEHTH(QHUIHUPOBAHBI MPOLECCHI,
COIPOBOXKAAIOIINE HH(POPMALMOHHBIH, (PHHAH-
COBBIH M JIFOAICKOM MOTOKH (Ta0II. 5).

AHanu3 cojepxanusi Tabyl. 5 1MO3BoOJISET
clenarh cleaylomue BeiBOAbl. Kaxxnblii u3
mporeccoB (omeparuii) yrpaBieHUs MOTOKaMU
pecypcoB MOXXET OBITh CTPYKTypPHPOBaH Ha
cocrasisitomye. [Ipu ynpasiieHUN HHTETPUPO-
BaHHBIM IOTOKOM Ha ONpEACIEHHBIH MOMEHT
BPEMEHHU MOXET BBINOJIHATHCS HECKOJIbKO
MpoLEeccoB (Omeparuii) ¢ BXOAAIMMH B HETO
MOTOKaMHU (CTPYSAMH), pa3INYaIOMIMMHCS 1O
rnapaMeTpaM U XapakTepUCTHKaM, 4YTO TpeOyeT
MIPOBEJICHHUSI UX COBMECTHOrO aHanuza. Kax-
JIbIH U3 TIOTOKOB MOXKET OBITh 0003HAuEH KO-
JIOM, Haroj00ue Koja, UCI0JIb30BaHHOTO IS
MarepHajbHOTO otoka. Kon nmoroka B mporec-
C€ ero JIBI)KEHHS TOCTOSTHHO MEHSIETCS, B TOM
Yyclie 110 NMPUYMHE U3MEHEHUH MapameTpoB
CONYTCTBYIOUIMX €My NOTOKOB. MHTerpupo-
BaHHBIH IOTOK MOXXET ObITh 0003Ha4YEH YeThI-
PEXYpPOBHEBBIM KOJIOM B 3aBUCUMOCTHU OT TH-
OB BXOJISILIIMX B HETO ITOTOKOB (CTPYIi), BbIIE-
JIGHHBIX MO KjaccupurauusiMm «A» u «by».
[Ipuuém Kaxablii U3 MOTOKOB (CTPYi) BKJIIO-
YaeT MOTOKH (CTPYH) HU3LIETO YPOBHS C COOT-
BETCTBYIOIMMHU UM KoJamMH. Tema KogupoBa-
HUS TIOTOKOB PECYPCOB M METOAOJIOTHHU €ro
HCIIOJIb30BaHUs SIBIISIETCS TEMOW OTAEIBHOTO
HCCIIEIOBAHHUS.

TakuMm 00pa3oM, yCTOHYNBOCTH MOTOKOB
PECYPCOB SIBIISIETCS] KpUTEPUEM YCTOHYHBOCTH
Lenel MoCTaBOoK, Ierneil TpeOoBaHuit, nenei
CO31aHUs LEHHOCTEH U MPOIECCOB, KOTOPHIE
JlaHHBIE LIeNH BBIONHAIOT. [1o aHanoruu ¢ nau-
HBIMHU Taba. 4 KaxAbld M3 MEePEeYUCICHHBIX
BbIIIIe OOBEKTOB yIpaBIEHUs MOXET OBITh
OIICHEH II€CThI0 OCHOBHBIMHU KOJHYECTBEHHBI-
MU napamerpami (Tad:i. 6). Kaxuaplit u3 npea-
CTaBJICHHBIX B Ta0J. 6 00BEKTOB yIIpaBICHUS
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Taoéauna 5

Kaaccndpukanus npoueccoB, CONPOBOKIAIOIINX HH(POPMALHOHHBII, GUHAHCOBBII
U JIIOICKO# moToku (pa3padoTaHo aBTOPOM)

THIIBI TOTOKOB

KiaccudukanuoHHbIe TPH3HAKA

IIpoueccor

WuhopmarmoH- |  THII 3BeHa KaHaIA IOCTaBOK HHGOP- | ® CTPYKTypH3anust HHGOPMAIUH, IOJTOTOBKA COOOIICHNS;
HBIH MalUH: OTIIPABUTEIb, TIOTy4aTeb; ® BHIOOD criocoba nepeaun MHGOpMaLHu 1 e€ KoaupoBa-

® acTieKT paboThI ¢ HHOOPMAIIMOHHBIM | HHE;

MTOTOKOM: YIIPaBJICHUECKHIl M TEXHH- | ® Tiepesiaua MHpopManuu 1 e€ JeKoANpOBaHHE;

YECKHUH. ® 00paboTKa MOTy4eHHOH HH(pOpMaIK
DuHaHCOBBIN © THII 3BE€HA KaHaIa MOCTAaBOK (DMHAH- | @ criicaHue GaHKOM MOTpeOuTess (GPHHAHCOBBIX PECYPCOB CO

COBBIX PECYPCOB: OaHK—OTIPABUTEND; | CIETA IIOTPEOUTEIS;

Gauk—moy4arens (1); ® nepeBo GaHKOM moTpeduTesns HHHAHCOBBIX PECYPCOB

® acIieKT paboThI ¢ GHHAHCOBBIM IOTO- | B OAHK ITOCTABIINKA;

KOM: 9KOHOMUUECKHUIT; TEXHUYECKHUI ® 3a4ncieHre (PMHAHCOBBIX PECYPCOB Ha CYET MOCTABIIMKA;

® [1oJTydeHne (PHHAHCOBBIX PECYPCOB MOCTABIIHKOM

JIroncxoit ® STan (OPMUPOBAHHMS TIOICKOTO II0- | ® HCCIEA0OBAHNUE COASPIKAHN OIepalliii mpolecca U ompe-

TOKA: aHAIMTHICCKUIT IPAKTHICCKHUIA;
® YPOBHU COIIACOBAHMUSI TApaMeT-
POB JIIOACKOTO MOTOKA: ONepaliuy
nporecca;

® 3HAHMSI, yMCHUS H HABBIKH — JIFOJI-
CKHE PECYPCHI

JIeJIeHHE TIEPEYHs PECYPCOB JIJIsl €70 OCYILECTBIECHHMS;
® 000CHOBaHHUE 3HAHUH, yMEHHUI U HABBIKOB JTIOACKUX pe-
CYpPCOB J1JIsl OCYILECTBIIEHHUS Ollepaluii npouecca;

® 00ydeHHe 1/HIN IPUBJIEUCHHE JIOICKHUX PECYypPCOB COOT-
BETCTBYIOIIIEH podecchn n KBannduKanuy;

® opopMIICHIE OTHOLICHHUII C TIOACKUMH PECYPCaMU U HX
03HAKOMJIEHHE C ONEPALMAMHU Ipolecca

Tadnauma 6

ITapameTpsl 00bEKTOB yNIpaBIeHUs
(pa3paboTaHo aBTOpPOM)

IyTr coodmenns

Tpancnopruposka 1 TpaucropTupoBka 2 [+

| Pasykpynuenue | | Koncommuanus |
T 5=
IMapamerpsl | OGBEKTHI YIIPABICHUS N -
e |I[eM0HTa>1<npoz(yma || MonTax npojyKTa |
yIIpaBieHHs IMToTox e IIponeccsr (ome-
PECYPCOB | IOCTABOK | palvu) ympas- DHp
¥ f
peCypeoB | JICHHS MOTOKAMHI | Pazykomnnexranus || Komnnexrauus |
pecypcoB
Konmuectro + + + | Koncepsarys || PackoHcepBanus |
KauectBo + + +
CrIranpoBanue
3arparsl + + + S
Bpewmst + + + Xpanenue
Tepputopust + Crenan
Tpaektopust |+

Puc. 2. [locnedosamensHocmb npoyeccoe (onepayuli) ynpaeneHust
nomokamu MamepuanbHbIX pecypcos (pa3pabomaHo agmopom,).

Taoauna 7

Hepapxusi NpHOPUTETOB 00BEKTOB yNpaBjeHus (Pa3padoTaHo aBTOPOM)

Kauectso (Q)

Komuuectso (K) 3arparsl (Z)

Bpewms (T) | IIpuopurer o0bekToB ynpapieHus (Hmdp)

OO6bransI (5)

Axrtyanbhbiit (4-T)
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(1, B IepBYIO 04YEpelb, TOTOK PECYPCOB) UME-
€T MPUOPHUTET, KOTOPHIH (GOpMUPYETCs HA OC-
HOBE YCTOWYMBOCTH MX MaPaMETPOB, MPUIEM
3TH IPUOPUTETHI 00PA3YIOT HEPAPXHUIO KaK Ha
JTarne MoJAroTOBKHU K CO3/IJaHHI0 IIEHHOCTH IS
KOHEYHOTO MOTPeOUTEeNs MPOAYKIIUH W/HITH
yCIyT, TaK W Ha dTare ONepaTuBHOIO YIpaB-
neHus oobekramu. Ha ocHOBe 4eThIpEx mapa-
METPOB OOBCKTOB YIIPABJICHUS MOXHO BBIJC-
JIUTh MSITh YPOBHEW MPUOPUTETOB: OOBIYHBIM,
aKTyaJbHbBIH, 3HAYUMBIH, BaXHBIA U 0CO00
BaXKHbIH (Tabu. 7).

BbIBO[bI

B pesynbrare npoBeAEHHBIX HCCIICIOBAHMIA
pa3paboTaHbl 00Ja1a0IIKE TPU3HAKAMY Hay-
HOW HOBU3HBI KJIACCHU(PUKAIUH TTOTOKOB MIEPBO-
1o («A») u BToporo («b») ypoBHEH, co3naroiue
OCHOBY JUISI UCIIOJIb30BaHUS KOJOB JAHHBIX
MOTOKOB C YKa3aHHEM THIIOB CUCTEM U IIPOIEC-
COB, 00CCIICYMBAIOIINX X YCTOHYNBOCTS.

[Ipennoxxena nepapxus NpUOPUTETOB 00b-
€KTOB yNPABJICHHUS, B 3aBUCUMOCTH OT KOTOPOIt
peaNn3yoTCsS aHTUKPHU3UCHBIE MEpPHI Orepa-
TUBHOTO YIIPABJICHUS ITOTOKAMHU PECYPCOB.

Pa3paGoraHHble TOAXO0ABI TO3BOJAIOT
YCTPaHUTh MPOTHUBOPCUUS MEKIY 3BEHBIMHU
I[ETH MMOCTABOK M LICITH TPEOOBAHUMA, JOCTHUI A0~
IIMMHU COOCTBCHHBIC IISJTH ¥ 3aHHTEPECOBAHHBI-
MU B CHM)KEHMH yHYIIEHHOW MMHU BBITOJIBI,
OpraHM30BaTh WX B3aUMOJICHCTBHE B paMKax
YIOpPAaBICHUS OTHOIICHUSMH C TOCTaBIIUKAMHU
U MOTPEeOUTEIIMH, CO37aTh U MOJACPKUBATH
CHUCTEMY MOHHUTOPUHIA YCTOMYMUBOCTH MOTOKA
PECypCOB, a TaK)Ke BHEIPSITh aHTHKPU3UCHBIC
Mepbl, IPEJOTBPAINAIONIUE CHIDKEHUE I[CHHO-
CTH JIJIs1 KOHEYHBIX TOTpeOUTENei.
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MogenmpoBaHue U oNTUMU3aLMA GU3Hec-Npouecca
AOKYMEHTaNnbLHOro CONPOBOXAEHMS Fpy30MnepeBo3oK
ANs NOCTPOEHMs L poBOI CUCTEMBI AOKYMEHTO0O0POTA

Onbra EOUMOBA t0puia CYPOOWUH

AHHOTALIUA

Llenbto pabomsi sienisiemcs aHanua npumepos onmumu3sayuu
cucmemb! QOKyMEHMasbHO20 CONPOBOXAEHUS 2Py308bIX KEmes-
HOOOPOXHbIX NEPEBO30K Ha OCHOBE Nepexoda K 3MeKmMpOHHOU
¢hopme dokymeHmos.

Paccmampusaemcs meopemuyeckas KoHUenyust Modenupo-
8aHusi 6usHec-npoyecca AOKyMeHmansHo20 ConposoxdeHusi
2py30nepeso3ok C NpUMeHeHUeM npoepamMmHo2o npodykmaARIS,
Komopbiii ucnornb3yemcs 8 pa3pabomke KOMNIEKCHOU NPoyeccHol
modenu dessmenbHOCMU MHO2UX NPOU3BOOCMBEHHBIX U MpPaHC-
nopmHbIx KomnaHuli 8 Poccuu u 8 mupe [1].

Mpedmemom uccredogaHust sienisemes ModesupogaHue cuc-
membI AOKyMEHMO060POMa ConpoBOKOEHUS 2py308bIX NEPEO3OK
0159 ycmpaHeHUsi NOmepkb 8 CyWecmeeHHol Yacmu npoyeccos
83aumodelicmaus ¢ knueHmamu. Llenbro modenuposanus busHec-
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NPOYEccos S8eMCs UCNOb308aHUE BCEX NPEUMyWecms u
GhyHKUUOHasbHBIX 803MoxHocmel CASE-cpedcme Onst yempaHeHust
Oybnuposarus deticmeuti u onepayuli, He dobasnSWUX YEHHOCMU
KIueHman mpaHCcnopmHOU KOMNaHUU U CHUXaIOUWUX UX JTOsiTb-
HoCMb npodyKmam u ycry2am Xene3Ho00poxHOU nepesosku. Mc-
cnedyromes 6u3HeC-npoueccsb|, obecnedusarouyue hopMuposaHUe
3as8KU Ha NePeso3KU U eé mpaHchopmayuko 8 Xode Nepego3oyHo-
20 npoyecca.

B uccrnedosaHuu, ompaxatowem pesynbmamsi MoOenupo-
8aHUs1 6U3HEC-NPOUECCO8 OOKYMEHMANbHO20 CONPOBOXAEHUS
nepeso3ok 8 LLghposoli hopme, daémcs cpagHUMENbHb I aHanu3
amux modenel, OnuCLIBAMCS NPEUMYWECMBa 3TIEKMPOHHOU
¢hopmbI OOKYMEHMO8 NO CPagHEHUIo ¢ bymaxHoU ¢ y4émom 803-
MOXHOCMU UCNOIb308aHUSs ULghposoli nodnucu.

Krroyesble crioga: anekmpoHHbIl AokyMeHmoo6opom, Yugposas mexHomoaus, MooenuposaHue, GU3HeC-NPOYUECE, XeneaHodo-

DOXHbIE NEPEBO3KU, CONPOBOKACHUE 2DY30NEPEEO3OK.

Lng uumuposanus: Ecpumosa O. B., CypoduH FO. H. ModenuposaHue u onmumu3ayusi 6usHec-npoyecca 00KyMeHmasnbHO20
cONpPoBoXOEHUs 2py30Nepeso3oK 011 NOCMPOeHUs Yugposoli cucmembi OokymeHmoobopoma // Mup mpaxcnopma. 2021. T. 19.
Ne 2 (93). C. 57-63. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-8.

MonHbIli mekecm cmambUu Ha aH2nulickoM s3bike ny6nukyemcsi 0 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

MonenupoBaHHe MPOLECCOB B II0OOOM BHIE
Om3Heca, a B 0COOCHHOCTH B TPAHCIIOPTHOM
CEKTOpE SKOHOMHUKH C IPEOOIaqatonM Xapak-
TEPOM CKBO3HBIX TEXHOJOTHH HaNpaBlCHO Ha
COBEPIIIEHCTBOBAaHIE OM3HEC-TIPOIIECCOB U TI0-
Ka3aTesel, KOTOpPhIE CIIy)KaT MHAWKATOPaMH
1 JpaiiBepamMu yIydIIeHUs AeITEIbHOCTH Opra-
HU3aIuu. MoziennpoBaHue SBISIETCSI OXHUM M3
Memooog aHaIn3a U COBEPIICHCTBOBAHHS JIBH-
JKEHUSI IOKYMEHTOB Ha NPenpuaTHi. Monenu-
pOBaHHE — ONHCAHNE, BBIIBICHNE, UMHUTAIUSI
¥ aHaJIN3 OM3HEC-TIPOLIECCOB, KOHCTPYHPOBAHHUE
HOBBIX TIPOIIECCOB C IETBI0 UX MOCIEAYIOIEH
ONITHMU3AIIHN.

OpmHUM U3 OCHOBHBIX OM3HEC-TIPOIIECCOB Ha
JKETIE3HOJOPO’KHOM TPAHCIIOPTE SBISIOTCS TPY-
30BBIC TIEPEBO3KH, BO MHOTOM OMPEEISIIONIIC
9KOHOMHYECKHE TIOKa3aTeNH e TENbHOCTH pa-
OoTaromux B 3TOH oTpaciu Kommanuii. Briomae
€CTECTBCHHO, YTO I'PY30BBIC IMIEPEBO3KHU CTAIIN
OIHOH W3 MEPBBIX MJIOMAZOK Ul anpoOanun
¥ TIpUMEHEHUS] IN(POBBIX TEXHOIOTHU, B TOM
YUCJIE MOJEIUPOBAHMS MHOTHX IIPOIECCOB,
BKJIIOYAsi CBSI3aHHBIE C JJOKYMEHTOOOOPOTOM,
WTPAOIINM BaXXHYIO POJIb B 0pOpMIICHNH B3au-
MOOTHOIIEHHUH C TPy300TIPABUTEISIMHU, PETYITH-
PYIOIINMH OpraHaMH, HETIOCPEICTBEHHO B IIPO-
[Iecce MePeBO3KH.

HccnenoBanre U MpOEKTHPOBaHNE MPOLEC-
COB HH(OPMALMOHHOTO COMIPOBOKACHHS IPY30-
BBIX [IEPEBO30K C HCIIOIBb30BAHUEM HHCTPYMEH-
Tapusi MOJCITUPOBAHNUS MTO3BOJISET:

* HAIVIAIHO, TPa(UIECKH IPEICTaBUTh CTPYK-
TYpy CHCTEMBI HH()OPMAIMOHHOTO COIIPOBOK/IE-
HUSI B3aUMOJICHCTBUS C TPY300TIIPABUTEISIMU;

* MOAPOOHO omucarh (PYHKIUHA CHUCTEMBI
JIOKYMEHT0000pOTa;

* BBIIBUTH MOTEHIIMAIHHBIC BO3MOKHOCTH
Pa3BUTHS TEXHOJIOTHH HOKyMEHTOOOOpOTa
C KJIMEHTaMH JKENIE3HOIOPOKHOTO TPAHCIIOPTA;

* BEISIBUTH U NPOAHAIM3UPOBATH HH(OpMa-
[MOHHBIC CBSI3M C BHYTPEHHUMH W BHEITHUMH
yJaCTHUKaMH JOKyMEHTAPHOTO COMPOBOXKICHHS
TIEPEBO30YHOTO TPOIIECCa;

* ONITUMU3UPOBATH TEXHOIOTHYECKHE OTIepa-
11X pabOTHI ¢ JOKYMEHTaMH, UX TIOCIIE0BATEIIb-
HOCTB, IPUMEHSISI TEXHOJIOTHIO ONMCAHUS IOTO-
koB pabot (workflow).

MopnenupoBaHHE MO3BOIIET MaKCHMAJIBHO
YIIPOCTHUTH CHCTEMY 3JIEKTPOHHOTO JIOKYMEHTO-
obopora, oTpaxas €€ caMble BaKHBIE CBOMCTBA
1 PECypCHI, ITO CHOCOOCTBYET MCKIIIOUEHUIO
oTeph B OM3HEC-TIPOIecce JOKyMEHTO000pOoTa

TIPY UCIIOIb30BaHUH HHCTPYMEHTAJIBHOU CPeJIb
KakK CpeACTBa ONTUMH3ALUU M ITPOTHO3UPOBA-
nust. OopmileHHas B CTaHAaPTHOM BHIE MOJIENb
I03BOJISIET CIIPOCKTUPOBATh OYAYILUii mporecce
JI0 TOTO, KaK OH Oy/leT BOCIIPOM3BENEH B BHIE
[IPOrpaMMHO-aIIapaTHbIX KOMIUIEKCOB, YTO
CHOCOOHO YMEHBIIHTH 3aTPAThl Ha €0 CO31aHKe
[2]. BusyansHOe mpeacTaBieHHE NMPOIECCOB
MOJIy4YeHUs: U 00paboTku uHpOpMaIuu o Gop-
MHUPOBaHHY 3as1BKU Ha MIEPEBO3KY U €€ Coriaco-
BaHUe Ja€T BO3MOXKHOCTh YCTPAHHUTh MOTEPU
B 3((eKTHBHOCTH U BpeMeHH Ha O0(OpMIICHHE
MePEBO30YHBIX TOKYMEHTOB [3].

B mopenupoBanuu OM3HECa UCTIONB3YIOTCA
MareMaTu4eCcK1e METO/IbI, KOTOpbIE 0a3UpPyIOTCS
Ha uccienoBanuu onepanuii (MCO), nenpro
KOTOPOTO SIBJISIETCS TIOMCK PAIllMOHAIBHOTO CII0-
co0a eWiCTBHS IIPH PELLICHUH OpraHU3alHOHHO-
YIIPABJICHYECKHX 3a/1a4 B YCIIOBHSX PUCYTCTBHS
pasnuuHbIX orpanndyeHuid. K Takum 3agadam
OTHOCHUTCSI MHOXKECTBO 3a]1a4 JIMHEHHOTO 1 JTU-
HaMHU4€CKOT'0 ITPOrpaMMHPOBAHUsL, yIIPABICHHE
3aracamu, TEOpHsl MacCOBOTO OOCITY)KUBaHHUS
u T.1. COBpeMEHHbIE NIPE/ICTAaBICHUs O OU3HEC-
MOJICJIUPOBAHUH OCHOBBIBAIOTCS Ha MPOLIECCHOM
MO/IXO0/IE K yrpaBieHu0. OrpoMHOE KOJIMYECTBO
MyOIUKaHUi TEOPETHUECKOro HaIlpaBiIeHUs
MOCBSIIIEHO TPOLIECCHOMY MOJXOAY U OMBITY
npakTuyeckoro npuMenenus [4; 5]. [lyonukanuu
comepxkar o0pasibl OU3HEC-MOICIUPOBAHUS,
B KOTOPBIX UCIIOJIB3YIOTCS HHCTPYMEHTAJIbHbIE
CpeJCTBa I Pa3JIMYHbIX BUIOB IPOM3BOICTBEH-
HBIX CHCTEM W TexHosoruil [6; 7]. bnaromaps
MIPOLIECCHOMY IOJIXO/ly U METOIOJIOTHU OU3HEC-
MOJIEITUPOBaHMsI OU3HEC MOXKET OBITh ONMCAH KaK
COBOKYITHOCTB IIPOLIECCOB, KaXIbIH U3 KOTOPBIX
MOXET OBITh ONTUMH3MPOBAH HA OCHOBE CTaH-
JIapTOB MEHEKMEHTA Ka4eCTBa, a TAKKE MOJIX0-
JI0B, TIO3BOJISIIOIINX YCTPAHUTh IIOTEPH U OIIepa-
LM, KOTOpbIE HE J00aBIISIOT LIEHHOCTU TOTpe-
ouTelnto.

WHcTpyMeHTaNnbHbIE CPeliCTBA MOACIHPO-
BaHHUS OCYIIECTBIISIOTCSI MHOTOYMCIIEHHBIMH
MaKkeTaMu MPUKJIAJHBIX MPOTrpamMM, KOTOpbIE
MIpeAHa3HAYEHBI JJIsl Pa3IMYHbIX Cep AesTelb-
HocTU. B oOnactu «pa3paboTky NporpaMMHbBIX
IIPOJIYKTOB U IPOrPaMMHOI HHKEHEPUH OTHIM
U3 CIIOCOOOB NPE/ICTABICHHSI IPOILIECCOB SIBJISI-
ercst CASE-meron (anri. computer-aided
software engineering)» [8], KoTopbIii BKJIIOYaeT
Ha0Op METOJI0B, UHCTPYMEHTOB ITPOIPAaMMHOM
WH)KEHEPUH VIS TPOSKTHUPOBAHUS MPOrPaMM-
HOTo o0ecrneueHus, MoMoras rapaHTHpOBaTh
BBICOKOE Ka4€CTBO CONPOBOXK/ICHHUS IPOTrPaMM-
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HBIX MH()OPMAIIMOHHBIX CHCTEM M NPOAYKTOB
[9; 10].

CASE-cpencTBa — 3T0 HHCTPYMEHTBHI, IIpe-
Ha3HaYCHHbIE JJIsl ONITUMAIIbHOW aBTOMAaTH3aLK
MIPOLIECCOB NPOEKTHPOBAHKS U pa3paboTKu He
TOJIKO POTPaMMHOTO 00€CIIEYEeHUSI C ITO3HLIUHA
Tpyo3arpar pa3paboTyrKa, HO U JUIs IPOLIECCOB
B JIpyrUX 00JIaCTSX AESITEIbHOCTH, B YACTHOCTH
JUISL OTTCAHUsI TEXHOJIOTHIA TPaHCIIOPTHBIX ITPO-
neccoB. Buayane CASE-cpencTBaMu cunTaiuch
JIMIIb UTHCTPYMEHTBI, KOTOpBIE NpeIHa3HAuYEHbI
JUISL YIIPOILIEHHS CAMBIX CIIOXHBIX U TPYAOEMKUX
MIPOLIECCOB aHAIN3a U KOHCTPYUPOBaHUst HH(Op-
MalMOHHBIX cucTteM. OIHAKO IMocie BBEACHHS
crangapra ISO/IEC 14102 CASE-cpencrsa
CTaJIM OIIPE/IENIAThH KaK IPOrpaMMHBIE CPEe/ICTBa
JUIS TOAJIEPIKKHU ITPOIIECCOB )KU3HEHHOTO 1IMKJIIa
IU(PPOBBIX CEPBHUCOB U MPOrPAMMHBIX IPOITYK-
ToB [11].

CozieprkaHue 3TOTO MOHATHSL, «KaK IIPABUIIO,
ompezaensercs MepeyHeM pellaeMbIX 3ajad,
a TaK)Ke COBOKYITHOCTBIO ITPUMEHSIEMBIX METO-
OB U cpencts» [12, c. 44], To ecTh, UHBIMU
CJIOBaMH, JITOPUTMaMH U popMaTaMH OITHUCaAHUS
npotieccoB s aBTomaruzanuu. CASE-TexHo-
JIOTHH — «COBOKYITHOCTh METOIOJIOT Ui aHaIH3a,
pa3paboTKU U CONPOBOXKIIEHHSI CIIOKHBIX CHC-
TEeM, MOZJIEP)KaHHYIO COBOKYITHOCTBIO B3aUMO-
YBSI3aHHBIX CPEJICTB aBTOMaTH3am» [12, c. 44].

OyHKIMOHATFHOE Ha3HAYEHUE IPOrPaMM-
HBIX TPOAYKTOB, KOTOPbIE MCHOJIB3YIOTCS JUIS
aBTOMAaTHU3alMy OW3HEC-TIPOLIECCOB NpeNIpHs-
THUH, MOXKHO ITIPEACTAaBUTh, Pa3leIuB Ha TPH
BUJIa: MHTETPUPOBAaHHbIE KOPIIOPATHBHBIE CUC-
TEMBI, CUCTEMBI 3JIEKTPOHHOTO JIOKYMEHTO0000-
poTa ¥ nporpaMMHBIE IPOIAYKTHI 1J1s (hopMau-
30BaHHOTO MPE/ICTABJICHUS OM3HEC-TIPOIIECCOB.

CucTeMBl ANIEKTPOHHOTO JIOKYMEHTO000pOTa
BBITIOJIHAIOT (DYHKIMU yuéTa, Mepefadd u xpa-
HEHHS JJOKYMEHTOB, YTO MMeeT 0COOEHHOe
3HAYeHUE B TPAHCIIOPTHOU cdepe, rie NepeBo-
304YHBIE IOKYMEHTHI SIBJISIFOTCSI OCHOBAHUEM JUIS
OILTaThI 0CO00T0 BHIA MTPOLYKLIUH — [IEPEBO3KH,
KOTOpAasi He MOXKET OBITh COXpaHEeHa MK BO3Bpa-
II[eHa UCTIOHUTEIIIO.

[IporpaMMHBIE TIPOAYKTHI MOJAEIMPOBAHHMS
OM3HEC-NpOLEecCOB OOBIYHO HCIOJIB3YIOTCS
B JIESTENILHOCTH OPraHU3allK B PEUH)KUHUPUH-
TOBBIX IPOEKTaX. ITH XKe NPOAYKTHI MOT'YT OBITh
HCIIOJIb30BaHBI JJISl PEMHKHHUPUHTA CHCTEMBI
ANIEKTPOHHOTO JTOKYMEHTO000pOTa.

MopenupoBaHue NpoIlecca HAUMHAETCH
«CO CTaJuy aHayu3a TpeOOBaHUII U KOHCTPYH-
pOBaHUs B3aUMOCBSI3€ U CTPYKTYPbI Ollepalu,

KOTOpBIE COCTABIIAOT B IIPOLIECCE IIOTOK CO3/a-
HUSI LIGHHOCTH. DTO MaKCHMaJIbHO ILIOX0 (op-
MaJlu3yeMble U TPYJOEMKHE dTalbl pa3padoTKu
cucteM ynpasneHus. Korna paspabarsiBaror
J00YI0 CHCTEMY YITpaBIICHHUSI, TTOSIBIISICTCS 33/1a-
4a BEIOOpa MHCTPYMEHTa NPOEKTHPOBAHHUS, KO-
TOPBII JTOJDKEH MO3BOJATH d((PEKTUBHO U rpa-
MOTHO peIllaTh IIOCTaBIEHHbIE 3a1a4l 1 OTBEYaTh
BCeM TPeOOBaHUSAM MPOCKTHPOBINUKOBY [13].
Bri6op CASE-cpencTBa BO MHOTOM 3aBUCHUT OT
METO/IOB aHanM3a U npoextupoBanus UC.

Ha 3T0T c4éT MOXKHO PUBECTHU Pa3BEPHYTYIO
oUTaTy u3 ynomsinyToi padorst K. C. MblieH-
koBa [13]: «®yHKIIMOHANIBHBIE MOJIENIN BBINOJI-
HSIOT (QYHKLUH CTPYKTYPHPOBaHHOTO M300pa-
KEHUS Cpelbl WIN CUCTEMbI, HHpOpMaUu
1 00BEKTOB, KOTOPBIE CBS3BIBAIOT 3TH (DYHKIIMH.
OTH MOJIeNy IPUMEHSIOT P TPOEKTHPOBAHUU
HOBOHM CHCTEMBI, IPH aHalu3e TpeOoBaHUU
K CHCTEeME, IIPU NPUHATUH PEIICHUH O PENHKH-
HUPHUHTE CHUCTEMBl YNpaBIeHUs A aHAJIHU3a
OU3HEC-TIPOLIECCOB.

Moyieni OTOKOB JIAHHBIX HEOOXOAUMBI JUIst
rpadu4eckoro CTpyKTYpHOTO aHaJIN3a, KOTOpbIe
OIKCHIBAIOT BHEIITHHE MO OTHOIIEHHIO K CUCTEME
MIPOLIECCH, MPUEMHUKN M UCTOYHUKHU JIAHHBIX,
MIOTOKH JJAHHBIX ¥ XPaHWIIUILA JaHHBIX, K KOTO-
PBIM BBINIOJHSETCSA AOCTYI.

Mozenu Ou3HEC-IIPOLECCOB COEPIKAT OIHU-
caHHUe TOTOKOB paboT, Ou3Hec-GyHKIUH, MoI-
pasJielieHuH, pecypcoB, IPOLECCOB, POIEH, HO-
curesneid nHpopmanuu, HHPOPMALHMOHHBIX
cucTeM, fomkHocTel. [Ipu aToM Mozmenu MoryT
OBITh KaK CTAaTUUECKUMH, TaK ¥ AMHAMHYECKUMH,
IIOCKOJIBKY OIHMCBIBAIOT IIOCJIEIOBATEIbHOCTh
U yCIIOBHUS peanu3aluy OU3HEC-IPOLECCOB.
Monenu Gu3HEC-IIPOIIeCCOB IPUMEHSFOTCS ITPU
BHEIPEHUU CHCTEM YMpaBJICHHUS Ha MPeNpus-
THUSIX, IPH ONIMCAHUU ¥ PEMH)XUHUPHHTE BUJIOB
JIeATEeIbHOCTH KOMIIAaHHMH, BO BpeMs aHalIHu3a
U onpesesieHns TpeOOBaHMH K CUCTEME.

CoOBITHIHBIE MOJIENIN JAHHBIX OTOOpaXKAIOT
(YHKIIMOHUPOBAaHNE CUCTEMBI B Ka4eCTBE HA00-
pa COCTOSIHUI OM3HEC-EIMHUILL MM MPEJIMETOB
TpyJa, B TOM YHUCJIe CYLIECTBEHHbIE COOBITHS
cUCTeMBI 110 uX Tpanchopmaunu. Mudopmaru-
OHHBIE MOJIEJIN KOHKPETHOH NpeIMEeTHOH 00-
JlacTH WK e€ OOBEKTOB OTPAKAIOT CTPYKTYpPY
JTAaHHBIX IPOEKTUPYEeMBIX cuctem» [13].

Craruueckue Mol OM3HEC-CUCTEM C Te-
YEHWEM BPEMEHH HE OTOOpa)KaroT ITUHAMUKY.
VY Takux mopesnel Gopmbl ImpeacTaBIECHHUs Ha
BCEX CTYIEHSIX PEUHXXMHUPHUHIA OTHOCATCS
K KJlaccaM, AMarpaMMaM, KOMIIOHEHTaM HIIU
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00BEKTaM CHCTEMBI U UX OTHOLICHHSM MEXKIY
co6oii. JlnHaMHYIECKHE MOJIEIH HUCTIOIb3YIOTCS
JUIsl aHaJlk3a, OTPAXAIOT IOCIIEeN0BATELHOCTD
BBINIONTHEHHS (DYHKIIHI CHCTEMBI B TEYCHHE Bpe-
MEHH, a TAKKe MPOIECC H3MEHEHHUS COCTOSHHM
peanbHOM niM npoeKTupyemoit cuctemsl [13].

Ecnu paccmarpuBats npumep Poccuu, T0
Hauboee pacpoCTPaHEHHBIMH MPOTPAMMHBIMU
OPOAYKTAMH IS «MOJEIUPOBAaHUs OU3HEC-
IPOIECCOB MO JaHHBIM HCCIEI0BATEIbCKON
kommanuu Gartner, KOTOpasi CieIHATH3UPYETCs
Ha aHAJIHUTHKE PHIHKA HH(POPMAIIMOHHBIX TEXHO-
Jorui, siBisitoTest cucrembl Corporate Modeler
Suite 1 ARIS?, npencraisembie KOMIaHUSIMA
Casewise u IDS Scheer AG Ha MEPOBOM pBIHKE,
cootBeTcTBeHHO. Corporate Modeler Suite 3anu-
MaeT JHMpPYIOIIee MOJOKEHHE B Psifie CTPaH,
OJTHAKO ATOT MHCTPYMEHT, B oTiuune otr ARIS,
MOKa eré Ha POCCHHCKOM PhIHKE HE TOMYIISPEH»
[14].

L]envio viccnenoBaHusl, pe3yJIbTaThl KOTOPOTO
H3IIOKCHBI B TAHHO# CTaThe, ABISIIOCH PACCMOT-
peHue mpuMepa ONTHMHU3ALNK [polecca TOKy-
MEHTAJIBHOTO O(OPMIICHUSI TPY30IIEPEBO3KH.

Memodom uccneoBaHus SIBISIETCS HHCTPY-
meHTapuit ARIS (Architecture of Integrated
information Systems). ARIS nmeer Habop mpo-
TPAMMHBIX CEPBHCOB ISl TIOCTPOCHUS KapThl
MPOIIECCOB; HECKONBKHX HOTAIMA OMHCAHUS
Moxeineit, a umenHo: eEPC (extended event
driven process chain) u «monmenu Ou3Hec-
nporieccor B Hotarmu BPMN (Business process
model and notation). B cocraBe 6usHec-
BO3MOXHOCTeH mpoaykTa ARIS BKITIOUeHa TaKoke
¢yskuus Smart Design, koTopasi mo3BoJisier
OBICTPO BHOCHTH HEOOXOAMMBIC TaHHBIC IS
aBTOMATH3UPOBAHHOTO CO3JJaHUs» Mojienel [5].

PE3YNbTATDI

OCHOBHOM 11€JIbI0 MPUMEHEHUS METOJI0B
MOJIENIMPOBaHUsI OM3HEC-TIPOLiecca JIOKyMEHTO-
000poTa SBJSCTCS MOBBIIICHUE €TI0 ONEPAIIUOH-
HOHM () (PEeKTUBHOCTH, a TaK)KE OpPraHU3aIKs
nepejavyr JaHHBIX HaubOoJee ONTHMAaTbHBIM
croco0oMm, Beayleil K CHIKEHHIO 3aTpar Bpe-
MEHH, TPYJIOBBIX U MaTepHAIBHBIX PECYpPCOB,
MOBBIIICHUIO YPOBHS TPAHCIOPTHO-JIOTHUC-
THYECKHX YCIIYT U KOHKYPEHTOCIIOCOOHOCTH.

WHucTpymeHnTapuii MoaeIupoBaHus OU3HeC-
mporecca gokyMmentoobopora ARIS paccma-
TPUBAET OPTaHU3ALMIO B CICAYIONIUX ISITH

! Odunuanbueiii caiit ARIS Community. [DnekTpoH-
HBII pecypc]: https://www.ariscommunity.com/. Jloctyn
12.03.2021.

¢ MWP TPAHCIIOPTA

aCIIeKTax: «IPOJYKTOB U YCIIyT, 00pabaTbiBae-
MBIX JIaHHBIX, ()Y HKIIHOHAJIEHOM, OpT'aHU3a1H-
OHHOM, CTPYKTYpbl OM3HEC-IIPOLECCOB. DTH
ACTIEKTHI TOAPA3IEIISIOTCS €11 Ha TPH IOy POB-
HsI: ONMCaHue creuu(pUKalnu, OIMCaHHEe Tpe-
OoBaHwuii, onucanue BHenpeHus. [Ipu onucanun
OM3HEC-NIPOIECCOB HMCIOJb3YIOT MPUMEPHO
80 TumoB Mojene, Kax1as U3 KOTOPbIX OTHO-
CUTCSI K OTHOMY W3 acleKToB. [J1aBHBIM IpUH-
munoM B ARIS sBisteTcst BO3MOKHOCTE MHTE-
rpalyy MojeNel pasHbIX TUIIOB B pPaMKax Ofl-
HOTO PETO3UTOPUS Y TEM JIeTATU3aIH 00bEK-
TOB. B pe3ynbrare r00as opraHuzanus MOxeT
OBITH ONMKCaHa C ITOMOIIBIO HEPAPXUU MOJIe-
Jei» — 0T, K IpUMepy, MPOLECCOB BEPXHETO
YPOBHSI «10 YPOBHSI MPOLENYP M PECYPCHOTO
okpyxeHus ¢pyHkuui» [15].

Moyienu po1eccoB Noa4YH 3asBKU Ha repe-
BO3KY I'py3a, pa3paboTaHHbIE IIPU IOMOIIH WH-
crpymenTapus ARIS, npencraBineHs HUXe
(puc. 1 u 2). ConocraBnenue Mojeseil OnzHec-
rporecca JOKyMeHT0000pOTa HaISIHO TOKa-
3bIBaeT APPEKTUBHOCTH EKTPOHHOI (OPMBI
IPY30CONPOBOANTEBHBIX JOKYMEHTOB O CPaB-
HEHHIO ¢ OyMaXXKHOIA.

J11sl KOHKpeTH3aLuK MPUMEPOB HCII0JIb30Ba-
HBI HEKOTOPBIE MPOLENYPBI U POPMBI TOKyMEH-
TOB, ipuMeHsieMble Ha ceTH OAO «PXK[]».

OnexTpoHHast hopMa JOKYMEHTOB HUBEIH-
pPYeT psiJi MOBTOPSIOIINXCS MTEpAalHi B X0Je
COIVIaCOBAaHUSI U KOPPEKTHPOBKH OKYMEHTOB,
CYLIECTBEHHO COKpalias MpH 3TOM BpeMms
odopMIIEHHS TOKYMEHTOB U YIIPOILast TPOLIEY-
py coriacoBanus. B wactHocTH, odopmieHne
3asBKU Ha NIEPEBO3KY I'PYy30B IpU 0(OPMIICHUH
3asiBKM B DJICKTPOHHOM BHJIE [0 CPABHEHHUIO
¢ OyMa)kKHBIM JJOKYMEHTOOOOPOTOM COKpallaeT-
sl Ha BOCEMb OIIEPAIUi, BBIIIOIHAEMBIX areHTOM
TpaHCIOPTHOW KoMIaHuu. Beck nporecc cora-
COBaHUSI, BKITIOYAIOLINH M1Th BADHAHTOB PE3YITb-
Tara (mepeziaya 3asBKU C Pe3yJIbTaToOM COIaco-
BaHMsI, OTKa3 OT YACTHYHO COINIACOBAHHOM 3asIB-
KM, OT3bIB 3asiBKM Ha MEPEBO3KY I'PY30B, OTKa3
OT BBITIOJIHEHHUS COIVIACOBAHHOM 3as1BKHU, OTKa3
OT BBITIOJIHEHUS YaCTH COINIACOBAHHOM 3as1BKN),
COKpaI[aeTcsl 10 OIHOTO JICHCTBUS KIMEHTA —
BHeceHus nHpopmanuu B APM (aBromarusupo-
BaHHOE pabouee MecTo).

O4eBUAHBIM MTPEUMYLIECTBOM DJIEKTPOH-
HOTO JJOKyMEHTO000pOTa SIBJISIETCSl OTCYTCTBHE
HEO0OXOJUMOCTH BBIE€3/I0B KIIMEHTA IS T1OJ-
TBEPKACHUS KXKIO0H onepanuu 1o odopmiie-
HUIO U KOPPEKTHUPOBKE ToKyMeHTa. COBpeMeH-
HBIH YPOBEHb Pa3BUTHUS TEXHOJOTHI HE II03BO-

Edmmora O. B.; CypoavH 0. H. MogenupoBaHue n onTuMmnsaLus busHec-npotLecca

[AOKYMEHTaNLHOro COMpPOBOXAEHUA rpy30NepeBO30K AN NOCTPOEHUA LM POBON CUCTEMBI
AOKyMeHTOObOpOTa




Puc. 1. lpoyecc nodayu 3asieku Ha nepeso3Ky 2py3a npu 6ymaxHom dokymeHmoobopome (cocmaeneHo aemopamu).

JISIeT B3aMMOZICHCTBOBATH C TPY300TIIPABHUTEIS-
MU UHBIM CITIOCOOOM C TOYKH 3PEHHUS CTPATETHH
KIIMEHTOOPUEHTUPOBAHHOCTHU XKEIE3HOJOPOXK-
HOT'O TPAaHCIIOPTA.

AC «OTPAH» (ABromaru3upoBaHHas CHC-
TeMa «DJIeKTPOHHAs TPAHCIIOPTHASI HaKJIaJHAsD )
IIpeHa3HauYeHa JUIs NIEKTPOHHOIO JOKyMEHTO-
000poTa B OpraHu3aIiy, B KOTOPOH JOKYMEHTHI
colepixKaT 3IeKTPOHHYI0 nmoanuck. ®opma
I'Y-12, yka3zannas Ha puc. 1, 3T0 3asBKa Ha Iie-
PEBO3KY I'Py30B XKeIe3HOLOPOXKHBIM TPaHCIOP-
TOM, KOTOPYIO IIPEJICTaBIAET IPY300TIIPAaBUTEND
UL OCYIIECTBIIEHUS IEPEBO3KH IPY30B, a hopma
JY-18 —3asBka Ha NepeBO3KY IPy30B HA TPaHC-
Hopre.

DJIEeKTpOHHAs CHCTEMA JIOKYMEHTO000poTa
MO3BOJISIET MOJHOCTBIO OTKA3aThCs OT TaKUX
onepanui, Kak:

* (popMUpOBaHUE U 3aMONHEHHE OYMaXKHBIX
IK3EMIUTSIPOB TOKYMEHTA;

* JIUIIHKAE TIEPEMEIeHHs] PEICTaBUTENCH
KJIMEHTA, CBSI3aHHBIC C HEOOXOIMMOCTBIO I0CTAB-
K1 OyMaxxHBIX (opm;

* FICTIpaBJICHHE OIIMOOK, BOSHHKAIOIIHUX TIPH
3anoyHeHnH Qopwm;

* 00paboTKa, CBA3aHHAsI C IPOCTABICHHEM
[ITAMIOB M MUChbMEHHBIM 3aM0JTHEHHEM OyMarK-
HO¥ (hOpPMBI JOKYMEHTOB;

* aBTOMATHYECKOE 3aHECCHUE TaHHBIX U Iie-
4aTh JOKYMEHTOB C MPUMEHEHUEM CHCTEMBI
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Puc. 2. [poyecc nodayu 3asieku Ha nNepeeo3ky 2py3a ¢ ucnosb3osaHuem 31 (cocmaeneHo aemopamu).

[CHTPAIM30BaHHOMN TOTOTOBKU M OPOPMIICHHS
JIOKYMEHTOB JUTS TIEPEBO3KH;

* MPOBEPKa MPABUIILHOCTH 3AIOTHCHHS U Ha-
JMYAs HEOOXOIUMBIX TOKYMCHTOB;

* MPOCTABJICHHUE HITAMIIOB U MMHCHMEHHOE
3anoyHeHne OyMa)xHOH (OPMBI;

* XpaHECHHE IK3EMIUIIPOB JTOKYMCHTOB,;

* JIHNIHUE TEPEMEICHUS COTPYAHHKOB
TPaHCIOPTHOM KOMITAaHUH, CBSI3aHHBIC C IIepeia-
4ell JOKyMEHTa OTBETCTBEHHOMY arcHTy;

* IPOBEPKa areHTOM TPaHCIIOPTHOW KOMITa-
HUH TIOTHOMOYHH TPEACTABUTEIS TPY30I0Tya-
TEJISL.

¢ MWP TPAHCIIOPTA. 2021.T. 19. N2 2 (93).

BblBOAbI

B pesyabrare oTMeHbI OyMaXkHOH (OpPMBI
IPY30CONPOBOUTEIBHBIX JOKYMEHTOB SKOHO-
MSTCSl BpeMsl BCEX YYaCTHHKOB MEPEBO30YHOTO
polecca, TPYIOBbIE U MaTepUalibHbIE PECYPChI
KOMIIaHUH.

I'paduueckoe oTpaskeHHe M CONOCTABICHUE
CYIIECTBYIOIMX MOJIENICH CUCTEMBI B paboTe He
SIBJISIETCS| CAMOLIENBI0. AHAJIM3 NPE/ICTABICHHBIX
Moyieliel TIO3BOJISIET IUIaHUPOBATh ATbHEHIIYTO
aJIalTHBHYIO TpaHc(opmalyio 1 HopMUpPOBATH
apXHUTEKTYpy LU(PPOBOH CHUCTEMBI JOKYMEHTO-
000poTa, KOTOpast 0JDKHA 00ecIieunBaTh dPdek-
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TUBHOCTb PECYPCOB, IIPOIIECCOB M PHIHOYHYIO
3¢ PEKTUBHOCTD KOMITAaHHH.

Bri6op nnctpymenTapust ARIS mipu mocpoe-
HUH JIaHHBIX MOJIeJiel 00yCIIOBIICH HE TOJIBKO €ro
CIOCOOHOCTBIO CO3aTh MOJIEITb OPraHU3AIUH, HO
1 BO3MOYKHOCTBIO TIPOBECTH JJOCTATOYHO TITy00-
kuii aHanu3 ousHec-mporecco. ARIS mo3Bossier
B3DVISIHYTh HA OPraHU3alvio0 ¥ HOHATb, Ie BO3-
HUKJIY «y3KHe)» MECTa POLIECCOB, KAKHUE PECYPCHI
Hed(PEKTHBHO UCTIONB3YIOTCS U KaKUe LEMOYKH
OU3HEC-TIPOLIECCOB HA/I0 TIOMEHATh. PasniyHbie
moxnynu ARIS T03BOJSIOT B TMHAMHKE paccMat-
pHBaTh BCEBO3MOXKHBIE CIICHAPUH BBIMOIHEHUS
OM3HEC-TIPOLIECCOB, HE MEHSS PealbHOM CTPYK-
TYpPbI OpraHU3aLHK.

Bbiaropaps aHanu3y Ou3HEcC-NPOLECCOB
1 OTIPE/IETICHHIO KOHLIETITYaJIbHON CXEMbI MOYKHO
OIIPeNIeNIUTh INIABHBIE 1€ OM3HECa U ATUM 000-
3HA4YUTh HOBbIE OU3HEC-TIPOLIECCHI, KOTOPBIE He-
00xoarMo OyeT CpOEeKTHPOBATh, MapaIIIeIHHO
uneHTHQUIUpPys cinadbeie mecta. K ToMy xe
CTpaTern4ecKuii aHainn3 OM3HeC-TIPOIECCOB T0-
MOTaeT BEIYHCIIUTD, KAKHE HOBBIC HH(OpPMAIHOH-
HBIE TEXHOJIOTUM BO3MOXKHBI U II€I€CO00pa3HbI
JUTS. BHEIPEHUS B IEATENILHOCTh KOMIaHuu [16].
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AHHOTALINA

3anacbi 0becneyusarom ycmod4ugocme pabombsi npou3eod-
cmeeHHoU mexHudeckoll cucmembl. Ha npouseodcmee umeomesi
cknadb| 3a20mMo8oK 0151 c030aHUsI KOHEYHbIX 8bIXOOHBIX demarel
u cknadbl 2omosoli npodykyuu Onsi y0osnemeopeHusi cnpoca
nompebumenell. 3anacbl 3a20mogok nosgonsom u3bexamb
npocmosi Ha npousgodcmee, a 3anacel 20mMosoll NPOOYKYUU —
c80e8pemMeHHO obecneyums cnpoc U u3bexamb wWmpagHbIX
caHKyull 3a Hec8oeepeMeHHble NOCMasKu 20moebIxX u3denuli
nompebumensm.

C dpyeoli cmopoHb, 06bEKMbI, COCMasNsoWUe 3anachl =
3Mo «omepmenéxHble» MamepuarnbHble cpedcmea, He NPUHOCH-
wue npubbinu, YmMo oMpUYamesTbHO CKasbiBaemcs Ha SKOHOMU-
yeckoll aghghekmusHOCMU U Ha KOHKypeHmocnocobHocmu. Co-
2n1acHo onybnIuKogaHHbIM OaHHbIM, 8 SKOHOMUYECKU PassumbIx

cmpaHax, makux kak CLUA, SinoHus, ®PI" u Opyaux, e 3anacax
Haxodumcs 0o 30-40 % npodykyuu. Bcé amo ykasbieaem Ha ak-
myarnbHOCMb 80NPOCa ONMUMU3AUUU YPOBHS 3anacos, npobrems!
ycmaHosneHus: U noddepxaHusi OnmuMasbHO20 YPOosHs 3anaca,
CB0EBPEMEHHO20 €20 NONOJHEHUS! C Y4EMOM 8PEMEHU, HEObXO-
0uMO20 01151 8bINOMTHEHUS] 3a5IBOK.

Llere pabombi — npednoxume peweHue cmoxacmuyeckol
nioeucmudeckoll 3adadu ynpaeneHus 3anacamu co cryyaliHbim
8peMeHem 3a0epXKU U CiTyyaliHbIM CNPOCOM, NOMTy4eHHOe agmopa-
MU Memodamu Mamemamuyeckol cmamucmuku, Mamemamuye-
CK020 MOOeNUPOBaHUs U NPOU3BOOCMBEHHOU f102UCMUKU Onsl He-
U3BECMHBIX U NPOU3BONBEHO20 8uda (hyHKYUL pacnpedeneHus
cnpoca u epemeHu 3a0epxku. [Modxodk! K peanu3ayuu npednoxeH-
HO20 peweHust OBMOHCMPUPYIOMCS Ha KOHKDEMHbIX npuMepax.

Kntodesble croga: moeucmuka, 3anacHble Yacmu, cucmema ynpaeneHusi 3anacamu (CY3), cmpameausi ynpagrieHusi, cmoxacmu-
yeckuli cnpoc, cmoxacmu4eckoe 8pemMs 3a0epXKU, MeXHUKO-IKOHOMUYECKUE QhyHKUUU, uenesoll hyHKUUOHan, aneopummbl, duHaMuka

ypogHel 3anaca 3anyacmed.

Lnsa uumuposaHusi: AHmunenko B. C., babuy H. C., lankuH K. B. Onmumusayusi ypogHs 3anacos kak 3adaya noaucmuku // Mup
mpaxcnopma. 2021. T. 19. Ne 2 (93). C. 64-68. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-9.

MonHbIli mekecm cmambU Ha aH2nulickoM si3bike ny6aukyemcsi 80 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

CymecTByeT HeOOXOAMMOCTD OBBIIICHUS
3(h(peKTUBHOCTH CHCTEM YTIpaBICHHUS 3amaca-
MU 3am9acTeil A TPaHCIOpPTa U MAIINH CIIe-
[MaJBbHOTO HA3HAYCHHS MYyTEM MOCTPOCHUS
Mojenel ux ontuMu3anuu. [Ipodbiema ympas-
JICHWS 3aI1acaMy BO3HUKIIA JOCTATOYHO AABHO.
B TpaHCIOpPTHOM MamIMHOCTPOCHUH MaTepH-
aJIbHBIC 3aITaChl HCTIOIHAIOT POJIb aMOPTH3aTO-
pa B YCIOBHAX HECOBIAACHHS TEMIIOB IIPOU3-
BOJICTBA M TEMIIOB MOCTYIUIEHHUS ChIphs. Ha-
nu4re 00bEMOB 3aMacoB Ha MPOMBIIIICHHOM
TIPENIPHUATHN SBIIETCI OOBEKTHBHOMN peab-
HOCTBIO 1 5KOHOMHYECKOH HEOOXOIMMOCTBIO.
IIpu 3TOM MaTepuanbHBIE PECYPCHI, COCPENO-
TOYCHHBIC B 3aMlacax, OTBIEKAIOTCS U3 cepsl
npousBoacTsa. CpeacTsa, BIOKCHHBIE B 3ama-
CBI, COCTAaBIISIIOT HAMOONBIINI YAEITBHBIA BEC
B 00OPOTHBIX CPEACTBAX MPOMBIIIICHHBIX
npeanpuatuii. CTpyKTypa 3amacoB COCTOHUT
MIPEVMYIIECTBEHHO U3 CBHIPbS,, OCHOBHBIX Ma-
TEPUaOB, KOMIUICKTYFOITNX U3AETHN U MOKYTI-
HBIX MOTy(haOpuKaTOB.

HayuHnble Teopuu ynpaBiieHHs 3amacaMu
BO3HUKIU B KoHLe XIX Beka. [lepBbie maTema-
THYECKHE MOJIETTN CHCTEM YIIPABIICHNUS 3ariaca-
vu (CY3) HOCHIIM ETEPMHUHUCTUYCCKUHA Xa-
pakrtep. Mcmonbp3yeMble 5KOHOMHKO-MaTeMa-
THYeCKHe (QYHKIIUH U TOCTPOCHHBIC HAa UX OC-
HOBE KpHUTEpHUH dPPEKTUBHOCTH CHCTEM
YIpaBiIeHHS 3amacaMu ObLIM JIMHEHHBIMU
1 3a9acTyl0 YHUMOJAJIbHBIMH. DTO, B CBOIO
o4epenb, TUKTOBAJIO BEIOOP METO/A ONTHMHU-
3anuu npeiaraeMeix moneneit CY3. Ilpen-
MIPUHUMAJIICH MTOTBITKA aHATUTHIECKOTO pe-
meHns npobnemsl. [lo3gHee MpUMEHSITNCH
METOJIbl TMHEHHOTO M AWHAMHYECKOTO IMPO-
rpammupoBanusi. C yCOBEpIICHCTBOBAHUEM
TEXHOJIOTHH TIPOMBIIIIEHHOTO MPONU3BOACTBA,
C YCIIOKHEHUEM M PAa3BUTHEM CBA3EH U KOOTIe-
pamnuy NpeanpusTHii, B TOM YHCIIE U CTPYKTYP
MaTepHaJIbHO-TEXHHYECKOTO CHaOXeHHS,
MIPHUIIIIO0 TOHUMAaHUE HEOOXOOUMOCTH ydéTa
BIUSTHUS MHOXeCTBa (hakTopoB Ha padoty CVY3.
OT neTepMUHUCTHIECKUX MOJIEIEH IPHUIIIOCh
OTKa3aThCs KaK OT HE aJCKBaTHBIX PEAJIbHBIM
ycaoBusiM. IIpunuio BpeMsi cTOXaCTHIECKUX
mozneneit CY3. Pa3uTie MpOMBIIUICHHOH J10-
THCTHUKU KaK CHCTEMBI YIIPABICHHUS IIOTOKaAaMH
MaTepHaIbHBIX CPEICTB M (PMHAHCOB IPHBEIIO
K ycnoxaeHuto CY 3, motpedoBano pa3paboTku
KaueCTBEHHO HOBBIX MATEMAaTHIECKUX MOJIEIIEH,
yDIyOnEHHOTO M3YYEHHUS MX MaTeMaTHIeCKHX
cBoiictB. Hampumep, B CIIIA mons 3amacos

B BaJIOBOM BHYTPEHHEM HalMOHAJIHHOM IPO-
JTyKT€ 3a MOYTH 35-1eTHUHN TepHOA COCTABIAET
okono 28 %. OTka3aBMIKCh OT TPATUIIMOHHBIX
MIOAXOJIOB K YIIPaBJICHHIO IPOLIECCaMHU CHa0Ke-
HUSI, IIPOU3BOJICTBOM M COBITOM, IPU KOTOPBIX
yIpaBJI€HUE KXKIbIM U3 3THX MPOLECCOB OCY-
LIECTBISLIIOCH HE KOMILJIEKCHO, @ OTJEJIbHO
W HE3aBHCHMO JpYyT OT JApyra, aMepUKaHCKHE
(GUpMBI 10OMINCH 3HAYUTEILHOTO CHUKEHUS
U3JIEpIKEK MO COAEPIKAHUIO U 00CITY>KUBAHUIO
3a1acoB M X JIOJIH B TOJOBOM 00BEME U3/iep-
kek. [lepexon Ha JOTMCTUYECKUE TOAXOJBI
B CY3 B amMepuKaHCKHX (UpMax MO3BOJIHII
CHH3UTH JIOJI0 OOOPOTHBIX CPEACTB, BIOKEH-
HBIX B 3amnachkl 10 18 % B BaJIOBOM BHYTpEHHEM
npoaykre CIIA [1; 2].

B nopasisitoniemM yucie nyOnuKaiuil mo-
CJIEIHUX JIET OTAAETCS IPEAIIOYTEHHUE JIOTHCTH-
K€ U CTOXaCTHMYECKUM MOJENSIM Kak Haubosee
aJIeKBaTHO OMUCHIBAIOIIUM PeaJIbHbIE yCIOBUS
[3; 4].

B at0ii cBsI3U yenv paboThl — MPEIJIOKHUTH
pelIeHre CTOXaCTHUECKOH JOTUCTHYECKOH 3a-
Jladud yIpaBjeHHs 3amacaMu cO CiIydalHbIM
BpEMEHEM 3a/IEPIKKU M CIy4alHBIM CIPOCOM,
MOJYYEHHOE C MCIIOJIb30BAaHUEM Memo008 Ma-
TEMaTU4eCKOW CTaTUCTUKH, MaTEeMaTHYECKOTO
MOJIEINPOBaHHUS U IIPOU3BOJICTBEHHOM JIOTUCTH-
KM JUII HEU3BECTHBIX M MPOU3BOJILHOIO BUAA
GbyHKUMI pacnpeneneHus crpoca U BpEMEHU
3aJIePKKH.

PE3YNbTATDI

PaccMoTpuM MaTeMaTHYECKYH MOJCIb
CVY3, COOTBETCTBYIOIIYIO OTHOMY U3 Hanboee
pacnpoCcTpaHEHHBIX yCIOBHIA (DYyHKIIHOHHUPOBA-
HUS TPOMBIILUICHHOTO HpeAnpusatus. [Ipu mo-
CTaHOBKE 33/1a4H JIOIYCTHM, YTO CIIPOC OOBIYHO
HOCHT CIIy4alHBIA XapaKTep, a 3asBKU BBITOJI-
HSIOTCS CO CIIyYaiHBIM BPEMEHEM 3aJICPIKKH.
ODYHKIMKY paCIpPECIICHUs] CIIPOCca U BPEMEHU
3aJICPIKKH alIPUOPH IIPOU3BOJIBHBI U HEH3BECT-
HBI, ¥ 329aCTYI0 HE YHUMOJAJIbHBL. B 1ogo0Ho#
MIOCTaHOBKE 3aj1a4a He peleHa. B aTux ycio-
BHSIX JUIS OCTHOKCHHUS YKa3aHHOM LIEIH ecTe-
CTBEHHO BOCIIOJIb30BAaThCSI COBPEMEHHBIMU
METOJaMH MPOU3BOJCTBCHHONW JIOTHCTHKH,
B TOM YHCJIC METOJAaMH MAaTeMaTHYECKO# cTa-
THCTUKH, MATEMAaTUYECKOTO MOJICIHUPOBAHUS,
HHGPOPMAITUOHHBIX TEXHOJIOTHI U, B YaCTHOCTH,
aJTOPUTMAMH HICHTHU(PUKAIHH.

IlycTh cucTema ympaBjieHHs 3alacaMu Xa-
pakrepusyetcs GpyHKIMEH 3aTpar Z Ha XpaHe-
HUE 3amaca, J0CTaBKYy, Ae(QUIIMT U T.1. YIpas-
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JIEHHWE 3aracaMy OCYIIECTBIISETCS IMyTEM BbI-
6opa crparerun ynpasienus. OqHoi U3 gocra-
TOYHO 3((PEeKTUBHBIX U TMOKHX CTpaTerui
apisiercs (s, S)-cTparerus, cCOracHo KOTOpPO
3aKa3 BeJIMYMHOW S — y popMupyercst o CHU-
JKEHHUIO YPOBHSI 3a11aca ) HUKe ypoBHA S, § < S.
Jist cinydaliHBIX cripoca U 3aJiepKKu Z = Z(y(s,
S, x)), tne, cornacHo padote FO. U. Penkukosa
[51, ¥(s, S, x) — Tekymuii ypoBeHb 3amaca,
X — ciy4alHBIi cnpoc, s, S — YPOBHH B (5,
S)-crparerun. Toraa kpuTepueM oNTHMaIbHO-
CTH CHCTEMBI J CITy)KHUT HEKOTOpast yCpeJHEHHAs
(yHKuus ot 3arpar Z:

J(s, S) = Mx {F[y(s, S, x))} —» mins, S. (1)

IMpumensist x (1) onuH U3 MeTOOB UHPOP-
MAallMOHHBIX TEXHOJOI'HH — METOJ] CTOXacTHYe-
CKOHM anmnpoKCUMalluH, MOJIy4aeM caMmocoria-
COBaHHYIO CHCTEMY aJalTHBHBIX aJITOPUTMOB
[6-8]:

S[p + 11=S[p] - 7,(S[p + 1])*f,"

“F(Z(y(s[p, SIpl, x[p + 11)));

slp + 1] =s[p] — v, (s[p + 1])*f;*

“F(Z(y(s[p], SIpl, x[p + 11))), @)
rJie TPaJHeHT 110 ¢ — IPOU3BOJIHAS IO HAIPaB-
JICHHIO;

asy *[p + 1] — koapduumentsr;

Jo fs— GyHKUMH, yUUTHIBAIOIIME OTPAHUYE-
HUsA Ha s U S.

[Mpennonaraercs, 4ro pyHKumu F v Z— nud-
(epeHuMpyeMble, B IPOTUBHOM CIIy4ae MO>KHO
MPUMEHUTD IOMCKOBbIE anropuTmel. Jlocrarou-
HbIE YCJIOBHUS CXOMUMOCTH (2) PUBEIEHBI B MHO-
TOYKCIIEHHBIX MOHOTPA(HsIX I10 METOAAM CTOXa-
CTHYECKOH arnmpokcumanuu. B nponecce Berymc-
nenus B (2) HEOOXOAMMO 3HATh SIBHBIH BHUJ
byHKIMY Y(s, S, X) U1 HAXOKISHHSI IPOU3BOA-
HBIX 110 S ¥ S. 3anuiineM ypaBHEHUE, MOJIEIIH-
pyoliee TUHAMUKY 3aracoB U UCIOJNb3Ylolee
IUTsl yrpasieHus (s, S)-ctpareruto. M3BecTHO,
4TO B paMKax (s, S)-cTpareruu npu y > S cuc-
TeMe He TpeOyeTcs IONOIHEHHE 3aI1acoB, a PH
y < s OChUIaeTCs 3aKa3 Ha MOTIOJIHEHHE 3araca
B pa3mepe (S —y). HeynoBineTBOpEHHBIC 3asBKU
HE MOKU/IAI0T CUCTEMY, a XKIYT, MTOKa JAeUIUT
3arnaca He OyJieT ycTpaHEH O4epeHBIM 3aKa30M.
Bcé uccnenoBanye npoBOIUTCS AJIst TUCKPET-
HOTO cIipoca.

[Tepenymepyem 3asiBKH 110 Mepe MOCTYILIe-
HUS B cUCcTeMY. MOXKHO CUMTaTh, YTO X YHCIIO
OeckoHe4HO. BrInonHseTcss 04eBUIHOE OTHO-
HIEHUE:
yk(X[l]) = yk_l(x[rlk_ 1]) +
+ (8~ y,(x[iDsgn(s - y,(x[i ~ 1) - x[i]). (3)
rmmei=1,2,3,...;

¢ MWP TPAHCIIOPTA

¥o(x([n,])) — HauanbHBIA ypoBeHb 3amaca;

k — HOMep mepuona 1o MOPAIKY;

1, — HOMep nocJeHel 3aBKHU B k-M Mepro-
Jie, OIpeNeNIAoIUIics U3 yCIOBU:
sen(s -y, xli - 1) -x[ih = 1—i=n. (4

Crenyer orMeTuts, uto B (1)—(4) Bpems He
BCTpeyaercs B siBHOH (opMe. 3aBUCHMOCTh OT
BPEMEHH CYILECTBEHHA JJIsl 00BbEKTOB, (PyHKIINH
3aTpaT KOTOPBIX U3MEHAIOTCS 3a paccMaTpUBae-
MBIH POMEXYTOK BpemeHH. Kak npaBuio, Buj
(byHKIMU 3aTpar it 00bEKTOB MalIHHOCTPOE-
HUSI HE U3MEHSIETCS 32 BpEMsI ONITHMH3ALINH.

B T0 ke Bpems IpeIcTaBIsieT 3HAYUTEeNbHbIN
MIPaKTUYECKUI HHTEpeC NpoOIeMa OTUMU3ALUH
3aI1acoB 3aMaCHbIX HHCTPYMEHTOB U IIPHHA,JIEK-
Hocreit (3UIT) 11 aBTOMOOHIIBHOTO, HKEJIE3HO-
JIOPOXKHOTO TPAHCIIOPTA M JIJISI CIIEUTEXHUKH.

CrenrexHuka — 3To OOJIBIION KiIacc TPaHC-
MOPTHBIX CPEACTB CIELUAIBHOIO Ha3HAYESHHUs
B CTPOMTEIIBCTBE, IPOMBIIIIIEHHOCTH, TPAHCIIOP-
TUPOBKE I'Py30B, B BOGHHOM Jiejie. ABTOMOOWIIb-
HYIO CHIELTEXHHUKY TTOJPA3AEIAIOT 10 (PYHKIHO-
HaJIbHOMY Ha3HAYE€HUIO: CTPOUTENbHAsL, IOPOXK-
HO-CTPOUTENbHAs, CEJIbXO3TEXHHKA, TToKapHas
CHELTEXHUKA, KEIE3HOTOPOKHAS CIELITEXHUKA,
U T.J., JUI YCHEUIHOTO ()yHKIIMOHHUPOBAHHUS KO-
TopbIX HeoOxoauMbl 3UTT B onTMManbsHOM KOJIH-
4ecTBe.

®axtop BpemeHu B CY3 urpaer 3adacTyio
BCIIOMOTraTeNbHYI0 poib. Ha camom gmene Ha
CKJIaJIe Ba)KEH YPOBEHb 3aI1aca B MOMEHT IIOCTYII-
JICHUSI OYePETHOM 3asIBKH, 2 HE MOMEHT BPEMEHH
MOCTYIICHHs 3asBOK. Jle(pUUHUT BO3MOXEH
ToNbKO IpH s < (. Ecnu B cucteme cymiecTByeT
3aJepKKa, TO U IpU § > () MOXKET MOSBUTHCA
nedunut. B 3TOM Ciydae npu noxy4eHn HCXo-
HOUW MH(OPMAIMH U C UCIIOJIb30BaHHEM YpaBHe-
HHUsI, aHAJIOru4HOro (3), MOKHO OOOWTHCH
B anroputMax 0e3 MCIOJb30BaHUS BPEMEHH
B SIBHOI (hopMe HECMOTPSI Ha TO, UTO 3a/IePIKKH
HUMEIOT CMBICI IPOMEXYTKa BpemeHH. [1pu mMo-
JIETTMPOBAaHNH TMHAMHUKH YPOBHS 3araca y4TéM
CIIy4aliHyI0 3aJIepKKy 4depes CllydaiHoe KO-
YEeCTBO 3asBOK, NPUXOMSIINX B TEYCHUE ITOTO
poMexyTka BpemeHH. Ilpu Takom mouaxone
yna€rcsi 0TKa3arbCs OT XPOHOMETPHUPOBAHUS
W3MEHEHHs YPOBHSI y, UTO CYILIECTBEHHO CHYDKa-
€T TPYJOEMKOCTh NOIYUSHHUSI UCXOTHOI HH(pOP-
Manuu. HyXHBI JUIIb JaHHBIE O BEJIMYMHE
1 04EepETHOCTH OTAENIBHBIX 3asIBOK, a HE 00 X
BpPEMEHHOM pacinpezeneHud. CBeIeHNS O BENU-
YUHE ¥ 04epETHOCTH 3asIBOK B IaJIee pacCMaTpu-
BaeMbIX [IPUMEPax yCTaHABJINBAIUCH 110 OTUET-
HBIM JIOKyMEHTaM.

AHTUNeHko B. C.; babu4 H. C., FankuH K. B. OnTMMU3auus ypoBHA 3anacoB Kak 3agayva JIorMcTuku
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Puc. 1. Fpacpuku usmeHeHus ypoeHeli 3anacoe 3UM-nnaxku 1 0ns npednpusimuli a8momMo6unLHOU NPOMbIWIEHHOCMU
(nocmpoeHbI agmopamu).
Tak kak MeTopI ¢ McTionb3oBankeM nepoii  Je[p] = Je — 1[p] — £ [p]{F(Z(y(s[p],
MIPOU3BOHOM (TpaieHTa) ABISFOTCA Heooxomnu-  S[p], x[e]))) —Je — 1[p]}, &)

MBIM YCIIOBHEM 3KCTpEMyMa, TO OyZieM cpaBHU-
BaTb 3HAYEHUS KPUTEPUS B IPOLECCE BHIUUCIIE-

nust s/p/, S[p] nnsg paznuaseIx p. g GyHKmo-
Haua (1) Bocrionb3yeMcst anropuTMoM Trna (2):
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e Je[p] = Je(s[p], S[p])).
B kxauecTBe BO3MOXKHOTO YCIIOBHOT'O IPUMEpa

paccMaTpruBacTCA MaTeMaTn4ICCKast MOACJIb 3a/1a-
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(puc. 1, 2) s aBTonpoMa co CIIy4aiiHbIM CIIPO-
COM U CJTy4aiHbIM BPEMEHEM 3aJIEP>KKH. ABTOPBI
MPOBEPHIIM Ha IPUBEIEHHON MO JIBHKESHHS
3anacoB 3QQEeKTUBHOCTh pa3pabOTaHHOUW UMH
MPOrpaMMbl BBIYMCIIEHHH 0 CUCTEME AJITOPUT-
MoB (1)—(7). Bo nzbexxanue He OTHOCSIIEHCS
K COJEpP)KaHUI0 pabOThl AUCKYCCHH, aBTOPHI
MPUBOJSIT IaHHBIE B OTHOCUTENBHBIX SAMHHIIAX,
XOTSI MOJIEITUPOBAJICS PEXKHUM PabOThI peaIbHOTO
ckiana. Mcxonanas nHbopManys 0 JBHKSHUN
MaTepHallbHbIX 00BbEKTOB MOXKET OBITh TOJTy4YeHa
13 OTYETHBIX JaHHBIX HETIOCPECTBEHHO Ha CKJIa-
ne. TeXHHKO-9KOHOMHUECKUE (PYyHKIUU MOTYT
OBITH TONTy4eHbI U3 (PUHAHCOBBIX OTYETOB C I10-
CIIeyIOLIEeH anmpoKCUMaIiel NCXOITHBIX JaHHBIX
C MTOMOILIBIO OPTOTOHAIBHBIX MOJIMHOMOB YeObI-
11eBa 110 U3BECTHBIM MeTouKaM [9—-11].
Pe3ynbrarsl BBIYMCIICHUI, TIPOBEAEHHBIX aBTO-
pamu 1o coorHoureHusiM (1)—~(5) st ycnoBHBIX
MPUMEpPOB, TiprBeieHb! Ha puc. 1, 2. Tlo ropu3on-
TaJIbHOM OCH OTJIOKEHBI HOMEpPA 3asBOK-CIpOCa
B nopszike noctymieHust B CY3, 1o BepTUKAIBHOI
OCH — MI3MEHEHHs YPOBHEH S U S OT UCXOJHBIX 3Ha-
YEHU, YCTAaHOBJIEHHBIX JKCIEPTHBIM myTéM. Co-
IIS/IIINECs 3Ha4eHus S ¥ S IPUHUMAIOTCS B Kade-
CTBE ONTUMAJIBHBIX KaK COOTBETCTBYIOILME MUHH-

MyMY LEJIEBOTO (DyHKIIHOHAA.

BbIBOAbI

B pabote npusenena papaboraHHasi aBTo-
pamMH Ha OCHOBE METOJIOB IIPOW3BOJCTBEHHOM
JIOTUCTHKU MaTeMaTnieckasi MoJellb CTOXacTH-
yeckoid CY3 U mpeanioxkeH HesIBHBIH CHOco0
yuéTa BpeMEHH 3aJIep>KKU JOCTaBKH 3aKa3a Ha
HOIIOJIHEHME 3araca Ha CKJIaje yepes y4€T mo-
CTYNaIOIIMX B TEYEHHE BPEMEHH 3a/ICPXKKH 3a-
SIBOK (CIPOC), YTO M SIBJISUIOCH LIENIBIO JIaHHOM
nyonukanuu. PekyppeHtHbie cooTHomeHus (2)
MOJyYeHbl METOJAMU TEOPHU HJICHTU(PHKALIMN
[6]. Takum 00Opa3oM, UCTIOIB30BAHUE COBPEMEH-
HBIX METOJOB IPOM3BOACTBEHHON JOTHMCTUKU
MO3BOJIMJIO TIOCTPOUTH CXEMY ONTHUMHU3ALUU
YPOBHS MaTepUaJIbHBIX CPEJICTB HA CKIIAJIe, YTO
CHOCOOHO MOBBICUTH 3P (HEKTHBHOCTH M KOHKY-
PEHTOCTIOCOOHOCTD JAESITEBHOCTH KOHKPETHBIX
MPEANPHUSITHH.

Crnemyer OTMETUTb, YTO IHU(POBBIC TEXHOJIO-
TMH, KOTOPBbIE OTHOCAT TaKXke K Kiaccy IT-rexHo-
JIOTHH, B HACTOsAIIEE BPeMs HaXOIAT OONbIIOE
MIPUMEHEHHE B YNPABICHUU MPOMBIIITIEHHBIM
IIPOU3BOZICTBOM U TEXHOJIOTMUECKUMH TIpoIiecca-
M. B yactHOCTH, B TpaHCTIOPTHOH cepe uccie-
JIOBaHMSI 1O TPUMEHEHHIO (P POBBIX TEXHOIOTHH
poBoAATcs B [ocyapcTBEHHOM Hay4HOM LIEHTPE
OI'YIT «HAMI», BO MHOXKECTBE JPYTUX OpPraHU-
3aLUii ¥ accolMalyii TPAHCIIOPTHOM OTpaciIy.

[IpennoxxeHHast aBTOpaMH MOJAETH MOXKET
OBITh I0JI€3HA ISl UCTIOIB30BaHUS B IIPAKTHKE
yIpaBJIeHHs 3aracamH.
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Munow NONAK Hartanba NAXMETKUHA

AHHOTALUA

B 1956 200y 8 pasgumuu mexdyHapoOHbIX 2py308bIX agmo-
MO6USTBHbIX NEPEBO3OK NPOU3OWIIO 3HAYUMENbHOE cobbimue —
3akmoyeHue KoHeeHyuu o 002080pe MexdyHapoOHOL nepegosku
2py308 asmomobunbHbIM mparcnopmom (KA, ocHosHow yenbio
Kkomopoll 6b110 yHUUYLUPOsamb npasuna Mex0yHapoOHbIX ne-
PEBo30K 2py308 U MeM caMbiM cnocobcmeogamb pa3gumuro
mexdyHapodHol mopaognu. C npakmu4yeckol MoYKU 3peHuUs 3mo
6b17710 04€Hb 8AXHO 01151 NEPEBO3YUKOB U MPAHCNOPMHbIX KOMNa-
Hull. KoHeeHyus onucbigaem 2nasHbIli O0KyMeHM npu nepegoske
2py308 — HaknadHyro KOMI.

B nocniedHee 8pems npu ynomuHaruu HaknadHou KA ucnore-
3yemcs mepMuH «Hedmpanu3ayusiy, KomopbIUi paccmampueaemcst
Kak eMeLamesicmeo & cucmemy 06palyeHuUsi mpaHcnopmHbIx 0o-
KyMEHMO8, Ueflb Komopo2o — CKPbIMb hakmuyeckoe 0BUKEHUe
2py3a 80 8pems nepesosku. [pu amom Helimpanusayusi HaknadHol
He CMOITbKO NPOMUBopeYLUM npagosbiM HOPMaM, CKOMbKO MOXem
npusecmu K HexestamerbHbIM nocredcmeusm Onsi Nepeso3qUKos.

Munow Ilonax', Hamanesa Opvesna Jlaxmemkuna?

L )Kununckutl ynusepcumem, JKununa, Crosaxus.

2 Poccutickutl ynueepcumem mparncnopma, Mocksa,
Poccus.

04 naturla@mail.ru.

[Mo amoti npuyuHe 80NPOC 0 MOM, MOXHO 1 Helimpanu3o8ame Ha-
knadHyro KA e coomeememeuu ¢ Oelicmgyrowjumu npasuiamu u
He Hapywaem nu Helimpanu3ayusi HakmadHou KA gyHKyuoHarb-
HocMb cyuiecmayrowieli cucmeMbl, sensiemcs akmyansHbM. [lo-
3amomy yesbio Hacmosuel paboms| sienisemcs uccredosaHue NPUYUH
u cnocobos Helimpanu3sayuu HaknadHs ix KOII, a makke eapuaHmos
obpaweHust ¢ Helimparu308aHHb IMU HaKTa0HbIMU.

Yyumsieas, ymo Helimpanu3sayus HaknaOHol cmana omHo-
CUMeNBbHO PacnpoCmMpaHEHHOU Npakmukol U 03HaYaem 06MeH
OpU2UHaMbHbIMU HaKTaOHbIMU UnU MPaHCNOPMHbIMU OOKYMEH-
mamu ¢ OpyauMu HakmadHbIMU USIU MPaHCNOPMHBIMU OOKYMeH-
mamu, aHHynupytowuli Oeticmeusi nepeoli HaknadHoU, 8 cmamee
asmopamu Ha 0CHoge COBCMBEHH020 uccedo8aHUsT 8bISBIEHbI
803MOXHOCMU UCNO/Tb308aHUST Helimpanu3ayuu HaknadHol KA
Ha npakmuke 05151 onpedenéHHbix 8ud08 2py308, Mapwpyms!
Hauboriee Yacmoeo UCNOMb308aHUs, @ MaKXe PUCKU yKa3aHHbIX
npouedyp Ha a8mMoMOobUILHOM mpaHchopme.

Kntoyesbie cnosa: mparcnopm, dozosop, dokymeHm, KoHeeHuyust 0 002080pe MexdyHapoOHOU Nepeso3KuU epy308 a8moMOBUITbHbIM
mpaxcnopmom (KAIF), Helimpanu3ayus 0okyMmeHma, napasnsnenbHas mopaoerisi.

lns yumuposanus: lMonsak M., Jlaxmemkuna H. 0. Helimpanu3sayus mpaHcnopmHbix OOKyMEHmMo8 Ha asmomMobusibHOM
mpaxcnopme // Mup mpaHcnopma. 2021. T. 19. Ne 2 (93). C. 70-78. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-10.

bnaeodapHocmu. [lanHas paboma bbina nposederna npu noddepxke npoekma: BEIA Ne 1/0245/20 M. lMonsk. OnpedeneHue
B/IUSHUSI UMEHEHUS| MPaHCNOPMHO20 3aKoHo0amesbcmea Ha KOHKYPeHMOoCnocoBHOCMb NePe8o3yuKos U 6e30nacHOCMb NEPEBO3OK.

MonHbIli mekcm cmambu, usHa4yanbHO npedcmaeneHHot'l Ha aHanulcKoM s3bIKe, ny6nuKyemcﬂ 80 emopot'l qacmu

daHHO20 8bInycKa.

The full text of the article originally written in English is published in the second part of the issue.

Ak M., JlaxmeTknHa H. 10., 2021




BBEOEHUE

O4eBHIHO, YTO TPAHCTIOPT B COBPEMEHHOM
MHUpe — BaXXHEHIIasi TOTpeOHOCTh YeI0Bede-
CTBa M OCHOBOIIOJIATAIOIIUH (aKTOp ISl HOP-
MaJbHOTO (YHKIIMOHUPOBAHUS 3KOHOMHUKH.
B EC B cuity pa3nuaHBIX TPHUYHH (Ka9eCTBEH-
Hasl ¥ IUTOTHAsl TOPOKHAsl CETh, THOKOCTB,
CKOpPOCTB, yI0OCTBO, aJaTHPYEMOCTH U T.1I.)
aBTOMOOWIJIBHBIN TPAHCIOPT MOCTETICHHO 3a-
HAJI TOMUHHpYToIIee nonoxenue [1; 2]. [Tepe-
BO3Ka TPY30B B MEXAYHApOIHBIX MacmTadax
BO3MOJKHA TOJIBKO HA OCHOBAaHUH 3aKIIIOYCHUS
IOoTOBOpa mepeBo3ku [3; 4]. 3akiroueHHe Ta-
KOTO JTOTOBOpa OBLIO OBl 3HAUYUTEIBHO CIIOXK-
Hee, ecl Obl He ae¥cTBoBana KoHBeHIMS
0 JIOTOBOPE MEXTyHAPOJHON MEPEBO3KH TPy-
30B aBTOMOOWIBHBIM TparcropToM (KIIIT).
Bce nmepeBo34mKy TOIKHEI OBUTH OBI paboTaTh
B COOTBETCTBUY C 0COOCHHOCTSMH HAIIHOHAIb-
HBIX MTPaBUJI TOCYIapCTB, Y€PE3 KOTOPBIE TIPO-
BO3WIIHCH OBbI Tpy3sl. B 1956 romy B Kenese
owura 3axmodeHa Konsennms KJTIT. Ilensio
KonBeHIMN sBS€TCA CTaHAAPTH3ALIMS yCIIO-
BUH, PETYIUPYIOMHUX JOTOBOP NMEPEBO3KH
rpy30B IIpU TpaHCTpaHUYHOU nepeBo3ke. Ha-
knaanHas KIAIII' urpaetr BaxkHEeUIIyr poJb
B TAKHX IIEPEBO3KaX. DTOT JOKYMEHT OJTHOBpE-
MEHHO SIBISIETCSI JOKYMEHTOM O 3aKITIOYCHHUH
JIOTOBOPA TIEPEBO3KH M JOKYMEHTOM O MPHUHSI-
THH Tpy3a IEPEBOIIUKOM [5].

OmnpeneneHusl TEPMUHA «HEHTpanu3anus
Haxmanuaoi K/ ver v B Konsenmwu KTIT,
HU B APYTUX 3aKOHOJATEJIFHBIX TOKYMEHTAX.

I]envy manHOW cTaThl — 0003HAYNTH, KAKHE
MIPOLETYPHI C TOYKH 3PEHUS TPAHCIOPTHBIX
JOKyMEHTOB 1 OTBETCTBEHHOCTH JJOTOBAPHBAIO-
IIUXCS] CTOPOH UMEIOT MECTO IPH HEHTpasin3a-
X JOKyMEHTOB. CyIIIeCTBYET MPEATIONIOKEHNE,
YTO IpU HEUTpaIU3aLUU TOKYMEHTOB OTHOM U3
JIOTOBapUBAOIINXCS CTOPOH HAHOCUTCA ymiepo
WM OJHA U3 JOTOBAPHMBAIOIINXCSI CTOPOH HPH-
HUMaeT Ha ce0st OONBINN PUCK B CTaHAAPTHBIX
JIOTOBOPHBIX OTHOLIEHUSIX. B cTaThe aBTOpamu
Ha OCHOBE COOCTBEHHBIX HCCIIENOBaHUH cop-
MHPOBAHbI IPEITIOKEHHNS, KOTOPbIE TOMOTIIN OBI
JOTOBAPHUBAIOIUMCS CTOPOHAM BBIIBIATH
1 TIPEAOTBPAIATh HEHTpaIn3anuio JOKyMEHTOB,
€CJIM 3Ta IMpOLEeaAypa MOXKET HaHECTH ymepO
YBUM-JTHOO TIpaBaMm.

AHaJIU3 TeKyLIero coCTOSIHUA

3aKiIoueHne AOTOBOpa MEXIyHAPOIHON
MepeBO3KN OBLIO OB 3HAYMTEIBHO CIOKHEE
B orcyrcTBue Konsenuuu KJIII. B atom ciydae

MIePEBO3YHMK JIOJIKEH ObLI Obl 3HATh BCE HIOAHCHI
HaIlMOHAJIBHBIX ITPAaBUJI IEPEBO3KHU CTPaH, B KO-
TOpble OH XOTeJd Obl mepeBe3TH rpy3 [6]. [lpu
3aKJIIOYEHUH JI0TOBOPOB, BKIIIOUAst A0CYeOHbIE
MPETEeH3UH K IePEeBO3YHKY, BOSHUKAJIO ObI HE/10-
MIOHUMAaHUE U3-3a Pa3IM4YMi B 3aKOHOAATETIHCTBE
MEX]ly CTpaHaMH U U3-3a UX HEMOCIeI0BaTEb-
Horo ToskoBaHus [4]. IToatomy B XKenese 19 mas
1956 1. 6bu1a npunsita Kousennust KATIT. Oc-
HOBHasi LieJTb 9Tl KoHBeHIIMM — yHU(HULIPOBATh
NpaBuiia MEXJIYHAPOJHBIX aBTOMOOMIbHBIX
MEPEBO30K I'PY30B, TEM CAMBIM CIIOCOOCTBYS
Pa3BUTHIO MEXAyHapoaHoil Topronu. C mpak-
TUYECKOH TOYKM 3pEHHS 3TO MMeeT OOoJbIloe
3HA4YE€HHUE IS MEePEBO3YUKOB U TPAHCHOPTHBIX
KOMITaHUH, TTOCKOJIbKY B OTCYTCTBHE 3T0i KoH-
BEHIIMH BCE PEryJIMPOBAIOCH Obl HAIIMOHAIILHBI-
M ripasuiiamu [7]. B 1978 rony B XKenese Obun
BHeceHs! nonpasku B [Ipotokon k KonBenuumy,
peryaupymomuil ct. 23, xoTopas ONHCHIBAeT
npaBmwia komreHcanuu 3a ymepo [8]. [Tozxke
B 2008 rony KoHBeH1ust Obu1a TakxKe JA0MOIHEHA
JIOTIONHUTENBHBIM POTOKOJIOM — MONPaBKOH,
KacaroIencs 371eKTPOHHON HaKJIaqHOI.
MesxayHapoaHast IepeBo3Ka — 3TO epeBo3-
Ka, MPH KOTOPOH MECTO MOTPY3KH HAXOJUTCS
B CTpaHe, OTIMYHOM OT MecTa pasrpy3ku [9].
Kounpennusa KT moxeT npuMeHSAThCS s
MEXKJIYHapOAHOM MepeBO3KU T'Py30B TOJIBKO
B TOM CJIy4ae, €CJIM MECTO MOrPy3KH UM MECTO
pa3rpy3KH HaXOAUTCS B TOCYAAPCTBE-YIaCTHUKE
Konsentu KT [10; 11]. EcTb TpH uckitoue-
HUS, KOTAa HEBO3MOXKHO 3aKJIIOUUTH TOTOBOP
nepeBo3KH B COOTBEeTCTBHU ¢ KoHBeHIHEH
KJIIT, naxe ecnu 3T0 MEXIyHapoIHas Iepe-
Bo3ka [12; 13]. KonBeH1ust He paciipocTpaHseT-
Csl Ha MEPeBO3KY IMOYTOBBIX OTIpPAaBIEHHUH,
YMEPILUX JIUI U MUTPUPYIOUTUX I'Py30B. OCHOB-
Has IPUYMHA, TI0 KOTOPOHM 3TH I'Py3bl HE MOTYT
MIePEeBO3UTECS B cOOTBeTCTBUU ¢ KoHBeHIuei
KJIIT, 3akintogaeTcsi B TOM, YTO HEBO3MOXKHO
0OBEKTHBHO OIPENETUTh CTOUMOCTD OTIIPABKU
U, TaKUM 00pa3oM, ONpENeIUTh OTBETCTBEH-
HOCTb IT€PEeBO34HKa 3a epeBo3Ky [ 14]. Konsen-
11151 ObLJ1a IIOCTETIEHHO paTi(UIMpPOBaHA OTAEIIb-
HBIMH €BPOTIEHCKIMH CTpaHAMHU, HO HEEBPOIEeH-
CKHUE CTPaHBI TAK)Ke SBIISIOTCS JOTOBAPHUBAIOIIN-
Mucs cTopoHamu. B HacTositee Bpemst 56 cTpan
noanucanu Konsennuo K/III, u3 xotopsx
ToNbKO 45 paruduiuporanu [Ipotokon k Kon-
BeH1uH [ 15]. CTpaHbl-yuacTHUIIBI TIEPEUUCIICHBI
B Tabn. 1. B mepBoM cTonbue nepeducieHsl
cTpaHsl, KoTophle npuHsIu Konsenmuro u [Ipo-
Tokou k Konsenuuu. Bo Bropom cronbue ykaza-
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Taoauua 1
TocynapcrBa-y4acTHUKH
Kounsenuuu KT
Konsennusa KT u ITporokon | Tonbko KonBeHmus
KIIr

Opannus, ABCTpHs, Bounrapus
Hunepnannel, I'epmanus, Bocuus u
Uranus, [onbiia, T'epueroBuna
Benbrus, JlrokcemOypr, Mapoxko
Janus, Coennnénnoe Kopo- Kazaxcran
neBcTBO BenukoOpuranuu u TamxukucTan
Cesepnoii Upnanauu, Cepbust
Hopserus, IIBenus, MoHnronus
Topryranus, lseiinapus, Asepbaiikan
Benrpus, Pymbinus, Yepuoropus
Ounnsaaus, Mcnanws, YkpanHa
I'penns, Poccuiickas ®Dene- Cupuiickast Apabckast
pauus, Pecny0Onuka

Wpnanaus, CnoBenus,
Xopgarus, JIlutsa,

Benapycs, Ocronns,
Pecny0nnka Monzosa,
CrnoBakus,

Yewckas Pecnyonuka, JlaTBus,
Tynuc, Typuus,

V30ekucran, TypkMeHHCTaH,
CesepHast MakeoH#MS,
Keoipreizcran,

HWpan, I'pysus,

Kunp, JIuan,

Apwmenns, Anbanus,

Mansbra, Mopaanus, [Takucran

CocraBneHo aBropamu Ha ocHoBe CoOpaHHs OTOBOPOB
OOH.

*Texcr Koupentmu: https://unece.org/fileadmin/DAM/trans/
conventn/cmr_e.pdf.

HBI CTpaHbl, KOTOPbIE y4acTBYIOT TOJIBKO B KoH-
Benuuu KTIIT.

Konsennusa KIAIII' perynupyer npasuia,
npaBa ¥ 0053aHHOCTH, OTBETCTBEHHOCTh IIepe-
BO3YMKA U TPAHCHOPTHON koMIaHuH. OHa pery-
JUpyeT 3aKII0YeHHUE U BBIIIOJHEHNE JOTOBOPOB
MEPEeBO3KHU, a TaKXke MpoLenypsl TpeOoBaHUs
Bo3MeleHNs yObITKOB [ 16]. B Heit onuckiBaercs,
YTO JIOJDKHBI COJIepKaTh CONPOBOJUTEIbHBIE
JIOKYMEHTHI 17151 iepeBo3ku [ 17]. Taxxke npuso-
JIUTCS CaMblif BXKHBIN JOKYMEHT MPH MEXKAyHa-
POIHBIX TIEpeBO3Kax rpy30B — HaknaaHas KT
(o¢dunnaneHbIi TOKyMEHT CTaHIapTU3UPOBaH-
HOH (opmbl Ha ABYX s3bIkax) [18-20]. Haknaz-
Hasi COCTABISAETCS B TPEX IK3EMILIAPAX, OATIN-
CaHHBIX OTIpPAaBUTENEM U MEPEBO3UMKOM [21].
IlepBbIii, KpacHBIM IK3EMIUIAP NMPUHAIJICKUT
OTIIPABUTEIIIO U CIY)KUT JOKA3aTE€IbCTBOM, YTO
rpy3 NepeaaH MEepeBO3YUKY I MEePEBO3KU.
Bropoii, cunuii ax3eMIuisp nepenaércs noiayya-
TEJNIO Tpy3a, YTOOBI TOT 3HAJ, YTO U B KaKOM
KOJIMUECTBE JOJDKEH MPUHATH y NEepPeBO3YHKA.
Tpetuii, 3e1E€HBIN SK3EMILISIP OCTAETCA Y Iepe-
BO34YHMKA U ABJISIETCS JOKA3aTeILCTBOM TOTO, YTO
rpy3 ObLI 1epe/iaH MoJy4yaTesto, YTO ITOATBEPIK-

JIa€TCs COOTBETCTBYIOLIMMH ITOAITUCIMH CTOPOH
[22]. Ecniu He 1oka3aHO MHOE, HaKJIa(Has SBJIs-
€TCsI JOCTOBEPHBIM JI0Ka3aTeILCTBOM 3aKJIIOue-
HUSI ¥ COZIEPIKaHUsl J0r0BOpa IEPEBO3KH, a TaK-
)K€ MPHUHATHS rpy3a nepeBozunkoM. Ecin Ha-
KJIaJ{Hasl HE COIEPIKUT OOBSICHEHHUS IIPUYHH CO
CTOPOHBI IEPEBO3UHKA, IOPUINYECKAs TPE3yMII-
LUl COCTOUT B TOM, YTO I'Py3 U €ro yIaKoBKa
HaXOIWJIUCh B XOPOILIEM COCTOSIHUU Ha MOMEHT
npuéma epeBo3YMKOM U YTO KOJIMYECTBO MECT,
WX MapKUpOBKAa M HOMEpa COOTBETCTBOBAIH
CBEJICHUSM HakiaHou [23; 14].
OTBETCTBEHHOCTh MEPEBO3YHMKA HAYUHACTCS
¢ MOMEHTa IpuéMa rpy3a K IepeBo3Ke U 3aKaH-
YHMBAETCS C MOMEHTA IIEPEIady I'py3a MOTydaTelTo
[24; 25]. IlepeBo34rK HECET OTBETCTBEHHOCTb 32
MOBPE>KICHHE WIIN YTEPIO IPy3a BO BpeMs TpaHC-
MIOPTHPOBKH, a TAKXE 3a MPEBBIIICHUE CPOKa
nocraBku. ComtacHo noyiokeHusiM KoHBeH1mn
KI1T, mepeBo34rK J0KEH BO3MECTHUTh JTFO0YIO
TIOTEPI0 OTHPABJICHUsI, BOSHHUKIIYIO C MOMEHTa
€ro NPHHATUS K IIEPEBO3KE 10 MOMEHTA ero J0-
cTaBkH [26]. Bo3Bpar paccunThIBaeTCS UCXOAS U3
CTOMMOCTH OTIIPABJICHUS! B MECTE U B MOMEHT
npuémMa ero k nepeBo3ke. CTOMMOCTh NMapTUU
omnpesessieTcst OMPIKEBOH IIEHOH, eCIT He OupIKe-
BOM, TO TeKyIeH PHIHOYHOMN IIEHOW, a eclu He
OMpkeBOW M HE PHIHOYHOI 1IEHOMH, TO oOmIen
CTOMMOCTBIO TOBapOB TOTO K€ XapaKTepa 1 Kaye-
ctBa [27]. Kousentms KT npexycmarpusaer,
YTO yuiepOo He MOXKET IPEBbIIATh (PUKCHPOBAH-
HYIO CyMMY 3a KWJIOTpaMM HEJIOCTAIOIEro Beca
opytro. B nepBonavyanbHoi Bepcur KoHBeHIIUH
KAIIT" pasmep yuiepba He MOT IpeBbILIATh 25
(paHKOB 32 KWJIOTpaMM HEZOCTAIOIIEro Beca
opyrro. [Tox hpankoM nogpasymeBaeTcs 30J10TOM
¢pank Becom 10/31 rpamma u yuctoroit 0,900
[15]. D10 orpannyeHHEe OTBETCTBEHHOCTH B HAC-
Tosiliee BpeMsi IpuMeHsieTcst B 11 crpaHax, He
parudunmposasmux nporokosn k KAIT [pyrue
CTpaHbI 3HAYUTENHFHO CHU3UIIM OTBETCTBEHHOCTD
NIEPEBO3YHKOB, 3aMEHHB 30JI0TOW (DpaHK EIMHU-
Liei, Ha3bIBAEMOMH «CIIEIMAIIbHBIMH MPaBaMH 3a-
unmctroBanus» (CI13/SDR). [TepeBo3urk 00si3aH
BO3MECTHUTD BIIAJIENBILY IEPEBO3UMOTO Irpy3a 8,33
CII3 3a kaxablil KUIOrpaMM MOBPEXKAEHHOTO,
YHUYTO)KEHHOTO WM yTepsiHHOro rpy3a. Kon-
KpEeTHasi CTOMMOCTb 3aBHCUT OT OOMEHHBIX Kyp-
coB CII3 u espo [28-30]. IlepeBo3unk Takxke
JIOJDKEH TIOKPBITh TPAHCIIOPTHBIE, TAMOXKEHHBIE
U JpyTHE pacxojibl, CBS3aHHBIE C IEPEBO3KOM
rpy3a. 9Ta CTOMMOCTb TaK>Ke TOKPBIBAETCS CTPa-
XOBKOIf OTBETCTBEHHOCTH NepeBo3unka. OjHaKo,
ecnu B HakagHoi KT ykazaHa 1ieHa oTmpas-
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JICHWS WK 0c00asi 3aMHTEPECOBAaHHOCTE OTIIpa-
BHTENIS B JIOCTaBKE, B 3TOM CIIydae TEPEBO3UHK
HECET OTBETCTBEHHOCTH 32 IOJHYIO CTOMMOCTh
YKa3aHHOTO TaKUM 00pa3oM rpy3a. B cmydae
TTOJTHOM MTOTEPH IPy3a EPEBO3UHUK TOTDKEH OTIIa-
TUTPH TIOJHYIO CTOMMOCTB TOBapa, a TaKKe FM-
TTOPTHBIE COOPBI, TaMOXKeHHBIE TonuiHbL, HJIC,
aknu3Hble cOopsl U T.4. Ecnm sTa cTONMOCTH
MIPEBBIIIAET CYMMY CTPaXOBOTO TIOKPHITHSI OTBET-
CTBEHHOCTH IEPEBO3UMKA, BEITEKAIOMEH U3
Konsenuun KT, nepeBo3unk AOIKEH 3acTpa-
X0BaTh Takue rpy3sl [31]. B ocobernoctn 310
KacaeTcst JErKUX U JOpOorux ToBapos. Eciu cpok
JOCTABKH IPEBBIIIEH, 1 TTOTyYaTelb JOKaKET, 9TO
eMy ObUT HaHecEH ymiepO, mepeBo3unK 00s3aH
BEpHYTH OIUIATy 3a JJOCTABKY.

IIpuBenEHHBIN BbIIIE aHATU3 IOATBEPKIAET,
yto Konsenmust KAIID sBnsieTcss BaXHBbIM Ipa-
BOBBIM CTaHIAPTOM JJISI TEPEBO3UNKOB M TPAHC-
noptHbeIX komnanui. Haknagnas KATIT npen-
CTaBIseT cO0OM HANEKHBIN JOKYMEHT LIS Tie-
peBo3UnMKa W ISl TPAHCIIOPTHOW KOMIAHWU.
Haxnagnas KA Takxke siBisieTcss HAAEKHBIM
JOKYMEHTOM U JUTSl TPETHUX JIUII, HAIIPAMeD, IS
TaMOXXHHU, CTPaxoBbIX KOMIIaHUH U T. 1. [1o aToi
TIPUYHHE CIEAYET JOMOTHUTEIEHO PACCMOTPETh
BOTIPOC O TOM, MOXXHO JI1 HEHTpann3oBaTh Ha-
xiagnyro KATIT B cooTBeTCTBUM € AECHCTBYIO-
MU TIPaBAIAMH U HE HapyIIaeT JIH HeHTpan-
samms HakmagHoW KT ¢yHKIMOHANBHOCTH
CYILLECTBYIOIIEH CUCTEMBI.

HccenoBanne NpuHOMNA HEHTPaIn3aluu
Hakaagnoi KAIIT u e€é npuuun
Hefitpanuzauus qokymMeHTa — 3TO MPOLECC,
W3BECTHBIN TOJNBKO TPAHCIIOPTHOMY CEKTODY.
ABTOpHI CTaTEX HE CMOTIIN HANTH €ro orpezese-
HUSI HU B KaKUX 3aKOHOIATETECTBAX WITH CTaHAAp-
tax. TeM He MeHee, STOT TePMUH N3BECTEH U HC-
TTOJIB3YETCs Y’Ke HECKOIBKO JIET TIPH TIEPEeBO3KE
ABTOMOOWJIBHBIM TpaHCTIOPTOM. CITIOBO «HEHUTpa-
JIM3alush UIMEET HECKOJIbKO 3HaueHui. Kak npa-
BIJIO, OHO TaK)Ke O3HawyaeT «OoT3eBy» [32]. Ilpu
TPaHCIIOPTUPOBKE HEHTpai3anus 03HadaeT 00-
MeH OpUTHHAIBHBIX HAKJIaIHBIX W TPAHCIIOPT-

Puc. 1. Cxema Helimpanu3sayuu
HaknadHou KO npu napannensHoli
mopzoesie (8bINOIHEHa asMmMopamu).

HBIX JIOKyMEHTOB C JIPYTMMH HaKIaJAHBIMH WA
TPaHCHOPTHBIMU IOKyMeHTamu. Clie10BaTenbHo,
HEUTpaM3aIus IpeCTaBIsIeT COO0M aHHYIHPO-
BaHMeE JISHCTBIS IepBOit HaKIagHOM [33].
Hefitpanuszauys TpaHCIOPTHBIX JOKYMEHTOB
B OOJIBIIIMHCTBE CITy4aeB CBsI3aHA C HE3aKOHHOU
JIOTUCTUYECKON EATENBHOCTBIO, HAa3bIBAEMOMN
«rapajiebHOM Toprosieity. [lapannensHas
TOPTOBJIS OIPEAEISIETCS KAK TOPTOBIIS TOBAPAMH
BHE OHIINATIBHON POAAXKHU U OCYIIECTBIsIeMas
onpexnenéHHoit kommanueit [32; 34]. Ilocpen-
CTBOM CBOETO COOCTBEHHOTO PacIpOCTPaHEHHS
KOMITAaHUHM MOTYT CO3/aBaTh Pa3HUILy B IIEHaX
B Pa3HBIX CTpaHax, MCIOJIb3Ysl HAIMOHAJIbHBIE
pa3nuuus B moBeneHny norpedureneit. «[lapa-
JIETTbHBIE)» TOPTOBIBI TTOKYIIAIOT TOBAPHI B CTpa-
Hax, IJIe OHH MIPOJAOTCS 1O 0oJee HU3KUM Iie-
HaM, a 3aTeM INPOMAIOT MX B CTpaHax c Ooiee
BBICOKMMH IIeHaMu. V3menune He moaaenaHo,
a UMIIOPTHPOBAHO U3 CTPaHbI 0€3 pa3pereHus
BIIAJICIbIIa MHTEIJICKTYaIbHON COOCTBEHHOCTH.
HeliTpanuzanuio HakaaaHON B mapajuieib-
HOH TOPTOBJIE MOYKHO MOSICHUTD Ha CIIEAYIONEM
puc. 1.
[TosicHeHus K cxeme clenyroIme:
(1) KomMepcaHT 3akirodaeT coTiameHne
C MPOAABIOM (HampuMep, TPOU3BOAHUTEIEM
B ['epmannm), 94T0 OH OyIET PACIPOCTPAHSITH €T0
MIPOIYKT B CTPaHe, I/I€ 3TOT MPOLYKT B HACTOSI-
mee Bpemst He iponaéres (Hampumep, B 11IBei-
[apHH), eCIU eMy TpeIiokaT Ooyee HU3KYIO
IICHY, 9E€M €T0 NepBOHAaYaIbHAS MPOJAKHAS 11e-
Ha — 3a CYET MPO/IBMIKEHHS HA HOBOM PBIHKE.
(2) Cocrapnena maxiagaas KT, B koTopoit
B KQUE€CTBE OTIIPABUTENS YKa3bIBAETCS IPOU3BO-
JIITEINb, a B KaUECTBE MMOKYMATEIsI YKa3bIBACTCS
KOMIIaHus, 3aperucTprupoBanHas B LlIBelinapuu.
(3) Hocne Hayana mepeBO3KH Tpy3a BOIHUTETH
[OJTy4YaeT KOMaH/ly Ha HEUTpaJIM3aLIIIO HaKJIaJHOU
KAII" OH ocTaHaBIMBaeT aBTOMOOWITH, HALIPAMED,
Ha 3arpaBKe 1 HelTpanuzyeT HaknaHyto KT
(4) B HOBOIf HaKIIQAHOM OTIPABUTENIEM yKa-
3aHa MIBEHIapcKas KOMITAaHWSA, a ITOMydaTeleM
SABIISIETCS HEeMelkas Kommanua. KomMepcaHT
nponaéT 3TH ToBapel B [epManuu mo ropasno
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0osiee BHICOKOH IIEHE, YeM Ta, 110 KOTOPOH OH UX
Kynui, (5) B TO BpeMsi KakK IPOM3BOAUTEb HE
3HAET, YTO €ro TOBAPHI IpoaroTcs B [epmanuu,
Il OH YK€ IPOJNAET 3TU TOBAPBI.

Ienpio HEWTpaTM3AIMK HAKIAIHON JOIKHO
OBITH OOECIIeueHHE JCI0BOM TalHbI, KOTIa TOP-
TOBEI] XOYeT MOMEIIATh MOJy4aTelo y3HATh
MIPOU3BOJUTENSI M YCIIOBHUS MOKynKH. Ha ocHO-
BaHUU TEOPETUYCCKUX HCCICIOBAHUN MOXKHO
BBIJICIUTh CJICAYIONINE MPUYUHBI HEHTpain3a-
LIMH HaKJIagHOM:

Ipuuuna A — xorga KOMMEPCAHT HE XOUET,
4yTOOBI MPOU3BOIUTEh y3HAJ, KTO MOKYIaeT
ToBap. B 3TOM ciyuae BomuTens 3arpyxaer Topap
B TPAHCIIOPTHOE CPEICTBO M BBHIMKMCHIBACT Ha-
kinanayo KIAIID ¢ ykazaHueM OTHpaBHUTENs
Y IICPBOHAYAILHOTO TONTy4aresist. Yepes HeKoTo-
poe BpeMsi BOTUTENIO OyIeT JaHa WHCTPYKIUS
HEHTPaTN30BaTh U BBITUCATH HOBBIC JIOKYMEHTHI
C YKa3aHUEM JAPYToro rpy3oIoiyvaress.

Ilpuuuna B — xorga KOMMEPCAHT HE XOUET,
4yTOOBI MOKYIATEeIb 3HAM, TAC MPOU3BOAUTCS
ToBap. Bogurens 3arpyxaet ToBap B TpaHCIIOPT-
HOE CPEJICTBO, M HAKJAJHAas OTIPABIIICTCS Ha
CKJIaJl TIOJTydaredisi C yKa3aHHeM MeCTa ITOTPy3KH,
OTIMYHOTO OT pakTHUeckoro. B ciyuae mposep-
KH Ha JIOPOTe BOAUTEIb O(POPMIISICT HAKIIAIHY IO
¢ ykazaHueM (aKTHYECKOTO MECTa MOrPy3KH
1 pasrpy3ku oTrnpasieHus. OTHAKO KOHEUHBIH
MOKYIIATeJb MOJYYUT HOKYMEHTBI, B KOTOPBIX
MECTO TOTPY3KH OTJIHYACTCS OT (PaKTHUECKOTO,
MIOATOMY OH He OyJIeT 3HaTh, KTO sIBIIsIETCS (ak-
THYECKHM MIPOU3BOIAMTEIIEM TOBapa.

Ipuyuna C— HUKTO HUYETO HE 3HAET, TO €CTh
MPOU3BOUTENb HE 3HACT, TIIC HAXOIUTCS TOBAP,
a KOHCYHBIH TOKYIATeNlb HE 3HACT, OTKYy/a 3TOT
TOBap. OTO TOT Cly4ai, KOrJa BOJUTEIb 3arpy-
JKaeT TOBap B TPAHCIIOPTHOE CPEJCTBO M BBIMH-
ChIBaCT HAKJAIHYI0, KOTOpas XpPaHUTCS Ha
CKJIajie oTrpapicHus. [103ke BOAUTEIb OTYyYUT
YKa3aHHE HEUTPAIU30BaTh ¢€ U BHIIACT HOBYIO
HAKJIAHYIO C yKa3aHHeM (PaKTUIeCKOTo OTIpa-
BUTEJIs, HO HOBOTO MMOJIy4aTesisi. Briocnencreuu,
nepes1 TeM Kak MpUObITH K HOBOMY TIOJTy4YaTelIio,
BOJIUTEIIb TOJDKEH BBIMKCATh TPETHIO HAKJIAJl-
HYI0, B KOTOPOH OTIpPaBUTENIb OTIUYACTCS OT
(haKTHYECKOrO OTIIPABHUTEINIS M HOBOTO TOJTyYa-
TeJsl, YKa3aHHOTO BO BTOPOW HAKJIaJIHOM.

HWcxonst U3 3TOro, MOXKHO YTBEPXKIATh, 4TO
CYIIECTBYET 110 TPEX CIIOCOOOB HEHTpaIU3aIluu
TPaHCIOPTHBIX TOKyMEHTOB. B crenyromeit
YaCTH MBI [TPOBEIIU UCCIICAOBAHNE, OCHOBAaHHOE
Ha TEOPETHYCCKOM BBISBICHUH MPOOICMBI HEl-
TpaJIU3aliK TPAHCIIOPTHBIX IOKYMECHTOB.

PE3YNbTATbl COBCTBEHHOIO
WCCNEOOBAHUA

Hns cbopa mHOpMAITNH 0 HEHTpaNIU3aIiu
Hakmagaoi KJIIII™ 6611 mpoBeieH onpoc B 2IIEKT-
porHOM BHIEe B mporpamme «Google Formsy.
ITocne cozmanust OIPOCHUKA OBLTO MPOBEAECHO
TIpeIBaPUTEIIFHOE TECTUPOBAHIE, YTOOBI YOSIUTH-
Cs1, 9TO BOIPOCHI IOCTATOYHO MOHATHBL. [To3ke 3Ta
aHkeTa ObIIa pa3ociaHa OOIIECTBEHHOCTH Ha
JICKYCCHOHHBIX (hOpymax, 3aTeM MOBTOPHO pac-
CMOTpEHa Yepe3 CONMANbHBIE CETH M 100aBlIeHa
B CIEMABbHbIE TPYIIIBI TS Y9aCTHIKOB aBTOMO-
OMIIEHOTO TPY30BOTO TPAHCTIOPTA (TIEPEBO3YHUKOB).
B onpoce npursimm ygactre 190 pecrioHIeHTOB.

AHkeTta cogepxana Tpu Bompoca. IlepBblit
BOTIPOC OMPEIEISUI, €CTh I Y NEePEeBO3UMKOB
(BomuTeIei) ONMBIT HEUTpATU3AINK HAKIIATHON
KIIIT. Bropoii onpenensin BUAL TOBApOB, HA
KOTOpBIE Yalle HeHTpaan30Balll HAKIATHYIO
KIIIT. [TocnenHuii BOpoc BBISCHS, Ha KAKMX
MapIuIpyTax HCIOIb30Bajach HEWTpalIn3anus
HaKJIQJHOH (CTpaHa OTIIPaBKU M CTpaHa Ha3Ha-
YeHHs1). AHKETHBIH ONPOC IPOBOMMIICS IS TIO-
Ty4deHns 0a30Boi HH(POPMAITUH O BO3SMOKHOCTH
HCIOJIb30BAHUS HEWTpaau3aluu HaKIagHOU
KIIII" Ha npakTUKe U O TOM, AJIs1 KAKUX TPY30B
OHa YaIlie BCETo MPOBOAUTCS. Tarke MbI XOTEIH
BBIICHUTb, €CIIH y IEPEBO3YMKOB €CTh PEAIbHBIA
OTIBIT HEUTPATN3AIINHU TPAHCTIOPTHBIX IOKyMEH-
TOB, TO KaKH€ CTPAHBI B TAKUX CIIy4dasX yKa3bl-
BAIOTCS B MOJIAX OTIPABHUTENS M MOIyJaTeIs
B HakmagHou KT

PesynbraTsl HccnenoBaHNS MOATBEPIUIH
HaIlle MPe/ITOJI0KEHUE, YTO TEPEBO3UNKH UMEIOT
onbIT HekTpanuzauuu HaknagHo K/III. Pe-
3yIbTaThl ONMpOCa IOKA3bIBAIOT, YTO 10 66 %
OTIPOIICHHBIX MEPEBO3UNKOB (BOTUTETCH) yiKe
WMENU OIBIT HeTpanmzamun, 34 % He uMenu
TaKOTO OIBITA MM HHUKOTJA HE CTAJKWBAJINCHh
¢ IpoLieccoM HelTpanu3anuu Hakinagaon KT
XoTs B crienuaibHON JUTEpaType HE BCTPEUaeT-
cs onMcaHus Heltpanu3auuu HaknagHou KTIT,
CIIeyeT OTMETUTD, YTO IEPEBO3UMKH JOBOIBEHO
YacTO CTAJIKUBAIOTCS C TAKOM MPAKTUKOU.

Bropas 9acTe nccienoBaHns Kacajaach BOTI-
poca 0 TOM, KaKre TOBaphI Jalle APYTux TpeOyroT
OT OTHPABHUTEJIS] MITH MTOJTyIaTelIsi HeWTpaIn3aiy
TPaHCIIOPTHBIX TOKyMEHTOB. Pe3ynbsrars! nceie-
JTOBaHMS MIPEICTABIICHBI B TAOI. 2, T1Ie ONMCAHBI
pa3nUYHBIE KaTeTOPHH TOBApOB, YKa3aHHBIC TIe-
PEBO3YMKaMHU KaK IEPEBO3NMBIE, KOTOPBIE OBLTH
BHeceHb! B Haknmaaayo KT B rpade 9 «Map-
KHPOBKa TOBapoOB» B CiIydae HEHTpaau3aluu
HakJIagHOW. MOXHO OTMETUTh, YTO JOKYMEHTHI
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Tadauna 2

Jons nepeBe3éHHBIX Irpy30B B CJIOBAKHYU M HElTPAJIN30BaHHBIX IPY30B
(BBIMOTHEHO AaBTOPAMU)

Tun rpy3oB
[} E [} 05 Qo
Qo
3 E B 9E 3E
g & & 3 S EX 2
S S S ES 8 E
=3 s = SERE
T tEX |Jg28E
& x g8y [2228¢
° g [} 5 I o E & 5 T
m Q m 3o §°C s g2
= 8 S EEEIE
5 & 555 |E28% &
ISEEISS Nz E OREE =
Bropuunblie MaTepualibl; OBITOBBIE U IPOYHE OTXObI 3,50 21,25 6,0714
JlepeBo, u3nenns U3 aepesa U NpoOKH; H3ACIHS U3 COIOMKU 3,52 8,75 2,4858
¥ MaTepHANIOB UL IUIETCHHS; LEIUTI0N03a, Oymara
1 OyMa>KHbIE M3IeIIHs
TeKCTHIIb U TEKCTHIIBHBIE U3/CIHS; KOKAHBIE U3/CIIHS 0,59 1,25 2,1186
TIpoayKThl MUTAHKS, HATUTKU U Tabak 8,82 17,50 1,9841
XUMHUKATbl, XHMUYECKHE MPOILYKThl U UCKYCCTBEHHbIE BOJIOKHA; 5,51 7,50 1,3612
PE3MHOBBIE U TIACTMACCOBBIE U3/IENHUS; SAEPHOE TOIUIUBO
Meb6eib; Tpoure IPOMBIIUICHHBIE TOBapPhI 2,11 2,50 1,1848
MexaHu3MBI 1 000pyI0BaHKe; OQUCHBIE MAIIMHBI X KOMIIBIOTEPbI; 5,32 6,25 1,1748
9JIEKTPUYECKUE MAIIIMHBI U alapaTthl
Mertannnyeckue pyJbl U JIpyrue MpoayKThl TOPHOL0ObIBAIOLIEH 36,62 27,50 0,7510
MPOMBILICHHOCTH; U3/ICJINs U3 HUX; AEPH; YpaH U TOpUit
TpancnopTHOE 000pYI0BaHUE 4,67 2,50 0,5353
O6opyoBaHUE U MaTepHaIbl, HCIOIb3YEMbIE TIPH IIEPEBO3KE IPY30B 3,89 1,25 0,3213
TIpomyKmus celbCKOro X03sHCTBa, OXOTHI M JIECHOTO X03sicTBa, ppiba u | 13,18 3,75 0,2845
QpyTUe PHIOHBIE IPOIYKTHI
IIpoune HEeMeTaIUINYECKIEe MUHEPAIbHBIE MPOLYKThI 9,35 0,00 0,0000
Kokc 1 HedTenpogyKThI 2,44 0,00 0,0000
Yronb 1 murHAT; He(Th U IPUPOIHBII ra3 0,23 0,00 0,0000
ToBapsl, epeBO3UMBIE 0,14 0,00 0,0000
TIpH TIepeessie oma u opuca; darax
Heunentuuupyemsle, Ipodre TOBapbI 0,12 0,00 0,0000
Bcero 100% 100 % -

HEHTpanu3yloTCs Ha pasHbIe BUIBI TOBAPOB.
B Tabnuue taxxe coaepKuTcs MHPopManus
O TIPOLIEHTHOM COOTHOLICHUH OTAENBHBIX Kare-
ropuil mepeBo3UMbIX ToBapoB B CrnoBakuu (MH-
¢dopmarust or EUROSTAT). Onnako 310 uccie-
JIOBaHUE MOKA3bIBACT, YTO HAHOOJIbIIas HeHTpa-
JM3anys CBA3aHa ¢ TPAHCIIOPTHPOBKOI MeTaIlIH-
YEeCKHX Pyl M MeTAJUINYecKuX u3nenuii (27,5 %),
KOTOpbIE TPECTABIAIOT cO00W Haubolee mnepe-
BO3UMYIO KaTeropuio ToBapoB B CloBanKoi
Pecnry6miuke (36,62 %). Ilpu satom 21,25 % Beex
HEHUTPaNIN30BaHHBIX JIOKYMEHTOB ObLIN CBSI3aHBI
C TPaHCHIOPTHUPOBKOH 0TX0m0B. B Cnopamnkoit
PecnyOnuke 3TO0 He 4acTO MEPEBO3UMBIN BUJL
TOBapoOB, Bcero 3,5 %. Ha Tperbem Mecte — nepe-
BO3KH IIPOYKTOB IUTAHUS 1 HAITUTKOB, KOTOPbIE
cocTaBisIoT moutu 18 % ot obmiero HeWTpanu-
30BaHHOTO MIEPEBO3MMOIO KOJIMYECTBA TOBApOB,
4eTBEPTOrO 0 YaCTOTE IEPEBO30K Ipy30B B Ciio-
Bakuu. Mcxons U3 3TOro, MOKHO CKa3arh, 4TO
HEeUTpanu3aiys, cIeJoBaTeNIbHO, He IPUMEHSET-

¢Sl K KOHKPETHBIM IIEPEeBO3UMBIM TOBapaM U He
CBsI3aHa ¢ O0IIUM 00BEMOM MEPEBO3UMBIX TOBa-
poB B CnoBakuM (3aTparuBaroOTCs TOBaphl Kak
C BBLICOKOM, TaK M HM3KOM J0JIEH B 00BEME BCEX
MIEPEBO3UMBIX TOBAPOB).

OnHaKo, €CiM y4ecTh BaXKHOCTh HEHTpanu-
3allU¥ TPAHCIOPTHBIX AOKYMEHTOB Ha JOJIIO
[IePEBO3KHU TOTO HJIM HHOTO TOBapa, TO HAaHOOJIb-
I1as1 1071t IPUXOAUTCS Ha BTOPUYHBIC MaTepua-
761, OBITOBBIE M Ipyrue oTxonsl. Ha atu mepe-
BO3KHM MPUXOAUTCS JHIb 3,5 % oT obiuero
00béMa 1iepeBo3ok, Ho 10 21,25 % oT obmiero
00BbEMa MepeBO30K C BBISBICHHON HeWTpasi3a-
I1ell JOKyMEHTOB (COOTHOIIEHUE MEXKIY IIPO-
LEHTHBIMHU TIOKa3aTeNsIMH JIOCTUTAET KA H-
nueHTa 6,0714). [Tocne atoro cnexyet HeilTpa-
JU3alus TPAHCIIOPTHBIX AOKYMEHTOB IIpHU Iie-
peBO3Ke: APEBECHHBI, U3ACIUN U3 AepeBa
U IPOOKHU; U3ETHs U3 COJIOMKH U MaTepHaioB
JUTS TIIETEHUSI; 1eJUTION03bI, OymMaru u Oymak-
HBIX U3eui ¢ kodadduuuenrom 2,4858 u Tek-
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B Crpema ommpemnsms

B Crpasa HATHEHTT

Puc. 2. CmpaHa omnpaeneHus u cmpaHb| Ha3Ha4yeHusi NPU Helimpanu3ayuu MPaHCNoPMHbIX AOKYMeHMoe (8bINOAHEHO agmopamu).

CTHJIbHBIX U KOXKaHbBIX U3IEIHH ¢ KOdhPHULIneH-
TOoM 2,1186.

ITocnenssist, TPEThsl, 4aCTh UCCIENAOBAHUS
ObL1a HampaslieHa Ha TOJMy4eHHe HHPOPMAIN
0 TPAHCTIOPTHBIX MapIIPyTax, HA KOTOPBIX Yallle
BCETO HCIIONB3YETCSI NMPOLECC HEHTpaTH3aLUH.
MBI XOTENH y3HaTh HETIOCPEACTBEHHO Y TIEPEBO3-
YHMKOB, HA KaKHX MapIIpyTax MOCTyINaJl 3arpoc
OT 3aKa34yMKa Ha MPOBEIEHHE HeHTpanu3anun
HakJgagHoU. I10CKONbKYy YIIOMHHAIUCh pa3Hble
TPaHCIOPTHBIE MAPIIPYTHI, 3TH MAPIIPYThI ObLTH
pasaeseHbl Ha CTPaHbl OTIPABICHUS M CTPaHBI
Ha3Ha4YeHMs1. Pe3ynbrarsl HOKa3aHb! HA pUC. 2, U3
KOTOpOTO clenyeT, uto [ epmaHus sBIsieTCst cTpa-
HOH, e HeHTpanu3alus UCIOIb3yeTCs Yallle
Bcero. Ha @PI" npuxonurces noutu 35 % oTBETOB
Kak Ha CTpaHy oTnpasieHus 1 22 %, Kak Ha cTpa-
Hy HasHaueHus. Kpome Toro, HeWTpamu3anus
yacTo ucnons3yercs B CrioBaiikoit PecryOiike.
OcrasbHble yKa3aHHBIE CTPAaHBI YIIOMUHAIKChH
ropaszo pexe, geM I 'epmanus wim CroBakusi.

OTO0 HCccleAoBaHUE TAKXKe MOKAa3ajo, YTo
HEUTpanu3ays UCHONb3YEeTCs HE TOJIBKO IS
MEKIyHapOIHBIX IIEPEBO30K, HO U JJIsI BHYTPEH-
HHUX HAIIMOHAIIBHBIX (KaOOTa)KHBIX) HEPEBO3OK.
87 % TepeBO3UNKOB OCYIIECTBIISIIN HEHTpanu3a-
M0 HAKJIaIHOM JUTSl MEX TyHapOJHBIX IEPEBO30K,
ocranbHble 13 % — U1 BHYTPEHHHX.

Pucku, cBsizaHHbIE ¢ HelTpau3anmei
TPAHCIOPTHBIX IOKYMEHTOB

IIpu HelTpanu3anuy TPAHCIOPTHBIX AOKY-
MEHTOB, KOTOpas CYIIECTBYET Ha PAKTHUKE U OIH-
caHa BBINIE, BOSHUKAIOT HEKOTOPHIE PUCKU HE
TONBKO JIJISi CTOPOHBI OTIPABHUTENS, HO M IS
MepeBO3YMKa. MBI BBIIEIHIN CISAYIOIINE PHCKU:

* Mowennuuecmeo. IIpoucxoaut, Korna oaHa
CTOpOHa oforaraercs 3a cuér yykoi coOCTBEH-
HOCTH, BBOJSI IPYTYIO0 CTOPOHY B 3a0ITyXIeHHe
WM UCTIONB3YS 9yKyI0 omHOKy. [TepeBo3unk He

MOJKET 3apaHee 3HaThb, Oy[eT 1 HeHTpaau3anus
UCIIONBb30BaHA ATl COKPBHITHSA MOIIEHHUYECTBA
C TPy300TIpaBUTENEM. MOIIEHHIYECTBO B JaH-
HOM CJTydae 3aK/II04aeTcs B 00X01e PerHOHaIbHOM
LIEHOBOM MOJIMTHKH HITH NTOTyYeHUH HETIPHUEMIIE-
MBIX CKu10K. Hanpumep, eciti rpy300THpaBUTETb
3alpalliBaeT y MPOU3BOIUTENS Oojee HU3KYIO
LIEHy Ha ITOCTaBKy B CTpaHbl bantun, 4To0bI TOBap
MOXXHO OBLIO pa3MECTHTh Ha HOBOM pbiHKe. Ho
ToBap Oyxer nocraeieH B ['epmanuro. OTnpaBu-
TeJIb BBOAUT IPOU3BOIUTEIS B 30Ty KIEHHE, YTO
SIBIISIETCSI HAPYLIEHHEM YTOJIOBHOTO KOJEKCa.
OTOT THII TOProBIH U3BecTeH Kak «IlapannensHas
TOPTOBIISI».

* Hapywenue unocmpannwix npas. IIpoucxo-
JIUT, KOTJIa O/IHA CTOPOHA IPUYMHSET CEPbE3HBIN
BpE MpaBaM JPyroil CTOPOHBI, BBOJS KOTO-TO
B 3a0JTy’KICHNE WJIH UCIIONIB3Ys YBI0-TO OIINOKY.
B cootBercTBum co ct. 12 Konenmum KATIT
MIPOZAABEL IMEET IPABO PACTIOPSKATHCS IPY30M,
B YaCTHOCTH, TpeOOBaTh OT MEPEBO3YMKA Iepe-
PpBIBa [IEPEBO3KHU, N3MEHEHUSI MECTA, ITPELyCMOT-
PEHHOTO JUISl CIauul Ipy3a, WM CIOAa4 Ipy3a He
TOMY I10JTy4aTelIto, KOTOPbIA yKa3aH B HAKJIAAHON
KAIIT. Harmpumep, eciu BEIICHSAETCS, UTO TPY30-
[oJy4aresib HemjaaréxecrnocoOeH, Npoaasen
HMeeT MPaBo MOTPedoBaTh OT NIEPEBO3UHKA Bep-
HyTb I'py3. OnHaKko, eciy HaknagHas ObUia Hell-
TpalN30BaHa Cpasy MOCie NOTPy3KH, OTCTAUBATh
3TO IPABO CJIOXKHO.

* Puck cmpaxosanus omeemcmeeHHocmu
nepegosuuxa. I1epeBo34nK B CITydae HACTYIUICHHS
CTPAxOBOTO CIIydasi JOJDKEH IPEACTaBUTh CTpa-
XOBOW KOMITAHUH OPUTHHAJIBI TPAHCIOPTHBIX
JIOKyMEHTOB, CBA3aHHBIX C IIEPEBO3KOMH, IIPH KO-
TOPOH I'Py3 WM €T0 4acTh ObLIA MOBPEKICHBI.
IlepeBo3urK, KOTOPBI 110 IOPYUYEHHIO KIMEHTA
0OMEHHBAET TPAHCIIOPTHBIE IOKYMEHTHI BO BpEMs
TIEPEBO3KH, BBIMIOJIHAET IIEPEBO3KY Ha MHBIX YCIIO-
BUSIX, UM IIEPBOHAYAIIBHO OTOBOPEHO B IOTOBOPE
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riepeBo3kH. [10 MHEHHIO HECKOJIBKHX CTPAaXOBBIX
KOMIIAQHUH, ITPU HEUTpaM3alMy TPAHCIOPTHBIX
JIOKYMEHTOB OHH HE Peali30BajIn Obl CTPaxoBbIe
BBITUIATHIL. B 3TOM cuTyanuu cyiecTByeT pUcK co
CTOPOHBI NEPEBO3YMKA, YTO OH OCYIIECTBUT IIe-
PEBO3KY 0€3 CTpaxoBKH.

[ToMHMMO 3THX, CYIIECTBYIOT U IpyTHE PUCKH
B 00JIaCTH HAJIOTOBOT'O IpaBa WM KaOOTaKHBIX
orepanuii, KOTopsle Mbl He OyaeM HoapoOHO
00CyXaTh, MMOCKOJIBKY OHH JINOO Ha CTOPOHE
3aKa34yMKa [epeBO3KH, JTMOO0 Ha CTOPOHE ITEPEBO3-
YHKa, KOTOPBII 3HAET, YTO TPAHCIIOPTHBIE JAOKY-
MEHTBI HEUTPAJIM30BaHbI.

BbIBOAbI

Konsennus K/III, koTopast perynupyet ao-
TOBOP MEXKIYHapOIHBIX I'PY30BBIX aBTOMOOHIIb-
HBIX IIEPEBO30K, CEroJHs SBIIsETCS Hauboiee
Ba)KHBIM HHCTPYMEHTOM pa3/Ie/IeHHsI OTBETCTBEH-
HOCTH MEX]y NEepeBO3YHKOM U KIMEHTOM. KoH-
enius K/ Takxke onpeaenser Te 10CToBep-
HBIE JIOKyMEHTBI, KOTOpble HEOOXOAMMBI IS
BBINOJIHEHHSI TIEPEBO3KH U KOTOPBIE SIBIISIOTCS
JIOKa3aTesbCTBOM (haKTa IEepPeBO3KH HE TOJBKO
JUTSL CTOPOH-Y4aCTHHLII, HO U 1T TpeThHX Juil. J{o
66 % OMpPOITIEHHBIX TEPEBO3YUKOB MOATBEPIUIIH,
YTO OHM HEWTPAIM30BAIN TPAHCHOPTHBIE JOKY-
MEHTBHI 110 3alpocy 3aKa3uuka IepeBo3ku. 13
HalINX MCCIEOBAaHNI MOXKHO CIIENIaTh BHIBOJI, YTO
HeWTpaJIM3aLys IPUMEHSETCS He TOJIBKO B Iepe-
BO3KE OMpeAeIEHHOro THna ToBapoB. OaHaKo
MOXKHO YTBEPXK/IaTh, YTO IIPOBEAEHHBIE HCCIIEIO-
BaHMS TIOKa3bIBAIOT, YTO JOKYMEHTHI HanoOoiee
YacTo HEHTPaJIM3yIOTCs MPU TPAHCHIOPTHPOBKE
BTOPUYHBIX MaTCPUAJIOB, OBITOBBIX U JIPYTHX
OTXOJ0B. MBI TaKke NPUIILTH K BBIBOJY, YTO 00-
MEH HaKJIaJJHOW HCIOJIb3YeTCs Ha Pa3HbIX TPaHC-
MIOPTHBIX MappyTax. B 0CHOBHOM 3T0 CBsi3aHO
C MepeBO3KOW rpy30B u3/B [epMaHuio u u3/B
Crnosaxuto. HeliTpanuzanus npumeHsieTcst He
TOJIBKO B MEXTYHAPOJIHBIX I'PY30BBIX IIEPEBO3KaX,
HO ¥ BO BHYTPEHHHX HAIIMOHAIBHBIX IPY30BBIX
NepeBO3KaX, IlIe MOI'YT BOSHHUKHYTh MPOOJIEMBI
HECOOJIOICHUSI YCIIOBHIA KaboTaxKa.

ITockonbKy «HeWTpanu3anus HakJIaTHON
HE SIBJISIETCS] 3aKPEIUIEHHBIM JOKYMEHTAJIbHO
TEPMUHOM U HE OIPEeIsieTCss HUKAKUM 3aKO-
HoxarenbcTBoM Wi Konsennueit K/IIT, npo-
neaypa HedTpanuzauuu TpedyeT ocoboro
paccMoTpenus. B 3Toli ctaTbe Mbl ONpeAesTHiIn
HEKOTOPbIE PUCKH CO CTOPOHBI TPY300TIIPaBH-
TeNs W TepeBO3vYrKa. B OCHOBHOM 3TO pHCKH
CBSI3aHBbl C MOLICHHUYECTBOM U HapylIeHHEM
HMMYIIECTBEHHBIX IPaB OTIIPABUTENS, CO CTpa-

XOBaHUEM OTBETCTBEHHOCTH IIE€PEBO3YMKA.
ABTOpPBI 0CO3HAIOT, YTO €CTh U APYTHE PHUCKH,
HaIpuMep, B HAIOTOBOM cdepe. B manHoit pa-
00Te mpencTaBIeHO MPEAIOKEHUE 110 TPEAOT-
BpallleHuI0 HeUTpanu3auuu Haknaanon KA
CO CTOpPOHBI oTnpaBuTels. B ciyyae ecnu o1-
MPaBUTENb UMEET AOCTYI K JAHHBIM O MapIi-
pyTe TepeBO3KHU 110 YHUKAIEHOMY HOMEpY Ha-
kiagHoit K/TIT, BO3BMOXXHOCTh HEUTpanu3aluuu
TPaHCHOPTHBIX JOKYMEHTOB OTpaHHUYEHA.
To4HO TakKe ¢ TOUKH 3PEHHUS] HAJIOTOBBIX PUC-
KOB OBLIO OBl 11€7eco00pa3HO MPEJOCTaBIATh
3Ty MHQOpPMANHWIO B (UHAHCOBBIE OpPTaHHI.
DTOMY BOIIPOCY HEOOXOTUMO OCBITHTD AalTb-
HeHIINe UCCIEeJOBAHMUS.

CMUCOK UCTOYHUNKOB

1. Culik, K., Kalagova, A., Kubikova, S. Simulation as
an instrument for research of driver-vehicle interaction. In:
MATEC Web of Conferences, 2017, Vol. 134, No. 8, pp. 1-8.
DOI: 10.1051/matecconf/201713400008.

2. Jurecki, R., Stanczyk, T. Analyzing driver response
times for pedestrian intrusions in crash-imminent situations.
In: 11" International Science and Technical Conference
Automotive Safety, 2018, pp. 1-7. DOI: 10.1109/
AUTOSAFE.2018.83733309.

3. Defossez, D. CMR: what if the courts got it wrong?
Uniform Law Review, 2016, Vol. 21, No. 1, pp. 75-100. DOI:
10.1093/ulr/unw003.

4. Ramberg, J. Unification of the law of international
freight forwarding. Uniform Law Review, 1998, Vol. 3, No.1,
pp. 5—13. DOI: 10.1093/ulr/3.1.5.

5. Clarke, M. A. International Carriage of Goods by
Road: CMR. CRC Press, sixth edition, 2014. 512 p.

6. Czapski, W. Application et interprétation de la
Convention CMR a la lumiére du droit international. Uniform
Law Review, 2006, Vol. 11, No. 3, pp. 545-567. DOI:
10.1093/ulr/11.3.545.

7. Belohlavek, A. Selected Case Law of Czech
Republic on the CMR Convention and New Civil Law in
Effect in Czech Republic as of 1 January 2014. CYIL —
Czech Yearbook of International Law, 2015, Vol. 6,
pp. 231-325. [OnexTponHsIii pecypc]: https://papers.ssrn.
com/sol3/Delivery.cfm/SSRN_ID2618063 codel543873.
pdf?abstractid=2618063 &mirid=1&type=2. Joctyn
27.04.2021.

8. Berlingieri, F. Uniformity in Maritime Law and
Implementation of International Conventions. Journal of
Maritime Law and Commerce, 1987, Vol. 18, No. 3, 317 p.

9. Gnap, J., Varjan, P., Semanova, S. Logistics of entry
and parking of vehicles at large production companies. In:
MATEC Web of Conferences, 2017, Vol. 134, No. 16, pp. 1-8.
DOI: 10.1051/matecconf/201713400016.

10. Lamont-Black, S. The UK Supreme Court on
jurisdiction over successive CMR Convention carriers and
European Union rules. Uniform Law Review, 2016, Vol. 21,
No. 4, pp. 487-509. DOI: 10.1093/ulr/unw041.

11. Schelin, J. CMR Convention in a law and economics
perspective. Uniform Law Review, 2016, Vol. 21, No. 4,
pp. 434-440. DOI: 10.1093/ulr/unw036.

12. Quigley, L. Freight Carrier's Liability under the CMR
convention 1956. Acta Oeconomica Pragensia, 2006, Vol. 14,
No. 4, pp. 41-45. [DnexTponHslii pecypc]: https://aop.vse.
cz/pdfs/aop/2006/04/05.pdf. Joctym 27.04.2021.

13. Radionov, N. Limitation of liability right in road
freight carriage in Croatia: an extinct institute. Uniform Law

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 2 (93). C. 70-78

[Monsk M., JlaxmeTkuHa H. 0. Hentpanusauusa TpaHCMOPTHLIX AOKYMEHTOB Ha aBTOMOOUITEHOM

TpaHcnopTe




Review, 2016, Vol. 21, No. 4, pp. 457-468. DOI: 10.1093/
ulr/unw035.

14. Haak, K. F. The liability of the carrier under the
CMR. Stichting Vervoeradres, 1986, 395 p.

15. Schwenzer, 1. The CISG Advisory Council.
Nederlands Tijdschrift voor Handelsrecht (NTHR), 2012,
pp. 46—51. DOI: 10.9785/ihr-2017-0509.

16. Putzeys, J. La CMR-60 ans et plus. Uniform Law
Review, 2016, Vol. 21, No. 4, pp. 421-425. DOI: 10.1093/
ulr/unw034.

17. Criddle, E. The Vienna Convention on the Law of Treaties
in U.S. Treaty Interpretation. Virginia Journal of International
Law, 2004, Vol. 44, No. 2, pp. 431-500. [ OnexrpoHHBblii pecypc]:
https://scholarship.law.wm.edu/cgi/viewcontent.cgi?article=256
1&context=facpubs. loctym 27.04.2021.

18. Hendrikse, M. L., Van Huizen, P. H. J. G. CMR:
Internationaal Vervoer Van Goederen over de Weg. NTHR-
reeks, 2006, 322 p.

19. Mutz, G. La révision 1999 de la Convention relative
aux transports internationaux ferroviaires (COTIF). Etudes
Offertes A Barthélemy Mercadal, 2002, 558 p.

20. Sturley, M. F. International uniform laws in national
courts: The influence of domestic law in conflicts of
interpretation. Virginia Journal of International Law, 1987,
Vol. 27, pp. 729-802. [DnekTponHbIi pecypc]: https:/law.
utexas.edu/faculty/publications/1987-International-Uniform-
Laws-in-National-Courts-The-Influence-of-Domestic-Law-
in-Conflicts-o. Joctyn 27.04.2021.

21. Keijser, L. Ondervervoer — Opvolgend vervoer
(artikel 3-34 e.v. CMR). European Transport Law, 2007,
331 p.

22. Sker, T. Analysis of Road Carriers Liability for
Robbery of Cargo According to CMR Convention. Promet—
Traffic—Traffico, 2003, Vol. 15, No. 6, pp. 371-374.

23. Anastasiadou, 1. In search of a railway Europe:
transnational railway developments in interwar Europe.
Doctoral Thesis, Technische Universiteit Eindhoven, 2009,
221 p.

24. Haak, K. F. Uniformiteit, Quo Vadis? Boom
Juridische uitgevers, Den Haag, 2013, 100 p.

25. Mutz, G. Le droit de transport international
ferroviaire en pleine mutation. Liber Amicorum Jacques
Putzeys, 1996, 555 p.

26. Loewe, R. Commentary on the convention of 19 may
1956 on the contract for the international carriage of goods
by road (CMR). European Transport Law, 1976, 11 p.

27. Lommers, S. The Berne Key: the key to railway
harmony. Inventing Europe. 2016. [DnexktponHslit pecypc]:
http://www.inventingeurope.eu/governance/the-berne-key-
the-key-to-railway-harmony. Joctym 27.04.2021.

28. Do6rr, O. & Schmalenbach, K. Article 32.
Supplementary Means of Interpretation. Vienna convention
on the law of treaties: A commentary, 2019, pp. 571-586.

29. Joshua, K., de Germiny, L. Has the CISG Advisory
Council Come of Age. Berkeley Journal of International Law,
2009, Vol. 27, No. 2, pp. 448—-496.

30. Karton, J. D. H., Germiny, L. D. Can the CISG
advisory council affect the homeward trend? Vindobona
Journal of International Commercial Law and Arbitration,
2009, Vol. 13, pp. 71-90.

31. Paulin, C. Réflexions sur la distinction entre contrat
de transport et contrat de commission de transport. In: Etudes

sur le droit de la concurrence et quelques thémes
fondamentaux: mélanges en I’honneur d’Yves Serra Dalloz,
Paris, 2006, pp. 325-336.

32. Stothers, Ch. Parallel Trade in Europe: Intellectual
Property, Competition and Regulatory Law. Oxford, Hart
Bublishing, 2007, pp. 637-639.

33. Mukherjee, A., Zhao, L. Profitable parallel trade in
unionized markets. Journal of Economics, 2012, Vol. 107,
pp. 267-276.

34. Szymonik, A. International logistics, Lodz University
of Technology, 2014.

35. Anderson, R. On the security of digital tachographs.
European Symposium on Research in Computer Security.
Springer, 1998, pp. 111-125.

36. Colak, M., Bishop, J., Nordvik, P., Mahieu, V.,
Loeschner, J. Cryptographic security mechanisms of the next
generation digital tachograph system and future
considerations. Research Centre Scientific and Policy Report.
European Commission, 2012. [OnexrponHblii pecypc]: http:/
publications.jrc.ec.europa.eu/repository/handle/JRC77933.
JHocryn 27.04.2021.

37. Furgel, 1., Lemke, K. A review of the digital
tachograph system. Embedded Security in Cars, 2006,
pp. 69-94.

38. Baldini, G., Sportiello, L., Chiaramello, M.,
Mahieu, V. Regulated applications for the road
transportation infrastructure: The case study of the smart
tachograph in the European Union. International Journal
of Critical Infrastructure Protection, 2018, Vol. 21,
pp. 3—21.

39. Lemke, K. Embedded Security: Physical Protection
against Tampering Attacks. In: Embedded Security in Cars.
Springer, Berlin, Heidelberg, 2006, pp. 207-217.

40. Poliak, M., Poliakova, A. Relation of social
legislation in road transport on driver’s work quality. In:
International Conference on Transport Systems Telematics,
2015, pp. 300-310.

41. Raisch, M. Travaux préparatoires and united nations
treaties or conventions: Using the web wisely. Research tips
and observations. International Journal of Legal Information,
2002, Vol. 30, No. 2, pp. 324-330.

42. Rana, A., Sportiello, L. Implementation of security
and privacy in epassports and the extended access control
infrastructure. International Journal of Critical Infrastructure
Protection, 2014, Vol. 7, No. 4, pp. 233-243.

43. Rychter, M. Function, technology and the level of
implementation of the digital tachograph system in
EU-AETR and non EU-AETR countries. SAE Technical
Paper. The Automotive Research Association of India, 2011.
DOLI: 10.4271/2011-28-0098.

44. Sel, M., Karaklajic, D. Internet of trucks and digital
tachograph — Security and privacy threats. ISSE 2014
Securing Electronic Business Processes: Highlights of the
Information Security Solutions Europe 2014 Conference,
2014, pp. 230-238.

45. Smieja, M., Rygiewicz, A. Information systems
safety in a context of autmotive applications. Journal of
KONES, 2012, Vol. 19, No. 4, pp. 565-570.

46. Wildemeersch, M., Slump, C. H., Rabbachin, A.
Acquisition of GNSS signals in urban interference
environment. [IEEE Transactions on Aerospace and Electronic
Systems, 2014, Vol. 50, No. 2, pp. 1078-1091. ®

MH_dzogmagu;l olé) asmopax:

Monsak Munow — Ph.D., npogpeccop, OekaH chakynbmema 3Kcnilyamayuu U 3KOHOMUKU mpaHcnopma u ¢es3u KunuHckoeo

yHugepcumema, Xunuwa, Crosakusi, milos.poliak@fpedas.uniza.sk.

Jlaxmemkura Hamanbsi IOpbesHa — kaHdudam mexHuyeckux HayK, doueHm kachedpb! 102UCMUYECKUX MPaHCNOPMHBIX CUCMEM
u mexHonoeutl Pocculickoeo yHugepcumema mparcnopma, Mocksa, Poccusi, naturla@mail.ru.

Cmambs nocmynura e pedakyuto 03.03.2021, 00obpeHa nocne peyeHauposarus 23.04.2021, npuHsima k nybnukayuu 05.05.2021.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 2 (93). C. 70-78

[Monsk M., JlaxmeTkuHa H. 0. Hentpannsauus TpaHCNOPTHLIX AOKYMEHTOB HAa aBTOMOOUIEHOM

TpaHcnopTe




HAYYHAS CTATbA
YK 629.114:625.096:656.056.4
DOI: https://doi.org/10.30932/1992-3252-2021-19-2-11

[poekT opraHusauyuu 6€30CTaHOBOYHOrO
aBvXeHUA no T-o0pa3HbIM nepekpecTkam
Ha npumepe ropoga THOMEHH

>4 vm993711@.ru.

Angpeii NOBEANHCKUA

AHHOTALNA

[MocmosiHHb It pocm yuciia fieskosb X U 2py308bIx agmomoburiel
8 MOH020p00ax 3aCMag/Isiem UHXeEHEP08-NPOEKMUPOBLYUKOS8 a8mo-
MobUrTbHb X Aopoe Haxodumb Nymu, N0 KOMOPbIM 8CEM yYacmHUKaM
O8uKeHus U newexodam Ha nepekpécmkax bbu1o b1 yO0bHbIM ne-
pedsu2ambCsi. BoinosHume makue ycrogus — 3adaqa CrioxHas, Ho
peuwaemasi, 0c0bEHHO ecril Ha 8CEM NPOMSIKEHHOM yyacmke 0opoau
umeemcs bornbuwioe konuyecmgo T-0bpa3HbIx nepexpécmkos. Yauwe
8620 OHU pacnorazaomes 800/Tb NUHUU Xene3HbIx 0opoe, mensio-
maaucmparel, 6epeaog pek unu 03ép, napkog u m.o. MmeHHo bra-
200apsi momy, Ymo Hem npunezatouiux dopoe, MOXHO obecneyums
HenpepbIgHoe 0BLXKeHUE asmomobuel, HO MOITbKO 8 00HY CIMOPOHY.

Llenbto daHHoU pabombi siensiemes 060CHO8aHUe npoekma
obecneyeHus: becnpensimcmeeHH020 08UXeHUST Ha T-0bpasHbix
nepexpécmkax asmomobuneli Ha npumepe ynuubl 50 nem B/IKCM
8 2. TiomeHu.

[ins pewerus nocmaeneHHoOU yenu ucnonb3osasnca Memod
HabnwoleHus, ¢ukcayuu u aHanui pabomsi onmuyeckux
ycmpoticms, pegynupylowux npoe3d asmomobunell Ha nepe-

Anopei Anamonvesuy Ilobeounckui
Tocyoapcmeennviii acpapnuiil ynusepcumem Ceseprozo 3aypanvs, Tromens, Poccus.

kpécmkax. [lpu Hogom npoekmupyemom cnocobe npoesda He
npoucxodum yuiemneHus npag no OMHOWEHUI K Opyaum aemo-
Mmobunucmanm u newexodam, NOCKOMBKY pexum pabomsi ceemo-
¢hopa dnst ocmanbHbIX NPoe3xXux Yacmel 8 cekyHdax ocmaémesi
mom xe. [Mpedycmampusaemcs cucmema 6e30nacHo20 nepexo-
0Oa newexodos, a makxe yny4uweHue 3Kor02u4eckoli Cocmasrsito-
weli 2opoda 8 Yenom.

[ins nepeoravansbHol adanmayuu asmomobunucmos nped-
naeaemcs ucnonb3osaHue 60kogol 3enéHol eepmukanbHoU
cmperiKu, NPUKpPennéHHoU K ceemoghopy U CugHarbHbIX cmonbu-
K08, pasepaHuyuBaloWux nonock 08UXeHuUs:, 01 «Hebbicmpoeo
CIIUSIHUSI» C NOMOKOM 8bIE3XaloUUX CO 8MOpOCMeNeHHoL 0opoeu.
Heocnopumbiv npeumywecmeom npu Ucnonb308aHUU Makoeo
poda npoekma s6/1AMCS MUHUMATbHbIE 3ampambl Ha PEKOH-
cmpyKkyur nepexkpécmkos. Mcxods us cobemeeHHbIx HabmodeHud,
MOXHO ymeepxdamb, Ymo OaHHb I npoekm yeenudusaem mpaghuk
asmompaHcnopma, 0gu2atolyeeocst U3 UeHmparbHol Yacmu 2o-
poda 8 socmoyHyro yacme 8 1,5-1,8 pasa.

Knroyesbie cnosa: mpaHcnopm, T-06pa3Hbili nepekpécmok, ceemoghop, pasmemka, opaaHu3ayust d8UKEHUs.

[ns uumuposaHus: Mobedurckuli A. A. Mpoekm opeaHu3ayuu 6e30cmaHo804H020 08UXEHUS No T-06pa3HbiM nepekpécmkam Ha
npumepe 2opoda TromeHu // Mup mpancnopma. 2021. T. 19. Ne 2 (93). C. 79-83. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-11.

MonHbIl mekecm cmambu Ha aH2nulickoM si3bike ny6nukyemcst 80 mopoil Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

OT roma K roxy KOJMYECTBO MPOAABAEMOTO
¥ PETHCTPUPYEMOT0 aBTOTPAHCIIOPTA Ha TEPPH-
Topuu Poccun HeykOHHO pacTéT. B ocHOBHOM
3TO yBEIWYEHUE MPOUCXOIUT B OOJACTHBIX
LIEHTpPax M KPyIHBIX TOPOJAX CTpaHsl. Perucrpu-
PYIOT KaK JIETKOBBIE, TaK M TPy30BBIC aBTOMOOH-
7Y, Ha YacTHBIE JIMIa M opranu3anuu. K 60ims-
[IOMY CO’KaJICHUIO, TPAHCIIOPTHBIE Pa3BA3KH,
3CTaKabl, TOPOTH B OOIBITHHCTBE TOPOAOB PD
HE YCIIEBAIOT CIPABIATHCS C MOCTOSIHHO PACTY-
M KOJIMYECTBOM aBToTpancmopta [1]. Jaxe
TI0CJIE CTPOUTENBCTBA HOBBIX PA3BSA30K, KOTOPHIC
JTOJDKHBI OBITH IIOBBICHTH IPOITYCKHYO CITOCO0-
HOCTB, aBTOMOOMJIMCTHI BCE PABHO YacTO HCIIBI-
THIBAIOT TPYAHOCTH HPH MPOE3]€ TOTO HIH
HMHOTO nepekpéctka. MHorna Takoro OTKphITHS
JKAYT TOAAMH M3-32 OIIMOOK B pacuérax INpH
CTPOUTENBCTBE, OTCYTCTBUS (PMHAHCHPOBAHUS
u T.1. 1 Bc€ 370 emé OompIe yeyryoiseT moso-
skeHre. OUeBHAHO, UTO HY>KEH BAPUAHT, KOTOPBIA
codeTan B ce0e MUHUMAIIbHYIO CMETY PacXofioB,
MHHHMAJIBHOE BPEMSI CTPOUTENNBCTBA MITH PEKOH-
CTPYKIMH Ha y4acTKax JOpOr, oOecredeHne
6e30macHoTO Iepexoa IS MEeMEeX00B, HO MPH
BCEX THX YCIOBHUSIX yBEIHIHIACH ObI TPOITYCK-
Has CIIOCOOHOCTH aBTOTpaHcmopTa [2].

ITo Gompmieit gactu TpaHCTOpTHAS MH(]pa-
cTpykrypa . TIoMeHHU mpencraBisieT co0oit
c0aTaHCHPOBAHHOE JBIKCHUE aBTOMOOMIIBHBIX
¥ TIENIIEXOIHBIX MOTOKOB. HaHeceHa pa3merka,
pasrpaHUYNBAIONIAs ITOJIOCH! ABMXCHUH, KOp-
PEKTHO HAaCTPOCHBI MEPEKIIOUCHHSI CUTHAJIOB
cBeTO(hOpOB, NMEFOTCSI POBHBIE JOPOXKHBIC T10-
KPBITHSA, HOBBIE U CTPOAIINECS HaJ3EMHBIC TTe-
IIEXOAHBIE TIepexoabl 1 Ap. Hecmotpst Ha pa3Bu-
TYIO KOHIEMINIO MEPEIBIKCHAN aBTOTpaHC-
TIOPTHBIX TOTOKOB, B TAHHOM TOPOJIE BCE PAaBHO
CYIIECTBYIOT NMPOOJIEMBI C 3aTOpaMH Ha Tepe-
KpECTKAX, B OCHOBHOM B LIEHTPAJILHOM €TI0 YaCTH.
Ha ocuoge omeiTa npyrux ropomos [3—6; 10; 15]
3TH MPOOJIEMBI, KaK MPaBUIO, NMPEATAracTCs
PEIINUTh C TIOMOIIBIO YBETHUCHNS YNCIIa U pac-
MIAPEHHS TIPOE3XKHUX JaCTEH, TOMOTHUTETHHOTO
CTPOUTENBCTBA AOPOT BTOPOTO YPOBHS (BBIIIE
OCHOBHOW JIOPOTH), MCIIONBb30BAHUS PEBEPCHB-
HOTO JIBIKEHHMS, PETYIHPYEMOTO B 3aBUCHMOCTH
OT HapacTaININX MOTOKOB aBTOTPaHCIOPTa
B pa3zHOE BpeMs CYTOK.

A Kax OBITB, €CIIH TpOe3Kasi YacTh PacIIu-
peHa 10 CBOETO MaKCHMAaJbHOTO IpEnea,
a CTPOMTEILCTBO JIOPOT BTOPOTO YPOBHS U pe-
BEPCUBHOE ABIXECHHE HE TPEICTABIAIOTCS BO3-
MOKHBIMHU M3-332 OTpa)KICHUN Ha Npoe3xKel

yactu? OTBETOM Ha JaHHBIA BOMPOC MOXET
MOCIY)KHUTh TO, YTO HEOOXOAUMO pa3padoraTh
TaKOW MPOEKT JBMKCHUS, IIPU KOTOPOM Oyaer
MIPOM3BEICHO MUHUMAJIBHOE KOJIMYECTBO JTOPOXK-
HBIX pabOT U CMETHBIX 3aTpar, HO IPH ITOM
MPOIYCKHAs CIIOCOOHOCTh aBTOTPAHCIOPTHBIX
CpeaCTB OyJeT yBearueHa.

Ilenvio NaHHOW CTaThM SBIISIETCS CO3/IaHUC
THITOBOT'O MPOEKTa 1Jis1 T-00pa3HbIX MepeKpECT-
KOB C BO3MOKHOCTBIO YBEJIMYCHUS aBTOMOOHITb-
HOro TpaduKa B OJIHOM U3 HanpaBjieHui. B qaH-
HOM CJTy4ac Ha IPUMepe OTHOM U3 IICHTPaIbHbIX
yauil ropoaa TroMeHH.

B kauecTBe Memodos ucciienoBaHus IPUHU-
MaeTCsl U3yYCHHUE aBTOMATHUYCCKOM padOThI
YIPaBJICHHUS CBETOPOPOB U KOJTHUECTBO CIMHUIL
aBTOTPAHCIIOPTa, NepeABUraroInuxcs Ha T-00-
pa3HBIX MEepeKpECTKaX M3 ICHTPAIbHOU YacTH
ropoia B BOCTOYHYO.

PE3YNbTATbI
Hcxonnbie ycjoBus

B kayecTBe nprMepa rpeiaracTcst paccMoT-
petb ynuiy 50 ner BJIKCM, ucxoasmyoo u3
yaunbl 3amoJIbHOW M 3aKaHUMBAIOUIYIOCSA Ha
nepekpéctke ¢ yauneir Montaxxkuukos. [Ipume-
YaTeJieH TOT (DaKT, YTO JaHHas YJIHIA COSUHSIET
LIEHTP TOPOJIa C €r0 BOCTOYHOM YacTho. IMeHHO
B BOCTOYHOH YacTH ropoja akTUBHO BeIETcs
CTPOUTENLCTBO HOBBIX CHAIBHBIX MHUKPOpano-
HOB, a B LEHTPAJILHON YacTH COCPEIOTOUYEHBI
YHUBEPCHUTETHI, TOPTOBBIE LICHTPBI, MECTA OT/bI-
Xa M T.1., — B CBSI3M C OTHM aKLEHT ClieJIaH Ha
JIAHHBIN YYaCTOK YJIUYHO-JIO0POXKHON CETH.

Vnuna 50 ner BJIKCM B TromeHnu apisiercs
JIyOIUpYIOMIEH Mpyrol NEeHTPaTbHON YITHIBI —
yi1. PecryOnuku, moaToMy yBelnn4eHue MpoIrycK-
HOIl CITIOCOOHOCTH B 3TOM pailOHe sIBIsETCA
KpaiiHe Ba)KHBIM JUIsl BCEro ropoja. 3arpyeH-
HocTh ynuiel 50 ner BJIKCM uHorma naxe
Oosblie, ueM y e€ ayosnépa, Tak Kak TPaHCIIOPT-
HBIM CpEJICTBaM C pa3pelIEHHOI MaKCUMaIbHOM
Maccoii 6osee 3,5 TOHH 3alpelleHo IepeIBU-
rarbcs 1o yi. PecryOnuku B LIEeHTpaJIbHOM €€
yacty. [Ipu npoBenennu paboT no QGukcauu
BpeMeHH paboThl cBeTodopa (U3 LEHTpa
B BOCTOYHYIO 4acTh ropoja) B Oymuu ¢ 7.30 1o
19.00 yacoB OBUIO YCTAHOBJICHO, YTO 3CIAEHBII
curHaj ceerodopa roput Ha Bcex T-ydyacTkax ot
50 10 60 cexyHA. 3a 3TOT IPOMEKYTOK BpEeMEHH
B IIPSIMOM HAIIpaBJIeHUH Ipoe3xaeT 45-50 exau-
HUII aBTOTPAHCIIOPTa, OCTAJIbHbIE OCTaHABIINBA-
I0TCS IIepe/] 3alpelaroM CUTHAJIOM cBeTO]o-
pa. Kpacusrii curnan roput ot 35 1o 40 cekyHn
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Puc. 1. Cxema T-06pa3Ho20 nepekpécmka Ha ynuye 50 nem BJTIKCM (ebinonHeHa asmopom).

BPEMEHH, TIPH 3TOM K CTOSIIMM aBTOMOOHIISIM
Bcerna M00aBISIIOTCS emé oT 2 10 6 MalllvH,
MOJBE3KAIOIINX CO BTOPOCTENEHHON JOPOTH.
BonbmuHCTBO MEepeKpECTKOB HA JTaHHOM
ydJacTke IyTH uMmeeT T-00pa3HbIil BUA, Kak rmpes-
craBiieHo Ha puc. 1. C HeGOMBIIMMH OIPaBKaMU
MOXHO CIOJ]a OTHECTH M mepekpéctok 50 mer
BJIKCM c yaumiamu M. T'opbkoro, XomoanisHOH
n IlepMsikoBa, MX OTIIMYHE COCTOMT B TOM, YTO
TIPY ZIBY)KEHNH B HAITPABJICHUH C 3ariajia Ha BOC-
TOK €CTb JIOTIOJIHUTENNBHAs TI0JIOCa TS TOBOPOTa
HaJIEBO WJIM Pa3BOpoTa. Takke Ha 3TUX Iepe-
KpEcTKax MMEIOTCS TOBOPOTHI HAITPABO, B palioHe
pAacIIoIOKeHUsT aBTOCepBUCa (C TIepecedeHHEM
yi. M. Topbkoro) u Ha 3ampaBOYHYIO CTAHIIAIO
(c mepeceuenmeM yi. XonomuisHo# 1 [lepMsiko-
Ba). OCHOBEIBAsICh HA TIPOBEIEHHBIX HAOMIONCHH-
SIX 32 TIEpEeIBIKECHIEM aBTOTPAHCIIOPTA Ha JIaH-
HBIX TIEPEKPECTKAX, MO)KHO OTMETHTb, YTO KOJIU-
YEeCTBO BBHIE3XAIOMINX ¢ HUX Ha ymuiy 50 mer
BJIKCM TpaHCTHOPTHBIX CPEICTB HACTOIBKO
MaJio, 9YTO0 MOXKHO YOpaTh cBeTO(Op OKOJIO aBTO-
CEpBHCa, 3aIIPaBOYHBIX ITyHKTOB 1 CIIENATh BBIE3,
KaK «C IpUJIETaloIleil TEppUTOPUH, Pa3penaro-
M BBITIOJTHUTH TIOBOPOT TOJIBKO HATIPABO».

IIpoexTHBIE MpeENJIOKEHHUS

J1J1st BBITIOJTHEHHS TPOEKTHOTO PELICHHS T10
(hopMHPOBaHHIO OECIIPENSITCTBEHHOTO JBIIKE-
Hus no ynuie 50 ner BJIKCM B ogHOM U3 Ha-
NIpaBJICHUH ITPEAJIaraeTcst CeNiaTh CIeAyoIIee:

e Ha Bcex T-00pasHBIX MmepekpécTkax s
Bhe3xkaronmx Ha ynuiy 50 netr BJIKCM ycra-
HOBUTb 3HAKH, pa3pelniaoliye MoBOPOT C JIEBOU
MOJIOCH! TOJIBKO HAJIEBO M Pa3BOPOT C MpPaBOU
TIOJIOCHI TOJIBKO HAIPaBo;

e JBU)KEHHE C BOCTOKA Ha 3arajl OCTaBUTh
B IIPEKHEM PEKHUME, 2 UMCHHO IS JIBUTAFOIIUX -
csl MO KpaifHel MmpaBoil mojioce YCTAaHOBUTH
3HAKH MPSMO U HAIpaBo, C JIEBOM MOJIOCHI TOJIb-
KO TIPSIMO;

e B IBI)KEHHH C 3aI1ajia Ha BOCTOK ropoyia o
KpaiiHel JIeBOH M0J0Cce MOXKHO BBIMOJIHUTD TO-
BOPOT HAJIEBO U Pa3BOPOT, a KPaHIOKO MPaBYIO
TMIOJIOCY TIPEAHA3HAYNTh ISl ABMIKEHHS TIPSIMO,
3a MCKJIFOYEHHEM MTOBOPOTOB HANpaBo (IS aB-
TOCEpBHCA U 3alPaBOYHBIX MTYHKTOB), €CIIN Ta-
KOBBIE HMEIOTCS;

® BBINOJHUTH Pa3METKy JUIsl MEMIEXOAHOTO
nepexoaa nomnepék yi. 50 ner BJIKCM Ttonbko
C OIHOM CTOPOHBI;
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Puc. 2. lpumepHbIli munoeoli npoekm T-o6pa3Hozo nepekpécmka dns 6ecnpensimcmeeHHo20 d8uxeHuUs1 8 0OHOM U3 HanpaeneHul
(ebinosiHeH asmopom).

Puc. 3. CuzHanbHble ono3HagamesbHble CMONGUKU.

® yCTaHOBJIEHHBIE CBETO(OPHI 000PYAOBATH
CIIeIMaJILHBIMH KHOIIKAMH PyYHOTO BKJIFOYEHHS
JUIS IepeXo0ia IeMIeX00B Yepe3 ONpeAeIEHHbIH
HHTEpBaJ BPEMEHH, a JUIs IPOe3/ia U OCTAaHOBKH
0KU/IaHUS aBTOTPAHCIIOPTa BpeMsl Ipe/iaraeT-
Csl OCTaBUTh TO XK€ CaMoe.

IIpuMepHBIif TPOEKTHBIH BapuaHT OyaeT
BBINIAZIETH, KaK [TOKA3aHO Ha pHC. 2.

Jlns mepBOHAYaIHOTO BBEACHHS JAHHOTO
IPOEKTa, a0kl aBTOMOOMINCTHI CMOIIH BBIpa-
00TaTh MPUBBIUKY, MOXKHO YCTAaHOBHUTH JOINOJ-
HUTEbHBIE 3HaKH [ 12] nepen Bbe310M Ha mepe-
KPECTOK M OTAGJIUTH KPAHHIOO MPaBYIO MOJIOCY,
K TIPUMEpY, CUTHAJIBHBIMH OIIO3HABATEIbHBIMU
crondukamu (puc. 3).

¢ MWP TPAHCIIOPTA. 2021.T.19. No 2

BbIBOAbI

ITpu BHEApEHNHN B IPAKTUKY MPEIUIOKEHHO-
ro ImpoekTa npoesza T-o0pa3Horo nepekpécTka
Ha BCEM CBOEM IPOTSDKEHUH ynuusl 50 et
BJIKCM npu nepeceueHn: co BTOPOCTETIEHHBI-
MH A0pPOTaMU MOXHO!

e o0ecreunTs OeCpensITCTBEHHOE ABMKE-
HHE U3 LIEHTpa roposia B €ro BOCTOYHYIO YacTh,
TEM CaMbIM yBEIUYUThH CPEAHIOI0 CKOPOCTH IIe-
peIBHKEHUS aBTOTPAHCIIOPTa, BKJIIOYas Ipy30-
BOIl TpaHCIOPT ¢ pa3peléHHON MaKCUMAaIbHOM
Maccoii 6oiee 3,5 TOHH;

e He YIIEMJIATh 3aJepKKOH Ha 3amperiaro-
IIeM CUTHalle cBeTodopa IPYrHX y4acTHHKOB
ABTOMOOWIIBHOTO JIBHKEHHUS;

® OrPaHUYUTHCS MUHUMAJIBHON CMETOH 3a-
TpaT Ha PEKOHCTPYKIUIO;

® 130eXarh 00AIBHOTO CTPOUTENHCTBA;

® YBEJIHUYUTh aBTOMOOUIBHBIH Tpaduk
B 1,5-1,8 pa3sa;

® CO371aTh YJJ0OHbIE CXEeMBbI PaOOTHI MENIEeX0I-
HBIX NI€PEXO/I0B;

® OpraHKU30BaTh OE30MACHBIC YCIOBHS TEIIe-
XOIHBIX IIEPEXO/I0B;

® CHHU3UTh NPOCTOH aBTOTPAHCIOPTHBIX
CpEICTB Ha NMEPeKPECTKAX, YTO MOBICYET 3a CO-
0011 yMEHBIIIEHHE BBLICIEMBIX BPEIHBIX I'a30B
U YIIy4IIUT SKOJOTUYECKYI0 OOCTaHOBKY.
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MpedcmasneHb! pe3ynbmamb| CpasHUMENbHO2O aHanusa
PagHO3HaYHOCMU CmpykmypHo-codepxamesnbHol xapakmepu-
CMUKU 0OMOEITbHbIX MEPMUHOB NO KOMBUHUPOBaHHbIM NEPEgo3KaM,
KOMOpbIe UCNOb3YIOMCS 8 pasfuYHbIX 0ghuyuarbHbIX Hopmamus-
HbIX OoKymeHmax. Pasnuyus 6 0eqhuHuyusX cneyuanbHbIX mep-
MUHO8 8 OaHHOU npedmemHoll obnacmu Yacmo npensmemeyrom
aghghekmugHOL uHMezpayuu MmpaHCNOPMHbIX CUCMEM Ha MEXPE-
2UOHasbHOM U MeXAyHapoOHOM yposHsX. B Hacmoswem uccre-
0osaHuu cdenaH akyeHm Ha aHau3e xapakmepucmuk CmpyKkmyp-

Mup tpaHcnopta. 2021. T. 19. Ne 2 (93). C. 84-92

CTpyKTypHO-coaepxaTeNnbHasA XapakTepmcTumka
00beKTa KOMOMHUPOBAHHLIX NEPEBO30K

Poccuiickuii ynusepcumem mpancnopma, Mockea, Poccusi.

HbIX KOMNOHEHMO8 06beKkMa KOMBUHUPOBaHHbIX NEPEBO3OK, KO-
mopble codepxamcs 8 onpedeneHusx daHHO020 mepmuHa 8 pside
MexAyHapoOHbIX Co2naweHull, HayUuOHabHbIX HOPMamueHbIX
akmax u MexeocydapcmeenHbix cmaHOapmax. Ha ocHose nosny-
YeHHbIX pe3yTbmamog ucciedosaHusi chopmynupogaHbl npedso-
JKEHUST NO YHUGUKAUUU CMPYKMYypHO-cOOep)XamernbHOU Xapakme-
pucmuku 0bbexma KOMOUHUPOBaHHBIX NEPEBO3OK, @ MakKxe pe-
KOMeHOayuU nNo CoBEPUIEHCMBOBAHUIO Ha 3moli 0CHoge 0maerTb-
HbIX HOPMamugHbIX GOKymeHmoe.

Knioyesbie crioga: mpaHcnopm, My/bmumodarbHble NepesosKu, UHMePModarbHbie NEPE8o3KU, KOMOUHUPOBaHHbIE NEPEBO3KU,
MexAyHapoOHble co2aweHusi 0 KOMBUHUPOBaHHBIX NEPE8O3Kax, 0GbEKMbI KOMBUHUPOBAHHbIX NEPEBO3OK.

Lns uumuposanus: flapux O. H. CmpykmypHo-codepxamenbHasi Xxapakmepucmuka 06bekma KOMOUHUPOBaHHbIX Nepegosok //
Mup mparcnopma. 2021. T. 19. Ne 2 (93). C. 84-92. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-12.

BnazodapHocmu. OcHosHble nonoxeHus 0aHHo20 uccredogaHust nepgoHayarbHo bbiu npedcmasneHbl Ha CosewaHuu 3Kkcnepmos
Komuccuu OpeaHusayuu compyOHudecmea xene3Hbix Aopoe no 2py306bIM NEpesoskam, KOmopoe cocmosnocs 6 utonie 2020 2. U 6biro
NOCBAWEHO akmyaslbHbIM 80nPOcCaMm opaaHu3ayuu KOMBUHUPOBaHHbIX NEPEBO3OK 8 MEXAyHapoOHOM coobujeHuuU. ABmop ebipaxaem
6nazodapHocms opeaHusamopam CoseljaHus 3a npedoCmasneHHyH 803MOXHOCMb NPUHSIMb yyacmue 6 06CYXOeHUU COBPEMEHHbIX
HanpaeneHuli CO8ePWEHCMB08aHUS Op2aHU3aUUOHHbIX U MEXHOT02UYECKUX aCNeKMO8 OCYUECMBIEHUS KOMOUHUPOBaHHbIX NEPEBO3OK,
4mo NO3BOMUIO yNTydwUmb 0MAesbHbIe NOMOXEHUS HACMOAWE20 UCCrIed08aHUS.

MonHbIli mekecm cmambU Ha aH2nulickoM si3bike ny6aukyemces 80 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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BBEJIEHUE

TpaHCOpT UrpaeT pernaromIyo poib B oOece-
YEHUH YCTOWYMBOTO CONMAIBHO-IKOHOMUYECKOTO
pasBuTHs M000T0 TocynapcTsa. [1pn 3ToM JaHHBIH
TE3UC MMEET 0co00e 3HaYEHHUE Il cTpaH EBporis
u Aszmn. Emé ¢ npeBHuX BpeMEH HaIEKHBIE U -
(heKTHBHBIC KOMMYHHKAIMH PA3HBIX BUJIOB TPaHC-
TIOpTa SIBIISUTICH TVIABHBIM YCIIOBHEM PaCIIMPEHUS
MEX/IYHapOIHOTO M MEXKPETHOHAIBHOTO TOPIOBOTO
1 TYMaHUTapHOTO COTPYAHIYECTBA MEK Ty CTpaHaAMH
EBpoa3znarckoro KOHTUHEHTa. SIpKUM IpUMEPOM
KITIOYEBOH POJM CyXOITyTHBIX TPAaHCKOHTHHEHTAIb-
HBIX MapIIpyTOB B HAJTAXUBAHHUH TAKOTO COTPY/IHHU-
yecTsa sBisiercss Benukuil 1EnkoBeIi My Th, KOTO-
PBIii aKTUBHO HCIIONB30BANICS B JIPEBHHE BPEMEHA
U CTPEMHTEIIEHO BO3POMKAAETCS B IOCIEHHE TOBI
Ha HOBOW COBPEMEHHOW TEXHUYECKOU, TEXHOIOIH-
YECKOW 1 OPraHU3allMOHHON OCHOBE.

[Ipu 5TOM BCE GoIBIIE CTPaH KOHTHHEHTA 3aHH-
TEPECOBaHBI B PA3BUTUH MPEHMYIIECTBEHHO CYXO-
IyTHBIX MEKTyHAPOJHBIX COOOIIECHUH C UCTIONB30-
BAHNEM HECKOJIBKUX BH/IOB TPAHCIIOPTA MPH JIOMH-
HHPYIOIIEM y9acTUH JKele3HoAopoxkHOTo. [locTa-
TOYHO OTMETUTh BOCTPEOOBAHHOCTH HOBBIX
KEJIE3HOOPOKHBIX MapIIPYyTOB BO3POXKIAEMOTO
IIémKxoBOTO My TH TSI BHEITHETOPTOBBIX COOOIIICHHIA,
0 YeM CBHJIETEIBCTBYIOT BBICOKHE TEMITBI POCTA
00bEMOB TIEpPEBO30K M KOMIIECTBA KOHTEHHEPHBIX
TI0€3/0B, CICAYIOIMX TPAH3UTOM Yepe3 CTPAHEI
EBpa3uiickoro 3KOHOMHUYECKOTO COI03a, IPEXIE
Bcero, Kasaxcran, Poccuto u benapyce.

Baxxneiiumm ycnoBreM AaIbHEHUILETO MOBBILIE-
HES 9P PEKTUBHOCTH MEK TYHAPOTHBIX CYXOITy THBIX
COOOIICHHI SBISETCS YIPOIIEHNE TPAHCTPAHMIHBIX
TOPTOBBIX, TAMOXKEHHBIX M TPAHCTIOPTHBIX MPOLIEIYP
Ha OCHOBE MPUMEHEHHS CHCTEMBI €AHHOO00Pa3HbIX
HaIlOHATBHBIX ¥ MEKTOCYJAPCTBEHHBIX CTAH/IAPTOB
U TIPABIT, B KOTOPBIX JIOJDKHBI YIIOTPEOIATCS YHH-
(HIMpOBaHHBIE TIO COAEPIKAHUIO H CMBICITY Tpodec-
CHOHAJbHBIC TIOHATHA U TepMuHHI [1]. TIpu sToM
BBOAMMAsI B 000POT TEPMHUHOJIOTHSI IOJDKHA MaKCH-
MaJIbHO KOPPEKTHO HACHTH(UIMPOBATH M HHTEPIIPE-
THPOBATh CYIIHOCTh OMPEACISIEMBIX SBICHUHN
1 TIPOLIECCOB B COOTBETCTBYIOMMX c(hepax AeATelb-
HOCTH: SKOHOMHKE, TEXHHKE, IIPABE U T.II.

HeobxomnmocTh yHUDUKAIIMN TPaHCIIOPTHOM
TEPMHUHOJIOTHH Ha MEKTOCYJapPCTBEHHOM YPOBHE
00yCIIOBIIEHA TAKXKE 1 TEM, UTO 3aKPEIUIEHHBIC B CO-
OTBETCTBYIOIMX COITAIIICHUSIX IPABOBbIC KATETOPUN
3aTeM MUMIUIEMEHTUPYIOTCSI B 3aKOHO/ATEIbCTBO
OTJCTBHBIX TOCYIapCTB WM MEKPETHOHAIBHBIX
oObeuHeHNH. B KauecTBe mpumMepa MOXKHO TpHBe-
cti KOHBEHIMIO 0 MEXIyHAPOIHBIX CMEIIaHHBIX
TIepeBO3Kax, kKotopast Obu1a mpruHsATa 110 e OOH

B 1980 rony (nanee — KonseHiwst), HO 10 CHX MOp He
BeTynuia B cuny [2]. Tem He meHee, KonBennus,
IyCTh HOMHHAJIEHO, TO €CTh HE FOPHAMYECKH, 8 TOJb-
KO (haKTHUECKH, 3aKpeTInia 3a OTAeIbHBIMHU rpodec-
CHOHAJILHBIMH TEPMUHAMH OIIPEIeIEHHOE 3HAaUYECHNE
1 CMBICIIOBOE COZIEprKaHue. 3aTeM COOTBETCTBYIOIIASA
TEPMHUHOJIOTHS Hayaja akTHBHO HCIIOJb30BaThCS
OKCHEPTHBIM U MPO(ECCHOHAIBHBIM COOOIIECTBOM
B JIEJIOBOM 000pOTE M HAYYHBIX HCCIIEIOBAHMSIX,
a B HEKOTOPBIX CTPaHaX YrKe BOIILIA B 3aKOHO/ATEIb-
Hble akThl. B gactHoCTH, cTpansl ACEAH npunsiu
PamouHoe coraiieHue 1no MyJIbTHMOAIBHBIM Te-
peBo3KaM, KOTOPOE BO MHOTOM OCHOBAHO Ha ITOJIO-
JKEHUSX yroMsHyToH Bele Konsenuuu. [lostomy
COBEPILEHCTBOBAHUE TEPMHUHOJIOIMH KOMOMHUPO-
BaHHBIX NMEPEBO30K JOKHO OCYIIECTBIATHCS
B KOMIUIEKCE C COBEPILIIEHCTBOBAaHIEM COBPEMEHHOM
MEK/[yHapOIIHOH CHCTEMBI OTPACIIEBOTO HOPMATHB-
HO-TIPaBOBOIO PETYJIMPOBAHMS TaKUX MEPEBO3OK.

B cBsi3u ¢ 9THM crieyeT npu3HaTh 0COOYIO Bak-
HOCTB pabOThI [0 COBEPILIEHCTBOBAHMUIO M YHH(HKA-
UM TEPMHUHOJIOTHMH KOMOMHUPOBAHHBIX, HHTEPMO-
JIAJIBHBIX M MYJIBTUMOJAJIHBIX IIEPEBO30K, KOTOPYIO
TPOBOJIAT AKcHepThl OpraHu3ali COTPYIHHYECTBA
skenesHbIx nopor (nanee — OCXK]I) B corpyaHmde-
CTBE CO CIEIMATUCTaMi DKOHOMUYECKON U COLH-
anbHOM Komuccenu 1t Asun u Tuxoro okeana OOH
(manee — OCKATO) u apyrux opraHu3anuii-
yuactau, OCX]/I. JlaHHast vHUIMATHBA SKCIIEPTOB
OCX]l nmpuobpetaeT 0co0y0 aKTyalbHOCTh Ha
(hoHe aKTUBHOM LU(PPOBHU3AIMK TPAHCIIOPTHON OT-
pacnu. B COBpeMEHHBIX YCIOBHSX KOMIIBIOTED
JIOJDKEH HE TOJBKO (PMKCHPOBATH JJIEKTPOHHBIE
CHTHAJIbL, HO M TIOHUMATh 3HaYECHUE U CMBICIT TEKCTa
U CJIOB TaK )K€ XOPOIIO, KaK 3TO JIeJaeT YeIOBEK.
ViMeHHO Mo3TOMY B 310Xy HH(POBOIA TpaHchopMa-
LUK SKOHOMHUKH U COLMAIIBHOM C(hepbl MEXTyHapO/I-
HOE 9KCIIEPTHOE COOOIIECTBO JIOJKHO COCPENOTO-
YUTh YCUJINS HA CTaHapTH3aLMKE TEPMUHOB U OTIpe-
JIEJICHUH, MCTIOJIB3YEeMbIX CTPYKTYPaMH ITyOIIMIHOM
BJIACTH U OW3Hec-coobmiecTBoM. [1o MHEHHIO IKC-
nieproB LleHTpa 1o ynpoIueHHo IpoLeayp TOProBIx
U 3JEeKTPOHHBIM JenoBbIM omepanuiM OOH
(CE®AKT OOH) wucrionb3oBaHie €IUHOTO MOHS-
THitHOrO popMara NnoBbIaeT 3PHEKTUBHOCTD OM3-
HEC-TIPOLIECCOB, CHIXKAET PHCK OLIMOOK, COKpariaer
3arparbl ¥ CPOKH Ha UCIIOIHEHNUE MEXTyHapOIHBIX
TOPTOBBIX C/IENOK [3].

[IpuMeHeHne eMHON TEPMUHONIOTHH B cepe
KOMOMHHMPOBAHHBIX, THTEPMOJIAJILHBIX H MYJIBTAMO-
JIaJIbHBIX TEPEBO30K 00ECIeUnBACT CIIEYIOLINE
ahdexTsr:

— CeMaHTHYECKasi COBMECTUMOCT IaHHBIX B TOP-
TOBBIX U TPAHCHIOPTHBIX KOHTPAKTaX;
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— peanu3anys IPUHIKIA «EAUHOH (HOPMBD) ISt
JIOKyMEHTOB;

— (hopMHUpOBaHHE METOIOJIOTHYECKONH OCHOBBI
U151 KiaccU(DMKAaTOPOB M CTAH/IAPTOB MO Pa3IMYHbIM
BHIaM T1€PEBO30K.

KomOuH1poBaHHSII c10co0 JOCTaBKU BHEIIHE-
TOPTOBBIX I'PY30B B TEUEHHE pPsia JIET aKTUBHO
npumensiercs B cTpaHax EC, 4To monoXuTensHO
OTpPa3WIOCh Ha IMHAMUKE 00BEMOB NEPEBO3OK U IPY-
30000pOTa KENE3HOAOPOKHOTO TPAHCIIOPTA U BHEC-
JI0O BECOMBII BKJIaJ| B YJIYHYIICHHE 3KOJIOTUYECKOH
CHUTyaLu B cTpaHax EBpocoro3a [4]. B To e Bpems
B CTpaHax M3 BOCTOYHOH YacTH KOHTUHEHTA KOMOU-
HUPOBaHHbIE NEPEBO3KH MOKA HE MOMYy4YHIIN JOCTa-
TOYHOTrO pa3BuTUsl. OJHON M3 TIIABHBIX NPUYUH
HHU3KOH BOCTPEOOBaHHOCTH KOMOMHHMPOBAHHBIX I1e-
PEBO30K Uil OOCITY)KMBAaHUS TPAHCKOHTHHEHTAIIb-
HBIX TPY30I0TOKOB SIBIISIIOTCS TEPMUHOJIOTHYECKUE
pa3nMuKs B OT/IEIBHBIX MEXKIYHAPOIHBIX U HAIMO-
HaJIbHBIX TPAHCIIOPTHBIX COMMIAIIEHHUSIX, CTaHIapTax
Y TIPaBUJIaxX, PErYJIMPYIOIMX OCOOEHHOCTH OCYIIe-
CTBJICHHS IAHHOW Pa3HOBHIHOCTH TIEPEBO3OK.

B cB13u ¢ 3TUM yenblo HACTOAIIETO UCCIIE0Ba-
HUSL SIBIISIETCS BBISIBIICHHE CTPYKTYPHO-COZEP-
JKATEJIbHBIX Pa3INInid B TeDUHHUIMSIX KOMOUHHPO-
BAHHBIX [IEPEBO30K U BBIPAOOTKA PEKOMEH/IALIHH 110
UX YHU(UKALH JUIS JaTbHEHIIEr0 COBEPIICHCTBO-
BAHUS U TAPMOHHM3ALIMHY TPAHCIIOPTHOIO 3aKOHO/Ia-
TeNbCTBA Ha NpocTpaHcTBe bonbiioit EBpasuu.

METOAONOrnA

KomO1HMpoBaHHBIE NEPEBO3KH TIPE/ICTABISIOT
Co0O0M OIMH U3 MPOTPECCHBHBIX CIIOCOOOB OCYIIe-
CTBJICHHS TaK Ha3bIBAEMBIX CMEIIAHHBIX (COYEeTato-
IIMX pa3Hble BUJIbI TPAHCIIOPTA) IPY30BBIX MIEPEBO-
30K, KOTOPBIE BBIIIOJHSIIOTCS IPEUMYIIECTBEHHO
B MEXPETHOHAIEHOM M MEXJIyHapOIHOM cOOOIIe-
Husix [5-10].

CMmelaHHble epeBO3KH Ha OOJBIIMHCTBE
MarucTpajbHbIX HalPaBICHUH, KaK MPaBuiio, 00-
JIQAK0T 3HAYUTEILHO OOJNBIIEH SKOHOMUYECKO,
COLIMAJILHOM M 9KOJIOTHYECKOI 3P (HEKTHBHOCTHIO
TI0 CPaBHEHUIO C MPSIMBIMU [IEPEBO3KaMHU, KOTOpbIE
BBITIOJIHSIOTCS. KAKMM-JTMOO0 OJJTHUM BHIOM TPaHC-
nopra. OCHOBHBIM HCTOYHUKOM OOpa3oBaHMs
JaHHBIX 9(Q(EKTOB SABISIOTCS BHYTPUCHCTEMHBIE
MeXaHU3MbI (JOPMUPOBAHMSI HOBBIX, HE IPUCYILIMX
OTJEJIbHBIM YacCTsIM TPAHCHIOPTHOM CHCTEMBI (pas-
HBIM BHJIaM TPAHCIOPTA) CBOMCTB, KOTOPHIE IIPO-
SIBIISIIOTCS ITPY PALIMOHAILHOM YIIPaBJIeHHUH (B3au-
MOJICHCTBHY) BCEMU CUCTEMHBIMU KOMIIOHEHTAMH:
TPAHCIIOPTHOM U JIOTUCTHYECKOIM HH(PPACTPYKTY-
POiA, TATOBBIM M HOABMXKHBIM COCTABOM, IOTPY304-
HO-Pa3rpy304HbIMH YCTPOWCTBAMH, CHELMATH3H-

POBaHHBIMH ITPUCIIOCOONICHHUSAMH JTs1 pa3MeIeHHUsI
rpysa u mp. [11].

YCTOMYNBOCTH CUCTEMBI CMEIIAHHBIX IIEPEBO30K
0asupyercst Ha JOIYIEHHH, YTO BCE YYACTHUKU
LIETTOYKH ITOCTABOK 3aMHTEPECOBAHBI J€J1aTh PaLHo-
HaJIbHBIH BEIOOD B MOJIb3Y MAKCHMAIIEHO BO3MOKHO-
IO M3BJIEYEHHUS SKOHOMHUYECKHMX M IKOJIOTHYECKHX
MPEUMYILECTB KXKJ0TO BUA TPAHCIIOPTA 33 CUET UX
UHTETPalY B €JUHYIO TPAHCTIOPTHO-JIOTUCTHYECKYIO
nenoyky. Opranu3aropsl CMEIIaHHOW MEPEBO3KH
QHAJTM3UPYIOT IIPEUMYIIECTBA U HEZIOCTATKH OT/E/b-
HBIX BHJIOB TPAHCIIOPTa C YYETOM KOHKPETHBIX
YCIIOBHH DKCILTyaTallii; CPABHUBAIOT UX IO aKTy-
QIBHBIM KPUTEPHSM — II€Ha, CKOPOCTh, BECOBbHIE
1 rabapuTHBIE OrpaHUYeHHs, COOIOIEHHE ClIeIU-
(MUHBIX YCIIOBUH U 1Ip.; OTOMpatoT HanboJee moj-
XOISIIMKA BUJI TPAHCIIOPTA [ KAXKIOTO yyacTKa
MapipyTa [12].

BrlzieneHne cMelaHHbIX IEPEBO30K B OTHENb-
HYIO BHJIOBYIO KaTerOpUIO MPEACTABIAET UHTEPEC
C Hay4HOM TOYKHU 3peHHUs JUIsl pa3paboTKu eqUHOH
METOJI0JIOT MYECKOH OCHOBBI OpPraHHU3a1UH1 U BBITION-
HEHHUSI TAKHX IEPEBO30K, a TAKKE MMEET BaXKHOE
OpraHM3alMOHHO-TEXHOJIIOTNYECKOE U TIPAKTHYECKOE
3Ha4YeHMUE.

[1pu cMelaHHBIX TIEPEBO3KAX ISl IOBBIICHUS
3 PEKTUBHOCTH B3aUMO/CHCTBUS Y4aCTHUKOB
TPaHCIOPTHO-TEXHOJIOIMYECKOH CUCTEMBI YacTo
MPUMEHSIOTCS TaK Ha3bIBAEMble HHTEPMOJIANIbHBIE
tpancnoprusle eaunuisl (MTE), ncnons3oBanne
KOTOPBIX MO3BOJISIET 3HAYUTEIILHO COKPATHTh Bpe-
MEHHbIE U JICHE)XHbIE 3aTpaThl Ha BBINOJIHEHUE
HIeperpy304HbIX ONepaluii Py CMEHE BUJIA TPAHC-
nopta. K uncny UTE oTHOcATCS KOHTeHHEpH,
CbEMHBIE Ky30Ba, NOIYIPHULIEIIBI U APYroe 000py-
JIOBaHUE, KOHCTPYKTUBHO HPHUCIIOCOOICHHOE ISt
pa3MelleH s B HEM Ipy3a 1 EPEBO3KH B MOJ[BHK-
HOM COCTaBe Pa3HbIX BU/IOB TPAHCIIOPTA OT ITyHK-
Ta OTIpaBJIEHHUs IO MyHKTa Ha3HaueHus1. B mpome-
JKYTOUHBIX ITyHKTaX [PH CMEHE BHJa TPAHCIIOPTa
neperpyxkaercs He coOcTBeHHO rpy3, a UTE
¢ rpy3oM. CMmelraHHas IepeBO3Ka C HCIOIb30Ba-
nueM UTE Ha3bpiBaeTCs MHTEPMOJANBLHON Tepe-
BO3KOM.

ComacHo [moccaputo «TepMuHOIOTHS KOMOU-
HHpoBaHHbIX IepeBo3ok» EJK OOH (nanee —moc-
capuii), K THTEPMOJIJIbHBIM I1EPEBO3KAM OTHOCSTCS
TaKKe [IepPeBO3KH TPy3a B aBTOMOOMIIE, KOTOPBIN Ha
CMEXHBIX y4acTKax [epPeBO3UTCS JPYTUMH BHIAMH
TpaHcmopra. [Ipnuém uHTEepMOnanpHas MepeBo3Ka
C Y4acTHEM aBTOMOOMIIEHOTO TPAHCIOPTA SIBIISETCS
TIO/IBU/IOBOM Kareropuei, Ha 0asze KOTOpoi BbIzIeIIsi-
€TCsl TaKasi Pa3HOBH/IHOCTb, KaK KOMOMHUPOBAHHbBIE
nepeBo3ku. [J1aBHas jxe 0COOEHHOCTD (OTINYKE)
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KOMOMHHPOBAHHBIX IEPEBO30K OT APYTUX PA3HOBH/I-
HOCTEH MHTEPMOJIAIbHBIX COOOILEHUH C ydacTHEM
ABTOMOOMIILHOTO TPAHCIIOPTa 3aKJII0YAeTCsl B TOM,
4T0 OOJIbIIIAs YacTk pefica 1o Teppuropuu crpad EC
TIPUXOJUTCS Ha JKEJIE3HOJOPOXKHBIN, BHYTPEHHHUH
BOJIHBIN HJI MOPCKOH TPaHCIIOPT, a 10001 Havasb-
HbII U (MJIM) KOHEYHBIH OTPE30K ITyTH, HAa KOTOPOM
UCIIONB3YETCs aBTOMOOMIIBHBII TPAHCTIOPT, SIBISETCS
MaKCHMaJIbHO KOPOTKHUM.

Ilo onenkam sxcnieproB FOHKTA/L, xak npasu-
JI0, B OYEHB PEIKHX CIIy4asx IOCTaBKa BHEIIHETOP-
TOBBIX TPY30B OCYIIECTBJISETCS B BHAE MPSMOTO
COOOIIEHUS — TOJIIBKO KaKMM-JIMOO OIHUM BHJIOM
Tpancnopra [13].

[pu MexIyHapOIHBIX TIOCTAaBKaX B OCHOBHOM
peo0IaialoT CMeIaHHbIe COOOIICHNS, KOTOPBIE
HMEIOT 3HAYMUTENILHO OoJiee CIIOKHYIO CTPYKTYpPY
TPaHCHIOPTHO-TEXHOJIOTUECKUX OTIepaLIHii, 00be/IH-
HSIIOLIYIO OOJIbIIIeE KOJIMYECTBO YUYACTHHKOB B PaM-
Kax TOProBO-JIOTUCTHYECKOM Lienouku. V3 coobpa-
eHHi A3QPEeKTUBHOCTH BCEM YUaCTHUKAM LIETIOYKH
TIOCTaBOK, B TOM YHCJIE, HAJI30PHBIM OpraHaM, Iese-
€000pa3HO PUMEHSITH EAMHYI0 TEPMUHOJIOTUIO KaK
B OTHOLICHWH BBINOJHIEMBIX ONEpaluid, Tak
U B yacTH MH(OpMAIMK, XapaKTepu3yroLei mpes-
METbI TPaHCIIOPTHPOBKH, PACUETHBIE, TAMOYKEHHBIE
u npyrue onepanud. CTOUT 3aMETHTb, YTO B OTHO-
IICHUH JIAHHBIX, XapaKTepPU3yIOINX TaMOXKEHHBIC
TIPU3HAKH IPY30B U TOBAPOB, JIOCTHTHYTO €MHCTBO
Ha MexayHapoaHoM ypoBHe 1o JuHud CEDAKT
OOH u BcemupHoif TAMOXXEHHOW OpraHH3aIUu.
[TpumeHeHne yHU(UIMPOBAHHON TEPMUHOIOTUH
CIIOCOOCTBYET rapMOHHU3ALIMHM TAMOYKEHHOTO 3aKOHO-
JIaTeNbCTBA, MPO3PAYHOCTH COOTBETCTBYIOLINX
TIPOLIETYP U, KaK CIIEICTBHE, MOBBIIEHHIO d(hek-
THBHOCTH MEX/yHapoHoil Toprosiu. [Ipu opra-
HM3aLMH [poriecca cOopa, pallMoHaIM3alH U rap-
MOHH3aIIUH TPAHCIIOPTHBIX TEPMHHOB MOXKHO HC-
TI0JT30BATh TUTIOBBIE METOAMYECKHE PEKOMEH/IALUH
E3K OOH u CE®AKT OOH no ympolieHuto
W CTaHAapTH3alUU JAHHBIX JUIS MEXIYHApOIHOH
TOprosiH [14].

[Ipu mpoBeaeHHN CPaBHUTEIBHOTO aHAIKM3a
TEPMHHOJIOT'MHM KOMOMHUPOBAHHBIX IEPEBO30K ObLITH
UCIOJIB30BaHbl (POPMYITUPOBKH U3 ODHIMATEHBIX
MEXIyHapOAHBIX U HAIIMOHAIBHBIX JJOKYMEHTOB,
Kacaroliuecs JJaHHOro Buja coodiuenuit. [Ipexne
BCEro M3y4ajach TEPMHHOJOTHS U3 JJOKYMEHTOB,
MMEIOLIMX MEXTOCYIapCTBEHHbIN cTaryc, — «EBpo-
TEICKOE COMaIlieHUE O BKHEHIIMX JTMHUSX MEXKTY-
HapOJHBIX KOMOWHMPOBAHHBIX TIEPEBO3OK U COOT-
BerctByronmx o0bekrax (CJIKID)» (manee — «EBpo-
netickoe Cortamenue»), «Cortamenue OCXK]] 06
OpPraHM3alMOHHbIX 1 SKCILTYaTal[MOHHBIX aCIeKTaxX

KOMOWHHPOBaHHBIX IIEPEBO30K B cooOieHn EBpo-
na—Asus» (nanee — «Contamienune EBpona—A3zus»)
u JTupextusa Cosera EC No 92/106/EEC 006 ycra-
HOBJICHHH OOLIMX IPABHJI JUISl HEKOTOPHIX BHIOB
KOMOWHHPOBaHHBIX TIEPEBO30K IPY30B MEXJLY TOCY-
napctBamu EBpocorosa (nanee — Jupextusa CoBeta
EC Ne 92/106/EEC, [InpexTrBa), a TaKxKe U3 yroms-
nyToro Bhite [occapus ESK OOH u mexxrocynap-
CTBEHHBIX CTAH/IaPTOB, ICHCTBYIOLIMX B OTIEIBHBIX
crpanax-yuactauiax OCX/I. [1pu ananuse u o6cy-
JKIIEHUH COJIEPIKaHHs TPAHCIIOPTHBIX TEPMUHOB
TaKXe YUUTBIBAIIUCH TEOPETHIECKHE U METOJIONOTH-
YeCKHe pa3padOTKH OTEYECTBEHHBIX U 3apyOeKHBIX
NpeJICTaBUTENEH aKaJeMUUeCKOH HayKl B 00JIacTH
COBEPILEHCTBOBAHUS TEPMUHOJIOTHH CMELIAHHBIX
HIEPEBO30K.

HccnenoBanue TEpPMUHOB 110 KOMOMHHPOBaH-
HBIM IIEpEeBO3KaM Ha OCHOBE MEPEYUCIECHHBIX
HCTOYHHKOB MO3BOJIHIIO 0000MIUTH OUIIHATIBHBIE
W Hay4HBIE TOIXOIbI K ONPEIEICHHIO 3HAYCHHS
U CMBICJIa COOTBETCTBYIOIINX MOHATUH. J[aHHBII
NpOLECC CONPOBOXKIAICS CONOCTABIEHHEM CO-
JIepiKaHusl TEPMUHOB C TEXHOJIOTMYECKHMH, Op-
raHU3allMOHHBIMY U NIPABOBBIMHU aCIIEKTaMH TOH
NpeIMETHON 00JIacTH, AJIsl XapaKTEePUCTUKH KO-
TOpPO# OHU (TEPMHUHBI) HPUMEHSIOTCS. 3aTeM
BBISIBJSUINCH Pa3iIM4us B COJEPKaHUH U3YUESHHBIX
TEPMHUHOB C UCIIOJIb30BAaHUEM METOJIOB CEMaHTH-
YECKOTO M CTPYKTYPHO-CO/IEPIKATEIBHOTO aHAIIU-
3a. [lanee ouneHuBasach 11€1ecO00pPa3HOCTh UC-
NOJIb30BAHUS OTIMYHMTEIBHBIX XapaKTePUCTHUK
JUISL iAGHTU(QUKALNK COOTBETCTBYIOIINX TEPMHU-
HOB. [Ipu nonoxxuTenpHOM orieHKe pa3padaTbiBa-
JMCh 000CHOBaHHbIE PEKOMEHAINH 110 KOPPEeK-
THUPOBKE JEHCTBYIOIMX WM BBEACHHIO HOBBIX
TEpMHUHOB.

[Tox cTpykTypHO-CcOAEpKATENLHOMN XapaKTepu-
CTHKOI TEPMHUHOB NOHUMAETCS OIPEIEIICHHUE CO-
CTaBa JIEKCHYECKUX 3JIEMEHTOB Je(DUHULINN U VH-
TepHpeTanus NpuaaBaeMoro UM CyIIHOCTHOTO
3HayeHust. [I[pUMEHHTENILHO K TPAHCIIOPTHOH Tep-
MUHOJIOTHH B CTPYKTYPE IIOHSTHSI MOTYT BBIAEISATh-
Csl CIIEIYIOLIHE CTPYKTYPHBIE KOMITOHEHTBI: HCTIONb-
3yeMble BUJIbI TPAHCIIOPTA U THIIBI MOJBIIKHOTO
cocTaBa, 000pyJI0OBaHHE, TEXHOJIOTMU U UH(pa-
CTPYKTYpPHBIE OOBEKTBI C YUETOM X CIELHAN3a-
LIUU, IEPEBO3UMBIE OOBEKTHI, IPABOBBIE PAMKH,
Ha/130pHBIE POLIEAYPbI, 0COOEHHOCTH JIOKYMEHTO-
obopota 1 11p. B HacTosiIeM necneoBaHiy aKIeHT
ClIENaH Ha CTPYKTYPHO-COJIEPIKaTENIbHOM XapaKTe-
pucTKe 00beKTa KOMOMHUPOBAaHHBIX MEPEBO3OK,
KOTOPBI B CHIIy TEXHOJIOTHYECKUX O0COOCHHOM
JIAHHOTO C1I0c00a TPaHCIIOPTUPOBKU UMEET CII0K-
HBII KOMITOHEHTHBIN COCTAB.

®  MWP TPAHCIIOPTA. 2021.T. 19. Ne 2 (93). C. 84-92
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PE3YNbTATbI

BsImme ormMedanocs, 9to s MoBIIeHNs P dhek-
THBHOCTH MEX/IyHapOIHBIX MIEPEBO30K C YIACTHEM
Pa3HbIX BUIOB TpaHCIIOpTa MHOTHE CTpaHbl EBpasuii-
CKOT'O KOHTHHEHTA 3aKJTIOYIIIH PSIT MHOTOCTOPOHHHX
COITIAIIICHHH, B KOTOPBIX 3aKPETUICHBI 00S13aTebCTBA
CTOPOH TI0 JOBE/ICHUIO HKCILTyaTallMOHHBIX XapaK-
TEPUCTUK OOBEKTOB HAIIMOHATHEHOW MH(PPACTPYK-
TypBI JI0 YPOBHSI COOTBETCTBHS SAMHBIM YCTaHOBIICH-
HBIM B COIVIAIICHUAX TPEOOBAHMAM (CTaHAAPTaM).
[pw 3TOM aHaNM3 e MHATNIA KITFOYEBBIX TEPMUHOB
B TaHHBIX COMMAIIEHNSX BBISBHII HATIIHE OPEsic-
JIEHHBIX Pa3INgHiL, IPEKIE BCET0, B 00bEKTE KOMOH-
HHUPOBAaHHBIX IIEPEBO3OK.

o o6meMy mpaBIITy TI0K OOBEKTOM TTEPEBO30K
TioHIMaeTcs rpys3. [Ipi KoMOMHNPOBAHHBIX MIEPEBO3-
Kax 0OBEKTOM SIBJISIETCS He COOCTBEHHO TPY3, a pa3-
JIMYHOTO pofia 000pyIOBaHHME (KOHTEHHEP, ChEMHBII
Ky30B H IIp. ), TIPULICTTHOM HOABIDKHOM COCTaB (TIOITy-
TIPHILET], TPHUIET W TIp.) WIH aBTOTPaHCIIOPTHBIE
CpeZCcTBa (YHHBEPCAIBHBIC TPY30BBIE aBTOMOOHITI
C HEChEMHBIM Ky30BOM ), B KOTOPBIX HETTOCPEACTBEH-
HO pa3MeInaeTcsi Ipy3, a P CMEHE BUJIA TPAHCIIOpTa
OCYIIECTBISIETCS MIEpeBajka He TPpy3a, a COOTBET-
CTBYIOIIETO OOBEKTA C TPY30M.

B «EBpornelickoM comialeHnm» COOEepKUTCs, Ha
HaIll B3NS, HEZOCTATOYHO KOHKPETH3HPOBAHHOE
OTIpEZIENIEHNE TEPMUHA «KKOMOMHHNPOBAHHAS [IEPEBO3-
Kay, TI0]] KOTOPOH B JOKYMEHTE MOHIMAETCs Iepe-
BO3Ka I'Py30B Ha OIHOW U TOW K& «TPaHCHOPTHOM
SIMHULIE» C WCIOB30BaHNEM HECKONIBKHX BHIOB
tpancnopra («The term «combined transport» shall
mean the transport of goods in one and the same
transport unit using more than one mode of transport»).
Ipu stom B «EBpomeiickom CornmameHuin» HET J0-
TIOJTHUTEIBHBIX PA3bSCHEHNH, UTO CIIEyeT TOHNMATh
TI071 COOTBETCTBYIOLLEH TPAHCIIOPTHOM €JMHULIEH.

Hexotopslie MOSCHEHNS XapaKTEPHCTUK «TpaHC-
TIOPTHOH SJIMHHITED, SBISFOIIEHCS 00bEKTOM KOMOH-
HHUPOBaHHBIX IEPEBO30K COMIACHO «EBpomnerickoMmy
COMIALLEHUION, IpUBENEHbI B [T1occapun « TepMuHO-
Jorusi KOMOMHHUPOBAaHHBIX TIEPEBO30K». B TpeTpeit
mase [1occapus, koTopast Tak M HazbiBaeTcsl — « TpaHc-
TIOPTHBIE SAMHALBD), IPUBOIUTCS OIMCAHIE PA3ITI-
HBIX THIOB TPAHCIIOPTHBIX CPEZCTB, OTHOCAIINXCS
K aBTOMOOHITEHOMY, ’KEJIE3HOTOPOKHOMY U MOPCKOMY
BUJIaM TpaHcnopra. [Ipy 3ToM He Bce pUBENEHHBIE
B JaHHOM paszierie [ Toccapust pa3sHOBHIHOCTH TPAHC-
TIOPTHBIX EJWHUII MOTYT BBITONHATH (PYHKIIIO «OfI-
HOM M TOMW K€ TPaHCIOPTHOW €MHMLBDY, KaK 3TO
npeaAnucano «EBponeickuM commamieHueM» s
00beKTa KOMOMHHPOBAHHBIX TepeBO30K. C yuéTom
TEXHOJOTHIECKIX OCOOEHHOCTEH OCYIIECTBICHNUS
KOMOHHHPOBAHHBIX IEPEBO30K K MX OOBEKTAM MOTYT

® MWP TPAHCMOPTA T.19. Ne 2 (93).

OBITb OTHECEHBI CIIEyIOLIIE Pa3HOBHUIHOCTH TPAHC-
TIOPTHBIX €AMHUL 13 [ Toccapyst: COWIeHEHHOE TPaH -
TIOPTHOE CPEZICTBO, ABTOIOE3]], IPULIETL, OTYTPHLIETI,
OMMOIABHBII MONTyTIpULIeTL. JIaHHbIE pa3HOBUIHOCTH
«TPAHCHOPTHBIX €IVHUID TpeHA3HA4YeHbI [T JKC-
IUTyaTalli B COCTaBE C aBTOTPAHCIIOPTHBIMU CPef-
cTBaMH (TPy30BBIMH aBTOMOOWJISIMH C HECHEMHBIM
Ky30BOM WJIM aBTOTsIradamu — «motor vehicley
B aHIVIOS3BIYHON BepcuM TepMuHa B [T10ccapum).
ITpuaém coOCTBEHHO TPY30BbIE ABTOMOOUIIN C Ky30-
BOM, HE HCIOJIb3YIOIIE TPUIIETHON MOABIKHON
cocras, 1o (hopMaJIbHBIM NpU3HaKaM [Toccapust He
OTHOCATCS K «TPAaHCHOPTHBIM €MHMIIAM» M, KaK
CIIEJICTBHE, HE BXOIIAT B COCTaB 00bEKTa KOMOMHHUPO-
BaHHBIX IIEPEBO30K COMTACHO AeuHuIu «EBpomneii-
CKOro coranieHys». Ha Hain B30z, Takast XapakTe-
pucTHKa 00BbEKTa HE JIMIIEHA HEJIOCTATKOB, U TIO3TOMY
JKEJIaTeNIbHO KOHKPETH3UPOBAaTh (hOPMYJIUPOBKY
TepMHHA «KOMOMHMPOBAHHAs NepeBo3ka» B «EBpo-
TeiiCKOM COIVIAIIEHNUI.

B «Cornamenuun EBpona—A3zus» npUBOAUTCS
CPaBHUTEJIHLHO NOAPOOHAS XapaKTEPHCTUKA 00BbEK-
Ta KOMOMHHUPOBAHHOM TIEPEBO3KHU, K KOTOPOMY OT-
HECEHBl TaK Ha3bIBaeMbI€ I'PY30BbIE €IMHUIIBI
U TIEPEYHCIICHbl UX Pa3sHOBUAHOCTU: KOHTEHHeD,
CHEMHBIN Ky30B, HOIYIPHUIIEH, aBTOTPAHCIIOPTHOE
cpenctBo. CTOUT OTMETHTb, 4TO JaHHAS CTPYKTypa
KOMIIOHEHTOB 00bEKTa KOMOWHHPOBAHHBIX IEPEBO-
30K SIBJISIETCS CII0KHOM [0 CBOEMY COCTaBy, TaK Kak
COIEPKUT HE OHOTUITHBIE OOBEKTHI B KIacCH(U-
karuu [Toccapust.

[lepBast kareropusi — KOHTEHHEPHI, CHbEMHbIE
Ky30Ba 1 IOIYIPHIIETIBL, KOTOPbIE OTHOCSTCS K TaK
Ha3bIBAEMbIM «HHTEPMOJAIBHBIM TPAHCIIOPTHBIM
emunmiam» (UTE) u sIBIAOTCS pa3HOBHIHOCTHIO
«rpy30Bbix eaunully. Kak uzsectHo, UTE kon-
CTPYKTHBHO HE MPHCIOCOOJCHBI i 000C00eH-
Horo nepezsixenust. [Toaromy UTE npu komOuHu-
POBaHHO ITEPEBO3KE (B IPYKEHHOM HITH TIOPOKHEM
COCTOSIHMH ) PacIIoiararoTcs Ha aBTOTPAHCIOPTHOM
Cpe/cTBe, a IPU CMEHE BUA TPAHCIIOPTA IPOHUCXO-
JUT nepeBatika He rpy3a, a UTE. IIpu atom nomy-
IpHLETB B [T10ccapuy OAHOBPEMEHHO OTHOCATCS
u x UTE, u x «TpaHCHOPTHBIM €UHUIIAM», HO HE
OTHOCATCS K «TPY30BBIM €JUHUIIAM», PA3HOBUTHO-
CTBI0 KOTOpbIX ABistoTcad UTE, uto Ha Hat B34,
BHOCHUT IIPOTUBOPEUUS B CTPYKTYPY TEPMHHOB
JIAHHOTO JIOKYMEHTA.

Bropast xareropust — aBTOTpaHCIIOPTHBIE CPE-
CTBA, K KOTOPBIM, KaK y>Ke OTMEYaJIoCh BBIIIIE, OTHO-
CSITCS. MOTOPU3UPOBAHHBIE I'PY30BbIe aBTOMOOMIIH
C HEChEMHBIM Ky30BOM, IPUCIIOCOONCHHBIE IS
BBITIONHEHNUSI IEPEBO30K PA3IMYHbIX BUIOB IPY30B,
B ToM umncie, UTE u npunenos. CTOUT OTMETHTb,
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YTO aBTOMOOMIJIBHBIE MPHULETBI 110 (hOPMaIbHBIM
npusHakam «Cornantenus EBpora—Asus» He OTHO-
CATCSL K 00beKTaM KOMOMHHPOBAHHBIX TEPEBO3OK,
XOTsI 1O (haKTY SIBIISIOTCS TAKOBBIMH M X [IEPEBO3KA
B BaroHax npegycMmoTpena noioxenusamu CMI'C.

O0001mas pe3ynpTaThl aHadu3a JehHUHUAIIHA
KOMOWHUPOBAHHBIX MepeBO30K U3 «CornarieHus
EBpona—Asus» u «EBponeiickoro corameHus,
MOKHO BBIZICJIUTH OCHOBHBIE CTPYKTYpPHO-COZEP-
JKaTeNbHbIE OTINYMS B MCIIOJIb3YEMbIX 00BEKTaX
KOMOWHUPOBaHHBIX NepeBo3ok. B Tekcre «Cora-
menus EBpona—A3usi» npsiMo yka3aHo, 4To B YKC-
J10 00BEKTOB KOMOMHHPOBAHHOM TEPEBO3KHU BXOIIST
KakK Ipy30BbI€ €ANHUIIBI, TAK ¥ ABTOTPAHCIIOPTHBIE
CPEACTBA, M0J] KOTOPBIMU HOHUMAIOTCSl U aBTOMO-
0wy ¢ HeChEMHBIMH Ky30BamHu. B cBoto ouepens
B TeKcTe « EBporeiickoro corarieHus» B KayecTBe
00BbeKTa KOMOMHHPOBAHHOM MEPEBO3KH YKa3aHa
TOJIBKO «TPAHCIIOPTHAs eIMHHIA», K KOTOPOH aB-
TOMOOMIIK HE OTHOCSTCS.

[Ipu 3TOM CTOMT 3aMETHTh, YTO B OTHOLIEHUH
CTPYKTYPBI U COIIEPIKAHHS JJAHHBIX TEPMHHOB CYIIIe-
CTBYIOT OIIpe/IeNIEHHBIE pa3iiuus Mexay [ occapu-
eM, «Comamenuem EBpornia—Asus» u «CornarieHu-
€M 0 MEKJTyHapOJHOM HKENE3HOIOPOKHOM I'PY30BOM
coobenny (CMI'C), Hanpumep, UCXO/s U3 CTaThu 2
CMI'C. Takxe CTOUT OTMETHTB, YTO C KIaccu(rKa-
IIMOHHOM CHCTEMOM MOABIKHOIO cocTasa u3 Itoc-
capus, «Coramenust EBpona—Asus» u CMI'C e
B [IOJTHOM Mepe COIIacyeTcs CTPYKTYpa JaHHBIX Ka-
Teropui, kotopas coxepxxurcs B «OK 034-2014
(KITEC 2008). Obrmepoccuiickuii KiaaccupuraTop
TIPOAYKIIMH 10 BHIAM SKOHOMUYECKOU JIeSTEebHO-
CTH», HarpuUMep, B mozpasene 29 «Cpeactsa aBro-
TPaHCIIOPTHBIE, IPHLIETIBI ¥ TIOTYTIPHLICTIBDY pasziena
C «lIpoxykuus 0OpadaThIBAIOMINX IPOU3BOCTBY,
TIPUTOM YTO TTOCIIEIHUHN IOKyMEHT UMEET MEHBILHI
craryc B IpaBoBoi uepapxuu. OJHAKO JeTallbHOe
M3y4YeHHE JIAHHBIX BOIPOCOB HE BXOAUT B PAMKH
HACTOSIIIIETO UCCIIENOBAHNSL.

[TpuBenéHHbIE CBENCHUS O CYLIECTBYIOLINX
CTPYKTYpPHO-COJIEpIKaTeNbHbIX pasnuuusix B Corna-
1eHusIX 1 [ioccapuu 1ar0T OCHOBAHUS yTBEPIKAAT,
YTO CONepIKaIUecs B HUX (POPMYIUPOBKU 00bEKTa
«KOMOMHHMPOBAaHHBIX» MEPEBO30K MOTYT OBITh WH-
TEpPIPETUPOBAHBI B JIOCTATOYHO [IMPOKOM CMBICIIE,
YTO HE CIIOCOOCTBYET TapMOHHU3ALMN OTPACIIEBOIO
3aKOHOJIATENBCTBA MEK/Y CTPAHAMH KOHTHHEHTA.

bonee neranpHas XxapakTepucTuka oObekTa
«KOMOMHMPOBAHHOH ITePEeBO3KM» cofiepkutcs B Jlu-
pexruBe Cosera EC, kotopast Obuia npuHsiTa pH-
MEpHO uepe3 roj nocJie noznucanys EBporneiickoro
COIJIAILIEHHS! U PACIIPOCTPAHSIETCS TOIBKO HA CTPAHBI
EC. B lupextuse, B ommdue ot EBpornelickoro co-

IValIeHUs], TIPUBEACHBI KOHKPETHBIE KPUTEPHU
«KOMOMHHMPOBAHHOH MEPEBO3KI, B TOM YHCIIE, Jie-
TaJM3UPOBaHa CTPYKTypa 00bEKTa [ePEeBO30K:

1) 0ObEKTOM MEPEeBO3KH SBJISIOTCS TPAHCIIOPT-
HbIE CPEICTBA UIIM HHTEPMOZIAJIbHBIE TPAHCIIOPTHBIE
©[IMHUIIBI, B KOTOPBIX COOCTBEHHO M pa3MellaeTcs
Ipy3 HPH TIEPEBO3KE:

—Ipy30Boi aBTOMOOWIB (lorty — B aHIIOS3bIMHON
BepcUM TepMUHa B JupekTuBe),

— MPHLIETI, HOJTYIPHULIET C TSAra4oM M 0e3 Tsra-
ya,

— ChEMHBIH Ky30B, KOHTEHHED;

2) aBTOMOOHITBHBII TPAHCTIOPT UCTIONB3YETCsl Ha
Ha4yaJIbHOM U (MJIM) TIOCJIEIHEM YYaCTKE MYJIBTUMO-
JIAJIbHOTO MapILpyTa;

3) NpOTSHKEHHOCTH JKEIE3HOJOPOXKHOTO HIIH
BOJHOTO YYaCTKOB MYJIETUMOIAIBHOTO MapIpyTa
npesbintaer 100 kM 1o NpAMOi JTUHNY;

4) rpy3 AOJDKEH JI0CTaBIISTHCS aBTOTPAHCTIOPTOM
JI0 WJIM OT OIibKaiIe sKeNe3HO0POKHOM CTaHLMH
OTHOCHTEIIEHO MECT OTIPABJICHHUS WJIM Ha3HAYCHUsI
MYJIETUMOZIJIEHOM T1EPEBO3KH COOTBETCTBEHHO;

5) IPOTSHKEHHOCTH ABTOJIOPOXKHOTO y4acTKa JI0
W OT MOPCKOTO (PEYHOro) MOpTa OTHOCUTEIBHO
MECT OTHPABJICHHUS M HA3HAYEHHS MyJIBTUMOZI b~
HOU NepPEeBO3KH COOTBETCTBEHHO HE JIOJKEH IIPEBbI-
matk 150 kM 1o mpsIMOii JIMHUH.

IMpunstue Tupextussl Coera EC 1 peammzarust
NPEAyCMOTPEHHBIX B HEW Mep rocylapcTBEHHOM
HOJ/IEP’)KKH KOMOWHHUPOBAHHBIX MEPEBO30K (Kak
NPaBUIIO, BO3BPAT WJIM CHIDKEHHE TPAHCIIOPTHOTO
HaJiora) 00eCIeU Iz COKpaIieHHe 00BEMOB MPSMBIX
(YHMMOJAIBHBIX) aBTOMOOMIIBHBIX MEPEBO30K, YTO
TIPHBENIO K MepepacipeieieHUI0 TPY30II0TOKa Ha
JpyrHe 0oliee «IKOJNIOTHYECKH YHCThIE» BUJIbI TPAHC-
1OpTa, Takhe Kak JKeJIe3HOIOPOXKHBIA TPaHCIOPT,
BHYTPEHHUI BOJIHBIN ¥ MOPCKOM TPaHCIIOPT. J{aHHbIE
Mepbl BHECIIH BECOMBIH BKJIA]] B COKpAILIEHHE BEIOPO-
COB BPE/IHBIX BEIIECTB U IIAPHUKOBBIX Ia30B B aTMO-
cdepy, a TakKe CHU3WIM II0Ka3aTeIn J0POXKHO-
TPAHCIOPTHBIX MPOHCILIECTBUM, IIyMa ¥ 3aTOPOB.
BwmecTe ¢ TeM 9KCriepThl OTMEYALOT, YTO JepUHHIIMS
TEpPMUHA «KOMOMHUPOBAHHbIE MEPEBO3KN» U3 J{u-
PEKTHBBI TAKXKE HE JIMIIEHa HE0CTaTKOB, KOTOPBIE
HPEISTCTBYIOT MHOTMM HEPEBO3YHKaM IOJIb30BaTh-
Csl MepaMH SKOHOMUUECKOH moiepxku [15]. B cBs-
3u ¢ 3tuM B EC oOcysxnatorcst u3meHenus B Jlupex-
Ty 92/106/EEC. B uactHOCTH, II1aHAPYETCS H3ME-
HUTBb TIOPSIOK MCUUCIIEHHS IPOTSHKEHHOCTH Y4acT-
KOB KOMOWHHPOBAHHBIX MEPEBO30K, HA KOTOPBIX
UCIIONB3YeTCs aBTOTpaHCIOpT. [l BHy TpUeBpoIei-
CKUX MapIIPyTOB, IEPEBO3KA I10 KOTOPBIM PEriiaMeH-
THpyeTcs JJupeKTHROIA, TaHHas HOpMa, Oe3yCIIOBHO,
JIoJDKHA OBIT euHoi st Beex crpan EC. Onnako
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JUISL TPAHCKOHTUHEHTAJIBHBIX LIETIOYEK IT0CTABOK,
BO3MOXKHO, OyzieT OoJiee palMOHAIBHBIM BapHaHT,
KOTJIa KaXK/IbIi U3 y4acTHUKOB (rocymapctro) Cora-
IIEHNH 0 KOMOMHUPOBAHHBIX TIEPEBO3KaxX Oy/ieT ca-
MOCTOSITEJILHO YCTaHABIIMBATH OT/EIbHBIE KPUTEPUH
KOMOWHHPOBaHHBIX MEPEBO30K, KOTOPbIE TIO3BOJIST
yUUTBIBaTh reorpaduueckue 0CoOEHHOCTH Peruo-
HOB, (DaKTHYECKYIO KOH(UIYpalMIo U INIOTHOCTh
TPaHCIIOPTHOH ceTu. [Ipr 3TOM BayKHO, YTOOBI CTPYK-
TYpPHO-COJIep)KaTelIbHasl XapaKTePHCTHKA 00beKTa
KOMOWHHPOBaHHBIX TIEPEBO30K ObLiIa IMHO B HOP-
MaTHBHBIX JIOKyMEHTaX BCEX yYACTHUKOB COIVIaIle-
HMI. B IpoTHBHOM clTydae mpaBoBOE PEryIMpPOBaHUE
KOMOMHHPOBAaHHOM MEPEBO3KH IPY30B B OXHOTHITHBIX
TPaHCIOPTHBIX WM TPY30BbIX €IMHHULAX B PA3HBIX
cTpaHax Oy/IeT pa34arscsl, U TOrIa, BO3MOXKHO, IPH
CMEHe BUJIa TPAHCIIOpTa Oy/IeT neperpykarbest coo-
CTBEHHO TpY3, @ HE TPY30BbIe HIIM TPAHCIOPTHbBIE
©IMHUIIBI C TPY30M.

TepMuHONOrHYECKHE pa3IYUs IPOCMATPUBA-
I0TCSl HE TOJIBKO B 3aKOHOJATEIbHBIX aKTax, HO
Y B MEXKTOCY/IApCTBEHHBIX CTAH/IapTaX 1 HALIMOHAIb-
HbIx npasunax. Hampumep, B TOCT 34530-2019
«MexrocynapcTBeHHbIH cTaHIapT «TpaHcmopt
HKEeNEe3HOIO0POXKHBIN. OCHOBHBIE OHATHS. TepMUHBI
u onpenenenus» (1. 2.4.19) u B TOCT 34056-2017
«MeKrocy1apCTBeHHbIN cTaHAapT TpaHCIopT xe-
ne3H0A0pokHBINA. CocTaB MOABMKHON. TepMUHBI
u onpenencHus» (. 3.3.21) nano ompeneneHue
TepMUHa «Iu1ardopma Juisi KOMOMHUPOBAHHBIX Iie-
PeBO30K», O] KOTOPOW NMOHMUMAeTCsl BaroH-
miaropma, NpeJHa3HaYeHHBIN Ul epEeBO3KH
KOHTEHHEPOB, aBTOINOE3/I0B, ABTOIPHLIETIOB, TOJTY-
TIPUIICTIOB 1 ChEMHBIX aBTOMOOMIIbHBIX Ky30BOB. Kak
BHJIMIM, B YHCJIO OOBEKTOB, [UIsl [IEPEBO3KH KOTOPBIX
HpeJHa3HaYeHa COOTBETCTBYIOIIAs Iardgopma, He
BXOJIST COOCTBEHHO aBTOMOOMIIH, KOTOpBIE [IEPEBO3ST
Ipy3 B HECHEMHOM Ky30B€, a HE B TIPHLIEIIE WIH T10-
aynpurene. Takke MOKHO 3aMETHTh, YTO B HOBBIX
POCCHICKHX NPaBUJIaX IIEPEBO30K OT/IENIBHBIX THIIOB
TIO/IBI)KHOTO COCTaBa aBTOMOOMIIBHOTO TPAHCIIOPTa
0 JKEJIE3HBIM J0poraM (YTBEpIKIEHBI NMPHUKA30M
Muntpanca PO B stuBape 2020 roza) B cocTas nepe-
BO3UMBIX 0OBEKTOB HE BKJIFOUEHBI aBTOMOOHIIH, XOTS
B nipunoxkennn 3 kK CMI'C nipeycMoTpeHa BO3MOXK-
HOCTB UX [IEPEBO3KH Hapsi/ly C aBTONOE3/IaMH, TTOJTY-
HpULIETIaMK, TIPULIENIaMH, ChbEMHBIMH aBTOMOOWJIb-
HBIMH Ky30BaMH ¥ Hp. YIOMSHYTBIC IpaBuia He
MMEIOT OTHOLIEHHUSI K KOMOMHUPOBAHHBIM NIEPEBO3-
KaM, HO C YYETOM TIepPCIIEKTUB Pa3BUTHsI KOMOMHH-
POBaHHBIX NIEPEBO30K, BOMOXKHO, OSIBUTCS ITOTPE0-
HOCTB B 00J1e€ TIOPOOHOM 00CYKIICHUM POCCUICKUX
HpaBUII TIEPEBO30K aBTOTPAHCIIOPTHBIX CPEJICTB
B IPY30BBIX BaroHax.

Cxopee Bcero, 3TOT BONPOC TIOAHUMETCS T10CIe
MIPUHATHS. HOBOTO 3aKOHA O TPSIMBIX CMELIaHHBIX
(KOMOMHMPOBAHHBIX ) IIEPEBO3KAX, IPOEKT KOTOPOTO
AKTHBHO 00CY)XI1aeTcsl B MPpoheCCUHOHATIEHOM CO00-
mectBe. B cratbe 788 [paxnanckoro konexca PO
OIIpE/IENIeHbl OCHOBBI B3aMMOOTHOILIEHHH TPAHCTIOPT-
HBIX OpraHM3alMil NPH OCYLIECTBICHUH NPSMBIX
CMEIIaHHBIX COOOIIEHHI, BHINOIHIEMbIX MO JUHO-
My TPaHCIIOPTHOMY JIOKyMeHTY. B naHHO# crarbe
3aIMCAHO, YTO MOPS/IOK OpraHu3aliK TaKKX Iepe-
BO30K OIPEIENSEeTCs COMIAlICHHSIMHE MEXIy Tepe-
BO3YMKAMH Pa3HbIX BHIOB TPAHCIIOPTA U PETYIIHpY-
€TCs CIIELMABHBIM 3aKOHOM O TIPSIMBIX CMEIIIaHHBIX
(kOMOMHMPOBaHHEIX ) TTepeBo3Kax. [IprmedarenbHo,
YTO B HA3BaHNH OY/IyIIIET0 3aKOHA TEPMUHBI «IIPSIMBIE
CMeIIaHHbIE» U «KOMOWHMPOBAHHBIE) MEPEBO3KH
UCIIONIb3YIOTCSl KaK paBHO3HAYHbBIE, YTO, HA HALI
B3IVISI]I, HE B IOJTHOM Mepe COIIacyeTcsi O 3HAYCHHU-
€M COOTBETCTBYIOIIUX TTIOHATHH.

TepMuHBI «IIpsiMasi CMEIIaHHAS» U «KOMOWHH-
PpOBaHHas» NEPEBO3KH SIBIISIIOTCS PA3HOBUIHOCTIMHU
OoJiee MPOKOTO 10 COEPIKAHUIO TTOHSITHS — «CMe-
IIaHHas nepeBo3kay. [Ipu 3ToM JaHHBIE TEPMHHEI
OTHOCSITCSl K Pa3IMYHbIM TaKCOHOMUYECKUM TPYII-
I1aM B paMKax HaJBHIOBOTO KJIAcca: «IIpsMast cMe-
IIaHHas! [IEPEBO3KaY XapaKTepu3yeT OpraHu3aIioH-
HO-TEXHOJIOTUYECKHE OCOOCHHOCTH OCYIIIECTBICHHUS
CMEILIaHHBIX TIEPEBO30K IO €IMHOMY TPAHCTIOPTHOMY
JIOKYMEHTY, a «KOMOMHHpOBaHHAsI IEPEBO3Ka» Xa-
paKTepH3yeT PasHOBHAHOCTH OECIeperpy304HbIX
(MHTEepMOANBHBIX) COOOIICHHUH, BBINOJIHIEMBIX
C y4acTHeM aBTOMOOMIIEHOTO TPAHCIIOpTa Ha HaYallb-
HBIX ¥ (WJIM) KOHEYHBIX y4acTKaX CMEIIaHHOTO
MapipyTta. COOTBETCTBEHHO ypaBHUBAHHE 3HAYCHUIH
TIOHSTHI «IIpsIMasi CMELIaHHAsD M «KOMOUHHUPOBAH-
Has» TEpEeBO3KH U, KaK CIEACTBHE, IPUMEHEHUE
K HAM OJJUHAKOBBIX HOPMATHBHBIX TPEOOBAHUI MO-
KET OCIIOKHUTB PETYJIMPOBAHIE JAHHBIX Pa3HOBH/I-
HOCTEH CMelIaHHbIX cooOmieHuid. [ToaTomMy umeer
CMBICIT 00CYJIUTH BOIIPOC O LIENeCO00pa3HOCTH H3-
MeHeHHs B [ paxiaHCKOM KojieKce Ha3BaHMsI TAKOro
3aKOHa, MCKIIFOUHMB M3 HETO KOMOMHHPOBAHHBIE Te-
PEBO3KH.

OBCYXOEHUE, BbIBOAbI U PEKOMEHOALIUA

Jnst obecriedenust peanbHOM U 3HEKTUBHOM
HHTETpaly TPAHCIIOPTHBIX CHCTeM EBpasuiickoro
KOHTHHEHTA BAXKHO 00CCIICYNTh OOIITHOCTD MTOHSATHIA-
HOTO armapara KOMOMHHPOBAHHBIX MEPEBO30K TIPU
UX PEryJMpOBAHUKM Ha MEXKIYHAPOIHOM M HAIIHO-
HaJILHOM YPOBHSX. Bce yUacTHHKY PhIHKA TOJDKHBI
HCTIOJIB30BaTh PABHO3HAYHBIC (HOPMYIUPOBKH TIPO-
(heCcCHOHAIBHBIX TEPMUHOB. ITO BXKHO IS 0OecIe-
YEHHUsI TAPMOHH3AIINHU PABIJT TIEPEBO30K, MEPEBO-
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304HOI JOKYMEHTAIMU U JPYTMX HOPMaTHBHBIX
IPaBOBBIX JOKYMEHTOB [0 KOMOWHMPOBAHHBIM 1€~
PEBO3KaM B MEKIYHApPOJHOM COOOIIECHUH, 4TO,
B CBOIO Oyepesb, OyJeT crocoOCTBOBATH POCTY
00BEMOB MEX/LyHAPOIHOM TOPrOBIIH, COKPAILIEHUIO
CPOKOB JIOCTAaBKH I'PY30B U MOBBIIIEHHIO X COXPaH-
HOCTH M, B KOHEYHOM CYETE, CHIDKEHHUIO U3/IEPIKEK
notpeduTeNeil Ha eBpPOa3UaTCKOM KOHTHHEHTE.

CrouT Npy3HaTh PalMOHAIBHOM HIEIO U YCTIETl-
HOM MPaKTUKy NpUMeHeHus [ occapus B KadecTse
OTCBUIOYHOTO JIOKYMEHTA C IIOAPOOHBIMH (hOPMYJITH-
POBKaMH ¥ JIETAIBHBIMU Pa3bsCHEHUSMH TIpodec-
CHOHAJIBHBIX TEPMHUHOB, KOTOPBIE HCIIOJIb3YIOTCS
B OTPAacCIIeBbIX MEXIYHApOAHBIX COINIAIICHUSIX.
Bwmecre ¢ Tem, otnenbHble geduHunmm B [occapuu
LEJIECO00Pa3HO YTOUHHTB, IOTIOJHUTH  CUCTEMATH-
3upoBarb. Harpumep, B [1occapun nosynpuienst
OTHECEHBI K KaTeropu «TPAHCIIOPTHBIX €IHHHUID)
u omHOBpeMeHHO BxoaAaT B coctaB UTE, kotopbie
SIBIISIIOTCS. PAa3HOBHAHOCTBIO «TPY30BBIX €IMHHULD).
B cBOt0 0uepenp NpHLIeIbl, KOTOPhIE TAKKE OTHECE-
HBI K KATETOPHH «TPAHCTIOPTHBIX SAMHULD, HE BXOJISAT
B coctaB o0bekToB UTE. BesycnoBHo, npuiens
MMEIOT KOHCTPYKTHUBHBIE OIS OT MOJTYTIPHLICTIOB,
HO TEXHOJIOTMYECKUE Pa3IIMYHs B YACTH OPraHH3aLHH
TIePEBO30YHOTO TIPOLIECCa C X yUacTHEM He TaK YK
U CYILIECTBEHHBI.

B I'moccapuu npu xapakTeprCTUKe COIepKaHuUs
MHOTHX TEPMHHOB HMCHOJIB3yeTCsl TIOHATHE «ABTO-
TPaHCIIOPTHOE CPEZICTBO, KOTOPOE B JAHHOM JIOKY-
MEHTEe HEe UMeeT COOCTBEHHOTO ONpereNieHus. 3Ha-
YeHHE NaHHOTO TEPMHHA, 0€3yCIOBHO, MOXHO
YCTaHOBHUTH U3 KOHTEKCTA €r0 UCIIOIBb30BAHUS TIPH
OIpe/ieNIeH!H OpyTrux noHsTuid. Hanpumep, B nedu-
HMUMSX OT/ENBHBIX Pa3HOBUIHOCTEH «TPaHCIIOPT-
HBIX €IMHUIL (TaKUX KaK COWIEHEHHOE TPaHCIIOPT-
HOE CPEJCTBO, MPHIIEMN, MOIYIPHLEH, aBTOMOE3])
TIOHSTHE «ABTOTPAHCIIOPTHOE CPEJICTBOY UCIIONB3Y-
€TCsl B KauecTBe HaJIBUI0BON Kareropuu. C yuétom
COJIep)KaHHs M CMbIcia JeGUHUIMI yKa3aHHBIX
TEPMUHOB TI0/I «aBTOTPAHCIOPTHBIM CPEACTBOM)
TIOHUMAETCsl COOCTBEHHO «aBTOMOOWIbY. 113 3TOro
Te3KCa CIIeNYeT TPH BXKHBIX BHIBOJIA.

Bo-niepBbIX, B onpenesnennn tepmMuHa «HTep-
MoJaJIbHas IIepeBo3Kkay 13 [T1occapust HCIONb3yI0T-
Cs1 TOJIBKO JIBa 00BEKTA TIEPEBO30K: «TPY30Basi eI1-
HMII2» U «aBTOTPAHCIIOPTHOE CpencTBoy. Torna mo-
JIy4aeTcsl, YTO €CJIM aBTOTPAHCIOPTHOE CPEACTBO
(coOCTBEHHO aBTOMOOMIIb), HE NMPUHAJIEKHUT
K 00BEKTaM I'PYIIIIbI «TPAHCHIOPTHBIE €MHULIB, TO
TIepeBO3Ka rpy3a B MOJyPHULIETIE, IPULIETIE U JIaxe
BAaroHe B CMEIIAHHOM COOOIIEHHH C HCTIONb30BaHHU-
eM Oecrieperpy304HbIX TEXHOJIOTHiT (HAapuMep, rpy3
B BaroHe NepeBO3UTCsE HA MOPCKOM 11apoMe) He OT-

HOCHTCSI K KaTeTOPUH «MHTEPMOZIAJIBHAS TIEPEBO3KAY.
[TosToMy conepkaHue TepMHUHA «HHTEPMOAAIIbHAS
nepeBo3ka» B [Tloccapuu HebecCIOpHO, U IPpe/ICTaB-
JISIETCS LeNIecO000pa3HbIM JIOTIOJHUTH COCTaB 00bEK-
TOB, TIEPEBO3MMBIX C HCIIOJB30BaHUEM Oecrieperpy-
304YHBIX TEXHOJIOTHH, TAKKE U TEPMUHOM «TpaHC-
HOpTHBIE eMHULBDY. Harpumep, ydecTb TpHLensl,
ABTOIOE3/1a, COWICHEHHBIE TPAHCIIOPTHBIE CPEJICTBA,
BAaroHbI U JPyroil MOABWKHON COCTaB, MPUTOAHBIN
Ju1s1 Oecrieperpy3o4Horo coobenust. Eciu atoro He
ClIeNaTh, TOra Ha o Oy/IeT oA0UpaTh HOBBIH TEPMUH
JUIS XapaKTepUCTUKNA HHTEPMOJANIbHBIX (Oecrepe-
IPY304HBIX ) COOOIIICHHI C yUaCTHEM «TPAHCIIOPTHBIX
SIMHHID).

Bo-Bropsix, B «EBporieiickoM cornameHun
B COCTaB OOBEKTOB KOMOMHHPOBAHHBIX MEPEBO30K
BKJIIOUEHBI TOJIBKO «TPAHCIOPTHBIE €IUHULIBI».
CrieioBaresnbHO, COIVIACHO JJAHHOMY JIOKYMEHTY, OHO
He pacrpocTpaHseTcs Ha Gecrieperpy3ouHsie coo0-
IIEHHUS C y4acTHEM aBTOMOOHIIEH U JIPYTHX «IPy30-
BBIX SIMHHUI, TAKUX KaK KoHTeiHep. B To Bpemsi kak
JIpyrie HOPMaTHBHBIE JOKYMEHTBI, B TOM YHCJIE,
«Cornamenue EBpona—Asus», [upextusa Cosera
EC Ne 92/106/EEC, perymipyrot epeBo3KH C TaKH-
Mu o0bekTaMu. [103TOMy KenarenbHO paciIupyTh
U KOHKPETH3HPOBaTh OOBEKTHI KOMOMHMPOBAHHBIX
nepeBo3oK B «EBPOIEHCKOM COIAIIICHHIY, YTOOBI
00ecreynTh TapMOHU3AIMI0 HOPMATHBHBIX TPedo-
BaHUI C JIPYTMMHU JIOKYMEHTaMH, PETYJIUPYOLIUMH
AHAJIOTMYHBIE 1iepeBo3KH. OOIIHE PEKOMEHIALIH 110
KOPPEKTUPOBKE 00bEKTa KOMOMHMPOBAHHBIX TIEpe-
BO30K Oy/1yT chopMynpoBaHbl Ha npumepe «Cora-
renus EBpona—Asusi», conepkaHie KOTOPOro TAKKe
HYXKa€TCs B YTOUHEHHH COCTaBa U CTPYKTYpPBI CO-
OTBETCTBYIOLIEr0 00BbEKTA.

B texymeit penaximu «Cornamenust Espora—
A3sus» B KauecTBe 00beKTa KOMOMHUPOBAHHBIX ITe-
PEBO30K (PaKTHYECKHU YKa3aH TOJIBKO OIIMH O0BEKT —
«rpy30Basi €IMHUIIA», CTPYKTYpa KOTOPOTO 3aTeM
NpeJICTaBlIeHa B COCTABE YEThIPEX PA3HOBUIHOCTEH
(xoHTElHEp, CHEMHBIN Ky30B, IOIYIPHLEH, aBTO-
TPaHCIOPTHOE CpeCcTBO). B pabote ObUI0 noka3aHo,
YTO JIAHHBIE Pa3HOBHMIHOCTH OTHOCSTCS K Pa3iny-
HBIM TaKCOHOMHYECKHM TpyINaM: KOHTeHHEp
U CHEMHBII Ky30B — 3TO «IPY30BbIE SAMHHUIIBIY, 110~
JyHPHULIET — 9TO «TPAHCIIOPTHAs SAUHHIA», a MOJ
ABTOTPAHCIOPTHBIM CpeACTBOM B [ioccapuu
u CMI'C noHumaroTcst pasiuuible 00beKThl. [Ipu
sToM B «Cornamennu Eppona—Asus» B coctas
00beKTa KOMOMHHPOBAaHHBIX MEPEBO30K HE BOILILIH
TPULIETIBL.

B cBs131 ¢ 3THIM NIpearaeTcs Cie Iy onias CTpyK-
Typa 00beKTa KOMOMHUPOBAHHBIX MIEPEBO30K. B Heil
JIOTUYHO BBIJIEIUTE TPH CTPYKTYPHBIE YaCTH — «IPY-
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30BBIE €IMHHIBDY, «TPAHCIIOPTHBIE €IUHHIBD)
U «aBTOTPAHCIIOPTHBIC CPEICTBA (ABTOMOOHIIN)».
[lepBere Be TPYMIIBI MOTYT OBITH IOTIOMHUTENHHO
0XapaKTepU30BaHbl KOHKPETHBIMU Pa3HOBHIHOCTSI-
Mu. Hanpumep, rpymniny «rpy30BbIX eAUHHID LieTe-
c000pa3HO MPEACTABUTh «MHTEPMOAATHHBIMA
TPAaHCIOPTHBIMU E€IWHHIAMHUY» — KOHTEHHEepaMu
U CbEMHBIMU Ky30BaMH. [pyry «TpaHCIOPTHBIX
SJIMHHUI — IPULIETTAMH, HOIYTIPHIIETIAMH, aBTOHOE3-
JIaMH, COWICHEHHBIMH TPAHCTIOPTHBIMHU CPEZICTBAMH.

B-tpersux, «Cornamenue EBpona—Asus» ume-
er Oosiee BBICOKHIT PaBOBOM CTATyC, 4EM MEXIOCY-
JIapCTBEHHBIE CTAHAPTBI, TO3TOMY MPECTABIACTCS
[ETeCO00Pa3HBIM PACCMOTPETh BOTIPOC 00 M3MEHE-
HHH JIBYX YTIOMSTHYTHIX BBILIIE MEXTOCYIapPCTBEHHBIX
craugaptoB (IOCT 34530-2019 «Mexrocynap-
CTBEHHBII cTaHIapT «TpaHCHOPT JKENE3HOROPOXK-
HbIi. OCHOBHbIE NMOHATUA. TepMUHBI U OIpefene-
Hus» (11. 2.4.19) u B TOCT 34056-2017 «Mexrocy-
JIAPCTBEHHBIN CTaHAAPT TpaHCIIOPT KENE3HONOPOK-
HbIi. CocTaB MOABKHON. TepMITHBI 1 OTIpeIeNIeHIDY )
B 4acTH KOPPEKTHPOBKHU OINPEACICHUS TEPMHHA
«maropma Jyisi KOMOMHUPOBAHHBIX MEPEBO30K)
€ yu€TOM MPe/TIOKEHHOH BBILIIE CTPYKTYPbI 00bEKTa
TaKHX MIEPEBO3OK.

[IpuBenEHHbIE BbIIIE PEKOMEHAALMY TI0 COBEP-
IIEHCTBOBAHUIO TPAHCIIOPTHOH TEPMUHONOTHH 00-
YCIOBIIEHBI OOBEKTHBHBIMH M3MEHEHHSIMU TIEPEBO-
30YHBIX TEXHONOTHH. BriosHe ecTecTBeHHO, UTO 32
HECKOJIBKO JIECATKOB JIET C MOMEHTa MPUHATHS
«EBpomneiickoro cornamenus» n «Cornamenus Es-
pora—A3¥sDy MOSBUIIHCH HOBALIWH B PETYIIMPOBAHIN
1 OCYILIECTBIICHNH KOMOMHHPOBAHHBIX IIEPEBO3OK,
KOTOpbIE ObLIO OBI 11e7IeCO00Pa3HO OTPa3UTh B 000MX
Cornamennsx. [lng obecreyeHns: CHHXpOHU3AIAN
Tiporiecca 00CYKIEHHUS ¥ BEIPAOOTKH HOBBIX ITPABILT
Ppery;ampoBaHust KOMOMHMPOBAaHHBIX IIEPEBO30K BCe-
MU ydacTHHKaMu CorvaleHuil, BO3MOXHO, Oyner
TIpOILe BHOBb BEPHYTHCA K M€ 3aKIII0OUHUTh Ha 0ase
cymiectByronmx CoranieHiid HOBOe, BCEOOBEMITEO-
mee EBpoasuarckoe ComiarieHne 0 BaXHEHUIINX
JIMHUAX KOMOMHUPOBAHHBIX MepeBo3ok. Hosoe co-
IIAIIEHNE TI03BOMIUIO OBl OTPA3HTh YCIENIHbIH Ha-
KOTUIEHHBIH OMBIT YYaCTHUKOB JaHHBIX ComalleHui,
HapaOOTaHHBIE MPEVIOKEHHS TI0 COBEPILICHCTBOBA-
HUIO TPEOOBAHMH K OPraHU3alMl MEXTyHAPOIHBIX
KOMOMHHMPOBAHHBIX TIEPEBO30K, & TAKXKe OOHOBHUTH

TPAHCIIOPTHYIO TEPMHUHONOTHIO, KOTOPAst PA3BUBACT-
Csl BCJIE]T 32 CTPEMHUTEITBHO H3MEHSFOIIIMUCS TEXHO-
JIOTUSIMH KOMOMHHUPOBAHHBIX, MYJIBTHMO/IAIBHBIX,
HHTEPMOJIATIBHBIX U IPYTHX BHIOB EPEBO3OK.
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Oapbs MULLKHA

AHHOTALNA

B 3umHul nepuod 00HOU U3 OCHOSHbIX 3aday codepxaHusi
aBmomoburibHbIX A0poe 8 CMpaHax o CHEXHbIM NOKPOBOM A/
emcst 60pb6a Co CHEXHBIMU OMITOXEHUSIMU Ha hpoe3xel yacmu. C
Yenbio 3auums a8momobusibHbIX dopo2 om cHeea 8 Muposoli
npakmuke npubezatom k nocadke cHe203a0epXKUBaloWUX ECHBIX
HacaxdeHutl. OHU 3Ko102U4Hb1, Aoreo8eyHb! U obnadarom bonbLol
cHezo3a0epxusaroweli cnocobHocmso. OdHaKo, ecmb psid o2pa-
HUYeHUU 8 UX UCNOb308aHUU.

MpueedéH aHanus KOHCMPYKYul u cxem nocadku omeye-
CMBEHHbIX U 3apybexHbIX CHe203adepxusaloujUux IECHbIX Ha-
cax0eHul, npuMeHsieMbIX Ha a8momobUusbHbIX dopoeax, pac-
cMompeHbl 0cobeHHOCMU, npeumyujecmea u Hedocmamku
NecHbIX HacaxOeHull 8 pa3HbiX cmpaHax. B kayecmee 3apy-
6exXH020 Onbima paccMompPeHb! ANOHCKUE U aMepuKaHcKue
KkoHcmpykyuu. OnpedeneHo enusHuUe cocmosHus 0epesbes Ha
agppekmusHocmb ux pabomel. Kak cnedcmeue, nodmeepxde-
Ha Heobxodumocmb MOHUMOpUHea u Hadnexauje2o yxoda 3a
cywecmesyowumu econocadkaMu Ha NPOMSKEHUU UX XU3-
HEHHO20 YuKa Ha npumepe obcedosaHull ecHbIX Hacaxde-
Hul e Kasaxcmare u 8 Bonzoepadckol obnacmu Poccutickol
Qedepayuu.

codepxaHue asmomobusibHbix dopoe.

Mapwvsa FOpvesna Muwuna
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CHero3agepxuBatoLyme fnecHble
HacaXaeHWs B MUPOBOW NpaKTuKe

Mockogckuii asmomobunbHO-00POIICHbIIL 20CYOAPCMEEHHbLI MEXHUYECKULL
yrugepcumem (MA/N), Mocksa, Poccus.
b4 daria.korneeva@list.ru.

Asmopom npugedeHbl NepcnekmugHble HanpageHusi no
yC08EPWEHCMBOBAHUI0 KOHCMPYKYUL U CXem nocadku cHe203a-
0epXuBaloWUX 1eCON0MTOC, @ UMEHHO KOMNMEKCHBIU Nodxod K
npoekmuposaHulo 0aHHbIX cpedcms 3awumbl He MOLKO om
CHeaa, HO U 0m 3aepA3HAIoWUX sewecms. K makum peweHusm
OMHOCUMCS KOHCMPYKYUS 3aWUMHBIX 18CON0MIOC C NPUMEHE-
HUEM MObKO 8bICOKOPOCTbIX KYCMapHUKo8, obecneyugarowast
Haumy4wee npodysaHue npudopoXHsIX meppumopull u pacceu-
8aHUe KOHmamuHaHmos. [pyeum peweHuem se1siemes eKio-
yeHue 8 cocmag fleconocadok AoNoMHUMENbHO makux pacme-
Hull, kKak uea u Kykypy3a. Kpome amoeo, e ces3u ¢ 2obanbHbIMu
U3MEHEeHUAMU Kiiumama onpedeneHa 8axHas 0rs copemeHHoU
Hayku 3a0a4a 06HoseHUs OelicmayWUX HOPM NPOeKMUpPoBa-
HUS1 1eCON0NO0C 8 akmyarnbHbIX Ha Ce200HAWHUL deHb Memeo-
POIIO2UYECKUX YCIIOBUSIX.

[aHbI pexomeHOaUuUU No NPUMEHEHUI0 MameMamuyeckozo
Mo0enuposaHusi NpU NOMOWU KOMNBIOMEPHBIX Npoepamm npu
pa3pabomke Ho8bIX KOHGhUYpayull MecHbIX N0cadoK U OUeHKe
aghchekmugHocmu ux pabombl, @ makxe no eHeOPeHUK Cogpe-
MEHHbIX MexXHOMo2ull, makux Kak 8udeokamepb! U OPOHbI, npu
HamypHbIX UCNbIMaHUsiX.

Kntoyesbie criosa: mpaHcnopm, c:-leeosadep)«ueaiowue IeCHble HacaxdeHus!, CHeeo3aujuma, CHEe20NPUHOC, CHeeoﬁopbO'a, 3UMHee

[ns yumuposarusi: Muwura . KO. CHezo3adepxusatoujue necHble HacaxdeHus e Muposol npakmuke // Mup mpaHcnopma. 2021.
T.19. Ne 2 (93). C. 94-99. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-13.

MonHb Il mekcm cmamb U Ha aH2nulicKoM s3bIke ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.




BBEOEHUE

B mensax obeceuenns 6e30macHoro u 6ec-
epe0OHOTO IBIKEHUS Ha aBTOMOOMIBHBIX
JOpOrax B 3UMHUI IEPHOA BO MHOTHX CTpaHaxX
C XOJIOTHBIM KJINMaTOM OOPIOTCSI CO CHEXKHBIMU
3aHOcaMH Ha mpoesxei yactu. B Poccun cHex-
Hasl CTUXUSI TPEUMYIIECTBEHHO XapaKTepHa JUTs
paiioHOB OYEHB TPYTHON U OCOOCHHO TPYTHOMN
CHETOOOPHOBI COTIIACHO PaOHUPOBAHUIO TEP-
puTopuu Hamel ctpansl [1; 2]. Cpenu 3apy-
OeXHBIX CTpaH C AaHAJIOTHYHOW MpoOIEeMOit
CHEXHBIX 32HOCOB Ha aBTOMOOMIIBHBIX IOpOTax
MOKHO BBIIenHNTh Kazaxcran, Kanany, Cxanan-
HaBckue crpansl, CIIA, Anornro u agpyrue.

3a Gosee YeM BEKOBYIO HCTOPHIO UCTIONB30-
BaHMSI CHET033ICPKUBATOIIIE JTIECHBIE HACAXK/IC-
HUS 3apEeKOMEHIIOBaJN cebs Kak Hanbomee 3¢-
(hEeKTHBHOE CPEACTBO 3ALIUTHI OT CHEXXHBIX 3a-
HocoB. Ha 0CHOBaHMM KONMUYECTBEHHOM OLIEHKU
TapaMeTPOB METEIIEBOI ICSTENEHOCTH 1 CTETIC-
HHU CHETO3aHOCHMOCTH aBTOMOOWIBHBIX JIOPOT
BBIMTOJIHSIOT IPOEKTUPOBAHNE JIECHBIX IIOJIOC.
B xaxnoit cTpaHe ecTh CBOM 0COOEHHOCTH BBI-
6opa cXeMbI yCTaHOBKH M aCCOPTHMEHTA JIECHBIX
HaCaXKIEeHUM.

BaxxHO OTMETHTB, YTO MMEHHO Ha 3Tare
MIPOEKTUPOBAHNS HOBOTO CTPOHUTEIHCTBA MIIH
PEKOHCTPYKITHH aBTOMOOMIIEHBIX TOPOT HEO0OX0-
JIIMO 3aKJIaAbIBaTh IOCA/IKy CHEI03aIePKIBA0-
IUX JIECHBIX HacaxaeHud. Ha stane skcrutya-
TallUN YK€ MOCTPOCHHBIX M CYIIECTBYIOIINX
aBTOMOOMIIBHBIX JIOPOT BO3MOXHO JIUIIH IIPOBE-
JICHIE MOHUTOPHHTA N HE3HAINTEITbHON KOPPEK-
THUPOBKH NPUHATHIX MPOEKTHBIX PEIICHHH.

L]envio uccrenoBaHNS SBISUIOCH BBISIBICHHE
TIEPCTIEKTUBHBIX HANPABICHUH MO YCOBEPIICH-
CTBOBAHHWIO KOHCTPYKIHMH M CXEM MOCAAKHU
CHETO033JEPKHUBAIOIINX JIECOMOIOC C yUETOM
KOMIIJIEKCHOTO TTOAXO0/a K NX MPOEKTHPOBAHHIO
B IIEJISIX 3AlIUTHI HE TOJIBKO OT CHEra, HO M OT
3arpsA3HSIONINX BEIIECTB.

PE3YNbTATbI

IIIupokoe nprMeHEHHE JECHBIX HACAKIEHUI
00yCIIOBJIEHO MX 3HAYNTEIHLHON CHETO3aICPKH-
BalomIeH CIOCOOHOCTHIO, OHU IKOJIOTHYHBI
¥ AMEIOT HEOTPAHWICHHBIA CPOK CIYXKOBI. Tem
HE MEHee, HapsiAy C CYyIIECTBEHHBIMHU MPEUMY-
IIECTBAMH €CTh PSI/I OTPAaHWYECHUH B MIX TIPHME-
HeHUH. K TakoBBIM OTHOCSITCSI HEONATONPHUSITHBIE
TTOYBEHHO-TEOJIOTHUECKHE YCIIOBHS, IPOJIETAHIE
JIOPOTH ONHM3 CEIhCKOXO3STMCTBEHHBIX YTONHM,
3HAYUTEIbHBIA 36MJIEOTBOA TOA MX MOCAIKY
(KOTOpBII COCTABISIET COMIACHO PEKOMEHJAINSIM

0OIM 218.5.001-2008 u O/TM 218.2.045-2014?2
ot 15 10 100 M ruTroC MUpUHA CaMOTO HacaXKIe-
HUSI OT OPOBKHM 3€MJISTHOTO MOJIOTHA 10 JIECHBIX
HacaJIeHU 1 B 3aBUCIMOCTH OT 00bEMOB CHET0-
npuHoca). HopmaruBHbIe 3HAYEHUS IPUHATHI HA
OCHOBaHHMHM Hay4HBIX TpynoB [1-3], BEIOIHEH-
HBIX BO BTOpo# nojoBuHe XX Beka. Kpome toro,
Ha NepuoJ] pOCTa MOJIOJBIX CAKEHIIEB JI0 3peyio-
IO pacTeHUs NMPU HOBOM CTPOUTEIHCTBE WIIU
PEKOHCTPYKIIMH aBTOMOOMIIBHBIX JOPOT HEOOXO-
JIUMO TIpelyCMaTpUBaTh AOTIOJIHUTENbHBIE MEPBI
3aIUTHI OT CHeTa.

OTeyecTBEeHHBIH ONBIT MPUMEHEHUS
JIECHBIX HACAKACHUM

HopmaruBHbIe cXeMbI TOCAIKH JIECHBIX I10-
JIOC, IPaBUJIa YCUIIEHUSI CYILECTBYIOLINX JIECHBIX
HaCaXJIeHNUH, aCCOPTUMEHT U TPEOOBaHUS K I110-
CaJIOCYHOMY MaTepually IpeACTaBIeHbI B HAIIHO-
HaJIBHBIX pekoMeHnanusax OIM 218.2.045-2014.
B ocHOBe Ha3HaueHUs CXEM JIECHBIX HACaXICHUI
JISKUT 00BEM CHETONIPHHOCA K aBTOMOOMIIbHON
Jopore.

HemanoBaxHbM ¢akTopom 3ddekTuBHON
paboTHI JIECHBIX MOJIOC SIBISETCS MOHUTOPHHT
W yXOJ B MEPUOJ MX dKCILTyaranuu. Mosojbie
Ca)KESHLIBI [IO/1 BIMSTHUEM HEraTHBHbBIX (JaKTOPOB
MOTYT HE JIOCTHYb TPpeOyeMBbIX pa3MepoB WU
MIOIBEPIHYTHCS BBICBIXaHHIO M THUEHHUIO, Y KyC-
TapPHUKOB MOXKET OTCYTCTBOBATh OITyIlIKa. A 0~
CTHUTHYB 3pEJIOr0 BO3pacTa, IepeBbsi CTAHOBATCS
M3PEKEHHBIMU U TIOBPEXKIEHHBIMH B TIpOLECCE
JKU3HEHHOTO IMKJIa. YBEINYHMBAIOT I'yCTOTY Jie-
PEBBEB U KYCTapHUKOB MYTEM BHIPYOOK Cy4YbeB
WJIM HapalluBaHUS YUCNA PSAOB JepeBbeB [3].
Coracuo OJIM 218.011-983, paGotsl 110 ycuiie-
HHIO CYILIECTBYIOIMX CHEr0O3aIUTHBIX HacaXK 1e-
HUIl TIpeiCTaBIAIOT co00i 00pabOTKy MOYBBI
¢ y4€TOM pernoHajJbHBIX arpoTeXHUYECKUX
TpeOoBaHuii, caMy NocaKy (IIOCEB) pacTeHHUH,
JIOTIOJTHEHHE KYJBTYD M arpOTEXHUYECKUH YXOI
3a HACAKACHUSIMH.

Hanpuwmep, no nanusim [4], B Bonrorpaackoit
obnactu B 2019 roy ObLiIM BBITOIHEHBI MOJICBBIC
UCCIIEZIOBaHNUS COCTOSIHUSI IPHIOPOYKHBIX JIECHBIX
HaCaXAECHHUH BIIOJIb aBTOMOOMIIBHBIX jiopor P-22

1 O/JIM 218.5.001-2008. MeToanyeckue peKOMEHIAINH [0
3alIUTE ¥ OYUCTKE aBTOMOOMJIBHBIX JIOPOT OT CHETa.

2 OIM 218.2.045-2014. PexoMeHAaLMK 110 TIPOESKTHPOBA-
HUIO JIECHBIX CHET03aJeP)KUBAIOIINX HACAKACHUH BIOJb
ABTOMOOMIIBHBIX IOPOT.

3 O/IM 218.011-98. ABTOMOGUITbHBIE JOPOTH OBIIETO MOJTb-
30BaHMs. MeTonudyeckue peKOMEHIAlUK [0 O3EICHEHHIO
aBTOMOOMJIBHBIX JIOPOT.
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Puc. 1. Tunogas cxema fecHbIx HacaxdeHuil e SinoHuu: 1 — HanpaeneHue 2ocnodcmeyrouie2o eempa 3umoll, 2 — 6bicmpopacmyujue
wupokonucmHble depeebs, 3 — ee4Ho3eNEHbIe depesbs, 4 — meppumopusi A1s CHEXHbIX OMIIOKeHul, 5 — aemomobunbHas dopoea [5, c. 37].

«Kacnmit» (MockBa—Actpaxanb) u P-228 (Boin-
rorpan—CpI3paHb), YTO MTO3BOIMIO YCTAHOBHTH
HX HEYJIOBIICTBOPUTENHHOE COCTOSHHE, IPHOCTA-
HOBKY B POCTE, ACTPAAAINIO U CyXHE BEpPIIUHBI
JIEpEeBLEB Ha 00OMX y4acTKax JOpOT.

B Takux cirydasx jgecHbIE OCAIKH TOIJIEKAT
HE3aMeUINTENBHOMN JIECOBO30OHOBUATEIBHON
PpyOKe [t 0OecTiedeHns IX OOHOBIICHHUS M TOPOC-
neBo reHepaiyy. [10CKOIBKY JIECHBIE MOJIOCHI,
KakK IIPaBWJIO, PACIIOJIIOKEHBI B TIOJIIOCE OTBOJA
ABTOMOOMJIBHON JOPOTH, TO U OTBETCTBEHHOCTH
3a BBINIOTHEHHUE JaHHBIX paboT Bo3naraercs Ha
IKCIUTYaTHPYIOLIHE CITyXKOBbI, KOTOPBIE, B CBOIO
odeperib, He BCETJa MMEIOT B CBOEM IIITAaTe KOM-
TIETEHTHBIX CIICIHAITICTOB B JaHHOH cdepe. Kax
pe3ynbTat, JeCHbIE HACAXKICHUS HE CHOCOOHBI
B IOJTHOH Mepe (DYHKIIMOHMPOBATH B KadeCTBE
CHET033/Iep KUBAIOIINX YCTPOUCTB.

3apy6ekHbIii ONBIT MPUMEHEHHUS
JIECHBIX HACAKAEHUH

Bo MHOrHX 3apy0e)HBIX CTpaHaX C XOJOJI-
HBIM M CHE)KHBIM KJIIMaTOM B KaueCTBE 3aIUThI
OT CHE)KHBIX 3aHOCOB Ha aBTOMOOMIIBHBIX JI0PO-
rax TOXe HCIIONB3YIOT CHEr03aIepKHBaIOIIIe
necomnocaaky. [IpaBuia uX NPUMEHSHHUS B KaX-
J0i CTpaHe MPOANKTOBAHBI METEOPOJIOTHYECKHU-
MH H THAPOTEOJIOTNIECKUMH YCIOBHSAMH, a TaK-
K€ 0COOCHHOCTAMH penbeda MECTHOCTH M Xa-
PaKTepUCTHKaMH MIPUJIETAOIIEH TePPUTOPHH.

B nemsax caero6ops0s! B SmoHun, HarpuMmep,
OYCHBb aKTHBHO IPUMEHSIOT CHEro3aIepKuBaro-

e JiecHble Totockl. [1o coctosamro Ha 2009 rox
TOJIEKO Ha aBTOMOOWJIBHBIX JTOPOTax OCTPOBa
XOKKalJ10 UX MPOTSHKEHHOCTh COCTABUIIA OKOJIO
80 xM [5]. CrarmapTHas MEPHHA JIECOHACAXKIE-
Huit cocrasmsier 10, 20 wmm 30 M [5; 6] (puc. 1).
OCHOBBIBasICh Ha TPYJaX OTCYECTBEHHBIX CIICIIHA-
JucToB [1; 2], MOXHO TONararhb, 4To TaKWe He-
OOIIBIITHE PACCTOSHIS BO3MOYKHBI TIPH HEOOIBIITIX
00BEMax CHETONMPUHOCA, TOCKOIBKY B TaKHX
CIy4asiX CHerocOopHasi CIOCOOHOCTH JIECHBIX
ITOJIOC HEBENNKa, BO3MOKEH BBIXOJ CHEKHOTO
nurefia Ha MPOEIKYI0 YaCcTh aBTOMOOHMIBHOMN
JOPOTH.

B Hacrosiee Bpems SAMOHCKHE yUEHBIE MPO-
JOJDKAIOT McciaenoBaHus d()(HEeKTHBHOCTH CHe-
ro3aZep >KUBAIOIINX JECHBIX HACAKICHUN B 3a-
BHCHUMOCTH OT COCTaBa U COCTOSHHS PacTCHUHN
B XOJI¢ JKCITyaTallid, CXeM YCTaHOBKH. Tax
B pabote [5] ObUTH BHITIONHEHBI 00CIIEIOBAHNE
YBSIAHUS JIEPEBBCB, OIICHKA BIMSHUS HAIlpaB-
JICHUS BETPOB, HEIOCTATKA COTHEYHOTO CBETA Ha
pOCT pacTeHHWH U, KaK CIIEICTBUE, OLEHKA CHe-
ro3aZiep>KUBAIOMIEH CIIOCOOHOCTH JIECOTIONOCH
B TaKUX yCJIOBUSX,

B ceepubix mrarax CIIIA Takxe mmpoko
pactpoCcTpaHeHBI CHET03aIePKUBAIOIINE JIECO-
mocaaku. CornacHo OTU4ETY aMEpUKAHCKOTO
yuénoro P. JI. Tabnepa [7], B 3aBHCHMOCTH OT
00BEMa CHETronpruHOCa MHUHAMAJIbHAs BBICOTA
pactenuii Bappupyercs ot 1,2 no 2,8 M, a pac-
CTOSIHUE MEXIY OpOBKOW 3eMIITHOTO IOJIOTHA
" JIeCHBIMHU HacaxkaeHusaMu — ot 30 1o 90 m. Ha

Puc. 2. BpemeHHasi cxema ycuneHusi nocadku Monodbix depeebee KycmapHukamu [7, c. 234].
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Puc. 3. BpemeHHas cxeMa ycuneHusi nocadku mosodbix depeebea cHezo3adepxusarouumu ycmpoiicmeamu [7, c. 233].

MIEPHOJ] POCTA MOJIOJBIX CAXKEHIIEB aBTOP PEKO-
MEHIYeT ITOCAAKy IONOIHHUTEIbHBIX PATOB KY-
CTapHHKa (pHC. 2) WM YCTAaHOBKY CHETO3afep-
JKUBAIOIIUX YCTPOHCTB (puc. 3).

P. 1. Tabnepom [7] Taxxe mpemiokeHa mo-
caJKa KyCTapHHKOB B IIaXMaTHOM IIOPSJIKE Ha
MPOTSDKEHHBIX OTKOCAX B I'PaHHIAX IIOJOCHI
OTBOJIA C LIETIBI0 CMATYECHHS METENIEBOM AesITelb-
HOCTH B 30HE Hackne# (puc. 4). Ero mocneno-
BaressiMi [ 8; 9] naHHOe pelieHne ObLIO pacIpo-
CTPAaHEHO JUIA Y4acTKOB C KPYTBIMH OTKOCaMHU
(1:1,5) Takux, KaK IMOIX0OABI K MOCTOBEIM COOPY-
xeHusaM. [IpeioxxeHHas 11 yMEHbBIICHHS KO-
JMYECTBA CHEXXHBIX 3aHOCOB KOH(HTypanus
JIepeBbEB U KyCTapHUKOB COCTOUT U3 psna
PACTUTENBHOCTH Y OCHOBAaHUS 3eMJITHOTO IO-
JIOTHA, 32 KOTOPBIM CJICIYIOT OANH WIIH HECKOIIb-
KO PSIOB Ha OTKOoce Hachmy (puc. 5). Kommuae-
CTBO PSJOB 3aBUCHT OT T'€OMETPUHU HACHIIIH.
OueBHHO, YTO NIPUMEHSTH JaHHYIO CXEMY He-
00XOIMMO C OCTOPOXKHOCTBIO M YYUTHIBATh ITPU
9TOM obecriedeHHe YCIOBHS BUIUMOCTH.

B Pecnyonuke Kazaxcran Bonpoc 60pb0bI
CO CHEXXHBIMH 3aHOCAaMH CTOHT KpaifHe 0CTpo.
Knumaruueckue ycinoBus 1 0COOCHHOCTH Tep-
PUTOpPUHU CTpPaHBI 00yCIaBIMUBAIOT OOJBIINE
00BEMBI IPHHOCHMOTO K IOPOIaM CHETa B 3UM-

Hult epuon (B crenHoi 3oHe CeBepHoro Ka-
3axcTtaHa K poporam mpuHocut ot 300 mo
600 mM3/M cHera, a Ha HEKOTOPBIX yYaCcTKaX Jaxe
10 800-1200 m3/m). TlpumopoxHbIe JECHBIE
MOJIOCHI 3alUINAIOT OT CHEXHBIX 3aHOCOB aB-
ToMoOmIbHBIE (59,7 THIC. Ta) U KEIE3HbIC
(66,8 TBIC. Ta) HOpOoru. HOopMEI M TIpaBmIIa 110-
CaJIKi CHEro3aJlep)KMBAONIMX JIECHBIX Haca-
KICHUN aHAJTOTHUYHBI poccuiickum. Cymie-
CTBYIOIIHE Jecomoyock 3amumaioT 30 % Bcex
nopor. OgHako, 1Mo JaHHBIM Hccaenoanus [10],
B MOCJEAHNE TOBl PabOThl MO CO3JAHUIO 3a-
LIUTHBIX JIECOTIONOC MPAKTUYCCKH HE BEAYTCS,
a CYIIECTBYOIME HACAKICHUS N3-3a HETOCTa-
TOYHOTO YX0/la, CAMOBOJIHBIX BBIPYOOK Hace-
JIeHHEeM TPeOyIOT PEKOHCTPYKIIMH M BOCCTAHOB-
JeHUs. ITO 0OCTOSTENECTBO B CBOIO OUepelb
MOJTBEPKJaeT HEOOXOAMMOCTD HaJUIeKAIETO
CoJiep)KaHMs PacCTEHUIl ANl oOecrnedeHus ux
3¢ dexTHBHOIT pabOTHI.

IlepcneKTUBHbIE HATIPABJIECHUS
YCOBEPIIEHCTBOBAHHUSI JIECHBIX HACAK/IEHMI
JleconocaJku MOMHMO 3a/Iep>KaHHs CHera
B IIEPUOJ] METEINIEBOI IS TEIBHOCTH MOT'YT BITU-
SITh Ha CTENEHb KOHIEHTPALMU BPEIHBIX Be-
iectB. [Ipy KOMIUIEKCHOM MO/IXOZIE TPH MPOEK-

Puc. 4. Cxema nocadku KycmapHuKo8 Ha npOMsKEHHbIX omKocax Hackinell [7, c. 235].
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Puc. 5. Cxema neconocadku Ha nodxodax K MOCMOebIM
COOPYKeHUsIM [8].

Puc. 6. KoHcmpykyusi cHe2o03aujumHoli 1eCHOU NO0ChI C y4EMoM
pacceusaHus 3azps3HsIOWUX sewecms [12].

THPOBAaHUU JIECHBIE HACaXACHUS CIIOCOOHEI
obecrieunBaTh OJHOBPEMEHHO CHETOHE3aHOCH-
MOCTb aBTOMOOMIIBHON TPAcChl, yMEHBILIECHHE
KOHIIEHTPAallMM OTPa0OTaHHBEIX Tra30B M, Kak
CJIE/ICTBHE, YITyUIICHNE YKOJIOTMIECKUX XapaK-
TEPUCTUK HETIOCPEICTBEHHO HaJl POe3xKeH a-
cteio [11].

C menbro BHITIOTHEHUS YCIOBHHA CHETO3a-
IIUTHl ¥ CHWKEHUSI KOHIIEHTPALNN BPEAHBIX
BoIOpocoB A. C. CymikoBbiM [12] npensoxe-
Ha KOHCTPYKIHS 3aIIUTHBIX JIECOTIONOC C MPH-
MEHEHHEM TOJIBKO BBICOKOPOCIHBIX KyCTapHH-
KoB (3—6 M) (puc. 6). ITo ero MHEHHIO, TaKas
KOHCTPYKIIHMS 00€CIEYNT HauIydlIee Npory-
BaHME NMPUIAOPOKHBIX TEPPUTOPUN U TIPUBE-
JIET K pacceMBaHUIO KOHTAMHUHAHTOB.

BaxHO OTMETUTHh HEOCHOPHUMBIH (akT
W3MEHEHHUs KIMMara B IIEJIOM M He0oOXoau-
MOCTh OOHOBJICHUS HBIHE NEHCTBYIOIICH
CXEMBI pailoHupoBaHus Tepputopun Poccuii-
ckoii depepaliu Mo TPYAHOCTH CHETOOOPHOBI
Ha aBTOMOOMIIBHBIX noporax. [Toatomy apy-
roili HEMaJIOBAXXHOW 3anadyell COBPEMEHHOMU
HayKH SIBJISIETCSI YTOUHEHHE HOPM IPOEKTH-
POBaHHUS JIECOIONOC Ha (eaepaIbHOM H pe-
THOHAJIBHOM YPOBHAX C y4ETOM aKTyaJIbHBIX
B HACTOSIIIIEE BPEMS KIIMMAaTHIECKUX YCIOBUH
u penbeda.

Cpenu mociaenHuX 3apyOesKHBIX HAYYHBIX
HaIlpaBICHUH MOXHO BBIICITUTH CICAYIOIIHE.
AMepHUKaHCKUMH Y4E€HBIMH pa3paboTaHa
KOHIIEHIIUS TTOCAAKH MPUIOPOKHBIX JTIECHBIX

HacaXJeHUH u3 ObIcTpopacTymiei uBH [13—
15]. Temnm pocTa WBBI B pa3bl BHIIIE, YEM
OJIBXH, €T W1 cOcHBI. [lToMnMo cHero3anep-
XKaHUS WBA MOXCET BBINOJHATH OXPaHHYIO
(GYHKIHMIO BOJHBIX U 3€MEJIBHBIX PECypCOB,
PEKYIBTUBUPOBATH 3arpsI3HEHHBIM NMOYBO-
rpyHT. Oneir CIIA paccmaTpuBaeTcs Ais
peanusanuu B Pecniybnuke benapycs [16].

Eme ogHMM MHTEpPECHBIM HANpaBICHUEM
HCCIIEJOBAHNS aMEPHUKAHCKUX CIEIHATUCTOB
SIBIISICTCSI BKIIFOUCHHE B COCTaB CHET03a1ePKH-
BAaIOIINX TOJIOC PAOB KYKypy3bl, TaK, HallpH-
Mep, AenalT B mTarax AioBa u BuckoHCHH
[17; 18], pykoBOACTBYSCH IPOCTOTOM U JeIIIe-
BHM3HOM JJAHHOTO MeTo/1a CHero0opbObl. OHa-
KO B TAKOM CIIy4ae BEJIMK PUCK BaHAaIH3Ma CO
CTOPOHBI MECTHOTO HACEICHHUSI.

PexomMeHnaannu no pa3BUTHIO HAYYHBIX
uccJeg0BaHu

IIpu npoBeneHUM HayYHBIX UCCIEAOBAHUN
HOBBIX 00pa3L0B WM KOH(GHUTYpauii JIeCHBIX
HacaXJCHUI Ha IEPBOM 3Tale CIeAyeT IpH-
6eraTh K MaTEMaTHIECKOMY MOJICITHPOBAHUIO
C MOMOUIBI0 KOMIBIOTEPHBIX NMPOTPaMM, KO-
TOPOE TMO3BOJSAET B KpaTJailline Cpoku mpo-
W3BECTH UCIBITaHUA 0€3 OrpaHUYEHHUS KOJTH-
yecTBa 0OPA3I0B M BpEMEHH HCIBITAaHU, HE
TpeOyeT BbIe31a «B IOJIe». B ocHOBe Takux
NporpaMM JIEXKHUT cucTeMa ypaBHeHud Ha-
Bbe—CTOKCA, OMUCHIBAIONIAS ABUKCHHUE BSI3-
KOW Hec)kuMaeMmou xkunkoctu [19, c. 139—
142]. KommproTepHO# mporpaMMoii, KoTopast
C JIOCTAaTOYHOW CTETMEHBIO TOYHOCTHU IO3BO-
JIs€T MOJEIHPOBATh METEIEBBIH NMOTOK
U CHEXXHBIE OTJIOXKEHHSI B 30HE CHEro3azep-
KUBAOLIUX MpPErpaj, ABIIETCI MUPOBOH
nuaep Ansys Fluent. Cpeau oTeuecTBEHHBIX
pa3paboTok MOXHO BbIAeauTh FlowVision
[20].

ATNBTepHAaTHBHBIM CIIOCOOOM HCCIIeI0Ba-
HUsA sBiIgeTcS GU3NYECKOEe MOIECIHPOBAaHHE
B 1a00paTOPHBIX YCJIOBHUSIX, HAlpUMED,
B a’poAMHamMuueckux Tpy6ax. HatypHbie
HUCHBITaHUsl KpallHE TPYJOEMKHU U 3aTPATHHI,
TEeM He MeHee, HEOOXOAUMBI JUIsl OLEHKH pa-
OO0THI HOBBIX 00PAa3IOB B PEabHBIX YCIOBHUAX
9KCIIITyaTallud. B BEK COBPEMEHHBIX TEXHO-
JIOTHH Ha MOMOIIb B HATYPHBIX UCIBITAHUAX
MPUXOJAT BUIEOKAMEPHI, APOHBI U KOMIIBIO-
TepHOE O0ecHedeHHne I OCYIIECTBICHUS
BO3AYIIHONH M Ha3zeMHOW (ororpammerpuu
C NOCJHEAYIOUIUM CO3LaHUEM TPEXMEPHOU
Mojienu penbeda.
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3AKINIOYEHUE

CHero3azepXHBaoIINe JIECHBIE HACAKACHNS
Ha TPOTSHKEHUH JOJTHX JIET AEMOHCTPUPYIOT
CBOI0 A PEKTUBHYIO pabOTy B 60pHOE CO CHETOM
Ha aBTOMOOMIIBHBIX JOPOTax B Pa3HBIX CTPaHaX
1, KaK CIEICTBUE, CYIIECTBEHHO COKPAIIAIOT
(hMHAHCOBBIC 3aTpaThl HAa 3UMHEE COZICPKAHUE.
ITpu 3TOM KadecTBO UX PabOTHI 3aBHCHUT OT Ipa-
MOTHOTO TIPOEKTA, PEaTH3aLIH MOCAAKU 1 JTalTb-
HEHIIEro HaJUIeKaIlero yxoza.

BwMmecTe ¢ TeM, B yCIOBHSIX HEAOCTATKA BbI-
JIETICHNUS 36MEIb MO/l Pa3MEICHNE CHET03aep-
KHUBAIOIMINX ITOJIOC, TIOMCKA KOMIIPOMHCCA JUIS
WX UCTIOJIb30BaHUs OJIN3 CEITbCKOXO3SMCTBEHHBIX
YToAnii ¥ BO3pAaCTaHUs aKTYaJIbHOCTH 3KOJIOTH-
YECKOH NMPOOIEMBI CIIOKHUBIIASCS CUTYaLHs
moOyXIaeT HayYHOE COOOIIECTBO K Pa3BUTHIO
1 ONTUMH3AIMN COCTaBa, ACCOPTHUMEHTA U CXEM
YCTaHOBKHU CHET03a/IePKUBAIOIIIX JIECHBIX Ha-
CaKJICHUH.
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ApTyp IMUTPEHKO Muxann KOMMAKOB

AHHOTALUA

B cmambe paccMompeHb180NpOCh | ymusiu3ayuL HUSKONoOmeH-
YuanbHbIX IHEP2EMUYECKUX PECcypCo8 Ha 0b6bekmax Masnoll Hep-
eemuku. [lokasaHa nepcnekmuga Ucnonb308aHUsi MexXHomoauu
opeaHudeckozo yukna Perkura (OLP) e kayecmee mexHomoauu
ymunu3ayuu unu npeobpasosaHust HU3KONOMEHLUAIbHOU SHepauU.

MpusedeHbI paspabomku e obnacmu peanuaayuu u ymunu-
3ayuu 6pocosoeo menna. Haubonee nepcnekmueHble U3 HUX
npedcmaeneHsl 8 npumereHuu OLIP, komopbill WUPOKO ucnosb-
3yemcs Ha 2eomepmarbHbIX UCMOYHUKaX, 8 80002peliHbIX Ko-
MerbHbIX, 2a30MyPBUHHBIX YCMaHo8Kax. 3a c4ém NnoCMOSHHO20
pacmywezo copmameHma paboyux men OLP moxem npume-
HAMBCS 8 WUPOKOM memnepamypHoM Ouana3oHe, HaduHasi om
100°C u 3akanyusas cebiwe 350°C. Takxe sedymces paspabomku
8 obnacmu npoexmuposaHusi OL|P-2eHepamopos ¢ Yesibio Noebi-
WeHUs Ha0EXHOCMU OmOesbHbIX Y31108 CUCMEMb], MakKuX Kak
myp6uHb! u demaHdeps!. Mcxo0s U3 8bILIENEPEYUCTIEHHBIX (haK-
mopos, MOXHO cOenamb 8b1800, Ymo npu 6ostee 21ybokom uccre-
dosaHuu npobnem eHedpeHusi OL{P-mexHonoauli oHU moeym
cmamb 8ecbMa NepcneKmugHbIM HanpaesieHueM 8 passumuu
menosHepeemuKu.

KOMNI1eKCbl, Mamemamu4eckoe ModenupoeaHue.
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AHanu3 cocTosiHMA Bonpoca yTunusauum
HU3KOMOTEHUMANbHbIX dHEPreTUYeCKUX pecypcon
Ha 00bEKTaX Manomn aHepreTMKM

Apmyp Braoumuposuu /Imumpenxo’,
Muxaun Hzopesuu Konnakog*!

 Poccutickuil ynusepcumem mpancnopma, Mocksa,
Poccus.

2 Moceunpompanc, Mockea, Poccusi.

b4t ammsv@yandex.ru.

OnpedeneHo, Ymo OCHO8HbIM GhakmMopOM, NPeNsmMcmayio-
wum wupokomy sHedpeHuto OLIP-mexHonozuu, sensemcs
8bICOKasi CMouMocmb mMennoobMeHHo20 0bopydogaHus u3-3a
NosbIWeHHbIX mennoobMeHHbIx nosepxHocmed. [okasaHo, Ymo
NpoeKkMUPOBaHUe MUHUSIEKMPOCMaHUUL U 3HEP20KOMNIIEKCO8
Ha 0CHOBE UCNO/b308aHUSI HUKONOMEHYUanbHOU Hepauu
mpebyem cosepweHcmeosaHusi Memodos MameMamuyeckozo
modenuposaHus 0nsi 00CMOBEPHO20 0NPedeseHus PEXUMO8
pabombi u xapakmepucmuk kaxdo20 u3 azpezamos. K eocmpe-
608aHHbIM criedyem omHecmu Memolbl MoOenuposaHus uc-
napumenbHbIX U KOHOEHCAUUOHHbIX cUCMeM, 8 moM Yucre
mypbuH u demaHdepos, pabomarwwux Ha OpeaHuU4yeckux
HU3KoKunsawux paboyux menax. Memoduku ebibopa paboyeeo
mena 0ns OLIP-ycmpolicme makxe oka3sbiealom CyuiecmeeH-
HOE 8/UsIHUE Ha XapakmepucmuKu yCmaHo8KU, Komopble
onpedenisiiom duanasoH aKcnayamayuoHHbIX memnepamyp U
OaeneHull yukna. PeweHue gbiweykasaHHbIx 3aday cnocobHo
npusecmu Kk yoewesneHuro mennoobMeHHo20 060pydosaHus,
a, crnedosamerbHO, CHUXEHUI U30epxeKk Ha NPOeKmuposaHue
OLIP-zeHepamopos.

Knroyesbie cnosa: HU3KONOMeEHYUarbHbIe 3HepaemuyYecKue Pecypcbl, 0p2aHuU4ecKull Yukn PeHkuHa, MUHU31EKMPO- U 3Hepeo-
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BBEOEHUE

Heo0xonumMocTs paccMOTpEHHS TEXHIIECKO-
TO COCTOSIHUS YTHIIM3alUN HU3KOMOTCHIINAIb-
HBIX HHEPTETHYECKHX PECYpCOB Ha O0OBEKTax
MaJIOH SHEPTeTHKH TUKTYETCS MOTPEOHOCTHIO
Gornee 3KOHOMHOTO PacXOIOBAHUS YHEPreTHUC-
CKHUX PECypCOB BCIIEICTBHE TIPOHAEHHOTO TIHKa
YIIIeBOIOPOAHOM 100kaH, a B Poccnn — Taxoke
peanuzanueil 3HEPreTUUYECKON CTpaTeTuu 10
2030 roma®. Ha coBpeMeHHOM 3Tare pa3BHTHs
TIPOMBIIIIIEHHOTO MPOM3BO/ICTBA NMEHHO 3a CUET
BHEIPCHHS SHEProcOEpEraromuX TEXHOIOTHH
MOYKHO MTOBBICHTB 3 (HEKTHBHOCTH HCITONB30Ba-
HUSI TOIUTMBHO-9HEPTETHUECKIX PECYPCOB, UTO
SIBIISIETCS] OHUM M3 OCHOBHBIX YCIIOBUH YMEHbB-
MIEHXS TOIUIMBHOM COCTaBIISIONIENA B ceOeCTON-
MOCTH IIPOAYKINH 1, COOTBETCTBEHHO, TOBBIIIIC-
HUS peHTAa0eTFHOCTH IpeanpusTwii. [ToaTu Bce
MPEANPHUSITHS CTAlMOHAPHON YHEPTETHKH
TPAHCIIOPTa M APYTHX OTpaciel MpOMBIIIICH-
HOCTH, a TAK)KE CEIBCKOTO XO3SIHCTBA Pacrona-
TaroT «M30BITOYHONY TEIIOTOW pabodero Tema
B CHCTEMax OXJAXKICHH, 00€CIMEUNBAIONNX
CTaOMIIHHYTO M HETIPEPBIBHYIO pabOTy MIPOM3BOI-
CTBEHHBIX ITMKIIOB [1-4].

B nocnenHee necaTuieTHe MIMPOKOE PacIIpo-
CTpaHEHHE MOTyYWIIN YCTAaHOBKH, pabOTaromIIHe
mo opranmdeckomy nukiny Penkmna (OLP)
C MPUMEHEHHEM TypOOTEeHEPaTOpPOB KakK s
MIPOU3BOJICTBA AIIEKTPOIHEPTUH, TaK U ACH-
CTBYIOIIKE TI0 cxeMe korerepanuu [5]. OcHOB-
HOe 000pyIOBaHHE TeHepaTropa, Kak IPaBuIIo,
BKJIIOYA€ET B ce0sl: TEINIOOOMEHHUKH, 00BA304-
HBII TPYOOIIPOBOA, HACOCKHI IEPBUYHOTO H BTO-
PHUYHOTO TEIIOHOCUTES, TYpPOHHY, JNEKTpOre-
HepaTop, OIOK aBTOMAaTHKH C CHIJIOBEIM 000py-
JOBaHMEM. B mocnenHee Bpems MIMPOKOE pac-
MIPOCTPAaHEHNE TONYYMIN OIOYHO-MOAYIbHbIC
yCcTaHOBKHM Omarogaps JIETrKOCTH MOHTaXa,
HU3KUM M3AEpKKaM HpH repeBos3ke. Ha mpak-
THKE TaKWe TYpOWHHBIC T€HEPaTOpPHl UMEIOT
JIOBOJIPHO IMUPOKHMHA HANa30H IO JIEKTpHUe-
ckoii MomHOCTH (50—1000 KBT).

B coBpeMeHHOI HayuHOH TUTEpaType Mpen-
CTaBJICHBI PE3YyNBTATHl aHATUTHYECKOTO 0030pa
TEIUIOBBIX CXEM YTHIM3AIMOHHBIX SHEpreTnye-
CKHX yCTaHOBOK, pabounx TEIIOHOCHUTEICEH,
METO/IOB TEPMOIMHAMHUYIECKOW OLeHKHN 3 dek-
THUBHOCTH IPOIIECCOB MTPE0OPa30BAHUS TETIIOTHI
[1-13]. B Poccuu nepBbIe CHCTEMHEBIE HCCIEI0-

* DHeprernyeckast crparerus Poccuiickoit denepanmn Ha riepy-
on 10 2035 rona. Pacnopsixenue IIpaButenscrBa Poccuiickoit
®Deneparu ot 9 uronst 2020 roza Ne 1523-p. [OneKTpoHHbIH pe-
cypc]: https:/minenergo.gov.ru/node/1026. Joctym 09.01.2021.

BaHUs ObLTH TpoBeacHbl M. U. JlyHaeBckuwm,
a 3aTeM pa3paboTKOW TEXHOJIOTHYECKHX CXEeM
U UUKJIOB 3aHMUManuck M. M. I'pumyHus,
A. TI. CeBacrtbsnoB, JI. U. Cenesués, E. JI. ®e-
noposud [14; 15].

L]ens cTaThy — paccMOTPETh COCTOSHUE BOII-
poca mo yTHIM3allMM HU3KOMOTEHIHAIbHBIX
SHEPreTUYECKUX PECYpCOB I MOBBIILICHUS
9Hepro3pHekTHBHOCTH OOBEKTOB MajIoi HEp-
TeTUKU U BBISBUTH OCHOBHBIC MPOOJIEMBI, CTOSI-
1€ Iepes TaKUMH SHEPrOKOMITIIEKCAMU.

OCHOBHbIE PE3YJIbTATbI

B nocnennue necsts Jiet 6051b110€ BHUIMaHHE
B MHUpE yaelsercs pa3paboTKe U CO3JaHUI0
9Heprod(H(HeKTUBHBIX TEKTPOYCTAHOBOK MAJIOW
MOIIHOCTH Ha OCHOBE 3aMKHYTBIX 1apOTypONH-
HBIX IIMKJIOB B HU3KOKHILIIUX Pab0O4YMX Tesax
(HPT). DHeprernuyeckuii UCTOUHUK TEILIOTHI
SIBIIICTCSI HU3KOTIOTEHIIUAIBHBIM, €CJIH €70 TEM-
neparypa He mpesbsimiaer 230-300°C (500—
570 K). Ipunnunuansao HPT onpenenstot Tum
TEPMOIMHAMHUYECKOTO IMKJIa, COCTaB 000py0-
BaHUS M TEXHUKO-3KOHOMUYECKHE MOKa3aTeln
CUJIOBBIX YCTaHOBOK. B HamOoiee mmpokyo
IpynIy BXoAsT uucThie (He cmeceBbie) HPT:
yrieBoZiopoab! (OyTaH, poraH, NeHTaH ), XJ1a10-
uel (R11, R12, R114, R123, R245fa), ammuak,
TOJYOJ1, TU(EHNI, CUIMKOHOBOE Macjio U Ap.
OHH HCHONB3YIOTCS B YHEPTrOyCTAaHOBKAX, pea-
nuzyromux OIIP, cyTe mpuMeHEHUs KOTOPOro
3aKJII0YaeTCs B yTHIM3ALUHN BTOPHYHBIX dHEepre-
THYecKux pecypcoB (BOP), umeroimux remmepa-
Typy 80-350°C (oTXOmsIIKE ra3bl, OXIAKIAI0-
mas Boja u apyrue BOP TtexHomormueckux
mporeccos) [16].

OIIP HaxoguT mpuMeHeHHUE OOJbIlIei
YacThIO:

* Ha TEIJIOBBIX 3JEKTPOCTAHIMIX;

* Ha T€0TEPMAIbHBIX IEKTPOCTAHIIUAX;

* Ha ITOJIMTOHAX YTHIIM3AIMU OMOJIOTHYECKUX
OTXO/IOB;

* Ha IPOMBIIIUIEHHBIX MPEAPUATHSIX, pacIio-
JIaTaloIIMX B CBOEM NPOU3BOJICTBEHHOM I[HKJIE
OpOCOBOIi TEILIOTOM;

* B ra30TypOMHHBIX YCTaHOBKAX, IBUIaTEIIsIX
BHYTPEHHETO CTOPAHUS U T. 1.

CrieKTp NpUMEHEeHHs1 pabounX TeJl 3aBUCHUT
0T KPUTEPHEB, IPEABABISIEMbIX K HUM: SHEepre-
TUYECKHE CBOMCTBA, HU3KUI 030HOpPA3pyIIa0-
LIMH ITOTeHInal, 0e30MacHOCTh IIPH SKCILTyaTa-
IUH.

DHepreTuueckue ycraHoBku Ha ocHoBe OL[P
HUMEIOT CIIEAYIONINe IPEeuMyIIecTBa:
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* HEBBICOKHE KalUTaIbHbIE 3aTPAThl HA TYP-
OMHY B CPaBHEHHH C TIAPOBOISHBIM aHAJIOTOM;

* HET MOTPEGHOCTH B CHUCTEME BOJOIOAO-
TOBKH;

* IPOCTast MPOLIEAYPa ITyCKa-OCTAHOBKH;

* BBICOKHI MOTOpECYpC TYPOUHHOTO 000py-
nmosanus (o 30 mer [1]).

YuuThIBas JaHHBIE TPEUMYIIECTBA, UCIIOJb-
30BaHKME 3aMKHYTBHIX MapOTYPOHMHHBIX IMKIIOB
B HU3KOKHITAIIMX PA00YHX TeJIaX P BHEAPEHHN
Ha 00BEKTax, HMEIOIUX COPOCHYIO TEIUIOTY,
SIBJISIETCSI BEChMA MEPCIIEKTUBHBIM.

Hcnoab3zoBanue OLP
HA Tre0TePMAJILHBIX HCTOYHHKAX

J10BOJIEHO HHTEPECHBIM IIPHUMEPOM HCITONB30-
Banus OLIP siBnsieTcs ero nmpuMeHeHUe Ha TeoTep-
MaJIbHBIX UCTOYHHMKAX. B KayecTBe MCTOYHHUKA
teria uist OLIP Ha reoTepMalibHOM NIEKTPOCTaH-
I[UM BBICTYMAIOT TEMJIBIC F€OTEPMAIbHBIC BOJIBI,
KOTOpBIE CKB&)KUHHBIMHI HACOCAMH U3 HEZP 3eMJIN
TIO/IAOTCS B UCTIAPUTEIh, TIIe U OTatoT Terio HPT.
[lepBast B Mupe reorepmajbHasi I€KTPOCTAHIIHUS
(TeoTDC) na HPT, unu, kak e€ emé HasbIBaloT,
ounapnasi [eoTOC, Obuta coznana B CCCP na
Kamyarke (Ilaparynckast [eoTOC) B 1967 romy.
HcTOYHHMKOM TEIIOTHI OBLIM Ne0TEpMAaIbHBIE BOZIBI
¢ Temreparypoii 81°C, pabounM areHToM ObLT
xnajiod R12, BeipabarsiBaeMast MOIITHOCTB COCTaB-
msa 680 kBT. B T0 )ke BpeMst BO BceM MUpE aKTH-
BU3HPYETCS MPAKTHYECKOE BHEAPEHNE OMHAPHBIX
T'eoTOC (CIA, Mekcuka, Aprentuna, Mcnanausi,
Wramus, Asctpus, I'epmanus, [lopryramus, Uspa-
wib, Taunanna, KHP, Tatisans, HoBas 3enmanmust,
Oumurnmunbl, Snonwst). [Ipu 3ToM onpeensrorieit
SBJISICTCSl TEHJCHIIMS Ha CO3/IaHue HEeOOJBILINX,
MOJIHOCTHIO aBTOMATU3MPOBAHHBIX, HE HYXK-
JIAIOIIMXCS B IOCTOSIHHOM OOCITY)KHBaHUH MOJTYJIb-
HBIX yCTaHOBOK. JInzepoM B UX HPOU3BOJICTBE
(mo 1000 ycTaHOBIEHHBIX YHEPrOMOIYJICH Ha
neHTane MoIHocTbio ot 40 kBT 10 3,5 MBT) siB-
nstercst pupma ORMAT (M3panis) [9].

Ipumenenne OLIP ¢ BogorpeiinbIM KOTJIOM

Bruenpenue Ha BomorpeiHoO KOTeIbHOU
OLP-TexHOIOTHH MO3BOJISIET CO3/1aTh KOTeHepa-
L0 — OJTHOBPEMEHHYIO BBIPAOOTKY TEIJIOBOU
1 JEKTPUUECKON sHepruu. B 3aBucumoctu ot
norpebutens MuHU-TIL] MOXKET epeKIroyaTh-
Csl MEXKTY PSKUMAaMU BBIPAOOTKH KaK B CTOPOHY
JJIEKTPOIHEPTUH, TaK U B CTOPOHY TEIJIOCHAO0-
JKeHM 3a CUET U3MEHEHHsI Pacxofia TeMJIOHOCH-
Tenss Ha ucnapurtens OLIP-reneparopa unu
TeroceTh [12].

¢ MWP TPAHCIIOPTA

Buenpenue OIIP-TexHoJi0ruii B KOHTYP
Napora3oBbIX YCTAHOBOK

Ipu ucnionp3oBannu OLIP ¢ ra3oTypOUHHBI-
mu yctanoBkamu (I'TY) B 3aBUCHMOCTH OT
TEMIIepaTypsl 1 00bEMA yXOASIINX Ta30B CyIlie-
CTBYeT JiBa criocoba Hajcrpoiiku [13]:

» Hanctpoiika OLIP x KOMOMHUPOBAHHON
naporasoBoit ycranoske (I1I'Y) ¢ mogkirouenn-
em OLIP k TeriopuKaimoHHOMY OTOOpY Mapo-
BOI1 TypOUHEI;

» gagcrpoiika OLIP x I'TY gepe3 Bogorpeii-
HBII KOTEN-YTUIN3aTOP.

JaHHbIe CrIocOOBI HO3BOJIAIOT BEIPaOaTHIBATh
JOTIOJTHUTENBHYTO SHEPTHIO Ha YXOJISIINX ra3ax.

Pan HayuHbIx yupexxaenuid Poccun nmeer
3HAYUTEIBLHBIN OIBIT NCCIEAOBAHAN B 00J1aCTH
m3ydeHus mporecco OIP: paGoumx tem mis
NIapoTypPOMHHBIX LIMKJIOB, TOCTPOSHUS TEIIOBBIX
CXEM M pacdéra €€ COCTaBJIAIOIIUX 3JIEMEHTOB
(TypOuHBI U TemnooOMeHHOe 000pyAOBaHUE
pasamaHBIX THIOB) [3].

B uccnenoBanuu [16] BBIMOJHEH aHAIU3
1 000CHOBaHHE PELICHUS 3a7a4n YHeprocoepe-
KEHUsI HA OCHOBE PEan3alliy 3aMKHYTHIX Ia-
POTYPOMHHBIX [IUKJIOB B HU3KOKHUILIINX PabOumX
Teslax ATl IPOMBIIIIIEHHBIX OOBEKTOB MPH HC-
none3oBanmy BOP. [IpoBeneHo rccenoBanme mo
BBIOOPY HU3KOKHITAIINX paO0YIHX TelT, IPUMEHse-
MeIx B OI[P-korTYpax. [IpoBeneHs! pacaérsl mo
OLICHKE BO3MOKHOM NOTY4aeMOM AIEKTPUIECKON
MomHocTd npu peanuzaiuun HPT TypOun Ha
OTXOMALINX Tra3aX BOAOTPEHHOTO0 KOTEJIBHOTO
arperara MoIHocThio 100 I'kan/4ac. TTokazano,
YTO NTPH MAaKCUMATbHOM HCIOIBb30BaHIH TETIIO-
ThI IBIMOBBIX T'a30B IEKTPUUECKAs MOIIHOCTb
ycranoBku Ha HPT moxet mocturars ~2900 kBT.
C uenbio onpeenenus Hauodomee d3pdhexTuBHON
YTHIN3AIUHU OTXOASAIINX I'a30B BBIIOTHEH OUCK
PalMOHAIBHON TEIIOBOM CXEMBI ¢ YUETOM 0CO-
OEHHOCTEH CYIIEeCTBYIOMIEr0 TEXHOIOTNIECKOTO
uukia. B pabore [9] Ha OCHOBE MMEIOLIUXCS
PESKUMHBIX KapT KOTEJIBHOTO arperara BBITION-
HEHbI PacU€THBIE MCCIIENOBAHNS TI0 OIpesene-
HHUIO BO3MOXHOHM 3JIEKTPUYECKOW MOIIHOCTH
B 3aBHCHMOCTH OT PEXHMMa JKCIUIyaTalHH.
PacuérHble nccnenoBaHus MOKa3aiu, YTO MC-
TI0JTb30BAHUE TETIIIOTHI JIBIMOBBIX I'a30B 0€3 10-
TIOJTHUTEIBHOTO COKUTAHMS TOTUIMBA OTPAHUYH-
BaeT MakcuMaibHble Temrneparypsl HPT u He
TIO3BOJISIET JJOCTHYh MAaKCUMAJIbHOI MOIHOCTH
sHepreTudeckor ycranoBku OLIP-koHTypa uepe3
MaJbIi TETIOBOHM Tepernai, BeIpadaThIBaeMbIit
Ha TypOuHe. Boipliee KONHYECTBO TETUIOTHI
MOKHO CHSITbH TOJBKO 32 CUET YBEIHMUCHUS pac-
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X0Jla HU3KOKHUIISIIEro padovero Teljia, 4To He
BCErJa ONTHMANbHO. YBEIHYEHHE pacxona pa-
Oouero Tena BIey€T 3a cOOOH yBEIMUSHNE MaC-
COra0apUTHBIX XapaKTePUCTHK TEIII000MEHHO-
r0, BCIIOMOTATeIbHOTO U TYPOHMHHOTO 000PY/I0-
BaHMS.

Ha coBpemMeHHOM 3Tarie pa3BUTHs 3aMKHYTBIX
NapoTypOMHHBIX LIMKJIOB HA HU3KOKHITALIEM pabo-
YeM Telle Leecoo0pa3HbIM SIBISIETCS] BRIOOD BapH-
AHTa, KOTOPBIH M03BOJIUT ITOKPBIBATH COOCTBEHHbIE
MOTPeOHOCTH TEIUIOTEHEPUPYIOLIEH YCTaHOBKH
B 2JIEKTPHYECKOM dHepruu Ha ypoBHe 5—10 % 6e3
JIOTIOTHUTENLHOTO CYKUTaHUSI TOIUIHBA.

[Tpu onpenenenu 1enecoodpasHOCTH BHE -
penus OLIP-ninki1a HEOOXOMMO YUHUTHIBATh, YTO
B K&X/IOM OT/EJBHOM Cilydae HaJo IPOBOAUTH
OLICHKY KOJIMYECTBA U [TapaMeTPOB HU3KOIIOTEH-
LUAJIbHOM TEIUIOTHI, @ TAKIKE IOJTHOE TEXHUKO-
9KOHOMUYECKOe 000CHOBaHHE.

Pa3paboTkoii ¥ BHEIpEHUEM YCTaHOBOK 3a-
HumatoTcs uzBectHele pupmbl CLIA, Snonumn,
bensrun, U3pauns, Uranuu, Poccun u apyrux
ctpan [12; 13; 17; 18].

B nacrostiee Bpemst pa3paboTaHbl yCTaHOB-
KM UCIOJIb30BaHMsI HU3KOMOTEHIINAIbHBIX BOP
¢ Temneparypoii 100—120°C, paGounm Teruio-
HocuteneM ppeoHom R142b u KI1/1 0,08-0,10.
Jnst xaxnoil Temneparypsl HCTOUHHKOB BOP
CYIIECTBYeT HEOOXOIMMOCTD OIPEEICHUs Tel-
JIOHOCHTEJIS], KOTOPBIH 00ecreYrBaeT ONTHMAIb-
wb1il KIIJ[ nukna Penkuna. [oatomy amns onpe-
JIeNIEHHOT0 KOHKpETHOro ucrogHuka BOP pas-
pabarbIBaeTCsl TEIUIOBAsl CXeMa YCTAHOBKH C €€
XapaKTepHBIMH NapaMeTpamMy U pabounM Ten-
noHocutesneM. C MOHMKEHUEM TeMIIepaTypbl
nctouHnka BOP pacTér cTouMoCTh U CIOKHOCTh
o6opymnosanus (10 1500-2000% 3a 1 kBT mom-
HoctH) [10].

Jnsa yrunusanuu BOP ¢ Temnepatypoii
150-170°C ucnonb3yloTcs dHEpPreTUYeCKue
YCTAHOBKH ¢ pab04MM TEIJIOHOCHTENEM H300Y-
tanoM (C,H, ) uiu cmechbio (M300yTan/u30meH-
TaH).

st BOP ¢ Gonee BbICOKMME TEMIIEpaTypamMmu
(200-250°C) pa3pabarbIBaloTCs TEIUIOBBIE CXe-
MBI C h-IIEeHTaHOM M T€KCaHOM.

Jlia yrumuszanuu BOP ¢ temneparypoii cBbI-
me 300-350°C opraHndeckue TEMIOHOCUTENN
H3yYaInch HenoctarouHo. [loatomy paspadarsi-
BaJIMCh TEIIOBBIE CXEMbI YCTAaHOBOK C BOJISTHBIM
napom u guokcuzioM yriepona (CO,).

W3 npuBenEHHOTO BHIIIE OMUCAHUS CIIOCO-
608 BHenpenust OLIP-ycTaHOBOK MOXHO cle-
JIaTh BBIBOJ, YTO JIaHHAasl OTPAacilb 3JEKTPO-

U TEIUIOTEXHUKHU B JOCTATOYHON Mepe Ipopa-
OoraHa, 4TOOBI CO37aBaTh IMPOMBIILICHHbBIE
o6pasnel. [Tostomy OIIP-ycTaHOBKH HAXOIAT
BcE OoJiee MIMPOKOE NMPUMEHEHHE B SHEPTeTH-
YeCKUX KomIuiekcax. OCHOBHBIMH MHPOBBIMHU
JUIepaMH, OCBOMBLIMMH JIaHHYIO OTPacib Ha
TEeKYIMH MOMEHT, SIBISIOTCS KOMIIAHUHU
ORMAT, Electratherm, Turboden, xotopsie
HUMEIOT LIMPOKHIA CIIEKTP MOIHOCTEH, KOMITO-
HOBOYHBIX pEIIEHUH, a Takke OJIO0YHO-
MOJICTIBHBIX PEIIEeHHH, YIPOLIAONIMX MOHTAX
u skcrryaranuio OL[P-ycTpoiicTs.

OnHaKoO MpH KaxyILencs: mpopaboTaHHOCTH
npo6iemsl npoektupoBanus OL[P-reneparopos,
OZIHUM M3 C/IEP>KHBAIOLIHX (haKTOPOB IIOBCEMECT-
HOTO BHEJPEHUsI JaHHBIX YCTAHOBOK SIBJISIOTCS
BBICOKHE KallUTAJIbHbIE 3aTPaThl BCICACTBHE He-
OIITUMAJIBHBIX MacCOTabapHTHBIX XapaKTEPUCTHK
TerioooMeHHoro obopynoBatusi. [Ipeononenue
9TOrO0 (haKTOpa JIEKHUT B COCTABICHUH TAKUX Ma-
TEMaTUYECKHUX MOJIeJiel, KOTopble Hanbosee J0-
CTOBEPHO OIHMCHIBAIOT MPOIIECCHl B CHCTEMaX
WCTIApEeHUsl, KOH/ICHCAIUK ¥ IPUBOIA.

WHTepecHOl, ¢ TOUKM 3peHus] aHau3a, SIB-
nsietest pabora [7]. B Heit paccMoTpena TpEXCTy-
NeHyaras napora3oBasi yCTaHOBKa, B KOTOPOU
npeJIoKeHa cxema IIyOOKOW yTHIM3aluu
TEIUIOTHl YXOSIIUX T'a30B 32 CYET BHEIPEHHS
OLP-texnonoruu. Cxema peann3oBaHa clenyro-
MM 00pa30oM: BEPXHUIA LUKII BBIPAXKEH LINKIOM
Bpaiitona, cpequuii — nukiom PeHkuHa Ha BO-
JITHOM mape, a HikHui — OL[P. ITpunuunuans-
Has cxema [1I'Y npencrasnena Ha puc. 1 [7].

B npencrasnennoit [1I'Y remneparypa nepen
TypOUHOI BBICOKOTO JNaBJICHUS COCTABISET T0-
panka 1527°C (1800 K), Temmieparypa yXOISIIIX
ra30B BEPXHET0 LIUKJIa cOCTaBseT okoso 477°C
(750 K), cpenuuii mapoBostHOM LUK (DYHKIHO-
HUpyeT B Auamna3one Temieparyp 527°C (800 K)
nepea TypOuHO# cpenHero nasienus u 77°C
(350 K) B xonneHcarope. Temmeparypa KOHACH-
carmu B OLIP moxer Ob1Th HMKe 0°C (273 K) 3a
Cu€T IPUMEHEHUS BO3YIIHBIX KOHJIEHCATOPOB
B CEBEPHBIX PErMOHAX CTPAHBbI, I7I€ OKOJIO BOCh-
MU MECSIIIEB B TO/ly TEMIIEpaTypa OKpYKaroIero
Bo3ayxa Huxe 0°C.

CpenHuil mapoBOASHONW IUKI MOXHO 3a-
MECTUTh OpPraHWYECKHUM IIUKIOM PeHkuHa
¢ OoJiee HU3KOW TeMIleparypoil KOHJeHCaluN
pabouero Teia, HeKeJH YeM BOJia, TEM CaMbIM
OIIYCTHB TEMIEPaTypPHYIO IPaHULLy KOHJCHCA-
uuu 1 Oosiee MyOOKOM yTHIIM3allMM TeIuia
B cpenHeM nukiie u pocra KIIJI Bo Beeit ycra-
HOBKE B IIEJIOM.
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Puc. 1. MpuHyunuanbHas mennoeas cxema Y [7]. KC - kamepa czopaHus, BK - komnpeccop, Tl - 2a3oeast myp6uHa, KY - ymunusamop
komén, TI1- naposas mypbura, TOPT - OL{P-myp6una, [111 - naponepezpesamens, U - ucnapumens, b - 6apabaH, IK — akoHomalizep,
[TIOPT - nodozpeeamens OL|P-koHdeHcama, UOPT — OL|P-ucnapumens, [THB — Hacoc numamenbHbii eodsiHol, P — OL|P-pekynepamop,
KBO - e03dywHslii koHdeHcamop OL{P-konmypa, KHOPT - Hacoc OL|P-koHdeHcama, '3 - anekmpozeHepamop, HP - OL{P-Hacoc
peyupkynsyuoHHHbIl, MTHOPT - OL|P-Hacoc numamenbHbii, [1- OLjP-nodoepesamenb pezeHepamueHbIil.

Maremaruyeckasi MOJeJb, PeJIOKEeHHAS
B [7], HECMOTpsI HA BeCbMa Pa3HOCTOPOHHUIA
MOAXOJ K crioco0y r1yOOKOW yTHIIN3alMy HU3-
KOIIOTEHIIMAJILHOTO TEeIlIa, BHIPAKEHa MaTeMa-
TUYECKOH MOJIENbBIO MEPBOTO YPOBHS, TO €CTh
JIMHEIHBIMU ypaBHEHUSAMH C OOJIBIINM KOJIMYe-
CTBOM JIONYIIEHUH U IPUOIIKEHNH, YTO MOXKET
CKa3aTbCsl Ha JIOCTOBEPHOCTH ONMHUCHIBAEMBIX
B HEH MPOLECCOB.

Hnbie npumenenus OIP-Texnosornun
IIpumenenune OLIP-TexHOIOTMHN HE OrpaHu-
YHBAETCS TOJBKO CTAI[IOHAPHBIMU YHEpreTHYe-
CKUMH ycTpoiicTBaMu. OHUM M3 BO3MOXKHBIX
BapHaHTOB MOJEPHH3ALNH CYyIIECTBYIOIINX
MOPIIHEBBIX JBUTATENEH, IPUMEHSIEMBIX Ha
TpaHCHOpPTE (MOPCKOM M KEJIE3HOIOPOXKHOM),
¢ uenbto pocta KII siensercst npumenenue OLP-
YCTaHOBOK, HHTEIPHUPOBAHHBIX B pPaOOTy JIBUTa-
tens. OL[P-cucteMa MOXeT yTUIU3UPOBATh
00 BHICOKOIIOTEHIIMAILHOE (BBIXJIOIHBIE ra-
3b1), IM00 HU3KOIIOTEHIHAIbHOE (OXJIXKAAIOIIast
BOJIa) TEILIO, a TAKXKe X KOMOMHAINIO, obecre-
YyKBasi MOBBIIIEHUE 3()(HEKTUBHOCTH HCIIONB30-
BaHus TorumBa A0 12 %. [19]. Bo3amoxHa 3ame-
Ha pajuaropa JBUTATENsl, YTO CHU)KAET Kallu-
TanpHbie 3aTparel Ha OL[P-reneparop Ha 30 %
oT obuiel ero croumMocTd. [Ipu aTOM Cpok OKy-

¢ MWP TPAHCIIOPTA

[IaeMOCTH — MEHee ISATH JIET ISl JIBUrareliei,
paboraromux Ha JU3EJBHOM TolulMBe. Tak,
xommanus ElectraTherm B 2020 rogy mpezacra-
BHUJIa KOMMEPYECKYIO MOJIENb OITyTrepMETHYHO-
ro Jetasjepa, paboraromero Ha 1,1,1,3,3-ieH-
TaTOpIpONaHe, IOKa3aHHOIO Ha pPUC. 2.
Jerannepsl polie B 9KCIUTyaTaliu, HeKeIH
(peoHoBbIe TypOUHBI, 3D (hEeKTUBHEH PabOTAIOT
Ha HM3KHX 000poTax, UM He TpeOyeTcs Macis-
HBII HAacOC, OTCYTCTBYIOT CaJIbHUKOBBIE YIIOT-
HEHHs1, BO3MO)KHA paboTa B YCIIOBUSIX «BIaXKHO-
ro Xoz1a» (Korja B JeTaH/Iep YaCTUYHO [10T1a/1aeT
pabouee Teno B xkuIKoM coctosiHun) [20].
OnHako (pakTopoOM, IPETSTCTBYIOIIMM BHEI-
PEHUIO MOJICpPHH3AIINY, SIBIISIETCS MaccorabapuT-
Hasl XapaKTePUCTHKA HETEXHOJIOTHYHBIX TEILIO-
OOMEHHBIX aIIapaToB, PACUYETHI JJIs KOTOPBIX
BEJ/IyTCsl, 3a4acTyl0, [0 CYIIECTBYIOIIUM YIIPO-
IIEHHBIM MHXCHEPHBIM METOJMKAM C BHICOKUM
3a1acoM IO TeII000MEHHOH MOBEPXHOCTH
BCJIEJICTBHE CIIOXHOCTH OIUCAHMS peajbHBIX
IIPOLIECCOB, YTO M MPHUBOJMUT K POCTY Maccora-
OapUTHBIX XapaKTEPUCTUK TEIUIOOOMCHHUKOB.
C moMoIIbIo MOCTPOCHUS Pa3IMuHbIX MaTeMa-
THYECKUX Mopened B pabore [21] paccmarpu-
BaJICs MPOLIECC KOHJIEHCAlMu pabovero Tea.
Jnst KoHeHcau paboyero Tesa rnpezjara-
JIOCh NPOITYCKaTh €r0 Yepe3 CTaILHOH Tpy0o-
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Puc. 2. MonyzepmemuyHbIii deyxeurHmoeoii demardep HSE.85 [19].

NIPOBOJ, 3aJI0KEHHBIN B TpyHTE. B X016 Marema-
THYECKOTO MOJICJIUPOBAHUS OBUIM NMPUMEHEHBI
WHCTPYMEHTBI MHXCHEPHBIX METOIUK pacuéra
u nporpammHoro komrmiekca ANSYS CFX.
C moMouIpi0 pa3Nu4HbIX MOIXOA0B MOAEIUPO-
BaHUS NPH PACCMOTPEHHUH JAHHOTO BOIIPOCA
MIPEAIaragoch ONPeNeIUTh ONTUMAIBHYIO IIPO-
TSOKEHHOCTh M IUaMeTp TpyOompoBoma. B pe-
3yJIbTaTe MCCIEA0BAHUS BBISICHUIOCH, YTO Pac-
XOXJICHHE KOHEUHON AJIMHBI TPyOOIPOBOIa IPH
OIMHAKOBOH crenenu cyxoctu napa (0,00) co-
ctasmio 6omnee 30 m. [To nHxKEeHEpHON METOTKE
pacuéra amuHa coctaBmia okoio 107 M, Torma
Kak JUIMHA, TTOTydeHHAas B IPOrPaMMHOM KOMII-
nekce ANSYS CFX, cocraBuna 70 m. [Ipu aTom
HE paccMaTpUBAIIUCh: TETIIIOBON KOHTAKT TPYOBI
C TPYHTOM, TIOJIUTPOIHOCTh PEATBHOTO IPOLEC-
ca, U3MEHEHHUE TemIopU3NIECKUX CBOICTB
TEIUIOHOCUTEISI M3-3a THIPABINYECKUX MTOTEPB.

Kak n3BecTHO, yMEHBIINTE rabapuTHI TETLIO-
0OMEHHOT0 arnapara BO3MOXHO U 3a c4éT op-
cupoBaHHs TemiaooOMeHa. CyliecTByromue
Croco0bl UHTEHCU(HUKALINH TEII00OMEHa OCY-
LIECTBIIAIOTCS 32 CUET TOBBIIIEHUS TypOyICHT-
HOCTH IIOTOKA ITyTEM OpeOpeHHs, CO31aHHUs 110-
nmycdeprueckux BBICTYNOB MO JUIMHE CTCHKH
KaHasa, [ITHEKOBBIX BCTABOK U JPYT'HX METOAOB.
VYKa3aHHBIE PELICHHS HAILIM IIUPOKOE MPHUME-
HEHHE B IPOEKTHPOBaHNH [4; 6].

MeHee n3y4eHHBIM CII0co00M pocTa TeIIo-
MIPOBOAHOCTH pabOovero Teia ABJsieTcs Jo0aBie-
HHUE B HETO HE3HAYMTENBHBIX MPUMecel (MeHee
JIOITH TIPOLICHTA) HAHOCYCIIEH3MH B BUJIE OKCHJIOB
METaJJIOB, YTO yBEINYUBACT TEIIIONPOBOAHOCTD
10 60 % [11]. JlanHOE permieHne B COBOKYITHOCTH
C IPIMEHEHHEM JIETaH/AEPa U3-3a €T0 HETIPHUXOT-

JIMBOCTH B pabOTE MOXKET CIIOCOOCTBOBATH POCTY
komnakTHOCTH OLIP-ycTanoBKH.

Wnes yrunmszanum TemwioTsl 3a cuér OLP
MpeIoKeHa JOCTaTOYHO 1aBHO, HO BHEIPEHUE
9TOI TEXHOJOTHH TPeOyeT pelIeHus 3a1aq Ofl-
THMHU3AIHHA IPOSKTUPOBAHUS U pacuéra Bcex
arperaroB, BKIIOUYEHHBIX B CXEMY 10 yTHIN3a-
LMY HA3KONIOTEHIINANbHOM sHepru [ 1—4; 6-8;
16-20].

[To-mpexHEMy MPOIOIDKAIOTCS UCCIIET0Ba-
HUS TI0 COBEPIICHCTBOBAHMIO METOIUK pacuéra
arperaroB UCTapeHHs U KOHJIEHCAIIMY pabouero
tena OLLP, a Taxoke TypOuH U netannepos [1—4;
6-8; 16-20].
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AHHOTALINA

AHanus u HopmuposaHue ynpasneHyeckoli desmesnbHocmu —
3MO 8aXHbIL UHCMPYMEHM 8 COBPEMEHHOU 3KOHOMUKE, UCNOsb-
3yemblli O nosbIweHuUs 3hhekmusHocmu OessmenbHOCMU
KOMNaHuU 3a cyem onMUMU3ayuU Cyuiecmeyoujux ynpaeeHye-
CKUX NPOUECCO8, CHUXEHUS nposieneHull Gropokpamu3ma u yempa-
HeHusi U3bbIMOYHbIX NPOUECCO8, a, Crnedos8amesnbHo, U aOMUHU-
CMpamugHbIX 38eHbES, KOMOPbIE He MOMIbKO He co30aom UeH-
HOCMb, HO U A8MIAKOMCS npensimcmeuem 0nsi HOpManbHO20
hyHKUUOHUPOBaHUS cucmeMb| ynpaeneHusi. [puMeHeHue aHasnu-
muyeckux memodos k mpydy pykogodumenel — akmyasnbHbIl
U MOWHBIU UHCMPYMEHM NOBbIWEHUsT NPoU38odUMenbHOCMU
U aghchekmusHOCMU ynpasneHyeckol 0esmesnbHoCmu.

B cmambe onuckigatomcs pesysibmame Uccrned08aHust UH-
CMpyMEHMo8 aHanu3a U HopMuposaHusi ynpassneHyeckol des-
menbHocMU, eHedpsieMbix 8 XonduHae «Pocculickue xene3Hble
0opoau» Ha OCHOBE NPUHUUNO8 OP2aHU3aUUOHHO20 du3aliHa.

pedmemonm usyqeHust siensiemcst ynpaerneHyeckasi desmerb-
HOCMb Kak 06BEeKM NPUMEHEHUSI COBPEMEHHBIX Memodos aHanu3a
U HopMuposaHusi mpyda. Llerb uccriedogaHus — aHaru3 803MoXHoCMU

Onecs NIMTBUHOBA

Bnaoumup Huxonaesuu Huxumun', Muxaun IOpsesuu Kanawnuxoe?, Oneca Cepzeesna Jlumeunosa®

2 [lenmp opeanuzayuu mpyoa u npoeKmupo8anust SKoHomuueckux Hopmamueos — puauan OAO «PIK/]», Mocksa,

U UenecoobpasHoCMU UCNO/b308aHUSI COBPEMEHHbIX MeMO008
aHaru3a U HopMupogaHus mpyda Ha NpuMepe KpynHol mpaHcnopm-
Holi KoMnaHuu. 3adayamu uccriedosaHusi, pesysibmambl KOMOPO2o
npugedeHb18 OaHHOL cmambe, s18NISIMCS: 8bisgieHUe NPednock oK
npuUMeHeHUs1 Memo008 aHau3a U HOPMUPOSaHUs ynpasneHyeckol
OesimenibHOCMU; OUEHKa 803MOXHOCMEL NPUMEHEHUS UHCMPYMEH-
mo8 (hyHKUUOHAbHORO aHau3a op2aHU3aUUOHHbIX e0UHUY O
yereli nosbILEHUS 3GheheKkmUBHOCMU ynpagrieHYecKol OesimesTbHo-
CMu; onucaHue mexHoNoeuli HOPMUPOBaHUsI ynpaesneHyeckol des-
mesibHOCMU Ha npuMepe XonduHea «Pocculickue XeresHbie 0opou.

UccnedosaHue b6asupyemcs Ha ucnonb3ogaHuu mMemodos
NPOYECCHOU aHanumuKu, ¢hyHKUUOHabHOR0 aHanu3a, HopMUpPO-
8aHus mpyda U opeaHu3ayuoHHo20 dusaliHa.

OcHosHoll pe3ynbmam uccnedogaHusi — memoouyeckue
nodxodkl k aHanu3y U HOPMUPOBAHUIO ynpasnieHyeckoeo mpyoa
8 mpaHcnopmHoU komnaHuu. LJaHHbie nodxods1 no3eonsim oboc-
Ho8aHO paspabambisams HOPMbI mpyda pykogodumenel, nnaHu-
posamb UX YUCHEHHOCMb U 8HEOPSMb COBPEMEHHBIE ynpasrieH-
yeckue npakmuku e xonduHee «Pocculickue xeneaHbie dopoauy.

Kntoyesble crosa: opeaHu3ayuoHHb Il QusaliH, HopmuposaHue mpyda pykosodumernel, nPOUECCHOe ynpasnieHue, npouecc, hyHK-
yus, Hopma mpyda, Memod HopMupPOosaHust mpyda, MpaHCNopPM, Xene3Hble dopoeu.
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BBEOEHUE

PykoBoauTenu KoMmaHWi#, Kak IpaBuIIoO,
CKETITHYECKH OTHOCSATCSI K CAMOW BO3MOXXHOCTH
MIPOAHATN3UPOBATH M IPOHOPMHUPOBATH UX TPY.
OCHOBHBIM apTyMEHTOM IIPH 3TOM SIBIISETCS TO,
YTO B OTIMYHE OT MPOCTHIX TEXHOJIOTMIECKUX
TIPOIIECCOB, B KOTOPBIX BCE OTIEPAINH B [IETIOUKE
TIPON3BOICTBEHHOTO IMKIIA H MX TIOCIIE0BATEIIb-
HOCTh OYEBUIHBI U MOTYT OBITH M3MEPEHBI,
a pe3yNbTaToOM Tpy/a SBISIETCS] MAaTePUAIbHBIH,
oCsI3aeMBbIi POAYKT (yCiryTa), TPy yIpaBiIeH-
I1a — 3TO MHTEIUICKTyaJIbHAS W aHAJTUTHYCCKAS
JEeSITETbHOCTD, TPEOYyIOmas TBOPUECKOTO, He-
CTaHAAPTHOTO MBIIIJICHUS, KOTOpas 3aBUCHUT OT
CJIOKHOCTH 1 CPOYHOCTH TTOCTABJICHHBIX 3a/1ad,
BO3HUKAIOLINX C HEOIPEAECIIEHHON TEPUOTUYHO-
CTBI0. DTOT MOJXO/ HALIEN ITUPOKOE OTPAKEHIE
B PA3IIMYHBIX HCTOYHHUKAX, B TOM YHCIIC YIEOHH-
Kax, 110 TIOATOTOBKE OyIyIuX MeHeKepoB [1—
4].

OpnHako, KaK IMOKa3bIBAET OTCUECTBEHHAS
7 3apyOeKHas IpaKTHKa, MpodiieMa aHan3a
1 HOPMHPOBAHUS TPYA03aTpaT it paOOTHUKOB
YIPaBIEHUECKOTO TPYAA: CIY>KaIlHX, CIICI[HaIH-
CTOB, pYKOBOZIUTEIICH BITONTHE pemaema [5; 6].

Ceromnst passurtre [T 1 TeTeKOMMYHHUKAITHIH,
TIPUMEHEHHNE COBPEMEHHBIX TEXHOJIOTHH PabOThI
¢ OOJBIINMY JaHHBIMH, ICKYCCTBEHHOTO MHTEI-
JIEKTa, BEJCHUS JIEKTPOHHOTO yuéTa, OM3HecC-
AHAJUTHUKY U JETONPON3BOJCTBA, TEXHUIECKUX
CpencTB (puKcaIMy 1 pacTio3HaBaHMs OTAETBHBIX
oliepanuii, a TAKXKe Pa3INIHBIX METOAMK U TIJIaT-
(hopm a7 MOmeTHpPOBaHUS OM3HEC-TIPOIIECCOB,
B TOM YHCJIE YIIPABICHUECKHUX, IPEIaraeT HaM
IIMPOKHE BO3ZMOXKHOCTH JUTS aHAJIN3a TPYL03aT-
par 1 CTOMMOCTH yTIPABIEHYECKOTO ITEPCOHAIA.
BepostHo, B Ommxaiiniem OyayTieM MUp TOCTHT-
HET TAaKOTO YPOBHS OLM(POBKU MPOLECCOB, IPH
KOTOPOM OyZIeT BO3MOXKHO y3HATh TPYI03aTPaThl
T000TO YenoBeKa 3a 000 Iepro BpeMeHH,
3arpoCHB 3Ty HH(OPMAIHIO B II00aNBHOMN 0a3e
TAHHBIX B pekuMe «onliney.

L]eny nccnenoBaHMs — MOKa3aTh BO3MOX-
HOCTh W II€JIECO00Pa3HOCTh MCIOJIB30BAHUSA
COBPEMEHHBIX METOJIOB aHAIHN3a U HOPMHPOBa-
HUSA TpyAa Ha IpUMEPE KPyITHOU TPaHCIOPTHOM
KOMITaHHH.

3agadaMy NCCIEAOBAHUS, PE3YIIBTAThl KOTO-
pOTo NIPUBEICHBI B TAHHOH CTAThE, SIBIISTFOTCSI:

® BEHISBJIICHHE MPEANOCHUIOK MPUMEHEHHS
METOJIOB aHAJIN3a W HOPMUPOBAHUS yIIPABIICH-
YEeCKOH JIESITENbHOCTH B OPTraHN3aIN;

® OIICHKA BO3MO)KHOCTEW NMPUMEHEHUS WH-
CTPYMEHTOB (DYHKIIMOHAILHOTO aHAJIN3a OPTaHu-

3aMOHHBIX EIUHHMIT ISl LIEJICH MOBBIIICHUS -
(DEeKTHBHOCTH YIPABICHYCCKOHN eITSIBHOCTH;

® OMNUCaHUE TEXHOJOTHUH HOPMHUPOBAHUS
YIPaBJICHUYECKON NESTEIbHOCTH Ha MpUMEpe
xonauHra «Poccuiickue xene3Hble T0POTrHy.

Hccnenoranue 6a3upyercsi Ha UCIONIb30Ba-
HUHU Memo0o6 TPOIECCHON aHaTUTUKHU, (YHK-
LMOHAJFHOTO aHalln3a, HOPMUPOBAHUA TpyJa
Y OPTaHU3AIMOHHOTO JU3aiHa.

PE3YNbTATbI
OnbiT xoaaunra PAK/{

ABTOpamHu cTarbu OBUIO MPOBEAEHO HCCIIe-
JIOBaHKE Ha 0a3e OIHOM U3 KPYIHEWIINX TpaHC-
nopTHeIX Komnanuii mupa — OAO «PX]», saB-
JISIOIIEHCS cCUCTeMOOOpa3yronieil KoManuen
xonnuHra «Poccuiickue xeje3Hble AOPOTH».
B c110’HO1 MHOTOYPOBHEBO# 1 MHOTOTIPO(HITbH-
HOW KOMITaHUK PaboTaroT OoJIee 55 THICSIY PYKO-
BOJIMTEJIEH pa3HOro ypoBHs. DTo Haér ooump-
HBIJ SMIIMPHUECKUN MaTepuai Il UcciaeaoBa-
HUS IPO0OJIeMbl HOPMUPOBAHHUS YIIPaBJIEHUECKON
JIeSITEIEHOCTH.

B Hacrosiiiee BpeMst B XOJIMHTE pa3BEPHYTA
robasbHas paboTa 1o BHEJPEHUIO OpraHu3alu-
OHHOTO JIM3aifHa ¥ MPOLECCHOTO YIPABICHUS.
B 2020 rony BBeneno B neiicteue [lomoxenue
00 OpraHM3allMOHHOM JH3aliHE B XOJJAHHTE
«PXKI», K0TOpO€e coep>KUT OCHOBHBIE NTpaBHiIa
1 TpeOOoBaHMsI K IPOSKTHPOBAHUIO OPTaHHU3AIH-
OHHO-(DYHKIIMOHAJILHBIX MOJIEJICH TMompa3ere-
HUI KOMIIaHUU W YIPaBJICHUIO OPTaHU3aIOH-
HBIMU U3MEHCHUSIMHE *.

B coorBercTBMU ¢ MPUHLUMIAMH JIaHHOTO
MOJIOKEHUS, PyHIAMEHTOM [UIsl U3MEpEeHUs
Y ONTUMU3ALMHU TPYI03aTPpaT pabOTHUKOB, BKITIO-
Yasi a]IMUHICTPAaTUBHO-YIPABICHYECKHUI IIepCco-
HaJl, SIBJISIETCS KOMILIEKCHOE NMPUMEHEHHE WH-
CTPYMEHTOB OPraHN3allMOHHOTO In3aiiHa, TAKUX
KaK aHaJIN3 YIPaBJIEHYECKHUX IPOLIECCOB U aHa-
JIM3 OpraHN3alMOHHO-(YHKIIMOHAILHOH MOJIEITH
komranuu [7-9].

AHan3 1 HOPMHUPOBAHHUE YIPABICHUECKOH
JIeSITEIbHOCTH — ATO 11eJIeBasi 3a/1aua KOMIIaHHH.
E€ Bo3aMOXKHO OyzieT perunTh Ha OCHOBE (hOpPMH-
POBaHUs IPOLIECCHON MOJIEITH XOJIIMHTa, Pa3yo-
JKCHHOH 710 COOBITUHHOMN IEMOYKH HOPMHUpYE-
MBIX OIlepaluii, B3aMMOYBSI3aHHOW C OpraHu3a-
LMOHHO-(DYyHKI[MOHAIBHON MOJIeNiblo Ha 0Oaze
ennHoi nHpopMannoHHoit riardopmel. Ha ce-
TONHSLIHUNA JIeHb HA CTaAUH (OPMHUPOBAHUS

! TTonoxkeHne 00 OPraHU3aIMOHHOM [U3aNHE B XOJIUHIE
«PX]l», yrBepxkaeHo pacnopsikenrneM OAO «PX/I» or
26.07.2019 . Ne 1606p.
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I f’i ' Taoauna 1

1E4: Haumenosanue 3aymaua DyHKIHA TIponyxr (pesynerar | ITorpeburens (komy

‘ OpraHU3aIMOHHON BBITIOJTHEHUSI (DyHK- HY)KCH Pe3yIIbTaT BbI-
CIIUHUTIBI LIVH) noHeHus! PyHKIn?)
Crnyx06a 3KOHO- DopmyarpoBKa 3a- COBOKYITHOCTh MaxkcumanabHO KOH- Buewnuit nnn
MUKH U pUHAHCOB a4yl JOJDKHA KPaTKO | OMHOPOAHBIX CIIe- KPETHO ONUCaHHBIH BHYTPECHHUI MOTpe-
(mpumep) OIIHCHIBATH PE3YIb- [HaTA3HPOBAHHBIX Ppe3ynbTar BHIION- OuTens pesynsTaTa

TaT, Ha IOCTHXKEHUE | paboT (aeicTBuii, HEHUs! (PyHKIWH, BBITIONTHEHUST (DYHKITUH

KOTOPOTO HalpaBJieHa
NEATENBHOCTD CTPYK-
TYPHOTO Mozpasze-
JIEHUs

oreparuii), IpOU3BO-
JIAMBIX CTPYKTYPHBIM
Tofipa3aeneHueM st
PpelIeHHs TOCTaBIICH-
HBIX IIepe]] HUM 3a]1a4

WMEIOIINH IIEHHOCTh
UTSL HOTpeOuTeNst

(mpyrast opraHu3any-
OHHasl €IMHMIIA WITH
JIOJDKHOCTHOE JIHIIO,
(u3mgeckoe IO

W T.IL)

JIAaHHOUM MOJIeJIH, aHAJIU3 U I3MEPEHHUE TPYL03aT-
par ynpaBlIEHYECKOH JesITENIbHOCTH BeAETCS
toueyHo [10; 11]. B mepByto ouepens maHHas
paboTa MPOBOAUTCS B OTHOIICHHH ITPOOIECMHBIX
obnacreii e TeIbHOCTH ISl peaiu3aliy opra-
HHU3aIJHOHHBIX 1IEJIEBBIX IIPOEKTOB [0 COBEPIICH-
CTBOBaHHIO OPraHN3alMOHHO-(DYHKIIMOHAIBHON
CTPYKTYPbI X CHCTEMBI YIIPABJICHUS], & TAKXKE ITPU
CO3/IaHUH HOBBIX OPTaHU3AIMOHHBIX SANHHII.

IIpoBenenue GhyHKIMOHATIBLHOTO aHATU3A HITH
aHain3a OU3HEC-NPOLECCOB OCYIIECTBISETCS
TOCJIE PEABAPUTENILHON ANATHOCTUKH CHCTEMBI
YIpaBJICHUs, KOTJ]a B OTHOILIEHUU PabOThl OU3-
HeC-e/IMHUII CIIPABEJIMBBI CIIE/TYIOLINE YTBEPIK-
nenus [12]:

1. PeuieHuss mpuHUMAIOTCS JOJITO WM HE
MPUHUMAIOTCS BOBCE.

2. OyHKIUS BBIIOIHIETCS, HO OHA HE CO31aéT
LEHHOCTH JUISl BHEIIHEr0 MJIM BHYTPEHHEIO
KJIMEHTA.

3. EcTb OTBETCTBEHHOCTh 32 BBINOJHEHHE
(YHKIMH, HO TIOJIHOMOYHIT HEJOCTATOYHO.

4. OTBETCTBEHHOCTD 32 BBIIIOJIHEHHE (YHK-
LK «Pa3MbITa» MEXIY HECKOJIbKHMHU OpTraHH-
3alUOHHBIMHU €IMHULIAMH.

5. O0s13aHHOCTH MEXIY PYKOBOAUTEISIMHU
(moapasaeneHusMu) He pactpe/iesiCHbI.

6. Opranu3zairoHHas eauHuia (pabOTHUK)
BBINOJHSET paboTy, He3aKPEIJIEHHYIO HU B O]I-
HOM OpPraHU3alIMOHHOM JIOKYMEHTE.

7. ImMeeTcst u30BITOYHBIN JOKYMEHTOOOOPOT.

8. 3arpy3ka repcoHana pa3HbIX OpraHU3alu-
OHHBIX €IMHUII pacipeieieHa HepaBHOMEPHO.
B opHux ciydasx HaOlllofaeTcs peryispHoe
HAXO0XICHHE Ha paboTe 3a mpee/iaMu pabouero
BpPEMEHH, B IPYTHUX — XPOHUUECKAs HEA03arpy3-
Ka.

Hcrounrkamu nH(GOpMALIUK A1t IPOBEICHHS
(YHKIMOHAIBHOTO aHAJIM3a SIBJISTFOTCS TTOJI0KE-
HUSI O TTOpa3/IelICHUsIX, IIPHKa3bl O pacipeelie-
HUU 0053aHHOCTEH MEXIy PYKOBOIUTEISIMH,
JIOJDKHOCTHBIE HHCTPYKIIMHU, aHAJIU3 TIPOAYKTOB
(ycmyr), OM3HEC-aHAIMTHKH, CUCTEMbI JICJIOPO-
W3BOJICTBA, IOKA3aTeNn ACATENIbHOCTH KOMIIa-
HUH, a TAK)KE PE3yNbTaThl OIpoca e€ COTpyaHH-
KOB.

Jnst BU3yalu3alyy aHain3a UCIOJb3yeTcs
MHOXKECTBO PA3JIMYHBIX aHATUTHYECKUX (HOPM.

[Tpumep Buzyanuzaimu (yHKIHOHAIBHOTO
aHaJnM3a OPraHU3alMOHHON €IWHUIIbI, T03BO-

Ta6auua 2
Opranusaronssle exuHuIs! (OE)
Oymkuns (D) OE1 OE2 OE3 OE4 OES5
D1 1 1 A R — —
D2 C R R — A 1
D3 A R C I Cc R
D4 — R C R 1 A
D5 C R — — C 1
D6 1 R/A C R I C
D7 1 — C R/A —
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Taoauna 3

Opranunsanuonsbie exuauns! (OE)
Oymeuns (©) OE1 OE2 OE3 OE4 OES5
[ Cc I R R A Cc
D2 1 — A A 1
D3 R C C I A R
D4 R/ C A R/C I R/
5 R R A 1 C R
D6 — A R — R/C —
7 A — R R — R/A

JISIOLIET0 BBISBUTH HECOOTBETCTBHE 3a]ay
1 GYHKIUH, «IyCThIe» (DYHKIUH, HE CO3/IaI0IIHe
LICHHOCTB JUIsl KOMITAaHWH, TPUBEAEH B Ta0M. 1.

Hcnoan3zosanue marpunsl RACI

st GyHKIIMOHAIBHOTO aHaIM3a TaKKe IIH-
poxo ucnons3yerca marpuna RACI, koropas
JaéT BOSMOXKHOCTB Y€pe3 pOJIU U 00S3aHHOCTH
opranuzanoHHsIx equuul (Responsible — Hc-
MOJAHUTENb, Accountable — OTBETCTBEHHBIH,
Consulted — Koncynbrant, Informed — Mudop-
Mupyembiit) MadopmupyeMslii) HAIAAHO YBU-
JeTh U30BITOYHOCTD, AyOMUpoBaHUEe QYHKUNH,
HecOallaHCHPOBaHHOCTD PACTIPEAEIICHHS TIOJTHO-
MOYHI{ 1 OTBETCTBEHHOCTH MEXK/TY Y4aCTHHUKaMH
TIPY BBINOJHEHNH 3THX (YHKIUH, a TaKKe BO3-
MOXKHYIO HEPaBHOMEPHOCTh 3arpy3KH MEXIY
OpraHu3alMOHHBIMU eauHuamu [13—-17].

Beprukanenslii ananus marpunst RACI nos-
BOJISICT ONPE/ICIIUTE 003aHHOCTH Y TIOJTHOMOYHS
Ka)KI0H OpraHu3alliOHHOHN €JIMHUIIBI, 00bEKTHB-
HO OLICHUTh YPOBEHb HAarpy3KH, HallpuMep:

* MHOT0 pOJIA «UCTIOTHUTEIHY R — BO3MOXK-
HAa «TIEPCHATPY3Ka» OPTaHU3AUOHHOMN SMHUIIBI
(Tabmn. 2).

* MHOTO poJjii «OTBETCTBEHHBIH» A — peKo-
MEHJIyeTCSl paclpeeIuTh OTBETCTBEHHOCTh
Oonee paBHOMEpHO (Tad. 3).

* Her poneii R u A — HenesrecooOpa3HOCTh
CYILECTBOBaHUS AAHHOW OPraHU3alMOHHOMN
€JIUHUIEI B BBITTOJIHCHUH PAaCCMAaTPUBACMBIX
¢byukumit (tadmn. 4).

* HeT mycThIX stdeeK — BOBMOXKHA «IICPEHATPY3-
K2 BCEX OPraHU3alMOHHBIX SIMHUII (Ta0. 5).

Topuzontansubiil ananu3 Matpunsl RACI
OTpaXkaeT Ka4eCTBO OpraHM3aluu padOTHI, Ha-
puMep:

* MHOTO pOJIH «UCTIOTHUTEIHY R — BO3MOXK-
HO nyonupoBanue GpyHKImiA (Tadm. 6).

* MHOT0 poJii «OTBETCTBEHHBI» A — «pa3-
MBIBaHUE)» OTBETCTBEHHOCTH (Ta0. 7).

* MHOro poiu «koHCYNBTaHT» C — M3ITUIITHIE
COTIACOBAHHUS CYNICCTBCHHO YBEIIMYHUBAIOT Bpe-
M3 ucnosiHeHust pyHkuuu (Tabdm. 8).

Taoauua 4
Oprann3anuonsslie exnHuns! (OE)
Oymkuis (©) OE1 OE2 OE3 OE4 OES5
D1 I I — R C R/C
D2 C — A C — 1
3 — C Cc A R/C —
D4 C C A (¢} I R/1
D5 C C R — 1 A
D6 — 1 C 1 R/A
D7 I - C 1 R —
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Tadauua 5
Dy (@) Opraunusanuonssie enuHuip! (OE)
OEl OE2 OE3 OE4 OES5

o1 A C R — Cc C

o2 1 C C C A 1

3 1 R C — R R

D4 C R R R I A

D5 R C Cc A R R

D6 C C A — I 1

D7 1 A — 1 C R

* Het pomu «uapOpMupyemslit» 1 — Hernene-
C000pa3HOCTh BBHIMTOMHEHUS NAaHHON (DyHKIHH
(HeT moTpebuTENA pe3ynbTaTa BEITOJIHEHUS
¢yskumn) (Tadm. 9).

Marpuna RACI sBisiercss yHUBEpcalbHON
mozenbio. OHa HCHONB3YeTCs [T (DYHKIIMOHAIb-
HOTO aHaJIN3a WM aHAIHM3a MPOLIECCOB JIF0O0TO
YPOBHSI.

Jlpyrue MeToabl 1 HHCTPYMEHThI
HOPMHMPOBaHHUs YNPaBJIeHYeCKOro Tpyaa
ITockonbKy agMHUHHCTPaTHBHO-YIPABICH-
YEeCKHH MepcoHasl paboTaeT B OCHOBHOM C WH-
(hopmanmeit 1 JOKyMEHTaMH, B Ka4€CTBE BCIIO-
MOTaTeIbHOT0 HHCTPYMEHTA JUTSl (DYHKIINOHAIb-
HOTO aHAJIM3a IPUMEHSIETCS] MaTPHUIIA IOKyMEH-
Too0O0poTa. OHa hopMHUpyeTCs B IPON3BOIBHON
(hopme 1 oIKHA coAeprKaTh CBEICHNS O HanuMe-
HOBaHWH OPTaHU3aIMOHHON €AWHMIIBI, BBINOJ-
HIEMBIX (QYHKIUAX, EepedHe (HOPMHUPYEMBIX
JIOKyMEHTOB (IIPHKa30B, PacOpsDKEHUH, MOM0-
JKeHHH, pETIIAMEHTOB, OTYETOB U Jp.) B PE3YIIb-
TaTe BBIIOJIHEHUS JaHHBIX (DYHKIWH, CBEICHNS
00 y4JacTBYIOIIUX B COITACOBAHUH, TOTPeOUTE-
JSIX ¥ 3aKa39MKaX Ka’kKA0TO KOHKPETHOTO JIOKY-
MEHTa, crocod mepemadu uHGopmanuu. Mar-
pHIIa JOKyMEHTOO00pOTa MO3BOJISET BBIIBUTH

TaKHe MPOsBIICHIS OFOpOKpaTH3Ma, Kak popMu-
pOBaHHME HEBOCTPEOOBAHHBIX JOKYMEHTOB, He-
HYXXHBIX OTYETOB, N30BITOYHBIE KOPIIOPAaTHBHEIE
MIPOLIEAYPHI COIIACOBAHHS JOKyMEHTOB, Hepa-
OHMOHAJIbHAS CHCTEMa JOKyMEHT000opoTa
MEXXIy OpraHU3alHOHHBIMH SIMHULIAMY, &, CJIe-
JIOBATEbHO, (DAKTHI BBIOJIIHEHHS HE CO3/1AtoMIeiH
LIEHHOCTB JUIsI KOMITAHUH PaOOTHI aIMUHUACTPaA-
THUBHO-YTIPABIEHYECKOTO IIEPCOHAA.

OYHKIMOHANBHEIN aHAIN3 yIOOeH TeM, 4TO
MO3BOJISIET OBICTPO M TOYEYHO BBIABUTH HEAOC-
TaTK{ B OPTaHU3AL[IOHHOM JIN3aiHE OT/IENbHBIX
OPTaHM3ALOHHBIX eIUHUI KoMraHuu. OgHaKo
OH HE JaéT MOJHOIIEHHOTO BUAEHHS TOTO, KaKk
yIpaBieHYeCKHe (YHKIUHU pacupeeseHbl
1 yBSI3aHBI MEXAy CO0O B IIETIOYKE CO3IaHUS
MIPOAYKTA, KAKMM CIIOCOOOM OHH BBITIOJTHSIOTCS,
KaK UX BBIIIOJIHEHHE BIMSACT Ha CO3JaHUE 3TOTO
mpoxaykra [18; 19].

st neneit ananusa 1 HOPMUPOBAHUSI TPYIO-
3aTpar B KOMIIAaHUH IPAKTUKYETCS] KOMIUIEKCHOE
MIPUMEHEHHUE MPOLECCHOTO U (PYHKIIMOHAIEHOTO
aHaM3a, B TOM YHCIIE YIPABJIEHUYECKUX C HC-
M10JIb30BAHUEM ITIPOTPAMMHOTO 0OeCTeueHuUs
ARIS. DT0 m03BOJAET BBHISABIATH IIyCTHIE»
YIpaBIeHYECKNE MPOLECcChl (OTAECIbHBIEC «ITyC-
TBIe» (YHKIIUU B Tpolecce), OyOnupyromnme

Taoauua 6
Oy (@) Opranuzannonssie eauHuns! (OE)
OEl OE2 OE3 OE4 OES5

o1 R R R R R R

o2 C R A — A 1

o3 A C C 1 C R

4 A — C R I A

5 C I I R R A

D6 C A R — 1 C

D7 C R — A R I
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Taoaunma 7

Oy (@) Opranuzanuonssie eauHuis! (OE)
OE1 OE2 OE3 OE4 OES
Dl R I R R A C
D2 C A A A A A
D3 — C R/A 1 A R
o4 A — C R I —
D5 C I 1 R R A
D6 C — R — 1 R/A
D7 C R — C/1 R C/1
Tadnnna 8
Dy () Opranusaruonssie exuauns! (OE)
OE1 OE2 OE3 OE4 OES5
[ R 1 Cc R R/C/A C
o2 Cc R A — Cc I
D3 A K C 1 1 R
D4 R — C R 1 A
D5 C 1 C C C C
D6 C A R — I C
o7 C R — A R 1

(GyHKIMY, H30BITOYHBIE KOMMYHHKAIUH B KPOCC-
(YHKIMOHAJIIBHOM B3auMOJICHCTBHHU (coBera-
HHUS, COIVIACOBAHMUS U JIP. ), TPOLIELYPbI KOHTPOJLS,
HE BIIUSIIONIEE Ha KITI0UEBbIe OKA3aTeNIn KOHEd-
HOTO TIPOAYKTA, a, CIEOBAaTENIbHO, M3IUIIHIE
TpYyAO3aTpaTsl aAMUHUCTPATUBHO-YIPaBICH-
YeCKOT0 NepcoHaa.

HcTouHukaMu AJisi TOCTPOCHUS U aHAIH3a
MoJleIiel yIpaBlIeHUECKHX MPOLECCOB SIBIIS-
I0TCS JIeHCTBYIONIUE JIOKATbHBIE JOKYMEHTBHI
KOMIaHUU (CTaHAapThl, MOJOKEHUsS, peria-
MEHTHI BBINTOJHEHHUS IPOIECCOB, a TaKke
permIaMeHThl Kpocc-()yHKIIMOHAIBHOTO B3aH-

MOJEHCTBUS MEX Iy OM3HEC-eANHUIIAMU KOM-
MMaHWU U Jp.).

JanHas pabora Ha MOCTOSIHHOM OCHOBE OCY-
LIECTBIAETCS KaK MOAPa3IeIeHIIMI KOMITAHUH —
BJIAJICNIBLIAMH TIPOLIECCOB, TaK U CIELHAIH3UPO-
BaHHBIMY TTOApa3aeneHusaMu: LleHTpom opranuza-
U Tpyla U MPOEKTUPOBAHUS SKOHOMUYECKUX
HOPMATHBOB U IIEHTPaMH MOBBIIICHHs YD PEKTHB-
HOCTH Tpy/a IEpCOHAIIa B COCTaBE PErHOHAIBHBIX
LIEHTPOB KOPIIOPATUBHOTO YIIPABJICHUS.

o pesynbraram npoBeeHHs MIPOLECCHOTO
(pyHKIMOHAILHOTO) aHaK3a JJIsI BBISIBICHHBIX
M30BITOYHBIX (QYHKIMH MIIM KOMMYHHUKaIUN

Taoauua 9

Oy (D) Oprann3anuonnslie exnHuns! (OE)

OEl OE2 OE3 OE4 OES5
@1 R — R C A C
2 C R A — C 1
3 A C Cc 1 I R
4 — — C C I R/C
5 C cn — R R A
D6 R A R — I Cc
7 Cl R — A R I
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OLICHHMBAIOTCS TPYA03aTPaThl PyKOBOJIUTENEH
U CICIMANMCTOB HA BBINOJIHEHHE PabOTHI, HE
CO3/IatolIel LIEHHOCTb.

Jnst u3yveHus TaHHBIX HEMPOU3BOIUTEIb-
HBIX 3aTpaT pabo4yero BpeMeHH, a TAKXKe OIpe-
JICJIeHUs] TPyo3aTpaT Ha BBIIIOJHEHHE BCETO
nporecca (GyHKIMH) B I[EJIOM, HCIIOIb3YEeTCS
KOMILJIEKCHBIH COOp MaHHBIX METOIOM OIPOC-
HBIX JIUCTOB, HHTEPBHIOUPOBAHUS pAOOTHHUKOB,
cOOp CTAaTHCTHYECKUX JAHHBIX 38 JTHTEIbHBIN
MepUOoJ], 3apOC IKCIEPTHBIX MHEHHUH. [l
MOATBEPKICHHS HKCIIEPTHBIX OIEHOK MPOBO-
JUITCSI KOHTPOJIBHBIE 3aMepbl, ONpeAEIISIONIe
KO3(UIHMEHT TOBEPHSI IKCIIEPTaM.

B nensx HopMHpOBaHHS (OMpeaeCHHUs
ONTHMANBHON YHCICHHOCTH) CICIHATUCTOB
U CIOYXaIluX aIMHHUCTPATUBHO-YIIPABICH-
YECKOT0 IMepPCOHaNa MPOCKTHPYIOTCS MOJIEIH
npoueccoB (pyHKIHOHAIBHBIE MOIEIH) «KaK
JTOJDKHO OBITHY» 0e3 yuéra QYHKIUH, HEe CO3/1at0-
[IAX [IEHHOCTh. 3aT€M BBIACISIFOTCS MOJEIH
nporeccoB (MOAIPOIEeccoB, HYHKITHI), KOTO-
pBie MOTYT OBITH TPOHOPMHUPOBAHBL. ITO MPO-
[IECChI, KOTOPbIE MOTYT OBITh Pa3lOKeHBI Ha
MPOCTHIC OMEPAIMU, U BPEMSI X BBITOJTHEHHS
BO3MOXHO U3MEPHTh.

Jliist HOpMHUPOBAHUSI TPYA03aTPaT KOHKPET-
HOM OpraHU3allMOHHON SMHUIIBI HEOOXOAUMO
UMETh IOJIHYI0 0a3y JAaHHBIX MOJeleld Bcex
MPOIIECCOB, B KOTOPBIX OHA yYacTBYET.

K MonesnsiM nporueccoB st BO3MOXHOCTH
MX UCIIONIB30BaHMs KaK HHCTPYMEHTA MTPU HOP-
MHPOBaHUH TPYIa PAOOTHUKOB MPEIbSBISIOTCS
cnenyromue Tpeboanus [20-22]:

* YCTaHOBJICHBI BCE yYaCTHHUKH IpoLecca 110
YPOBHS KOHKPETHOTO PabOTHHUKA,;

* M3BECTHBI IUKINYHOCTH H BAPUATUBHOCTh
MIPOTEKaHUs MPoLEecca;

* BBIOpaHBbI U IPU HEOOXOTUMOCTH TIpoH -
(hepeHIIMPOBAHBI [0 CIIOKHOCTH CTATUCTHYCCKA
3HaYMMBbIE U3MEPUTENH onepanui. s ckBo3-
HOro OM3HEC-TpoLecca JODKEH MPUMEHSThCS
HU3MEepHUTEeh, YHUDUIUPOBAHHBINA I BCEX
Y4acTHHMKOB ITpollecca;

* ompeJeNieHbl T0Tepu pabovyero BpeMeHH,
He 3aBUCSIIIE OT Y4aCTHHKOB IIpOLiecca, a TaK-
ke 00bEM BCIIOMOTaTelIbHBIX padoT.

Hau6onee s3¢dhekTrBeH TaHHBIH METOM JIs
HOPMHUPOBaHHUS TPYA03aTpaT CHEIHATHCTOB
U CITy’>KAIUX TP BBIMOJHEHUH UMK (DyHKIIMH
TUNOBBIX (CTaHIAPTHBIX) MPOLECCOB (HAIpH-
Mep, MIAHUPOBAHHUE IKCIUTyaTAlMOHHBIX pac-
XOJI0B, aHAJIU3 3apabOoTHOM IIaThl, GopMupo-
BaHUE OM3HEC-aHATUTUKH U JIp.).

OmnpeneneHue Tpyno3arpaT Ha BBIIOJIHE-
HUE MPOEKTHOW 1 HOPMOTBOPUECKOM /1€ TeNb-
HOCTH TaK)X€ OCYIIECTBIISIETCSl IKCIIEPTHBIM
croco0oM, Ha OCHOBE AaHHBIX O Joje pabo-
Yero BpEMEHH, 3aTPaueHHOT0 Ha BBIIIOJHEHHE
TEX UJIU UHBIX QYHKIUH, CBI3aHHBIX C pa3pa-
0O0TKOIl HOpPMAaTUBHBIX JTOKYMEHTOB WJIH pa-
00TO¥ B COCTaBE MPOEKTHBIX KOMaHI.

YuuThIBast 0COOEHHOCTH CTPYKTYPHI TPy
PYKOBOAMTEJIEH, AJIT HOPMHUPOBAHUS X YHC-
JIEHHOCTHU pa3pabaThiBaeTCs TEXHOJOTHUS
onpezaeneHus nquddepeHUUpPOBaHHBIX HOP-
MaTUBOB YHMCJIEHHOCTH PYKOBOJAUTEICH
U 3BEHBEB YIpaBIEHHS 4Yepe3 HaXOXKJEHHUE
¢ y4€TOM aHaju3a BIUAIOMUX (AKTOPOB HOP-
MaTHBHBIX ITPEJEIbHBIX 3HaU€HU I B3aUMOYBSI-
3aHHBIX KIIOYEBBIX WHIMKATOPOB OpraHU3a-
LHUOHHO-()YHKIIMOHAIBHON MOJENH: HOPMBI
YHPaBIsEMOCTH, KOJIHYECTBA MPSMBIX ITOIYH-
HEHHBIX, COOTHOLIEHUSI YUCIECHHOCTH PYKO-
BOJIMTEJIEH U MOJYMHEHHBIX B OpraHU3alMOH-
HOU eINHUIIE.

BbIBObI

K oCHOBHBIM pe3ynbraraM UCCie10BaHus
OTHOCSTCSl aJlaiTUPOBAHHbBIE JUIsl KOMITAHUH
xonnuHra «Poccuiickue xeje3Hble T0POTrH»
WHCTPYMEHTHl aHalu3a U HOPMHUPOBAHUSA
YIpPaBIE€HUYECKOH NeATeIbHOCTU. BhISBIEHBI
MIPEAIIOCHUIKH BHEJPEHUS YKa3aHHbBIX HHCTPY-
MEHTOB, «TPUTTEPBI» pabOTHI OM3HEC-CIUHMUII,
CUTHAJIM3UPYIOIIUE O IMPOOJEeMHBIX 30HaX
yhpaBieHueckoi aesrenbHocTu. [Ipennoxe-
Hbl ()OPMBI BU3yaJIbHOI'O aHaIW3a U MHTEP-
NpeTaluuy yrnpaBleH4YecKoil mHpopManuu,
MO3BOJISIOLINE CUCTEMAaTU3UPOBATh U OTHOP-
MHUpPOBaTh yIpaBjieH4YeCKne QyHKINH.

Ha ocHoBe onucanHoOi#l B cTarbe METOJ0-
JI0THH (PAaKTOPHOTO HOPMHUPOBAHUS B HACTOSI-
miee BpeMs JJIsS NOoJApas/ielieH’il KOMIaHUH
pa3pabaThIBalOTCS METOJNYECKUE PEKOMEH-
JalMK 110 OLleHKe Oananca pabo4ero BpeMeHH
¢ y4€TOM ITPUMEHEHUS TPOLECCHOTO MOIX0/1a.
JlaHHBII TOKYMEHT OTpa)xaeT OCHOBHBIE 3Ta-
bl ONpEJAENICHHs] TPyn03arpar paboOTHUKOB
HHTEJUIEKTYaIbHOTO TPyla, a Takke MYTH
peuieHust mMpodaeM, BO3HUKAIOMIKNX IIPH HC-
10JIb30BaHUU METO/Ia, U TPUMEPHI OIIAroBo-
IO HCCJIEZIOBAHMS MHTEIUIEKTYaIbHOTO TPyAa.

3TO MO3BOJIUT NOAPA3/IEIICHUSIM KOMIIAHUN
MoJy4aTbh MakCHMaJlbHO JOCTOBEPHBIE pe-
3yJIBTAThl O TPYAO3aTpaTax 3a MUHHUMAaJIbHOE
BpEMsl U CAMOCTOSITEIbHO (POPMUPOBATH HOP-
MBI TpyJa.
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AHHOTALINA

C moyKu 3peHust obecnedeHust npou3sodcmeeHHbIX UHMepe-
€08 Xe/e3H000POXHOU UHGpacmpyKmypHOL KoMnaHuu, Ha npu-
mepe OAO «PX[», aHanusupytomes cywecmeyrowjue u npedna-
2alomcsi Hosble N00X00b! K NnaHUPO8aHUko YucneHHocmu pabom-
HUKO8, 3aHAMbIX 0BCTyXUBaHUEM UHGhPaCMpPyKmypbI.

Cywecmeyrowasi Memoduka nnaHupogaHusi KOHMUHaeHMa,
3aHSIMO20 MEXHUYECKUM 0BCITYKUBEHUEM Xere3HOO0POXHOU UHG-
pacmpykmypbl, CMPOUMCS Ha UCNOMb308aHUU CPEOHUX 3HaYeHul
napamempog MOHUMOPUH2a COCMOSHUS COOPYXKEHUL UHGbpacmpyk-
mypbl, 3eMAsHO20 norlomHa u nymesbix yempoticme (KOCTI) no
MECAYHbIM, @ MAKKe OCEHHUM U BECEHHUM CNIIOWHbIM OCMOmpam U
nposepkam nymu. lony4eHHs e 06bEMbI pabom, MomnbKo 8 HEABHOM
8ude ompaxarom KOHMUH2eHM 0BCYKUBaIWE20 NEPCOHaNa, €20
3aHAMocmb U 3ghghekmusHOCMb pabomb| Kaxdo2o pabomHuka.

CospemeHHOe HanpasneHue Ha yughposusayuro u KubepHe-
MU3ayur 8CeX NPOYECcos, Npu Op2aHu3ayuu MexXHUYecKo2o
obcnyxusaHusi UHGhpacmpykmypbI nymego2o komnsekca npedy-
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1234 Poccutickuti ynusepcumem mpancnopma, Mocksa, Poccus.

cMampueaem MakcuMasbHylo CoyuanbHyro adanmayuro npous-
800CMBEHHBIX NPOUECCO8 K 3anpocam COBCMBEHHUKO8, 3adadam
OpeaHu3amopos U uHmepecam ucnonHumened. lnaHupogaHue
3aHAmMocmu ucnonHuUmenel moabko no 06bEMY 8bINONHAEMbIX
pabom He no38os1siem 8bINOIHUMB YUGHPOBU3ALUIO U COUUATBHYIO
KubepHemu3aayuto omoesbHoO20 UCNOSHUMENTS.
CuHmaamamuyeckoll cocmasnsowel makozo anzopumma
ANSAIOMCS eXEMECTYHOe CyMMapHoe ompabomaHHoe 8pems,
komopoe onpedensemcs (hakmuyeckol 3aHImMocmbio Kaxdo2o
ucnonHumens. lMapaduemamuyeckoli cocmaesnstoweli makux
modenell donxkHa bbimb 00UHaKo8as exe0HesHas YUCIEHHOCMb
ucnonHumenel. Ha cmaduu npedeapumenbHoli OUeHKU npume-
HeHusi npednazaemozo aneopumma yugposu3ayuu U coyuarnsHol
KubepHemu3ayuu niaHupoeaHusi KOHMUHaeHma paccmMampusa-
emcs ygenudeHue npoussodumensHocmu mpyoda, opueHmupo-
804HO Ha 20—-25 %, nosbiweHue kayecmea pabom u bonee -
GhekmugHOU OUeHKU OessmenbHOCMU KaxAdo20 UCNOMHUMENs.

Kniouesbie crioga: xeneaHas Gopoza, MOHUMOPUHE UHGPACMpyKMypbI, MEXHUYECKoe 0BCIyKUBaHUE Xene3HOA0POXHOU UHgpa-
CMpYKMypbI; Yuhposu3ayust u KubepHemu3ayus MexHU4ecKko20 06CTyXuBaHUs UHhpacmpyKkmypbl, CoyuanbHas adanmayus npous-
800CMBEHHBIX NPOLUECCO8, NAMMEPH, CUHMAazMamuyeckas MoOerb.
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BBEAEHUE

CymiecTByromiasi CHCTeMa TEXHIIECKOTO 00-
CITy)KMBAHHS KEIJIE3HONOPOKHOM HH(PACTPyKTYpBI
Gasupyercsi Ha MPOBEICHUN MOHUTOPHHTA €€ CO-
CTOSTHHSI M1 OCYIIIECTBIICTCS B BU/IC KOMACCHOHHBIX
OCMOTpOB, a TaK)XKEe HCIOJIb30BaHMS PE3YIIBTATOB
OLICHKH CTICIUATbHBIMI TEXHUYECKUMH THArHO-
CTHUYECKIMH CPEICTBAMH 1 000PYZOBAaHHEM B CO-
OTBETCTBHH C HOPMATHUBAMU, PEITIAMEHTHPYFOIIIH-
MH COAEpXaHWe IyTH U OOBEKTOB MH(pPACTPyK-
Typbrt [1-5].

B OAO «PX]I» Meronyka IUIaHUPOBAHUS
KOHTHHTEHTA, 3aHATOTO TEXHUYECKUM OOCITyXKH-
BaHHMEM JKEJIE3HOJOPOXKHON MH(PPACTPYKTYPHI,
CTPOUTCS HA HCIIONI30BAaHNH CPETHNX 3HAYCHUH
TIapaMeTPOB COCTOSTHUSI MH(PPACTPYKTYPHI 10 pe-
3yIIBTaTaM MECSIYHBIX, @ TAK)KE OCEHHHUX M BECEH-
HHX CIUIOIIHBIX KOMHCCHOHHBIX OCMOTPOB 1 TIPO-
BEPOK IYTH, COOPYKEHUI MHPPACTPYKTYPHI,
3EMJISTHOTO TIOJIOTHA M IYTEBBIX YCTPOMCTB
(KOCTID)2

Pabots1, BEITONTHSIEMEIE OpHUTafaMu THHEH-
HBIX ¥ 9KCIUTyaTallHOHHBIX yYaCTKOB Ha MPE-
CTOSIIIMHA MecsI], MIaHUPYIOTCS TOPOXKHBIM
MacTepOM COBMECTHO C OpHTanpaMu Mo TEKy-
IIEMY COIEP KaHHUIO ITyTH, 36MIITHOTO MTOJIOTHA
U COOPY>KEHHH, C YUETOM pe3yJIbTaTOB MOHUTO-
puHTa HHbpAcTpyKTypHl. Pazpaboranusie
TUTaHBI-TPa KN YyTBEP)KJAIOTCA HadalbHIKOM
JMUCTaHIMK TyTH B BUae rpaduka (ITY-74)%,
[Ipu paspabotke Tekymux rpadukos [1Y-74
YUHTBIBAIOTCS PaOOTHI 32 MPEABIAYIIHN MECSI.
[Ipu monBeieHNH UTOTOB BBHITIOHEHHBIX padoT
paccMaTpUBarOTCSA NPEABITYIINH U BBITIOIHEH-
HBI Tekymui rpaduku [1Y-74.

Bba3oBbIMI HOPMATHBHBIMHU IOKYMEHTAMH IS
pac4€ToB HOPMHPYEMBIX 00BEMOB PadOT, HOPMH-
PYEMOii YHCIICHHOCTH paOOTHHKOB, HOPMUPYEMOH
niponospkuTenbHoCTH siBisttorest THK nmn THBS,
a TaKXKe Apyrre HOPMaTHBHBIC JOKyMEHTHI, yCTa-

! THCTPYKIMSL 110 TEKYIIEMY COICPIKaHHIO JKEIC3HOIOPOXK-
HOTO IyTH, yTBepxkaAEHHas pacnopsbkeHrneM OAO «PX»
Ne 2288p or 14.11.2016

2 O KOMIUICKCHOW OILIEHKEe COCTOSHUS MyTH (B pelakuun
pacnopspxenust OAO «PX/I» ot 20.01.2012 1. Ne 72p.

% XKypnan yuéra paboT 110 TEKyILeMy COICPIKAHHIO H OLICHKe
COCTOSIHMS ITyTH U Iy TEBBIX YCTPOUCTB (ITY-74), yrBepxaéH-
Hbli pacriopspkernemM OAO «PXKI» or 2 mas 2012 . Ne 857 p.

4 TexHHuecKrue 0OOCHOBAHHBIE HOPMBI BDEMEHH Ha PaboThI
1o TexymeMy conepkanuto mytd (THK). [lemaprament mytu
u coopyxkeHuit OAO «PXKI». — M., 2009.

5 Texunueckue 060CHOBAHHBIC HOPMbI BPEMEHH Ha PabOTHI 110
Tekyemy conepxanuto myti (THB) (B penakuym pacropsi-
sxenmst OAO «PXK Iy ot 05.08.2015 . Ne 1976p) (7-¢ u3nanmue,
HCIPABIICHHOE U JIOIOITHEHHOE) B 2-X 4acTX.

HaBnuBaemble Llentpansuoit (UAWN) wmu peruo-
HarbHBIME (JI) mupeximsiMu HHQPACTPYKTYphI-
¢drmanamu OAO «PXK».

[NomyuyeHHbIe TakuM 00pa3oM 00BEMBI PaboT
TOJILKO B HESIBHOM BHJIE MOTYT OTpa)kaTh KOHTHH-
TeHT 00CITy>KHBAIOIIIETO [IEPCOHANIA, €T0 3aHATOCTh
1 3 heKTHBHOCTH pabOTHI KAXKIOTO PabOTHHUKA.

MATEPWATIbI U METOObI
CylecTByIOIEeNd METONMKOM® OmpeeeHue
TUTAHOBBIX 33/IaHHH Ha BBINOIHEHNE padoT OCyIIie-
CTBIIsIeTCS 110 3aBUcUMOCTH (1):
V isom * Hpe X K, , (1)

N _ ¥ pagom
ompad.uace

usmep

rae V. _ —o00bEM paboT, KOTOPBIH IPHHUMACTCSI
pabom
IO pe3yibTaTaM OLEHKH COCTOSIHUSI 3JIEMEHTOB
MHPPACTPYKTYPHI CPEICTBAMH THATHOCTUKH (TIpH-
Boautcst B KOCII wm ripu TeKyIeM KOHTPOIIE);
ompas. vaces — HOPMHPOBAHHOE BPEMsl Ha BBINIONI-
HeHHe paboThI;
H,,, — HOpMa BPEMEHH Ha BBIIIONHEHHE €/IH-
auie! padot u3 THK wm THB;
K, — koo()pHUIMEHT TeMIIepaTypHOH 30HBI;
K., — CIWMHILA H3MEPEHHS 110 IAHHO pabo-
Te.
Hopwma Bbipabotku (N, wpa ) 32 pabouyro cMeHy
(8,2 gaca) onpenensiercst o hopmyne (2):
8,2
N,

vipat
’ Ny x K,

L — Q)

rae N, —Hopma BpeMenn u3 THK;
N, i — HOPMA BBIPaOOTKHY;
vonep — CAMHHIIBL H3MEPCHHUSL.

Bpemst Ha poxoz1 K MecTy padoT, Ha MPOITYCK
TOE310B U BpeMs pab0ThI CUTHAJIMCTOB OTPEIEIIs-
ercsi 110 (haKTHUYECKUM JIAaHHBIM.

OOBEM BBITIOIHEHHBIX Pa0OoT 110 aKTy J0KEH
COBMAJaTh C 3aJaHHBIMH 00BEMaMu paboT (Ha
paboumii IeHb, HEIEITIO, MECHILI).

dakTuyecKy 0TpabOTaHHBIE YaChl MOTYT OBITh
MEHbIIIe HOPMUPOBaHHBIX. HopMUpOBaHHbBIE Yachl
JIOJDKHBI COOTBETCTBOBATh 33JAHHIO Ha BBINIOJIHE-
HHE paboT.

HopwMmer BeipaboTku 3a 1 yac Ha 1 yenoBeka
OIIPE/IENISFOTCS JICJICHUEM BEJIMYHUHBI N3MEPHUTEIIS
JIAHHOTO BHJa paboOT Ha HOPMY BPEMEHH, a 3a
CMEHY — YMHO)KEHHEM II0Ty4EHHOTO pe3yJibTara
Ha MPOAODKUTEIBHOCTD CMEHBI.

B Hacrosiiiee Bpemsi MPUHATOE B ITPOU3BOJI-
CTBEHHOM JIESITEJIbHOCTH M Ha TPAHCIIOPTE HAIpaB-
JICHHE Ha I()POBU3AIIMIO M KHOSPHETHU3AIIHIO BCEX
MIPOIIECCOB [6] TPU OpraHU3aIllUi TEXHHUYECKOTO

00CITy>KUBaHUSI MHPPACTPYKTYPBI Iy TEBOTO KOMII-
JIEKCa MPETyCMATPHBAET MAKCHMAITBHYFO COITHAITD-
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Puc. 1. Jea muna modeneli npuHsamus peweHuii [9].

HYIO aIalTallyio TIPOU3BOJICTBEHHBIX MPOIIECCOB
K 3aIpocaM cOOCTBEHHHMKOB, 33/[a9aM OpraHU3aTo-
POB U HHTEPECAM HUCTIOTHUTEIEH.

CymiecTBytomas MpakTHKa TUTAHUPOBAHUS
TIPOU3BOACTBEHHOTO TPOIIECCa 3aHATOCTH NUCTION-
HUTEJISH 110 TEXHIYECKOMY OOCITY>KHBAaHHIO HH(]-
PACTPYKTYpHI IIyTEBOTO XO3SCTBA MO 0O0BEMY
BBITIOJTHAEMBIX Pa0OT HE MO3BOJISIET BBHITOJHHUTD
IU(POBU3AIIIO U CONMATBHYI0 KHOSPHETH3AINIO
OT/IEITEHOTO UCTIONTHUTEIIS.

ConnanpHas KHOEpHETHKA HalpaBieHa Ha
CO3JIaHHE TEOPETUUECKOH OCHOBBI JUTS OLCHKH 1
YIIPaBJICHMUSI CHCTEMaMH KOOTICPATUBHOTO pacIIpe-
JIETIeHMsI 1 y4uéTa JEeATEIbHOCTH KaXKI0TO HCTION-
Huters [6]. OHa mocTpoeHa Ha BBISABICHAH JTOTA
Y4acTHsI KayKJIOTO MICTIOJHHUTENS B OOIEM TIPOn3-
BOZICTBEHHOM TIPOLIECCE MPH AETATM3AINH TEXHO-
noruu padbounx orepanuii. [lapagurma, KoTopyro
conmatbHas KHOEpPHETHKA HCIIONB3YET IPH aHAH-
3¢ M000# CHCTEMBI, 3aKJII0YaeTCs B OCHOBHOM
3aKOHE COIMAIFHON KnOepHeTHKd. B HEM TOBO-
PHTCS, 9TO BCE TPYIOBBIE KOJUICKTHBBI MPOXOSAT
IIECTh YPOBHEH COIMAIBHBIX KOHTPAKTOB CBOHMX
TIOZICHCTEM:

* arpeccusi <> BbDKUBAHUE;

* OIOpOKpaTHA < ClemyiTe HOpMaM U IpaBH-
nam;

* KOHKYPEHIIHS <> MOsI BBITOJ]a — Ballla IIOTeps;

* pemieHne <> pacKpbITHE WHIMBUIYaTbHBIX
HaMepeHuH;
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* KOMIUIEMEHTApHOCTS [ 7] <> COTPYIHUYECTBO
B €IMHBIX HHTEpECaXx;

* cBoOoma BrIOOpa (cyOcumuapHOCTh [8])
<> CMOCOOHOCTB YIIPABIIATH CBOMMH COOCTBEHHBI-
MH JISHCTBHSIMH U CAMOKOHTPOJIPOBATHCSI.

[Npoxoxnenne 5Trx mecTH (a3 B3auMOOTHO-
IIIEHUH 1aéT OCHOBY JUIS COLIMO-KUOEPHETHIECKOH
OLICHKH JIFO00H SBOJFOLIIOHHON CHCTEMBI, K KOTO-
PBIM MOXHO OTHECTH TPYHOBBIE KOJJICKTHBEI.
[Mpruém 311 hasel TPOSIBISIOTCS M0-Pa3HOMY B
CHCTEMax pPa3HbIX HOPSIIKOB.

[NocnenoBarenbHast MOJENTb MPUHATHS peLIe-
HUH SBIsIETCS MpocTeimeld KnbepHeTHIeCKor
Moziebio. OHa CTPOUTCSI IO TIPUHITHITY (3):
(AAB)—>P. 3)

B Boipaxkennn (3) A — coObITHE, KOTOPOE BO3-
JIeliCTByeT Ha OOBEKT B, 4TO IIPUBOINT K Pe3yilb-
tary P. Beipaxxenue (3) ecTb KlacCHIeCcKoe BbIpa-
JKEHHE CIIeJJOBaHMS, B KOTOPOM CUMBOJI —> Ha3bl-
BaeTcs MMIUTHKanue. Beipaskenne B ckoOkax
Ha3bIBaeTCs MOCHUTKON MITH aHTelleleHToM. P Ha-
3BIBAIOT CJIEJICTBUEM MM anono3oM. [locnenosa-
TeJIbHBIE JIOTHYECKHE ISHCTBISI 1 COOBITHSI XOPOLIIO
TIPOBEPSIOTCS JIOTHUECKUMH BhIpaskeHHsIMU. OHH
00pa3yIoT JIOTHYECKOE CIIEI0BAHKE B BHIE COBO-
KYITHOCTH BBIpaKeHUH (3 ), KOTOpBIE 331a10T JIOTH-
YecKHe [EeNouKy NpuHsTUs pemenui. [Tocnenosa-
TeIbHBIE JISHCTBHS M MOZIEITN XOPOIIIO MOJIETIAPY-
10TCcs ¢ omonipio rpados. Ha puc. 1 mansr nBa
TUIa MOAENEH NPUHATHUS pereHuii [9].

KoBaneHko H. U., By4kuH B. A.; BbikoB 0. A.; 'puHb E. H. [IpymeHeHWe LindpoBm3aumnm
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IIpsiMoii aIropuT™ MpEACTaBISET COOO0M MOo-
CJIEZIOBATENIbHYIO LIETIOYKY JICHCTBHM, KOTOPHIE
npuBeeHsb! Ha puc. la. B cxeme Ha puc. 1a BeIxon
TEKYILETO 3Tarna CITyXUT BXOIOM U CIETYIOIIETO
sTana. Takue MOIEIH Ha3bIBAIOT CEKBEHIMAMH,
MOCKOJTBKY B HHX BXOJIBI/BBIXO/IBI 3TAIIOB COITIACO-
BaHbl. OJTHaKO MPepBIBAHNE 3Tala IPephIBaeT BCIO
LierouKy. B aToit Monesnu cyiecTByer oniHa oO1ast
PaIMOHATBHOCTD JIEUCTBUH.

PE3YNbTATbI

Mozernb yka3aHHOTO BBIIIE THIIA MOXKET OBITh
MPUMEHEHa [PH pa3paboTKe alirOpUTMA IIAHUPO-
BaHUs 00BEMOB PabOT MO TEXHUIESCKOMY 00CITy-
JKMBAHHIO HHPPACTPYKTYPbI ITyTEBOTO XO35HCTBA,
0 JINKBUIAIIMN BBISBICHHBIX HEHUCIIPABHOCTEH
cpeacrBaMu arHoctuky. [Ipu MonenupoBanun
TaKoro Ipolecca HeT NPHUBSA3KH K KOHKPETHBIM
ucnonuutensiM. Ludposuzanms u kubepHeTsa-
LIS TAKUX TIPOLIECCOB COCTOUT B (PUKCHPOBAHUH
3aIIaHUPOBAHHOTO WJIH BBITIOJIHEHHOTO COOBITHS,
a TaKKe OTCYTCTBHS TAKOTO COOBITHS, B BUJIE 3a-
IUIAHUPOBAHHOTO WMJIM BBIOJIHEHHOTO, KOTOPOE
JIOJDKHO OBLIO OBITH IO Pe3yJIbTaraM JUarHOCTHKH.

B Hacrosiiee Bpemst HCXOTHBIMH MaTepHaJlaMy
JUIsl pa3pabOTKK TaKMX CEKBEHTHUBHBIX MOJIENEH
MOT'YT CJIY’KUTb JJaHHbIE MOHUTOPUHI'A C HCTIONb-
3oBanueM cucteM EK ACYU (eauHas xopropa-
THBHAs aBTOMATU3UPOBAHHAsI CUCTEMa YIIPABJICHHSI
nndpacrpykrypoit); KAC AHT (xommiekcHas
ABTOMAaTH3MPOBaHHAsl CUCTEMa Yyu€Ta, KOHTPOJIS
yCTpaHEHUs] 0TKa30B B paboOTe TEXHUYECKUX
cpencTB M aHanu3a ux HajéxHoctn); KACAT
(KoMILIEKCHasE aBTOMaTH3MPOBAaHHAsI CUCTEMaA
y4eTa, pacclieZIoBaHus 1 aHaJIN3a CIIy4aeB TEXHO-
JIOTMYECKHX HapyILEHHH ), KOMHCCUOHHBIX OCMOT-
POB (OCEHHHX, BECEHHHX, MECSYHBIX H T.11.), JaH-
HBIX MYTEU3MEPHUTENBHBIX U 1e()EKTOCKOMHBIX
CPEZCTB KOHTPOJISL M IPYTMX MaTepUajioB OLEHKU
coctostHus MHppacTpyKTypbl. OCOOEHHOCTD pas-
paboTKK TaKoW MOJIEIH JIsl IUTaHUPOBAHHS 00BE-
MOB paboT MO TEXHHUYECKOMY O00CITY)KUBaHHIO
UH(PACTPyKTYpBI 3aKIIFOYAETCSl B TOM, YTO IIPH
HEBBITIOJIHEHUH KaKkoi-JI00 pabouei orepanuy B
LIETIOYKE CEKBEHTHBHOM MOJENM pe3ylbTaT He
JOCTHTaeTCsL.

Ha puc. 16 npuBeneHa nocienoBareinbHoO-1a-
payiesnbHast Moziestb (opMUpOBaHHs pereHni. Jta
MOJIeJIb HalpaBiieHa Ha TOJIy4YeHHE Pe3ybTaToB
Ha Ka)kK/IOM YPOBHE dTaria MPUHATHS PEIIeHHUH, HO
MPY HAJTMYKUH HE3aBUCHMBIX BXOJIOB TS K&XKI0TO
sramna. Takas crparudULIpoBaHHast MOJENb — 3TO
COBOKYITHOCTb YaCTHBIX MOJIEJIEH B 00I1IeH MOzien
MPHUHSATHSL petiieHui. MOKHO TOBOPUTH O CHHTAr-

MAaTUYECKUX MOJIEIISIX TI0 TOPH30HTAIISIM (YPOBHSIM)
u napagurmatndeckux [10; 11] moxernsx mo Bep-
THKJIM. B Takux MoOnessx CymecTByeT OuH 00-
LMK pe3yJIbTaT i COBOKYTHOCTb MHANBHUTYaJIbHBIX
TIOJIXO/IOB.

K TakuM MozeIisiM ciie/iyeT OTHECTH alrOPUTM
TUIAHUPOBAHMS 3aHSTOCTH paboyeit cubl. CuHTAr-
MaTH4YeCKOil COCTaBJISIOIIEH TaKOro ajiropurMma
SIBIISIETCSI ©XKEMECYHOE CYMMapHOE 0TPaOOTaHHOE
BpeMsi, KOTOPOE ONpeessieTcs haKTHYEeCKOM 3aHs-
TOCTBIO KaXJ10r0 ucnonuurens. [lapagurmaride-
CKO¥ COCTABIISIIOILEH TAKMX MOJIEJIeH T0JKHA ObITh
OJINHAKOBAsI €XKETHEBHASI YUCIICHHOCTh UCIIONHH-
Tenew.

Hecmotpst Ha pasHooOpasue Mozenei, cyiie-
CTBYIOT OOIIIHE IPaBHUJIa U IIPUHIIUIIBL, TI0 KOTOPBIM
(OpMHUPYIOT MOJIENN COLMAIIBHOM KHOSPHETHKH.
[pu hopmupoBaHUM MOJIENEl NPUMEHSIOT Clie-
JIYIOILME TIpaBHJIa:

* (huKcupyercst 00J1acTh HHTEPECOB Kak HH(POP-
MalMOHHAas CUTyalus (A, ), B KOTOPOH ILIaHUpYeT-
Csl TIPOBOJIUTS YIIPABJICHHUE;

* B UH(OPMAIMOHHOM CUTyalluH (PUKCUPYIOT-
cs1 ycnosus (A,), onpe/ienseMble COBOKYITHOCTBIO
HapamMeTpoB MM OTPaHHYCHHUSIMHU;

* JUIs YCIIOBUIA 3a/1a4¥ (PUKCHPYIOTCSI M3BECT-
Hbl€ 3BPUCTUKHM (A,) B BUIE NIaTTepHOB [12] nim
TPaBUJI, 110 KOTOPBIM MOKHO IIPOBECTH BBIYHUCIIE-
HUYS;

* €CJIM MOIXO/SIIAs MOJIETIb Ha OCHOBE 3BPH-
CTUK HE HaiJleHa, HA OCHOBE aHAJIMTUYECKUX HC-
crefoannil (A,) GopMHUpyeTcs HOBas MOJIEb;

* JUISl IPHHUMAEMOT'O PeLIeHUsI PUKCHUPYIOTCS
yci10BHA (A,) €10 KOPPEKTHOCTH 1 JJOITYCTHMOCTH;

* BBIOMPAIOTCSI KPUTEPUH OLIEHKU 3(D(PEKTHB-
HOCTH petieHus (A,);

* [IPOBOAAT TeXHOJOruyeckue paborsl (B) u
nosy4aroT pesynsrar (P).

OTa METO/IMKA UMEET JIOTHYECKYI0 hopMy:
(AANA, /\(ASA A)AB— (PAA)) A, “)

Cy1ecTByeT MHOTO BBIYMCIIUTENIBLHBIX MOJIe-
JIeH, KOTOpbIe MOYKHO OTHECTH K KOHCTPYKTUBHBIM
o0OBbeKTaM, HalpUMep, KOHIENTyalbHas MOJEb
[13], xoTopas sBIsIeTCA TEOPETHUECKOH Mpesro-
CBUIKOU MOCTPOEHHMS! BBIYUCIIUTEBHON MOJIEIH.

Ha puc. 2 nana cxema MOCTpOCHHS MOJIEIH
MIPUHATHS PELIEHU.

OBCYXXOEHWE PE3YIIbTATOB

B kxauecTBe cTpaTern4eckoro HapapIeHus 10
(POBU3ALMU U COLMAIBHON KMOEpHETHU3aLNN
TUIAHUPOBaHHE KOHTHHIEHTA 10 TEXHUYECKOMY
00CITy>KUBaHHIO )KEJIE3HONOPOKHON HHDpaCcTPyK-
TYpBI SBIISIETCS JIOTIONHEHUEM K CYLIECTBYIOLICH
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[MaTTepHbl
KoHuenTyanbHas Mogenb npuHAaTuA
Mo ernb peLueHnn
AHanuTuyeckasi
Moaenb
Ycnosusa

Puc. 2. Cxema nocmpoeHus Mmodenu [13].

METOJIKE YCTAHOBJICHNS TUTAHOBBIX 3aJaHHI Ha
BBITIONTHEHUE PadoT (3aBHCHMOCTS ) uepes ompe-
JICTICHUE YHCIICHHOCTH NCTIONTHUTENEH JIs BBITION-
HEHUS 3a1aHMsL.

Ba3oBbIMI HOPMATUBHBIMHI TIOKYMEHTaMH ISt
pacd€ToB HOPMUPYEMOU YHCIICHHOCTH PAOOTHUKOB
¥ HOPMHPYEMOH MPOIOIKUTEIBHOCTH paboT sIB-
strorest, Harpumep, THK? wm THB®.

AnropuTt™ 1 POBU3AINHI U COUATBHOMN K-
OepHeTH3AIIH INTAHUPOBAHKS KOHTHHTEHTA COCTO-
WT B TOM, YTO TIOCJIE YCTaHOBJICHHS TUIAHOBBIX
33/IaHUH Ha BBINOJHEHNE paboT (3aBUCHMOCTS 1)
TIPOM3BOIATCS OTIPEEIICHHE POJOIDKUTENTEHOCTH
paboT B pabounx yacax WM pabOuMX JHSX, KakK
YacTHOTO OT JIENICHHS TJIAaHOBOTO 00bEMa paboT Ha
TIPO/IOIKUTENIBHOCTD Pab0vero aHsI.

Janee mponecc MIaHUPOBAHMUS OCYIECTBIIA-
€TCs ¢ yCTaHOBJIEHHBIM, HarpuMep, comacHo THK
win THB, KOHTUHT€HTOM UCTIOJTHUTEIEH.

IIpu dpopmmpoBannn «BemomocTH BBITONHE-
HHUA 3aIUTAHHPOBAHHBIX padoT» HE00X0aUMO
TIPUIEP KUBATHCS CIIETYIOIIETO PUHIMTIA. BHawa-
Jie 110 paboduMM JHAM pacrpe/ieisieTcss Hanooee
TpynoéMKas paboTa ¢ HaOOIBIIICH YUCTICHHOCTHIO
ucnonHurenei. IIpy HenmomHo# 3arpy’>kKeHHOCTH
pabounx AHEH 0 KOHIIA MECSIIa, UCTIONTHUTEIH IO
JIAHHOH paboTe Ha CIIEYIOLINH eHB TEPEBOISTCS
Ha IpyTy1o padboTy (IIPUHIMI «JTECTHALIBD»).

B cirygae ecimm ciemyroras pabora He TpeOyeT
3aHATOCTH BCEX HCIIOIHUTEINEH, CTIOHUTEIHN 110
TiepBoi paboTe MepeBOIATCS Ha CIEMYIONIHE pa-
60ThI IO yacTsAM. I1py 3TOM crieyeT yquThIBaTh,
YTO CJIEIYIOMNE PAOOTHI IO TEXHOJIOTHIECKUM
0COOEHHOCTSIM MOTYT HMETb OTIPEICIIEHHYTO YHC-
JIEHHOCTB, KoTopas ykasbsiBaeTca B THK mim THB
Ha 3Ty paboTy.

INocne 3aBeprenys GopMHUPOBaHNS 3aHATOCTH
WCTIOJTHATEIIEH TI0 TIepBOi paboTe Ha APYTHX pa-
6oTax 10 KOHIIA MecCsIa, MOXKHO MPUCTYIATh K
PpacrpeeIeHHO OCTABIIMXCS HEPACTIPEACIEHHBIX
pabor. [IpuHuum pactpeneneHus ocTaéTest aHaIo-
THYHBIM.

¢ MWP TPAHCIIOPTA.

Ipu popMupoBaHNH CTIOTHHUTETEH JUTS OAH-
HOYHBIX pabOT BO3MOKCH BapHaHT IPUBJICUCHUS
HECKOJIBKHX HCIIOMHHUTENCH Al YCKOPEHHUS WX
BBIMONHEHUS. Heonyctnma curyarys 10moiHe-
HYS FUTM COKPAIEHNS] YUCIICHHOCTH OpHTat, KOTo-
pole ykassiBatorcad B THK win THB Ha nannyro
pabory.

C nenbro KOHTPOJIS IPAaBHIIBHOCTH pacipese-
JIeHWs pabOT ¥ MCTIONHHUTENEH PEKOMEHTYETCsI 110
KaKIoMy pabodeMy JJHIO BECTH YUET UCTIOTHUTE-
JIEH.

I[pu ocymmecTBIEHNN ONEparii pacIpe/ene-
HUS pabovmXx JHEH IS CIydaeB HEMOJIHOH Tpo-
JOJDKUTETBHOCTH paboyvero JHS MOXKET paccMa-
TPUBATHCSI HECKOJIIBKO BapHaHTOB pemieHus [14;
15]. Hammpumep, mepepacmpeneneHne padbodnx
JacoB HETIOJTHOTO Pab0yeTo AHS HA IMPOXO K MECTY
paboT 1 00paTHO, Ha MPOITYCK MOE3/I0B U APYTHe
TIOTEPH MPOU3BOACTBEHHOTO X TEXHOJIOTHIECKOTO
xapakrepa. [Ipy 3ToM crenyeT BBINOIHATE Nepe-
pacu€T MpOAOIKUTENILHOCTH pabodero BpeMeH!
Ha BeCh EPHO]] BHITTOIHEHMS JAHHOH paboThI. D10
TIPUBENET K YMEHBIICHUIO MPOIOILKUTEIBHOCTH
pabounx AHEH W YMEHBIICHHIO BBIPAaOOTKH, YTO
HEOOXOIMMO YUHTHIBATh IPH pacdére 00bEMa pa-
00T.

Jpyrum BapHaHTOM paclpeaeiIeHus MOXKET
OBITh TIEpepacnpeneneHne N30BITOYHOTO BpEMEHN
B BUJIE JIOTIOJHUTEIHHOTO BPEMEHH K KKIOMY
pabodemy IHIO Kak (paKTOp MTOBBIIICHHUSI IPOH3BO-
JWTENBHOCTU Tpy/a. Takol BapHaHT BO3MOXKEH ITPU
pacnpeeneHnu NoTyYeHHON pacu€TOM HETTOTHON
3aHATocTH B npenenax 3040 % nomaoro padboye-
TO JTHA.

[oce pacpeneneHust paboT 1 KCHIOTHUTEINCH
B COOTBETCTBHH C 33JJaHHBIMH 00BEMaMH U TIPO-
JOJDKUTEIIBHOCTHIO COCTABIISIETCS] BEAOMOCTD
SIBOYHOW YMCIICHHOCTH HUCTIONTHUTEIICH.

SIBOYHAs YMCITICHHOCTH PAOOTHHUKOB —3TO OIIMH
13 ITOKA3aTeNeH, KOTOPBII HCTIONB3YETCS B CHCTEME
y4éTa KOJIMUYECTBA UCIIOIHUTENEH HA OTAEIBHO
B3ATOM NpeAnpHATUH. Kpome 3Toro, Takoi HoAcuéT
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TTOMOXKET MPOBECTH aHAJIH3 PAOOTHI IPEATIPHUSITHS,
BBISIBUTH HEJIOCTATKU B pabOTE KOJUICKTHBA U JIaTh
BO3MOYKHOCTB ISl IPOBEJICHHS ONTHMHU3AIINN Ha
OTIENBHO B3STOM TPEIIPHSATHH.

[Mocne cocraBneHUS BEMOMOCTH SIBOYHOM YFIC-
JIEHHOCTH MCTIOJTHUTENEH COCTABIISIETCS BEIOMOCTh
CIHCOYHOM YUCIICHHOCTH HUCTIOTHUTEIICH.

CrircovHast YUCIIeHHOCTh UCTIOTHUTENIEH padoT
10 TEKYIIIEMY CONEpP)KaHUIO ITyTH Ha AVWCTAHIINH,
KOTOpBIe 0a3upyrOTCS Ha Marepraiax, HalpuMep
THK wnu THB, onpenensiercsi cyMMUpOBaHHUEM
KOJTMYECTBA MCIIOIHUTENEH 110 KXo padoTe,
KOTOpast TIPEIyCMaTpUBAETCSI 110 TEXHOJIOT M.

BbIiBOAbI

IIpuBenEHHBIE B CTAaThE UCCIIENOBAHMS HAIIPAB-
JIEHBl HA Pa3BUTHE MEXaHW3Ma TUIaHWUPOBAHUS
TPYIAOBBIX PECYpPCOB, UX ONTUMM3ALIHUIO, PALHO-
HaJILHOE pacIpe/ieNIeHe U KOHTPOJIb UCIONIb30Ba-
HUSL

AJITOpUTM 1IM(POBU3ALINH U COLIMAIBHON KH-
OepHeTH3aIY TUIAHNPOBAHMS KOHTHHTEHTA T103-
BOJISIET BECTU OIIEPATUBHBIN YUET KXKIOT0 UCTION-
HUTEIS B COOTBETCTBUH C PE3yNIbTaTaMHU BEIIION-
HEHHBIX pa0oT M 3aHATOCTBIO UCTIONHUTEINEH CO-
[JIACHO SIBOYHOM YMCIIEHHOCTH. JlanbpHermum
pa3BUTHEM pa3pabOTaHHOTO AJITOPHTMa paccMar-
pHBaeTCs MpOLIECC aBTOMaTH3UPOBAHHOTO OTIepa-
THUBHOTO Y4€Ta W KOHTPOJISI IDTAHUPOBAHMS 3aHs-
TOCTH UCIIOJHUTENCH, a TaK)KE BBHITOTHCHUS MX
00s13aHHOCTEH TPH peasT3aliy TOCTaBIEHHBIX
TIPOU3BOICTBEHHBIX 3a/1a4.

Ha craguu npeaBapuTenbHOI OLIEHKH PUMeE-
HEHWUs IPEJIaraeMoro aropuT™a 1upoBH3aIuH
W COIMAIbHON KHOepHEeTH3aluH TUIaHHPOBAHMUS
KOHTHHI'€HTa pacCMaTpUBAECTCsl YBEIMUEHHE MIPO-
U3BOJUTENLHOCTU TPYZAa, OPUEHTHPOBOYHO Ha
20-25 %, TOBBIIICHHE KadecTBa paboT u Oosee
3¢ (deKTUBHAS OIEHKA AEATCIBHOCTH KaKIOIro
WCTIOTTHUTEIIS.
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UKAO 6ydem compydHudams ¢ MCA, MATA u KAHCO e
pamkax Hogol UHULUamussl No nNod2omosKe nepcoHana e 06-
nacmu obecneyeHus 6e3onacHocmu onepayull Ha 831EMHo-No-
cadoyHoll nostoce.

Hoeblii oHnatiHo8b Il Kypc bbin cneyuanbHo pa3pabomar
0ns ducnemyepos YBL u compydHukoe cryx6 aspoHasuea-
YuoHHol uHgopmayuu. OH 6ydem npogodumscs no npedsa-

CBSI3U C BCTYIUIGHHEM B CHIIy B HOs0pe
3TOro roja HoBoro ItobanbpHOrO hopmara
CO00II[AEMbIX JAHHBIX O COCTOSIHIH MOBEPX-
Hoctu BIIIT (GRF) UKAO cortacunack cotpya-
HU4arb ¢ MexyHapOoIHOH accolalyiei BO3Iy1Ll-
Horo tpancropra (MATA) u Opranusanueii mo
A3POHABUTAIMOHHOMY 00CITYKUBAHHIO IPAXKIaH-
ckoii apuanuu (KAHCO) B pamkax HOBOH co-
BMECTHOH y4eOHOM rporpaMmel 1o opmary GRF.
OTOT HOBBIH OHJIAITHOBBIH KypC, CIIEIIUATIBHO
pa3paboTtaHHbIi 111 nucnerdepoB YBJI u co-
TPYAHHUKOB CIYK0 a9pOHaBUTallMOHHOMN HHOP-
Manuy, OyJeT MPOBOAUTHCS 10 MPEIBAPUTEIb-
HOW 3amucH, KOoTopas Ha4yHETCHA B ampele
2021 roxa Ha Be0O-caiite UKAO no mobansHOU
MOATOTOBKE aBUAIIMOHHBIX CHeNHANUCTOB. OH
JIOTIOJTHSIET CYIIECTBYIOIINE KyPChl, pa3padoTaH-
HbIE B COTPYJHHUYECTBE ¢ MeXayHapOAHBIM
cosetoM asponoptoB (MCA) s 3KCIuTyaTary-
OHHOTO MepCcoHaja a’poMopPTOB, & TaKKe
¢ UATA mis néTHBIX DKUITaXEH.
«besonacHocTtb onepanuit Ha BIIII no-npex-
HeMy ocTaércsi caMoil 00JbIIoi MpoOIeMoit
B 00J1acTu oOecreyeHns 6€30MacHOCTH ITOJIETOB,
Ha 7010 KoTopoii o ganHbiM MKAO npuxoaut-
cs1 6oJiee MOJIOBUHBI BCEX aBUAIIMOHHBIX IPOHC-

Mup TpaHcnopta. 2021. T. 19. Ne 2 (93). C. 122

WKAO: noarotoBka nepcoHana no obecneyeHunro
6e3onacHocTtu Ha Bl

pumenbHoli 3anucu, ocyuiecmensemol ¢ anpens 2021 2oda
Ha 8eb-catime MKAO no enobanbHoli no020mosKe aguayuoH-
HbiX cneyuanucmos. Kypc dononHsem cywecmsylouue
yyebHble npoepammbl, paspabomaHHbie 8 compydHuYecmse
¢ MexdyHapodHbim cosemom asponopmos (MCA) dns akc-
nnyamayuoHH020 hepcoHana asponopmos, a makxe ¢ UATA
0ns némHbIX akunaxed.

Kniouesbie criosa: MKAO, obyyerue, ynpagnerue 8030yLHbIM OBLKEHUEM, 83M1EMHO-N0cadoyHasi Nooca, oHnaliH-Kypc.

IIECTBUH, CBI3aHHBIX C KOMMEPUYECKUMH aBHa-
nepeBo3KaMmu», — MoAUYepKHyna B MoHpeaie
T'enepanwhbrii cekperaps UKAO a-p ®an Jlio.

«B mocnenHue roasl MBI COTPyIHHYAEM
B paMKaxX MHOTOYHCJICHHBIX WHUIIMATHB IO CO-
KpAaILEHHIO BO BCEM MHPE aBHALMOHHBIX IIPOKUC-
LIECTBUH U HHITUIEHTOB, CBSI3aHHBIX ¢ Oe301ac-
HocThio onepauuid Ha BIIII, u Ta HanpsxEHHas
pabota, KoTopas ObLia MPOAeIaHa s TOCTHKE-
HUSI MEXIYHAPOAHOTO KOHCEHCyCa 110 HOBOMY
¢dopmary GRF B nononHeHue K 3ToMy HOBOMY
COBMECTHOMY y4eOHOMY Kypcy B TOAIEPIKKY
BHEPEHHUS JAaHHOTO hopMara, Mpru3BaHa IoOMOYb
00ecreynTh CyIIeCTBEHHOE MOBBIIIEHHE 0e3-
onacHoctu onepauuii Ha BIITD».

®opmar GRF UKAO BcTymaer B cuiy
¢ 4 Hos10ps 2021 rona U ycTaHaBIHMBAaeT HOBYIO
METOJMKY OLICHKH U MpPE/ICTaBICHU HHPOpMa-
1uu o coctosiHuu nosepxHoctu BIIIT muid yiyu-
IIeHUS B3JETHO-IIOCAIOYHBIX XapaKTEPUCTHK.

Hogoe cornarenue siensieTcs NepBbIM B CBO-
&M poJie corameHneM MeX Iy TpeMsI MeKayHa-
POAHBIMH OpPTaHU3AIMAMHE U CO34aET OCHOBY IS
Oy/ylIero CoTpyIHHYECTBA B paMKax I100aib-
HBIX MHUIIMATUB I10 MOBBIILIEHHUIO O€30I1aCHOCTH
0JETOB. Py

CANSO-on-new-runway-safety-training-initiative.aspx.

Ha ocHose npecc-penuza MKAO om 5 mapma 2021 2oda: https://www.icao.int/Newsroom/Pages/ICAO-to-partner-with-IATA-and-

[na yumuposarusi: UKAO: nodzomogka nepcoHasna no obecneyeHuto 6esonacHocmu Ha Bl // Mup mparxcnopma. 2021. T. 19.
Ne 2 (93). C. 122. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-17.

¢ MWP TPAHCIIOPTA.

MonHbili mekcm pedakyuoHHOU 3aMemKu Ha aH2/ulicKOM si3biKe ny6ukyemcsi 60 emopol Yyacmu 0aHHO20 ebInycKa.
The full text of the editorial news in English is published in the second part of the issue.
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M 170 nem cnycms dopoea ocmaémces
nepsotl, menepb yxe no ckopocmu.
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Omutpuii NNEBUH

AHHOTALNA

Cmamss nocssiweHa 170-nemuto nepgoli 8 Poccuu xefnesHo-
dopoxHol maeucmpanu Carkm-lTemepbype—Mockaa. XenesHodo-
POXHBIL MpaHCcNopm cmpakb|, kak 0cHogHoU ud nymedi coobuye-
Husi, umeem 6o2amyl UCMOPUIK U 3amMmeyamesibHble nam-
puomuyeckue, mpydosble U Hay4HO-mexHu4eckue mpaduyuu. Hado
UX NoMHUMb. Bo3HUKHOBeHUe xenesHbix dopoe 8 Poccuu, Kak u 8
Opyaux cmpaHax Mupa, conpogoxdano MHOXecmeo npobrem,
mpebyrowux pewenus: cnocobb! huHaHcuposaHus, 8udsl cob-
CMBEHHOCMU, WUPUHA KOJTeU, Pa3HOBUOHOCMU MseU U CUeHau3a-
yuu, opaaHu3sayusi 08LXKEHUS, KOHKYPeHUus ¢ Opysumu gudamu

[mumpuit FOpvesuu Jlesun
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[lepBas xene3HOA0POXKHaAA
MarucTpanb Poccum

Meorcoynapoonas accoyuayus yuénvix, npenodagamenetl u cneyuanucmos, Mockea,

mpaHcnopma u m.0. O4eHb nNoydumeneH 3man 03HUKHOBEHUS
xenesHbix dopoe 8 Poccuu. Kakue kpaliHue modku 3peHus bbiu
8bICKA3aHbI U CKOJbKO 8DEMEHU NompeBosasnocs, Ymobbl Hayame
803800umb mMazucmpanu? locne ocosHaHusi Heobxodumocmu
cmpoumesibcmea XesnesHbIx 00poa CMaio 04e8uUOHbIM, YMo mpe-
6yromcst makue 3ampambl, K KOmMopbIM He 20moebI HU 20¢YyJapcmeo,
HU Kpedumbl, HU YacmHble npednpuHuMamenu.

UmobbI nyywie npedcmasume, Kak Npoucxoduio cmpoumers-
cmeo nepeoll xene3HodopoxHol Mazucmpanu e Poccuu, 8
cmambe npugedeHo MHOXecmeo unaocmpayull.

Kntoyesbie cnosa: )Keﬂe3HO(30p0)KHaﬂ Maaucmparb, cmaHos/ieHue U cmpoumesibCmeo, U3bICKaHUsA U npoeKkmuposaHue, cmpou-
meJibHble y4aCmku, MOCMbI, 80K3allbl, CMaHUuu, cueHanu3ayus, napoeosbl, 86a20HbI.

[ns uumuposarus: flesur []. K. [Nepsas xene3HodopoxHas Mazucmpans Poccuu // Mup mpaHcnopma. 2021. T. 19. Ne 2 (93).
C. 124-136. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-18.

MonHbIl mekcm cmamb U Ha aH2nuliCKOM si3bike ny6uKyemcs 80 mopoll Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.
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utons 1826 r. BemomcTBo myTeit cooOrire-
HUSI BIIEPBBIE 00CYANIIO P/l IPEIIOKEHUH
0 CTPOUTENBCTBE JKeNe3HbIX Jopor B Poc-
CHH M OTKJIOHWJIO MX, OTMETHB, 4YTO IOJOOHBIE
JIOPOTH SKOHOMHYECKH HEBBITOJIHBI, U YTO HX
TPYIIHO COIEPKATh B YCIIOBUSIX HAILIETO KIIMara,
B 0COOEHHOCTH B 3UMHee BpeMsi. 1 B nanbHei-
meM B Poccun OBbIJIO MHOTO MTPOTUBHHUKOB JKe-
JIe3HbIX 1opor. Cpeiy HUX IIaBHOYNPaBIISIONIN I
myTsimu coobmienus K. @. Tosb, MUHUCTD TOCY-
JapCTBeHHbIX umyniectB rpad Kucenés, mu-
muctp ¢punancoB E. ®. KankpuH, BoeHHBIN
MUHHCTP Tpad YUepHBIIEB, MUHUCTD HMIIEpa-
TOPCKOTO 1BOpa KHs3b Bonkonckuii, Ilpencena-
Tenb [ocynapcTBEHHOTO coBeTa KHA3b Bacuiib-
YHKOB, MUHHUCTp BHYTpeHHux aein JI. A. Ilepos-
CKHH, pyKOBOJUTENh KOMHCCHH IIPOEKTOB M CMET
Benomctea myteii coobmienus M. I [lectpem
1 P APYTUX TIPaBUTENECTBEHHBIX YHHOBHHUKOB.
ApPryMeHTbl NIPOTHBHUKOB CTPOUTEILCTBA
JKEJIE3HBIX JIOPOT BBIpa3Mil MHHUCTpP (pUHAHCOB
E. ®. Kaukpus: « Credyem He monvko cuumams
npegvlularoujeli BCIKyI0 0elUCmeumensHyIo 03-
MONCHOCIb MbICAb 0 noKpbimuu Poccuu yenoti
Cemblo JceNe3HbIX 00PO2, HO OOHO COOPYIHCEHUE
gicenesnou oopozu om Ilemepbypea do Kazanu
NPU3HAMb HA HECKONILKO BEKOB NPENCOE8PEMEH-
nom. Ilpasumenscmeo modcem 606neusb ce0ux
noodoanuvix 6 enuuatiwue yovimxu. Ilapoeas
msieda HU 8 Koem cydae He Modicem Oblmb OONy-
WeHa Ha dHcene3HbIX 00po2ax, max Kax cieo-
cmeue omcymcemeus 8 Poccuu kamennozo yains
nosneuém 3a cobou ucmpebnenue necos. /s
nepeso3KuU BOUCK Jicelle3tble 00pocU NPeocmas-
JISIOMCS MAKIICE HEYOO0BNEeMBOPUMETTbHBIMU, AK
KAK OOIICHbL HA DMOM NPeoMem umenb 02pPom-
HOE YUCTIO NOBO30K (80A20HO08), KOU 6 ODbIKHOBEH-
Hoe 8peMs1 o8ce He HYHCHbL. becnownunnbiii 6603
YY2yHA U PebCco8 NOGLEYEM BbIX00 U3 20CY0ap-
CMBa Kanumaios u, HaKkoHey, OmuydicoeHue 3e-
Melb NOO HONOMHO 00PO2U U PA3HbIE NOCMPOUKU
nompebyiom epomaouvix 3ampamy. OcoOSHHO
MHOTO KPHUTHKOB OBIJIO CpeIy XO35IeB KaHAJIOB
U AWJIMKAHCOB, OOSIBIIMXCS ITOTEPSATh MOHOIIO-
JIMEO Ha MEPEBO3KY I'PY30B U ITaCCaXKHPOB.
[Noka nuti nogoOHbIE AUCKYCCHHU, B AHIIIUH
u CIIJA pa3BepHYII0Ch MacCOBOE CTPOUTEIECTBO
»KeJIe3HbIX opor. 1 Bcé ke B Poccuu 6bu10 He-
MaJIO JIFOJIeH, CYMTABIINX, YTO UMEHHO B CTPaHe
C OIPOMHBIMH IIPOCTPAHCTBAMH HYKHBI JKeJle3-
HBIE JIOPOT'H, TOCKOJIbKY OHH SIBIISIIOTCSL HAIEWK-
HBIM CPEACTBOM COOOIIEHUS, O3BOJISIOIINM
PperyisipHO IepeMeniaTh OOJIbIIIE MACChI TPY30B
C MUHMMAJILHOH 3aTpaToi CUJI U CPEZICTB.

Puc. 1. ®paHy AHmoH epcmHep.

Puc. 2. Umnepamop Hukonali I.

B aBrycte 1834 r. o npuniamieHuo ropHOTo
BEJIOMCTBA JJIsl OpraHu3allid CTPOUTEIHCTBA
skenesHbIX nopor B Poccnu B [TerepOypr npuexain
M3BECTHBIN aBCTPUUCKUI HHXEHeED, nmpodeccop
Benckoro noymrexHu4eckoro HHCTUTYTa Opann
Amnton I'epctHep (puc. 1). B centsidpe ['epcrep
Bbiexaun u3 [lerepOypra uepe3 Mocksy u Kazanp
Ha YpaJ1 Ui 03HaKOMJICHHUS C peasIbHBIMH YCJI0-
BUSIMH ¥ BO3MOXKHOCTSIMH JKEJI€3HOJOPOXKHOTO
CTPOUTENBLCTBA.

ITo Bo3Bpamienuu B [leTepOypr oH mogain
nmneparopy Hukonato I (puc. 2) o6crosiTenbHy 0
3aIIHCKY, B KOTOPOM U3JI0KHUII CBOM COOOpaXKEHHsI
0 CTPOUTEJILCTBE JKENe3HbIX Jopor. B Hell oTMe-
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Puc. 3. Hukonali | o6¢cyxdaem npoekmsI xenesHbIx dopoe.

YaJoChk, UTO ... Hem MaKol CMpansl 8 mupe, 20e
Jicenesnvle 0opoeu OvLau 0bl boNee 8bl200HbI
u oaoice Heobxooumwl, yem 6 Poccuu, maxk xax
OHU OQIOM BO3MOICHOCb COKPAUams 60buIUe
PAccmosHua Nymém yeeniudeHus ckopocmu ne-
PEOBUIICEHUY.

I'epcTHEp TWpeIaran MOCTPOUTH OPOTY
mexy [TetepOyprom 1 MoCKBO#, ITOTOM COEIIH-
HUTb MOCKBY ¢ OCHOBHBIM BOAHBIM IIYTEM
cTpaHsl — Bonroit — nuanelr MockBa—Ka3sans
wm MockBa—Hmxanit Hosropon (puc. 3). 3atem
muauio Mexny IlerepOyprom n Kaszaupio oH
mpeanonaran coequauTh ¢ Oneccoit wim Taran-
porom, yKasbIBasi, 4TO IIPH COECHCTBHUH MAPOXO/I-
ctBa o Bonre u Kacmmiickomy Mopto, OymeT
obecrmedeHa azmarckas ToproBis Poccun
W ycTpaHeHa KOHKypeHuus Anrmuu. Ho mns
Hayaja OH CYUTAI LIeJIECO00PA3HBIM IIOCTPOUTD
KaKy0-HHOY/Ib HEOOBIIIYTO JIMHUIO, YTOOBI pac-
CesITb COMHEHHUSI OTHOCHTEIIFHO BO3MOXXHOCTH
9KCIITyaTHpPOBATh KEJIE3HbIC TOPOTH B 3UMHHX
ycnoBusX. TonmbKo 3aTeM, onupasich Ha IOy IeH-
HBIH OTIBIT, TNTAHUPOBAJI IPUCTYIIUTH K COOpYKe-
HUI0 Maructpainu ot [lerepOypra 10 MOCKBEIL.

Heckonmbko mo3xe 3To IpeIoKeHHe BKITIO-
YaJo JIWIIb CTPOUTENHCTBO JNUHNH CaHKT-
[TerepObypr—MockBa, a 3aTeM BcE CBEIOCH
K CTPOUTENbCTBY Ha aKIMOHEPHOW OCHOBE
OTIBITHOM ene3noi noporu CankT-IletepOypr—
ITaBnoBck (puc. 4).

9 mapra 1835 r. ['epcTHEp npencraBm xona-
TalCTBO «0 paspeutenuu emy yupeoums oowye-
CMBO ¢ KAanumanom 3 MaH pyo. OJisk COOPYHCEHUs.
gicenesnou oopoau om Ilemepbypea 0o Llapcko-
2o Cena, Ilasnoecka u Koanuno 6 sude nepoco
ONBIMa NOCMPOUKYU 3M0o20 pooa nymet, 0advl
NOCMPOUKOU 3MOU 00KA3AMb NOLE3HOCHb Jice-

JIe3HOU dopoeu 0Ji NYOIUKU, AKYUOHEPO8 U 20-
cyoapcmeay.

8 mumm 19 mons 1835 1. ummeparop Huxomaii [
coOCTBEeHHOPYYHO Ha 3amnvcke [ epcTHepa Hanmcan
pe3omonuio. Ha pesontonuu HET Aarel, a oHa
Mor1a ObI CTaTh ATO OCHOBAHHS JKEJIE3HBIX JOPOT
B Poccun. Conepxanne pesonmonun OyKBaJIbHO
cienytomee: « Yuman ¢ OOnbwUM SHUMAHUECM
u ybexcoén, Kak u npexcoe Ovli, 8 NOMb3Y Ce20
dena: HO He YOedxcOén 8 mom, umobwl I epcmuep
HAWén 0080IbHO KANUMALos, Ymobsbl HA4ams
cmonb oepomHoe npednpusimue. Ha ceti npedmem
JAcenaro om He2o 0ObACHEHUN NUCLMEHHbIX, HOMOM
ecau HyJCcHO npu3osy k cebe. JJopozy 6 Llapckoe
Ceno 0036011510, 6y0e npeocmasum MHe NaAaHbLY.

Taknm 06pa3oM, HECMOTPsI HA BCE COMHEHHS
CO CTOPOHBI OJMKANIIINX TOCYIapCTBEHHBIX JIUIT
B I1€71€CO00Pa3HOCTH JKEJIE3HBIX TOPOT, UX
ydacTh ObUTa pemieHa BoJied W yOekIeHHuEM
B ITOJIE3HOCTH M HEOOXOIMMOCTH JUISl CTPAHBI
nmMrepatopom Hukomaem 1. Ilapckocenbckas
XKeJe3Has popora Obuta mocTpoena B 1837 1
OmsiT Lapckocenbekoii xKene3HoH AOPOTH To-
Ka3zaJl, YTO B CYPOBBIX KITMMaTHYECKHX yCITOBHAX
Poccun xene3Hsle moporu MoryT paborarb
YCTOWYHUBO U IPUHOCHUTD 10XOJ €€ BIaJebLaM.

Ha ouepens BcTanm Bopoc 0 CTPOUTENBCTBE
HOBBIX JINHUI B Poccun. Bee mpeanoxenns kak
OTEUECTBEHHBIX, TaK M 3apyOeKHBIX HpeIIpH-
HUMaTesIel 1 UHAHCHUCTOB NCXOIMIIH TIPH 3TOM
73 aKIUOHEpHOUW (GopMBl coOcTBeHHOCTH. Ha
MTOCTPOHKY JKeJIe3HOH noporu mMexay CaHKT-
[TeTepOyprom u MoOCKBOH, OCTYITHIIO MHOTO
Pa3HBIX MPEATOKEHUH U XOAaTalCTB, HO BCE OHU
OBUTH OTKIIOHEHBI.

Hawnbomnee conmumHoe npeayioxkeHne npH co-
nevicteun [1. [1. MemsauKoBa 1 rpada A. A. Boo-
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Puc. 4. Ljapckocenbckas xenesHas dopoaa.

PHHCKOTO, KOTOPBI OBLT BeChMa OJIM30K K rocy-
Jlapio, HOCTYIHIIO OT HEMEIKHX OaHKHpoB [lfo-
¢ypa u I'apkapra. OHM OBUTH U3BECTHBI TEM, YTO
SIBJISIINCH TIEPBBIMHU OaHKHMpaMH OOIIMPHOTO
TOoprosoro ropoja Jleiinuura u yapeaunu Jpes-
JICHCKYIO JKEJIC3HYIO JIOpPOTY, OJHY M3 JIydIINX
B EBporne B TEXHNYECKOM OTHOIIEHUH ¥ IPUHO-
CUBLIYIO XOPOUIUH TOXOM.

[IpeanoxxeHne 3aKiI049aIoCch B CIEAYIOMEM
(o ommcanwmto I1. I1. MenpHUKOBA): KeTe3HAS
nopora Cankr-IlerepOypr—MockBa cTpoutcs
00pa3yeMbIM aKIIMOHEPHBIM 0011ecTBOM. B pac-
yérax npeamnonarany nepesosky 200 000 macca-
KHUPOB U 24 MITH ITyZ0OB TPy3a B TOJI.

«H3 cpedvl Komnanuu, cocmosiyen u3 uHo-
CMPAHHbIX, NPEUMYUYECTNBEHHO HEMEYKUX KANnu-
manucmos u umerowjeli npedvisanue 8 Jletinyuze,
obpazyemcs [Ipasnenue oupekmopos, npedvisaro-
wee 6 Ilemepoypee. [lpasumenvcmeennas Komuc-
cus 6ydem HabMOO0amsb 3a OeliCmeuem 1asHO20
Oupekmopa, npu4ém npasumenrbcmeo Modlcem
ObIMb OIUKCAUUUM YIACMHUKOM 0eld, OCAGIIs
3a coboio uacmu akyuil. I 1asnoe npeumyuecmeo,
KOMOpo20 Rpocsam 6aHKupbl, COCHOUM 6 NOpyyu-
menbLCcmee NPasumenbCmed 3a HemolpEXnPoYeHm-
HblIE 00X00 HA aKyuu, Kakogoe Nopy4umenbCmeo
He no6edém Hu K Kakou npuniame u3 KasHul,
edrcenu 00x00 oopozu byoem bonee 4 %, a medicoy
mem Oyoem UCHONHEHO De3 NOXHCEPMBOBAHUSL CO
CMOPOHBL 20CY0aPCMBaA 8AANCHOE U NONE3HOE OO
U cOOpYyOUmcst He3a0BeHHbIN NAMAMHUK HACMOS-
wemy yapcmeosanuioy. B nanpHeiem Takoe
MOPYYUTEIHCTBO IIPAaBUTENIBCTBA 32 ITOMyICHHUE
aKIMOHEpaMH OMNpPEAEIEHHOTO JOXOAa HAIIIOo
0oIbIIIOE pacTIpoCTpaHEHHE.

3TO TpeIUIoKEHNE U MPWIOKEHHBIE K HEMY
obocHoBaHwMs moctynwim kK Hukonato I, koTopsrit

mmoBeiest 00pa3oBarh crenuaibHbI KoMuTeT mo
UX U3YYEHHIO ¥ BEIPAOOTKE MPEIUTOKECHHUH.

Ha nporspxennu Becero 1841 1 nuta sxéctkas
60opbba MeXIy CTOPOHHHKAMH CTPOUTEIHCTBA
noporu Cankr-IlerepOypr—-MockBa u €€ mpoTHs-
HUKaMu. OKOHYATENbHOE PEIICHIE OBLIO TPUHSTO
13 saBaps 1842 . Ha crienMabHOM COBEIIAHUU
B NpucyTcTBUM [ 0Cynapst ummeparopa.

3aBepmas mpeHHs coBemaHus, [ocynaps
CKa3aJl, YTO OH MPHIIEN K 3aKJIIOUSHHIO O MOJIe3-
HOCTH >kesie3Hoi poporu Cankt-IletepOypr—
MockBa 10 €€ BINSHUIO HA MPOMBIIUIEHHOCTh
1 TOPTOBITIO, ¥ 94TO IOpOTa JI0OJDKHA OBITH YCTpOe-
Ha CPEACTBaMH IPAaBUTEIBCTBA M OCTABAThCA
B ero pykax. B magame 1842 roma ObuT m3maH
COOTBETCTBYIOIIMH yKka3. Tak HauMHanace nep-
Bas TocyJapcTBeHHas (Ka3EHHas) xKeye3Has
nopora B Poccun.

Tak kak BCe MHUHHCTDPBI OBIIM MPOTHB
ycTpoiicTBa xene3Hoit goporu CaHKT-
ITerepOypr—MockBa, To Hukonaii I (puc. 2) s
OCYIIECTBICHHUS 3TOTO MPEATIPHUITUS YIPEIUI
OcoObIif KOMUTET U TIpeAceaaTeNIeM Ha3HATHIT
HacJIeJHUKa TIPECTOIa IiecapeBuda ANeKcaHipa
Hukomnaesuua, Oymyiiero uMmneparopa AJek-
cangpa II.

Vxe 29 sHBapst 1842 1. cocrosioch nepsoe
3ace/laHre ATOTO KOMHUTETa IO MpeCceaaTelb-
CTBOM HacleqHHKa-IiecapeBuda. Ha aTom 3ace-
JTAaHWH OBUT IOATOTOBJICH MPOEKT Yka3a Hwuko-
nas [ IIpaButensctByroniemy CeHary, oOpa3oBa-
Ha CTpouTensHast KOMUCCHSL, MUHUCTPY (hHHAH-
COB OBUIO MOPYYCHO BBIACIUTH (PUHAHCOBBIC
CpeNCTBa, HEOOXOAUMBIE AJISI CTPOUTEIHCTBA
JKEJIE3HOHM OPOTH MEXIY CTONUIAMH.

30 suBaps 1842 r. CtpoutenbHas KOMUACCHS
oA mpeacenaresnsecTBoM rpada benkennopda
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Puc. 5. UHxenHep 2eHepan-neliimexandm [1. 1. MenbHukos.

Puc. 6. UrxeHep zeHepan-maiiop H. O. Kpaghm.

Puc. 7. [pagp 1. A. Knelinmuxenb.

MWP_ TPAHCITOPTA. 2021.T. 19. N2 2 (93)

Puc. 8. lMamssmHuk Hukonato | e [lemep6ypze.

HavaJa CBOIO paboTy, ObLIO MOPYYEHO IPOU3BO/I-
CTBO U3BICKAHUH U COCTABICHNUE CMETHI ITOJIKOB-
nukaum [1. 1. MenbhukoBy (puc. 5) u H. O. Kpag-
1y (puc. 6). Pemenne Komurera ObII0 yTBEpXK-
neno 1 despans 1842 r. Huxonaewm 1.

11 aBrycra 1842 r. nocne Ha3Ha4deHus | 1aB-
Hoympasisitomum rpada I1. A. Kneitnmuxens
(puc. 7) ObUTH TPOU3BEACHBI K3MEHEHUSI B BBIC-
IIMX OPTaHax, BEeABIINX KEJIE3HBIMU IOPOTaMHU.

Vka3om Huxonas I IlpaBurenscTByromemy
Cenary ot 11 aBrycra 1842 r. Obu1a yrpazaHeHa
CrpouTtenbHas KOMUCCHS U yUpexaéH [lemapra-
MEHT XKeJIE3HBIX JIOPOT, B 0043aHHOCTU KOTOPOT'O
BOIIUIO BEJICHUE BCEMH JKEJIE3HBIMH JOPOTaMHU.
[Tpu HéM ObLIa 0Opa3oBaHa BPEMEHHAs TEXHU-
YyecKasi KOMUCCHSI Ha BpeMs coopyskeHust CaHKT-
[MetepOypro-MoCKOBCKO# KeJIe3HO JOPOTH.

IIpu npoeKTUPOBAaHUM KEIE3HOU IOPOTHU
CYIIECTBOBAJIO [1BA IIPEATIOKEHNUS, OTHO — BECTH
JIOpOTy MpsIMO Ha MOCKBY, Ipyroe — ¢ 3aX040M
B Hosropox. Hukomaii I (puc. 8) Hamoxwn cie-
IYIOUIYIO PE30IIONHUI0: «/Jopocy ycmpoums no
NPAMOMY HANPABIEHUIO, UDO He HAXONCY HU 00-
HOU yGadCumenvHou NPpUYUHbL 6ecmu eé Ha
Hoezopoo, komopulii He auwumesa mex 6v1200,
KOUMU NONb3YemCay.

IMpoextupyemast uHUS ObLIa pas3nelieHa Ha
IIBa CTPOUTENBHBIX yyacTka: CankT-IleTepOypr—
Bonoroe (CeBepHas Aupekuus) BO TyiaBe
¢ I1. IT. MenbHUKOBBIM U bosioroe—MockBsa (FOx-
Hast tupekims) Bo miaee ¢ H. O. Kpadrom (puc. 9).

i mpoBeneHus U3BICKATENbCKUX PaboT
00pa30BaJli CeMb CIIELHAJIBHBIX APTHH, YKOMII-
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Puc. 10. H. W. NTunux.

Puc. 9. Cxema CaHkm-ITemep6ypzo-Mockoeckoli xenesHoli dopoau.

JIEKTOBAHHBIX BBIYCKHUKAMH M CTYIEHTaMHU
Wucturyra Kopryca uHxeHepoB mmyTed coo0-
eHus1, Kotopele Bosmasuwiu H. U. Jlunun
(puc. 10), 1. T". Bepuro, I1. I1. 3yes, B. 1. Kupx-
Hep, A. U. ltyken6epr (puc. 11) u apyrue.
B opHo#l u3 rpynn paborai MHKEHep MmyTei
coobmenns [I. . XKypasckwuii (puc. 12), cras-
IIUI BOOCJIENCTBUU KPYNHEHWIIUM YYEHBIM
CTpaHbl B 0071aCTH MOCTOCTPOEHHUSL.

OCHOBHBIE 10JIeBbIe pabOThI OBLTH 3aKOHYE-
Hbl BecHOi 1843 1. OO1mas npoTs»EHHOCTh UC-
CIIEJOBAHHBIX BAPUAHTOB TPACChl COCTABHIIA
6000 xm, nnn oxoso 10 kM Ha 1 KM myTH.

OmbITa NPOEKTUPOBAHUS U CTPOUTEIHCTBA
xeJie3HbIx 1opor B 1840-x romax He 6but0. [1o- Puc. 11. A. 1. lWmykenGepe.
sToMy B 1842 1. 15T KOHCYNBTAMH IO BOTIPOCaM
crpouresbera Cankr-IlerepOypro-MockoBckoi
JOpOTH MPUITIACHIIN aMEPHUKaHCKOTO Maiopa
k. Yuctnepa (puc. 13). Ero coBeTsl ObUIH BbI-
COKONPO(eCCHOHAIBHBI U OY€Hb ITOJIe3HBI JUIs
crpoutesneid. B 1847 r. o Obu1 HarpakaA€H op-
neaoM Csroit Aansl 11 crenenn.

I1. IT. MenbHUKOBY IPUHAICKUT pa3padoT-
Ka TEXHUYECKHUX YCJIOBUI 1 HOPM IMPOEKTHPOBA-
HUsl U cTpoutenscTBa Maructpamu Cankr-Ile-
TepOypr—Mocksa. OH IPEATOKHI KOJIEIO IHPH-
HoU 5 ¢yToB (1524 Mm), uro Ha 89 MM mimpe
creheHCOHOBCKOM Kojien. Bribop kosen Oosee
IMpoKo, uem 4 dyra 8,5 aroiimMoB, obecreunBan
Oonee ynoOHOe pa3MelleHne MeXaHu3Ma I1apo-
B03a, yBeJIMYeHNe 00b&Ma KOTIa, MacChl Tpy3a
B BaroHax, JTy4IIyl0 yCTOHYUBOCTb MOABHKHOTO
cocrasa. I[Ipennoxennas I1. II. MeabHHUKOBBIM Puc. 12. 4. M. Xypasckud.
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Puc. 13. [x. Yucmnep (1800-1849).

HMIMpUHA Koyien Obljla IPUHSATa Ha BCEW ceTH
JKeJIe3HbIX Jopor Poccun.

II. TI. MenpHUKOB IpUyMal U BBENT MHOTHE
TEXHUUYECKUE U JKEJIE3HOJOPOKHbBIE TEPMHUHBI,
KOTOpBIE ITPUMEHSIIOTCS U MOHbIHE. Hanpumep,
cranuuu I, II, IIT u IV xnaccoB, koTopbie Ha
MarucTpaiy pa3MenaIuch COOTBETCTBEHHO Ha
paccrosinuu pumepHo 160, 80, 40 u 20 km.

Bomnpockl opranu3zanuy CTpOUTENLCTBA JKe-
ne3nsix jgopor B 1840-x rogax mpeacTaBisuiu
3HAYUTEJIbHBIE CIOKHOCTH HM3-32 OTCYTCTBHS
OIIbITa POEKTUPOBAHMS U CTPOUTEINILCTBA CTONb
KPYIHBIX JIMHUH, KaKo#l SBIsJIaCh MarucTpab
Cankr-Ilerepoypr—Mocksa. Tem Gosbliiee yBa-
JKEHUE BBI3BIBAIOT ONTUMAaJbHbIE pELICHUS,
HalJICHHbIE [IEPBOITPOXO/ILIAMH.

CTpOHTENBCTBO JOPOTH HA4YaJloOCh JETOM
1843 r. UToOBI MaKCUMaJIbHO MPHUOIU3UTH
PYKOBOJICTBO YNPaBI€HUH K CTPOSIIHMCS
oObekram, CeBepHOE yIpaBlICHHE pa3Melia-
nock Ha ctannuu Yymoso (B 111 BepcTax ot
IletepOypra) (puc. 14), KOxHoe — cHauana
B BhimaeM Bosouke (Ba)KHBIN IIEHTP CHCTEMBI
KaHaJIoB, paHee coenuHsBIINX Boury ¢ He-
Boit) (puc. 15), a 3atem B TBepu (mpenmona-
rajach rnepepajika I'py30B ¢ peku Bonra)
(puc. 16).

Ha Cankr-IlerepOypro-MockoBcKoi xe-
JIE3HOH JI0pOTe NCIOJIB30BAIHCH 0€30CTPSKO-
BBIE CTPEJKH C JBOWHBIMU MOJIBHXHBIMH
peabcamu. OHU OBUIM TOpa3Jgo yCTOWUYMBeEE
B TOPU30HTAJIBHOMN TNIOCKOCTU M 0OecreyrBa-
1 OoJiee TUIaBHBIM BXOJA Ha OTBETBJIEHHE IO
CPaBHEHHIO CO CTpPEJIKaMH C OJAMHOYHBIMH
NepeIBUKHBIMU pesibcaMu. OJJHaKO Haln4ue
pa3pbiBa KOJIEH B Ha4yalie CTPEJIKU MOIJIO IpH-
BECTH K CXOJ1y IIOABHIKHOTO COCTaBa, UAYLIETO
B MOIIEPCTHOM HampasieHnH. Bekope nosBu-
JIUCh CTPEJIKH C IBYMSI IIOJIBUYKHBIMHU HPSMBIMHU
OCTpsIKAMH W3 OOBIYHBIX PEIHCOB, KOTOPHIE
SIBUJIMCH ITPOTOTUIIOM COBPEMEHHBIX CTPEJIOK.

B kadecTBe MOACTPEIOYHOIO OCHOBAHUS
HCIIONIb30BAIIUCH JIepEeBsSHHbIE Opychs. OHU 00-
JIalalii HY»KHOHM yNPYTroCThIO, 3HAUUTEIbHOM
MIPOYHOCTHIO, OBLIH IPOCTHI 10 hopMe, YIOOHBI
B DKCIUTyaTal{ U U3TOTOBJICHHH.

OpraHu3allMOHHO-TEXHOJIOTHYECKUI TIIaH
CTPOUTEILCTBA MIPELyCMaTPHUBAIL:

* BLIOODP ONOPHBIX 0a3 B 30HAX ITPUMBIKAHUS
TPacchl K BOIHBIM ITYTSM COOOIIEHHS, 110 KOTO-
PBIM OCYIIECTBILUIOCH CHAOKEHHE MaTepuaiaMu
1 000pyI0BaHHEM;

Puc. 14. Xene3HodopoxHbili Mocm y cmaHyuu Yydoeo.
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Puc. 15. BbiwHuii Bonoyex.

Puc. 16. CmaHyus Teepb.

* MHOTOJIYYEBOH CIIOCOO CTPOUTEIBHBIX pa-
00T, KOIZia OHHM BEIYTCS M3 OJHOIO MyHKTa IO
HECKOJILKMM HaIlpaBJICHUSM OTHOBPEMEHHO;

* MIOATAITHBIM BBOJ YYacCTKOB JIOPOTH B JKC-
TUTyaTal|Io, YTO YCKOPSIET U YACIIEBIISIET CTPOU-
TEJILCTBO.

YCKOPEHHIO CTPOUTEIIHCTBA CIIOCOOCTBOBAIIO
BHEJIPEHHE JJIEMEHTOB MEXaHU3alHHu padoT.
Harnpumep, npu pa3paboTke rpoMaiHOH BEIEMKH
MeXAy craHiuusaMu Bannaii n bepesaiika Obiin
MIPUMEHEHBI 3eMJICPOWHBIE MaIIWHbBI, CXOIHbIE
10 KOHCTPYKIIMH ¢ 9KcKaBaTopamu. [Ipu 3a0uB-
Ke cBalf MOCTOBBIX IE€PEXO/I0B NPHUMEHSIINChH
apoBbIe KOPHI. 1715t IepeBO3KU IPyHTA UCIOJb-
30BaJINCh CIELUAIBbHO CKOHCTPYHPOBaHHBIC
3eMJICBO3HBIE BarOHbI U ITyTh JJIsl HUX.

CroxxHbIe IPOOIEMBI BOHHUKIIH ITPU YCTPOH-
ctBe 19 myrenpoBozioB, 69 Tpy6 u 184 mocrTos,
B TOM YHCJIE Yepe3 TaKhe KpYyIHBbIE PEeKH, Kak
Bosra, Bonxos, TBepua, Mcrta. PykoBoaus npo-

extupoBanuem MoctoB J1. V. XKypasckuii. OnHoii
13 0COOEHHOCTEH MOCTOBBIX IIE€PEX0/l0B ObLia
3HAYMUTEINIbHASI BBICOTA OTIOP, YTO BBI3BAJIO HEO0-
XOAUMOCTH IPUMEHSTh OOJbIINE MPOJIETHI
BMECTO MaJbIX BO M30exaHUE YIOpOXKaHUS
CTOUMOCTH CTpouTenscTBa. Kpome Toro, uacto
MIOCTaBJICHHBIE OIOPHI IPH HEOOJIBIINX MPOJIE-
Tax MPEnsTCTBOBAIIN CyAO0XOJCTBY U 3aTPyAHSIIN
MIPOIYCK JIbJA.

J. . XKypasckuif oTkaszajncs OT CIENoro
KOITMPOBAHMSI M3BECTHBIX B TO BpeMs OOJIbIlIe-
MPOJETHBIX KOHCTPYKLHUH IEPEBSIHHBIX MOCTOB.
CrnpaBennuBo Iosarasi, 4To apodyHasl cucTeMa
npu OOJBIIONH BBICOTE MOCTOB HOTpedyer
YCTPONCTBAa MAaCCUBHBIX U JOPOTHUX OINOP, OH
OCTaHOBWJI CBOE BHMMaHHUE Ha Ooiyiee JIErKUX
0aJIOUHBIX IIPONIETHBIX CTPOCHHUSIX C JICPEBSIHHbI-
MU (epMaMH, MPEIOKESHHBIX aMEPUKAHCKUM
nnxeHepoM ['ay. OgHaxo Teopun pacuéra Takux
KOHCTPYKIHH HE OBUIO, YTO BBI3BIBAIO CEPhE3-
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Puc. 17. BepebbuHckuii uadyk.

HbIE COMHEHHS B TIPAaBUJIBHOCTH TOJX0/1a K Ha-
3HAUCHUIO Pa3MEpOB CEUYEHHUH OTIENbHBIX dJie-
MEHTOB.

B 1845 . 1. Y. XKypaBckuii co3nan Teopuo
pacuéra pereryarbix bepM, JaB METOJ OIpesieNe-
HMSl YCWIIMH B OT/IENBHBIX 3JIeMeHTaxX. B yacTHo-
CTH, OH HaUIEJ, YTO CEUCHHs] BEPTUKAIBHBIX Me-
TAUTMYCCKHUX TsHKEH HazHadauch B depmax ['ay
HEOOOCHOBAaHHO: TSDKHU Y OTIOp Harpy»KeHbI CHIIbHEES
Y JIOJDKHBI OBITH O0stee MotHbIMU. 1o KOHCTPYK-
TUBHBIM COOOpPaXEHUSIM IPEAYyCMaTPUBAIOChH
MOCTOSIHHOE CEUeHHE MOSICOB (hepM 110 BCel JUTHE,
B TO BPeMs KaK B OTHOIIPOJIETHBIX KOHCTPYKIHSX
CEUEHHE TI0SICOB MOIJIO OBITH UCIIONB30BAHO MOJI-
HOCTBIO TOJILKO B cepeiiHe nponéra. 11 MocToB
OOIBIIMX MPOJETOR YUEHBIA TPEIOKUI OaIou-
HYIO HEpa3pe3Hyl0 CHUCTEMY, 0OEeCIIeYHBAIOIILYIO
PpalMOHANIBHOE KCTIONIb30BAHKE MaTepraia IosiCOB.

Ha ocHoBe mpoBenE€HHBIX HCCIICOBaHUM
. Y. XKypaBckuii 1an pekoMeHAaluu 1o pacyé-
Ty pepmM ["ay u pa3paboTan HpoeKThI IepeBIHHBIX
MOCTOB 4€pe3 BCe KPYITHbIE BOJIOTOKH Ha Tpacce
skenesnoi qoporu Cankr-IletepOypr—Mockaa.
Brino paspaboTaHo HATH TPYNI HPONETHBIX
cTpoeHuit anmuHoi ot 16,4 1o 60,8 m. [IpoexTu-
pOBaHUE KOHCTPYKIHI CONPOBOXKAAJIOCH BCe-
CTOPOHHHMMH HCCJICOBAHUSIMH HX PabOThI O
Harpy3Koi ¥ CBOMCTB TPUMEHSIEMBIX CTPOUTEITb-
HBIX MaTepHajoB.

IIpon€rHble cTpOSHUST BCEX MOCTOB UMEIH
JIepeBsIHHbIE MHOTOpELIETYaThIE Hepa3pe3Hble
(epmbl, 00pazyemble HaTOXKEHUEM APYT Ha JIpY-
ra HECKOJIBKUX IPOCTHIX TPEYTOJBHBIX PEIIETOK,
YTO CYIIECTBEHHO YIyuIlIajo paboTy CxKaTbIX
3JIEMEHTOB.

YHUKaNbHBIM MOCTOBBIM NEPEXOJIOM CTall
Bepeobunckuii Buaayk (puc. 17). Ilo or3siBam
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COBPEMEHHHUKOB, 3TOT BHAIyK CUHTAJICS OTHUM
13 JYYIINX COOPY’KEHUH TaKoro TUIA HE TOJIBKO
B Poccun, Ho B EBpone u AMepuxe.

MCcTUHCKUN MOCT UMEJ IEBATH MPOJIETOB MO
61 m. Ero omops! npeacTapisiid coO0 mupaMu-
JlaNIbHbBIE OallleHHbIE IEPEBSHHBIE KOHCTPYKIIUU
Ha KaMEeHHOM (pyHIaMeHTe, OOIINTHIE KENe30M.

Oco0eHHOCTBIO MOcTa yepe3 Bonxos, nmes-
LIIET0 ISITh POJIETOB M0 51 M, ObLT AECATUMETPO-
BBII pa3BOIHOM CYOXOMHBIN MPOJET pacKpbIBAIO-
mieiicst cuctemMsl. ABTOpP NMPOEKTa — UHXKEHEP
B. U. I'paBe 115 obecrieueHns ypaBHOBEIICHHOCTH
CHCTEMBI ITPH JIFOOOM YIUIe PACKPBITHS ITPEIONKHIT
IIPOTHBOBEC OPUTMHATIBHON KOHCTPYKIIHH.

MocrTsl uepe3 Boary (puc. 18) u Trepiry
HUMeJH TI0 Tpu npodnéTa AnuHoi 59,6 m. Cye-
CTBEHHO OTIMYAJIUCHh OT APYTMX MOCTBHI uepe3
OO6BoaubIi kaHad u p. CnaBsiHKy. PactsHyTbie
nosica pepm 'ay, npuMeHEHHBIE B NMPOJIETHBIX
CTPOCHUSIX STHX MOCTOB, OBUIM METAJUTNYECKH-
MU (KEJIC3HBIMH).

ANekcaHIPOBCKUI MEXaHUUYECKUU 3aBOJ
Cankr-IlerepOypro-MocKkoBCKO#l Kene3HOU
JIOPOTH CTaJl TMIEPBEHIIEM KEJIe3HOAOPOKHOTO
MamuHocTpoeHus. [Taccakupckue T0KOMOTHBEI
Tumna 2—2—0, BBITyCKaBIIAECS 3aBOJOM, TIO3THEE
noxtyunsiu obo3Hauenue «By». BHyTpeHHuit akc-
LIEHTPUKOBBINM Iapopacnpee/IuTeIbHbBIN Mexa-
HU3M [PUBOJIUII B IBIYKEHUE ABOMHBIE (PacIly-
PUTENbHBIC) 30JI0THUKH, TIO3BOJISIBILIE PEBEPCH-
poBarh MalMHy ¥ U3MEHATh CTEIICHb HAIOJIHE-
HUSl UMIMHIPOB NapoM. B TpyOuarom kotie
HCIONB30BaNach KOHYCHAs TATa, YTO II03BOJIUIIO
peryaupoBaTh Npolecc TOpeHus TOIINBA B 3a-
BHUCHMOCTH OT HHTEHCHBHOCTH PabOThI TapOBOH
MaIuHsl. J[aBiaeHne B KOTIe BO3POCIO JI0 8 aTM,
MOIIHOCTH mapoBo3a — 10 130 m1.c. OH Bogui
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Puc. 18. Bbe3d Ha xene3HoAopoxHbIl Mocm Yepe3 Bonay.

rnoesja M3 LIECTH BarOHOB CO CKOPOCTBHIO
40 xm/4. Kpome 3TOrO0, CTpOMIIMCH ApOBO3BI
tuna 1-2-0 u 1-2-1.

BrimyckaBmmecss AnekcaHIpOBCKUM 3aBO-
JIOM ToBapHbIe napoBo3sl tuna 0-3—0 (puc. 19),
nosryuuBIIMe 00o3HaueHue «J{», Mo MHOTHM
KOHCTPYKTHBHBIM PELICHHUSM ObLIH aHATIOTHYHBI
naccaxupckuM. OHM UMETH MOIIHOCTh OKOJIO
140 n.c. u Bomunu 22-BaroHHbIE COCTaBBI CO
CKOPOCThIO 15 KM/4.

IlepBbic ToBapHBIC BaroHs! (puc. 20) oreue-
CTBEHHOTO ITPOM3BOJICTBA NOSABHINCH Ha CaHKT-
IeTepOypro-MocKkoBCKoi# xkesne3Hoi nopore. Mx
Hayalli CTPOMUTH Ha AJIEKCAHAPOBCKOM 3aBOJE
B 1846 1. Barons! ObUTH YeTHIPEXOCHBIMH, C JIe-
PEBSIHHBIMH Ky30BaMH, LIEHTPAJIbHOW CIETKOH,
0e3 00KOBBIX Oy(hepoB, ¢ TOPMO3HBIM YCTPO¥i-
CTBOM C py4HBIM IpuBozoM. [ py3onoabEMHOCT
KPBITOTO BaroHa pu tape 7,8 T cocranisiia 8,2 T.
J171st HAaCBIITHBIX U JJTMHHOMEPHBIX TPY30B CTPOU-
JIICh TaKXKe YETHIPEXOCHBIE IIIAT(OPMBI C BECOM
Tapbl 6 T ¥ rpy3onoasEMHOCTHIO 10 T. VX oceBast
Harpy3ka coctanisiia 4 T BMecto 10 T, Ha KOTO-
Py OB pacCUUTaH PeNbCOBBIH MY Th.

B 1845 . akanemuk b. C. SIko6u (puc. 21) nio-
JIy4WIl 3aJlaHie Ha YCTPOHWCTBO TenerpadHoii
CBS3U BJIOJIb CTPOSIIEHCs XKeJle3HOH Toporu
Cankr-IletepObypr—Mocksa. [lo 3aBepuieHus
9TOTrO MpoeKTa HemenKkas hupma Siemens, npu-
DIaméHHas JUIsl y4acTHsi B OpraHnu3aliuy TaKou
CBSI3H, ITPOJIOKMIIA KaOENIbHYIO JIMHUIO, KOTOpast
COCTOSIIA U3 IBYX MEIHBIX TIPOBOJIOB, U30JIUPO-
BaHHBIX TyTTanepyell ¥ MOMEIIEHHBIX B Jiepe-
BSIHHBI %E7100, 3aTUTHIN H30JIUPYIOIICH MACCOI.
JIMHUIO TPOKJIA/IBIBAIIY 110 0OOYHHE ITyTH Y KOH-
1oB mman. E€ Hauanu skcrutyatnpoBath B 1852 1.
C mpUMeHeHueM Teserpadubix annaparoB Cu-

MeHca, a 3areM Mop3e, Tak Kak MocjelHue
obecrieunBaiy Oosee HaIEKHYIO CBA3b.

OnHAKO KOHCTPYKIIHS TPOJIOKEHHOTO Kaderst
OKa3ayach HeHa&XHOI, mosToMy B 1854 1. mo
npemioxkenuio b. C. SIkoou e€ penrimm 3aMeHUTh
BO3JIYIIHOW JIMHUEH, KOTOpasi HMeJia TP CTallb-
HBIX TIPOBOJIA AUAMETPOM 5 MM, TOABEIICHHBIX
Ha CTOJI0AX MOCPEACTBOM JKEJE3HBIX KPIOKOB
¢ m3onstopamu. Ha Bepcty ycraHaBiusanu 16
cTonOoB. B nanbHeiemM Ha BceX CTPOSILMXCS
JIOpOrax TaKkKe HadaJld MPUMEHSAThH BO3IYIIIHBIC
JIUHHUH CBSI3H.

Bce mpoextsl 3nanuit Cankr-IlerepOypro-
MoCKOBCKOM JKeJIe3HON JOPOTH TPOHU3AHBI IS -
MU Jarobumia maps, apxurekropa K. A. Tona
(puc. 22). ToH pemmn BCE MPOCTPAHCTBO TOPOTH
B 644 KM Kak eIIHHbBII aHCAMOITh B BUIC THTaHTCKOM
wrotaau. HukomaeBckuii Bok3ai (puc. 23) ctpo-
nincst B 18441851 rogax no npoexry Koncrantu-
Ha ToHa, npu ywactuu Pynoneda JKenszeBuua.
Coopyxenue coueraet HopMbI UTATBSHCKOTO pe-
HeCccaHca 1 IpeBHepyccKre MOTHBBL. HoBiiecTBoM
TOTO BPEMEHH ObUIO pelIeHHE C METAIINIECKUM
TIOKPBITHEM HaJl KOHIIEBBIMH Y4aCTKaMH JKeJIe3HO-
JTIOPOXKHBIX MYTEH U MPUMBIKAOIIIAMH [ACCaXKHP-
ckumu wardopmamu. Eciu camo nmaccakupcekoe
371aHUE BOK3aJIa CIIPOEKTUPOBaHO TOHOM B Tpajiu-
LIMOHHBIX (hOpMax ¥ KOHCTPYKIHSIX, TO Nedapkaaep
HE MMeJ aHAJIOTOB B apXMTEKType MPOILIOro.
TpeyronbHble (hepMbl TIOKPBITHS IEPPOHA CO3/1a-
BaJIM COBEPILEHHO HOBBII 00pa3 TPaHCIIOPTHOTO
MHTEpbEpA.

3naHue BoK3aJia, KpyIioe B IJIaHe, Paciono-
JKeHO Mo JyIMHe Brois Beeil [lnomanu Boccra-
Husi. KoHCTaHTUH AHApeeBUY HCIOIb30BaI
MOTHBBI paryliell 3amaJHOeBpOINEHCKUX Tropo-
JIOB, OallIHs C YacaMu yKa3bIBaeT HalpaBJICHUE
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Puc. 19. Mepebiii omeyecmeeHHbIl MogapHbIl Napoeos.

Puc. 20. MepenIli kpbimbIl eazoH CaHkm-lemep6ypzo-Mockoeckoli dopoeu.

Puc. 21. b. C. Sikobu. Puc. 22. Apxumekmop K. A. ToH.
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Puc. 23. Hukonaesckuii eok3an e CaHkm-llemep6ypee.

ITaBHOT'O BXOAA. AKTUBHOE y4acTHE B IPOEKTH-
POBaHHMU HOBOW NMPUBOK3aJIbHON (3HAMEHCKON)
IJIOIIAN IPUHUMAII CaM UMIEpaTop.

[lepBbIM HAYaTBHUKOM NACCAXKHUPCKOH CTaH-
un 1 Bok3ana CaukT-IlerepOypro-MockoBckoit
XKeJe3Hor noporu 6su1 HazHayeH H. . Muxkiy-
xa. (puc. 24). Ero xBapTupa Haxo1uiaach B caMOM
3aHHH BOK3aJla, KpOMe TOrO, 3/1eCh pacroara-
JIUCh KOHTOPBI CITy’KaIllUX, YIPABICHUE JKENe3-
HOU JOPOTH, UIMIIEPATOPCKHUE OMEIEHHS.

JlernHrpanckmii Bok3ai (1o 1855 . —ITerep-
Oyprckuit, B 1855—1923 romax — HukonaeBckui,
B 1923-1937 rogax — OxTa0pbckuit) (puc. 25) —
cTapeiuii u3 AeBsSTH Bok3a10B MOCKBEI. 31a-
HHUE BOK3aja nocTpoeHo B 1844-1851 rogax no
npoekty Koncrantuna ToHa apXuTekTOpOoM
KenszeBuueM. [l BOK3ana CTPOUTENBHAS KO-
MuccHs BbiOpasia KanaH4eBckHi ITyCTHIph Ha
CEBEPO-BOCTOUHON OKpanHe MOCKBBIL.

Bosgenenmue [letepOyprekoro Bok3ana B Mo-
CKBE Haudanochk B 1844 r. mog pykoBOACTBOM
yHpaBisomero nyTsaMu coobmenus Ilerpa
Kneitnmuxens, y xoroporo ¢ ToHoM cityuanuce
pasHornacus. Tak, Kieitumuxens TpeboBan uc-
MOJI30BAHMS KUPIHUYHON KIAAKU ¢ TOHKUMU
[IBaMH, YTO Ka3aJloCh eMy Ooyiee 3CTETUYHBIM.
ApPXUTEKTOpP OTKA3aJICsl UCIONHATH 3TO YKa3a-
HUE, ONacasiCh HAPYIIEHUSI MOHOIUTHOCTH CTEH
1 BO3HUKHOBEHHMS TpeuH. B pe3ynsrare koH)-
1mKkTOB B 1847 1. paboThl nepenopyuriu Pynomns-
¢y XKenszeBuuy, KOTOPHIA oTIIHYaIcs OoIbIIeH
YCTYyIUUBOCTBIO.

CrpoutenscTBo ObUTO OKOHUEHO B 1851 T
31aHue SBISANIOCH CTHIIMCTUYECKON Mapol BOK-
3ana B Cankr-IlerepOypre, HO oTiiHYamOCh
MEHBIIUMH pasMepaMu. L{eHTpanbHy0 4acTh

Puc. 24. W. H. Muxnyxa.

3[aHMA 3aHMMaj IPOCTOPHBINA BYCBETHBIN Be-
ctu6ronb. [ToMemenne Bok3ana ykpamain 1y0o-
BBII MapKeT U MPAMOPHBIE MIBEJCKHE MEYH.
NmmnepaTopckue 3ai1bl IMENN MacCUBHBIE y00-
BBIE JIBEpU, UX 000pPYJOBAIH 3€pKaIbHBIMH
mkadamu. Bropoit 3Tax rimaBHOro Kopriyca
BOK3aJ1a OTBENH NOJ KBAPTUPBI CIyXKAIUX.

ITo mMepe BIMONHEHNMS padOT 1OPOTA OTKPHI-
Bajach ydacTkamu. B 1847 1. OBIIIO OTKPBITO
MOCTOsIHHOE JBMkeHHe Mexay Cankr-Iletep-
Oyprom u Kommuno. B 1848 1. ciryxxeOHOE 1BU-
JK€HHE IMPOU3BOAMIOCH OO0 cTaHuuu YynoBo
n Mexnay Teepbto U Beimmaum Bomoukom. Ot-
KpBITUE BCEH TOPOTH 10 MOCKBBEI COCTOSIIOCH
1 Hos1Opst 1851 1n
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Puc. 25. Hukonaesckuti eok3an e Mockse.

Ilocne 3aBepiieHHs CTPOUTENBCTBA MATHCTPa-
JIM IpE/ICTaBIIsIeT NHTEPEC HaYaIbHbIH eproz eé
aKcIuTyaranuu. [Ipu oTCyTCTBHM J10OCTATOYHOTO
OITBITa SKCILTyaTalllH JKeJIe3HOOPOKHOTO TPAHC-
TIOPTa CYUTAIIOCH, YTO 00ECTIEUNTh OE3011aCHOCTh
1 PETYJIIPHOCTD JABMKSHHS HAWITYYIINM 00pa3oM
MOTYT TOJIBKO JIIOMH, IPUBBIKIINE K YETKOMY ap-
MEHCKOMY TOPSIKY.

ITosTomy mpukazom [maBHOTO yripaBieHHs
nyTei cooOuieHust U MyONUYHBIX 3[JaHUI OT
23 centsiOpst 1851 . Ne 180 st sKcIuTyaTanuu
Joporu ObTH cOpMHPOBaHBI 14 OTIHENBHBIX
BOCHHO-pa00YMX, 2 KOHIYKTOPCKHUE U | Tenerpa-
(ryeckast potbl. OHM KOMIUIEKTOBATICH BOSHHBIM
BEJIOMCTBOM M3 YHCJIa YHTEP-O(PHLEPOB U PSI0-
BBIX JICHICTBUTEILHON BOCHHO# CITyKObI. B BoeH-
HO-pabounx poTax HacuuThIBaJIoCh 3500 yeoBeK.
B onHy M3 KOHIYKTOPCKHX POT BXOIMIJIM MallId-
HHCTHI IAPOBO30B, UX ITOMOIITHUKHU U KOYEraphl.

Bcero npu cTpouTenbcTBE MarucTpaiu
Cankr-IlerepOypr—MockBa OBUIO MPOU3BEICHO
0K0JI0 46 MJIH KyOMYECKHX METPOB 3€MIISTHBIX
paboT, HocTpoeHo 7Ba OONBIINX BOK3aJIa B 00EHX
cronuuax, 34 cranmuu, 190 moctoB. CTpouTesnb-
CTBO 3TOH JKEJIE3HOM TOPOTH 000ILTOCH B 67 MITH
py6neli (Tpeth romoBoro Oromxkera Poccuiickoit
nmneprn B 1842 1.). B cepenune XIX Beka sra
Jopora ObuIa caMOW TEXHHYECKU COBEPIICHHOM
W caMoi MpoTshKEHHOM (644 KM) IBYXITyTHOU
JKEJIE3HOM TOporoit B Mupe.
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Bennyanwmmn naccaxmpckum
napoBo3 B MUpe

Xeaesnonopoxnoe Jxo

KYPHAND

Ilpecc-apxue

3amemxa uz scypnana «Kenesnooopooicrnoe doenoy snakomuna 6 1910 200y
uumamenei ¢ CamblM MOUSHbIM NAPOBO30OM CE80€20 BPEMEHU, NPEOHAZHAUCHHBIM OJisl
naccascupckozo osudicenusi 6 CLLIA

Kntoyesbie crosa: xenesHas dopoza, Naposos, naccaxupckoe A8UXeHue, UCmopus.

Ne 24 «KeneznogopoxkHoro aena» 1909 .

s 71aJ1 OTIMCaHNe BEIMYaHIINX TOBAPHBIX

1apOBO30B, IOCTPOCHHBIX 3aBOJIOM baitb-
nynHa B @unanensdun st Southern PacificR. R
Tenepb NPUOABIIO, YTO OHM OKA3aJIHCh Ha ITPaK-
THKE Ype3BBIYaliHO pabOTOCIIOCOOHBIMH U 11e-
J1eco00pa3HbIMHU, YTO B HACTOSIIEE BPEMs MX
yxe paboTaeT 10 IecsITKa U YTO PEIIeHO CHA0-
JIUTh UMH MCKJTIOYNTEIIHHO BCIO TOPHYIO JTUBH-
3HI0 9TOH JOPOTH.

Camo co0oif pazyMeeTcs, 4TO TOPHEIC Tepe-
BaJIbl BO3AEHCTBYIOT OMHAKOBO KaK Ha TOBap-
HOE, TaK ¥ Ha MMacCaXUpCKoe IBMKEHHE, U ITO
rocjeHee 0COOEHHO OIIyTUTEIBHO B TEX CIYy-
Yasix, KOT/1a pa3Hble JIMHUHM KOHKYPHPYIOT MEKITY
co0010 TIpU JONTHX Iepee3aX YKOpoueHHEM
moTpeOHOTO ISl HUX BPEMEHH. 3a MOCIICIHUH

TOJl IMEHHO TaKast KOHKYPEHIIHsI BO30OHOBHIIACH
¢ 00JIBII0H SHEPTUeH MEXK Ty LIEJION TOITYIIOKH-
HOW TPaHCKOHTUHEHTANbHbIX TUHUI CeB. AMe-
PHKH, OTIEPHPYIOIINX MKy ATIIAHTUYECKUM U
TuxuM okeaHaMmu; BpeMs Mexay Hpro-Hopkom
u Yukaro ykopoueHo ¢ 18 no 15 gacos, Bpems
Mexay Yukaro u Jloc-Anxenecom umu CaH-
®pannucko ¢ 72 go 60 dacos, U BCe AOPOTH
CTPEMSTCS] COKPaTUTh BpeMsl Iepeessia 10 TpEX
CyTOK, T.e. 3250 mMunp unu 4875 Bépct B — 72
yaca, BKIIIOYasi BCE OCTAHOBKH U NEPECaIKy B
UYukaro. bike Bcex Apyrix CBOMX KOHKYPEHTOB
K TOCTHXKEHUIo 3Toro cTout Atchison, Topeka &
Santa Fe R. R. Co., pacnonararomas cBbliie
10000 MuIb yTEH N COOCTBEHHOW HETPEPHIB-
HOHl nuHuelt or Yukaro no Jloc-Amxeneca u
Can-®paHIKCKO, HO, XOTA 3a MOCIEAHUE TPU

Jna uumuposaHus: Benuyatiwuii naccaxupckuti naposos 8 mupe // Mup mpaxscnopma. 2021. T. 19. Ne 2 (93). C. 137-138. DOI:

https://doi.org/10.30932/1992-3252-2021-19-2-19.

bnaeodapHocmb. Pedakyus 8bipaxaem npusrHamenbHocmb compyOHukam bubnuomeku Poccutickoz2o yHugepcumema mpaHcnopma

33 nomowb 8 nod20moske Mamepuana.

MonHb1i mekcm apxueHol nybiukayuu Ha aH2ulickoM A3bIke ny6nukyemcsi 8o emopoll Yacmu daHHO20 8bInyckKa.
The full text of the reprinted archived article in English is published in the second part of the issue.
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KOJIECO UCTOPUNA




roza oHa u nocrpouna 400 MuIb HOBOro MyTH B
00X0]1 CaMOT0 BEICOKOTO M3 CBOMX TOPHBIX Iepe-
BaJIOB B IMITaBHOM XpeOrTe CKaJUCTBIX rop B
mrate Konopano, eit Bcé-Taku Memanu Tpu
JIpyrue nepesana — B Hero-Mekcuko, Apusone
u KanudopHuu, ocoOOCHHO B 3TOH MOCIETHEH,
yepes xpeder Cheppa Maape. UtoOsr mpeomo-
JIETh €T0 U BBIUTPaTh 2—3 yaca, KOMIaHUeH 3Toi
OBUT IOCTPOEH Ha TOM >Ke 3aBoje banbaynHa n
TOJIBKO YTO MPUOBLI CIO/Ia HOBBIN MTACCAXKUPCKUH
MapoBO3-MOHCTP, BECSIIUII C TEHIEPOM TE K€
TpPHUCTA TOHH, YTO U BBILICYTIOMSHYThIE TOBapHbIE
napoBo3sl Southern Pacific R. R. C°. Cam napo-
BO3 BecHT 376450 anr. ¢pyHTOB; ocTaibHOE
MPUXOAUTCS Ha TeHxep, nogHumarommii 12000
rajuoHoB Bojb! ¥ 4000 ramioHoB HedTH, TaK YTO
TapoBO3 MOXKET JeNaTh ¢ TOKENBIM moe3aom 100
aHr. MwIb 06e3 ocTaHoBKH. J[MHA mMapoBo3a u
ternepa 105 ¢yros; cuna taru 53000 TorH. OH
COCTaBHOTO THNa Maiera, ¢ NAThIO Tapamu
JIBIDKYILIUX Kos€c B 73 ntoiiMa B TUaMeTpe, Co-
€AVHEHHBIX B THE3MA B 3 U 2 mapsl, NpU4IEM
3aJHee THE3/10 B TPH Mapbl padoTaeT HpH Io-
CpEICTBE IIINHAPOB BHICOKOTO JIABJICHHUS, a
TepesiHee B JIBE Mapbl — IMIMHAPAMU HU3KOTO
nasnenus. [1apoBo3 3ToT paccunTan Ha O0Jb-
IIYI0 CKOPOCTh W Ha KPYTHIX CPABHHUTEIHHO
noabéMax, npu cuiie Tru Ha 50 % BblllIe caMbIX
CHJIBHBIX TTaCCaKMPCKHUX MapoBO30B, TIe-THO0
B HACTOsIIEEe BPEMsI COCTOSIIIMX B yHOTpeOie-
HUH. B ocTansHOM CyIIHOCTB €10 KOHCTPYKIUH
Ta K€, 4TO U y ONMUCAaHHBIX MHOH B Ne 24 ToBap-
HBIX [1apOBO3aXx.

B nene coBpemeHHON aMepHKaHCKOM KOH-
CTPYKLH ITOABHKHOTO COCTaBa KakK IIapoBO30B,
TaK W MAacCaXMPCKUX M TOBAPHBIX BArOHOB,
ClIeTyeT KOHCTaTHPOBATh PEIIUTEIbHBIA EPEX0N
K OoJiee KpyIHBIM U TSDKENBIM THIaM. Bee riias-
HBI€ JIMHUW COBEPIICHHO OCTAaBWIH JIEPEBO H
nepemy K cranu. IlpenyOexnenne npoTus
MaCCaXUPCKUX BaroHOB M3 CTAJM U3-3a SKOOBI
TIPOM3BOIMMOTO UMH B JIBHXKCHHUH IIIyMa COBEp-

¢ MWP TPAHCIIOPTA

LIEHHO PACCESTHO YCOBEPIICHCTBOBAHHUSMH B UX
KOHCTPYKIIMH, a UX CpaBHUTeNIbHas Oe3omnac-
HOCTb, Ja)KE MPU CAMBIX TSDKENBIX KPYIICHHSX,
HUKOIJ]a HE MOJUIeXkajla COMHEHUIO. YCUJIEHUE
K€ TOBAPHOT'O JIBWXKEHUS, OISITh HavyaBlIeecs
OBICTPBIMU CKauKaMH TOCJE 3aMHHKH B IPO-
MBIIIJICHHOCTH ¥ TOPTOBJIE, BEI3BAHHON OHMpiKe-
BOM naHukoit ocenn 1907 roma, obelaeT CHOBA,
1 B OYEHb CKOPOM BPEMEHH, TOWTH 0 Mperesa
COBPEMEHHOH KeJIEe3HOI0OPOKHON paboTocto-
COOHOCTH, U yBEJIWYEHHE IPy30I0IbEMa TOBAp-
HBIX BaroHOB SIBJISETCS OJHUM M3 TJIaBHBIX
cpencTB K e€ noaHatuto. CranbHbIE TOBapHBIE
Barons! nogHuMarot 100000 anr. ¢pyHTOB, HOUTH
B/IBOE MPOTHB CaMbIX KPYIHBIX JEPEBSIHHBIX
XOTsl CTOSIT BJBOE JIOpOKE, HO ropasno Ooiee
JIOJNITOBEUHBI M 0€30MIacHBI IPH KPYLICHUSX U
noxapax.

CretyeT OTMETHUTH M 3aMedaTelbHO ObICTpOe
pacIpocTpaHeHHe T'a30JMHOBBIX M 3JIEKTpUYe-
CKHX MOTOPOB Ha MapOBBIX XKEJIE3HBIX JOPOTax.
BricTpoe pa3BuTHE 2IEKTPUUECKIX TPAMBAEB BO
BCEX I'yCTOHACENEHHBIX MECTHOCTSIX M MEXIY
KPYIHBIMHU TOPOJIaMH — KaK, HAallPHUMeEp, MEXITy
Bocronom u Hero-Mopkom u mexay Ynkaro u
Can-JIyucom — 0T03BanoCch Tak CHJIBHO Ha Iac-
Ca)KUPCKOM JIBIKCHUH MTAPOBO3HBIX JOPOT, YTO
OH{ HAlIUTUCh BBIHY)XJCHHBIMH YUYPEIUTH MO-
TOPHOE JIB)KEHHE Ha BCEX CBOMX MOATOPOIHBIX
nHUX. Beé emé naér cupenas 6opp6a Mexay
MHOTOYHCIICHHBIMU THIIaMHA MOTOPOB JUISl ATHUX
JIOpOT, HO ¥ TEeph YK€ ABa—TPH U3 HUX yCTa-
HOBWJIM CBOE IPEBOCXOJICTBO Ha/ IPYTUMH H
BXOJISIT BO BceoOiee ynorpeOnenue. S Hazeroch
B Onu3koM OymynieM Jate yuraressiMm «Kemes-
HomopoXxHOTO [lena» moapoOHOe UX ONUCaHue,
€CJIM OKa)XKyCh B COCTOSTHUM CIPaBHUTHCS C PyC-
CKOM HOMEHKJIaTypO# BOIpoca.

I1. A. Teepckoii

L. JlJoc-Anpmkenec, Kanndopuus
(Keae3nogopoxuoe gesio. — 1910. —
Ne 17-18. - C. 104-105) ®
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Aunxena MATPOCOBA

Tpydbl no meopuu cuHme3a camMonpoeepsieMbIX CXeM
8CMPOEHH020 KOHMPOJIs1 HA OCHOBE O8OUYHBIX U36bIMOYHBIX
kodos: T. 1.- Mockea: U30amenbcmeo «Hayka», 2020.- 611 c.
ISBN 978-5-02-040758-9.

Tpydbl no meopuu cuHme3sa camMonpoeepsieMbIX CXeM
8CMPOEHH020 KOHMPOJIS1 Ha OCHOBE O8OUYHBIX U36bIMOYHBIX
kodoe: T. 2.— Mockea: U3damenbcmeo «Hayka», 2021. - 527 c.
ISBN 978-5-02-040757-2.

B nepabIti mom KHu2u eowiiu pabomel, NOCBAUWEHHbIE MPéM
OCHO8HbIM HanpasneHusM uccredosaHuli @ obrnacmu cuHmesa
camonposepsieMbIx QUCKPEMHbIX CUCMEM: U3Y4EHUK 0COBEHHO-
cmel Knaccuyeckux kodos ¢ cymmuposaHuem (kodoe bepeaepa),
MOOQyrbHbIX K0O08 C CyMMUPOBaHUEM, a makxe ux Moducbukayud,
npednoxeHHbIx agmopamu cmamedl; usyyeHuro ocobeHHocmel
k0008, Onsi KOMOPbIX KOHMPOSbHbIE Pa3psidbl Nomyyaom ¢ uc-
nonb30saxuem ceépmok no Modyso M= 2 yacmu uHghopMayLoH-
HbIX pa3psa0os (nonuHoOMuanbHbIX K0O08 U Kaccuyeckux kodos
XammuHea); uccnedogaHusiv Memoda f102u4ecko20 0ONOIHEHUS
0151 opeaHu3ayuu camonpogepsieMbix AUCKDEMHbIX CUCMEM Ha
0cHose U36bIMoYHbIX 080UYHbIX K0008. [pusodsames Mamepuarns|
no nodpobHbIM xapakmepucmukam 06HapyXeHUst OWUBOK 8 UH-
GhopmayUOHHbIX pa3psidax u3bbImoyHbIX A80UYHBbIX KOO8 Npu
ycrnoguu 6e30wuboYHOCMU KOHMPObHbIX pa3pados, onucaHus

Anocena FOpvesna Mampocosa

Hayuonanvneiii uccneoosamensckuti Tomckuil 20cy0apcmeenublii yuugepcument,

€nocob08 NOCMPOEHUS paHee HeU38EeCMHbIX MOOUUYUPOBaHHBIX
k0008 ¢ cymmuposaHueM u ocobeHHocmu Memodos cuHmesa
camonposepsieMbIX OUCKDEMHBIX CUCTMEM Ha OCHOBE 0BOUYHbIX
U36bIMoYHbIX K0A08.

Bmopoli mom KHueu ekodaem e cebsi pabomsi 8 obnacmu
nocmpoeHusi 380UYHbIX k0008 C CYMMUPOBAHUEM C 838EUIEHHBIMU
paspsdamu U nepexodamu Mexoy pa3psidamu, 3aHUMarOLLMU COCed-
HUE NO3ULUU 8 UHGHOPMALLOHHBIX 8EKMOPax koA08bIX €108, @ Makxe
pesynibmamb| uccnedosaHusi UX Xapakmepucmuk U Memodos CuH-
me3a kodupyroue2o 0bopydosaHusi. PaccmompeHsl 80npockl Npu-
MeHeHusi ceolicme Kod08 npu opeaHu3ayuuU caMonposepsieMbix
OuCKpemHbIx cucmem. Yumamenb Halioém Ha cmpaHuyax 0aHHo20
moma Mamepuasibi no NoOpobHB IM Xapakmepucmukam obHapyxeHus
OWUBOK 8 UHGHOPMALUOHHBIX pa3psdax 838eLeHHbIX Kod08 C CyMMU-
posaHuUeM npu ycrnosuu 6e30WUB0YHOCMU KOHMPOTbHbIX Pa3pPs008,
onucaHusi cnocobog NOCMPOEHUS PaHEE HEU3BECHb IX 838EWEHHBIX
K0008 C CyMMUpPOBaHUEM U 0COBEHHOCMU MeM0A08 CuHMe3a camo-
nposepseMbIX OUCKPEMHbIX CUCMEM Ha UX OCHOBe.

KHuea moxem 6bimb nonesHol paspabomyukam, uccrnedo-
samensaMm u uHxeHepam, pabomatowum 8 cepe mexHuyeckou
QuagHOCMUKU AUCKPeMHbIX CUCMEM U CUHMe3a cucmem ¢ 0bHa-
PyKeHUeM HeucnpagHocmeli, @ makxe cmyOeHmam, Usyqanuwum
UHhOpMamUKY, 8bI4UCTIUMENbHYI0 MEXHUKY U a8moMamuky.

Knroyesble criosa: mexHuyeckue cpedcmea asmomamus3ayuu, CUHMe3 camMonposepPAEMbIX CXEM, 8CMPOEHHb I KOHMPOIb, dgouy-
Hble U36bIMOYHbIe KOObI, camonposepsemas OUCermHaH cucmema.

Lns uumupoearus: Mampocosa A. FO. 0630p kHueu « TpydbI no meopuu cuHme3a camonposepsieMbIX CXeM 8CMPOEHHO20 KOHMPOITS
Ha 0cHoge 080U4HbIX U3bbIMOoYHbIX k0dos» // Mup mpaHncnopma. 2021. T. 19. Ne 2 (93). C. 140-143. DOI: https://doi.org/10.30932/1992-
3252-2021-19-2-20.

MonHb Il mekcm cmambu-peyeH3uU Ha aHanulickoM i3bike nybnukyemcsi 60 8mopoll yacmu daHHO20 8bInycka.
The full text of the review article in English is published in the second part of the issue.
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2021 rony B u3narenscTBe «Hayxkay BbI-

11IJI0 B CBET IBYXTOMHOE n3nanue « Tpyusl

M0 TEOPHH CHHTE3a CaMOIPOBEPSEMBIX
CXEeM BCTPOEHHOTO KOHTPOJISI HA OCHOBE JIBOMY-
HBIX N30BITOYHBIX KOZOBY, KY/1a BOILLIH OCHOB-
HbIe pabOThI KOJUIEKTUBA IeTepOyPreKoil Hayd-
HOM IIKOJIBI TI0 TEXHUYECKOW TUarHOCTUKE O/
pykoBoxcTBoM npogeccopoB Banepust Bnanu-
MupoBHYa U Brnagumupa Braamumuporuda
Cano)XHHUKOBBIX, OMyOIMKOBAHHbBIE B MEPHUON
¢ 2009 no 2020 rr. ITo HamieMy MHEHHIO, OITY0-
JIMKOBaHHBIHA TPy 3aCiy)KHBaeT 0COO0T0 BHU-
MaHHsI HayYHOTO COOO0IIEeCTBa B CHUILY TOTO, YTO
(aKTUYECKU OImpenesseT OCHOBHBIE JTallbl
pa3BUTHsI KOJAOBBIX METO/IOB CHHTE3a CPEJCTB
o0OHapy»XeHus OLIMOO0K, BHI3BAHHBIX HEUCIIPAB-
HOCTSIMHU Pa3iM4HON (PU3HUECKON MPHUPOLIBI,
B TEXHUYECKHUX CUCTEMax.

IIpexxae Bcero, HEOOXOMMMO HAITOMHHUTH
YHUTATEII0, YTO MPHU pa3pabOTKe U MPOEKTUPO-
BaHUM TEXHHYECKUX CPEICTB aBTOMATH3ALMH
KaK B [IPOMBIIICHHOCTH, TaK U Ha TPAHCIIOPTE
0co00e BHUMaHHE yAEJISIFOT BOIIPOCaM HE TOJIb-
KO o0ecriedyeHus NPaBUIbLHOCTH HCIOIHEHUS
3aKJIaIbIBAEMBIX aJITOPUTMOB, HO U 3AIUTHI OT
c00€eB, 0TKAa30B U UX IPOSBICHUH B BUJE OILIH-
00K B pe3yibTarax BBIYHCICHUI. DTO Tpedyer
OT pa3paboTyHKa 3aJ0)KEHUs CBOMCTB KOHTPO-
JICIPUTOTHOCTH, CAMOKOHTPOJISI, CAaMOIIPOBe-
PSAEMOCTH, OTKa30yCTOWYHBOCTH, O€30I1aCHOTO
MOBEJICHUs NIPU OTKa3ax M APYruX Ha JTare
CO3/1aHHS CAaMOTO IPOTOTHIA OyAYIIETO YCTPOH-
ctBa. IMEHHO OT 5THX CBOMCTB 3aBHCST B AaJIh-
HeWlIeM W HaJlEKHOCTHBIE XapaKTEPUCTUKU
YCTPOMCTBA, U HIOAHCHI €ro IKCIIyaTalHH.
B xoHeuHOM uTOTE, BCcE 0COOEHHOCTH JKU3HEH-
HOTO IHKJIa TEXHUYECKUX CPEICTB aBTOMATH-
3alluy OIIPENEIISIOTCS elIé Ha 3Tale ero paspa-
OOTKH, KOTZia BO3MOXKHO IPEAyCMOTPETh HaH-
Oosiee palMOHAIBHYIO apXUTEKTYpy yCTpOii-
CTBa, COCTaB U HEOOXOAUMOCTh TEXHUYECKHX
CPE/ICTB JMarHOCTUPOBAHUSI, OLEHUTh PUCKU
BO3HUKHOBEHUS COOEB M YCTOHYMBBIX OTKA30B.

B TpaHCnOpTHOI OTpaciayu 4acTo NpUMeHs-
10TCSl UHPOPMALIMOHHO-YIPABIISIIONINE CHC-
TEMBbl KPUTHYECKOTO Ha3HAueHHs, OTKa3 B KO-
TOPBIX HE JOJDKSH MPUBOIUTH K BO3SHUKHOBE-
HUIO OMAacHOTO COOBITUS (MOTEHIHMATbHO
BJIHMSIOLIETO Ha Pa3BUTHE YCIIOBHUM JIs1 BO3HHK-
HOBEHUSI aBapHil U KaTacTpod WK MpuBosiie-
rO K HUM). IMEHHO ¢ 3TO¥i 11eJ1b10 BEIpaOoTaHbI
crieMaibHbIe TPeOOBaHMs K MH(POPMAIIMOHHO-
YIPABJISIONIAM CUCTEMaM KPUTHYECKOTO Ha3Ha-
YeHHUs, KOTOpbIe B YEM-TO CXOXH, & B YEM-TO

TPYbl
NnOo TEOPUU CUHTE3A

CAMOIPOBEPAEMbIX CXEM

BCTPOEHHOIO KOHTPOIIA
Ha OCHOBE
[BOUYHbIX U3BbITOYHBIX KOLOB

HAYKA

OTJIMYAIOTCS B Pa3IMYHBIX OTPACIsAX TPaHC-
nopra. K npumepy, B xeae3HOn0poXkHOM chepe
Y pa3padboOTKe MUKPOAIEKTPOHHBIX U MHKPO-
MIPOLIECCOPHBIX CUCTEM YIPABICHUS JBUXKE-
HUEM I0€3/I0B MPUJEPKUBAIOTCS Cielyolen
KoHuenuuu [1]: oguHOYHBIE AedeKTHl anmna-
PaTHBIX U IPOTPAMMHBIX CPEJICTB HE JOJDKHBI
NPUBOAUTH K OMAaCHBIM OTKa3aM CHUCTEM
1 JJOJDKHBI 00OHAPYKUBATHCS TP pad0YHX WIIN
TECTOBBIX BO3JIEHCTBUAX HE MO3JHEE, YeM
B CHCTEME BO3HHMKAaET BTOPoit nedekt. OTcio-
Jla CJIelyeT, 4TO BaXKHEHIIMMHU IIPH MOCTpOe-
HUU COBPEMEHHBIX CHCTEM YIIPaBJICHUS SIBIISI-
I0TCSL HE TOJIBKO NMPUHLHUIIBI CHHTE3a CUCTEM
C KOHTPOJICNPUTOJHBIMU CTPYKTYpamH, HO
W NPUHIUIIBI peaju3alky JUarHoCTHIEeCKOTO
obecrieyeHusl.

JlnarHoctuueckoe oOecrieueHue TeXHHYe-
CKHX CHCTEM MO3BOJISIET PeulaTh 3aja4k TECTO-
BOro ¥ paboyero (pyHKIHOHAIBHOTO) AUATHO-
ctupoBanus [2; 3]. TecroBoe nuarHoctTupoBa-
HUE T0/Ipa3yMeBaeT OTKJIIOYEHHE 00beKTa OT
BBINIOJTHEHUS UM CBOMX OCHOBHBIX (DYHKLHU
C 1IeJIbI0 MOJJaYH HAa €T0 BXOABI CIIEIHAIbHBIX
MIPOBEPSIOIINX BO3elcTBI. Pabouee nuarno-
CTHPOBaHHUE CBA3aHO C TEM, YTO paboune KoM-
OMHAIMM OTHOBPEMEHHO SIBJISIIOTCS M TECTOBBI-
MU JUIsl 00beKTa JquarHoctupoBanusi. Cama xe
npoleaypa IMarHOCTUPOBaHUsI He Tpedyer
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OTKJIIOYECHHS O00BEKTa JIMarHOCTUPOBAHUS OT
YIOPAaBIsEMBIX YCTPOUCTB. B cuctemMax KputH-
YECKOro MPUMEHEHUs! UCIOIB3YI0T 00a 3THX
BHUJa TUATHOCTUpPOBaHUS HapaBHe. [Ipu aToM,
€CTECTBEHHO, TPeOyeTCsl BHECEHHUE U allapar-
HOU U IPOrpaMMHO# H30BITOYHOCTH (pe3epBH-
pOBaHHE W IUBEPCHUTET), MCIIOJIIb30BAaHHE HH-
(hopMaLlMOHHOTO U BPEMEHHOTO Pe3epBUPOBa-
Husg. OJHUM U3 BaXHEHUIIUX MOAXOJOB K pea-
JIM3alMY IpoLieyp paboyuero JuarHoCTUPOBAHUS
SIBJISETCS] UCIIOJIB30BAHUE CaMOINPOBEPSIEMBIX
CXEM BCTPanBaeMOro/BCTPOCHHOTO KOHTPOJIS
(CBK). Umenno Bonpocam cunte3a CBK mist
YCTPOHCTB aBTOMATHKHA U BBIYMCIHTEIBHON
TEXHMKH MOCBAIIEHO BhIIIEIIEe H3TaHHE.

Kuura, npencraBieHHas B BHIE ABYX
MHOT'OCTPAaHUYHBIX TOMOB, COJEPKHUT OCHOB-
Hble Hay4yHble paboThl B 00JacCTH TEOPUHU
cunreza CBK Ha ocHOBe momexo3amuiméH-
HBIX U MOMEXO0YCTONYHMBBIX U30BITOUHBIX KO-
noB. KHura BkitouaeT B ce0s 4eThIpe OCHOB-
HBIX paszjena. [lepBbie Tpu 00pa3yroT nepBbIid
TOM MOHOTpaduu U 4eTBEPTHII — BTOPOU TOM.
Oco0eHHOCThIO KHUTH U HCCIIEI0BAHUI aBTO-
POB SABJISIETCS TO, UTO UMH paccMaTPHUBAIOTCSA
He npocto cTpykTypsl CBK, peanusyemsie Ha
KOHKPETHOM 2JIEMEHTHO! 0a3e, a 001ue oco-
OCHHOCTH NMPUMEHEHHS W30BITOYHOTO KOAH-
poBaHUS I pelleHus 3aJa4 TeXHHUYECKOH
JUarHOCTUKHU. DTO JejlaeT ONMHCAaHHBIE pe-
3yJIBTAThl YHUBEPCAIbHBIMU U IPUMEHUMBIMHU
HE TOJBKO JJI1 COBPEMEHHOH 3JIeMEeHTHOMU
0a3bl, HO U JIJIs pa3pabaThIBaeMOM, UTO HEMa-
JIOBA)XHO B YCJIOBHSAX MOCTOSIHHOTO COBEp-
IICHCTBOBAHUS KOMIBIOTEPHBIX U HHpOPMa-
UOHHBIX TEXHOJIOTHUH [4].

ITepssiit paznen nocesmeéH cuaresy CBK nHa
OCHOBE KOJIOB C CyMMHMPOBAHMEM €IMHUYHBIX
Pa3psiioB U OMUCAHUIO UX CBOMCTB. OXBaueHbI
0COOEHHOCTH KIIAaCCUYECKUX KOJIOB C CYMMHUPO-
BaHueM (konoB beprepa) u ux moaudukanuii,
MOJTy4aeMbIX ITyTEM MOACUETOB Beca MHpopMma-
IIUOHHOTO BEKTOPA B KOJbIIE BEIUETOB IO 3apa-
Hee YCTaHaBIMBAEMOMY MOIYIIO, Pa3ieIeHUs
MH(OPMALMOHHBIX Pa3psiI0B Ha TOAMHOXKECTBA
C KOHTPOJIEM Beca KaXkJI0T0 MX HUX, IoAcuéTa
CIIEI[HAIBHBIX MMOMPABOYHBIX KO3(D(UIIMEHTOB
MIpU MOCTPOEHUH Ko10B. OTAeNbHbIe MaTepua-
JIbl IOCBSALICHBI MPUMEHEHHIO CBOMCTB KOJOB
¢ cymmupoBanuem npu cuntese CBK.

BTopoii pa3nen nocBAmEH N3y4YEeHHUIO Xapak-
TEPUCTHK IIMPOKO MU3BECTHHIX MMOJIMHOMHAIIb-
HBIX K0710B 1 ko10B XammuHra B CBK. IIpume-
HUTEJIBHO K NOCTaBICHHBIM 3aJadaM JUarHoc-

THKU paccMaTpHUBAIOTCS OOHApYKMBAIOIIHE
CHOCOOHOCTH JIaHHBIX KOJIOB B MH(POPMAIIMOH-
HBIX pa3psjax. [lokaszaHbl OCHOBHBIE 0COOEH-
HOCTH KJIacCa CUCTEMaTHYEeCKHUX KOJOB, CBsI3aH-
HBIE C TE€M, YTO IOJy4yaeMble KOJbI 33 CUET
MPUMEHEHHS CBEPTOK MO MOIYJIO ABa MpHU
CHUHTE3€ UX KOJIEPOB, UMEIOT HEMOHOTOHHBIE
(GYHKUUM pa3psaoB, a 3HAYUT U UX HCIIOIB30-
BaHue npu cuHteze CBK n0mKHO yuyuTHIBaTh
9TH 00CTOSITENLCTBA.

Tperuii paznen oxBaTbIBa€T Pe3yNbTaThI,
MOJIy4YeHHbIE aBTOpPaMu B 00JIACTU pa3BHUTHUS
METO/1a JIOTHYECKOTO JIOTIOJTHEHNUS 1Sl CHHTE3a
CBK. 3n1echs Bce METOIBI YUYUTHIBAIOT UCIIONb-
30BaHUE PAaBHOBECHBIX KOJIOB [TPU OPraHU3aIH
CBK c¢ npeoOpa3oBaHreM B MOCICIHUX 3HAUC-
HUil pabounx (QyHKUIUI 00BEKTOB JHArHOCTH-
poBaHus (a HE ¢ KOHKaTeHalUeH (JONOIHEeHH-
€M), KaK B CIIy4yae UCIOJIb30BaHuUs Pa3aelIuMbIX
KOZOB). MeToll JTOTUYECKOTO JOMOJHEHUS
MO3BOJISIET CHUHTE3UPOBATh MOJHOCTBIO CaMO-
nposepsiemble CBK naxke B ToMm ciyuae, Korma
9TOTr0 HEBO3MOXHO JOOHUTHCS KJIACCHYECKUMHU
MeTonamH (BKIIIoUasi AyOnupoBaHHE C MOCe-
IYIOIMM KOHTPOJIEM OJHOMMEHHBIX BBIXOJIOB
Pa3IMYHBIX YCTPOMCTB).

UYeTBEpTHIi, cCaMblii OONBLION, pa3zien ocBe-
aeT 0COOEHHOCTH NPUMEHEHUS B3BEIICHHBIX
KOJIOB ¢ cymMMupoBaHueM npu cuHtese CBK.
ABTOpaMHU paccMaTpUBaIOTCs pa3HOOOpa3HbIe
CHOCOObI TOCTPOSHHS KOJIOB C CYMMHPOBaHH-
€M, MeXJy WH(OOPMAIMOHHBIMHU pa3psliaMu
KOTOpBIX yCTaHOBJIEHO HepaBHompaBue. OHO
JIOCTUTAETCS] MyTEM NPUIMCHIBAHUS pa3psaam
(wnu cpasy ke rpyIe pa3psgoB) BECOBBIX
k03¢ UIMEHTOB U3 HATYPAIBHOTO psijia YHCE.
Takue KozbI pas/iesieHbl aBTOPaMH Ha JIBa Kilac-
ca — KOJIOB C CYMMHPOBaHHEM BECOBBIX KO-
(GULIHEHTOB pa3psi0B U MEPEXOI0B MEXIY
paspsinamu ((paKTHYECKH BECOBBIX KOAQdHLH-
€HTOB Ipymn pa3psiioB). OnucaHbl KOAbI Kak
C IIPOM3BOJILHBIMU BECOBBIMU KOA(hHUIIHEHTA-
MH, TaK U KOIbl, IPU MOCTPOCHUH KOTOPBIX
HCIIOJb30BaHO B3BEIIMBAHUE OJHOTO M He-
CKOJIBKUX Pa3psiZioB, IPUMEHEHBI ClIeIHaIbHbIC
MOCJIEI0BaTEIbHOCTH BECOBBIX K03dduumen-
ToB. [IpuBoasrcs meronsl cunreza CBK, wuc-
MOJIB3YIOIIME CBOMCTBA B3BEHICHHBIX KOJIOB
C CYMMHPOBaHHEM.

ABTOpBI TIOKa3bIBAIOT, YTO MOXKHO 3D dek-
THBHO NPHUMEHSTH CBOCTBA OOHAPYKEHUS
OIIMOOK Pa3IUYHBIX KPaTHOCTEH U BUIOB MIPU
cunte3ze CBK. Omnbxu knaccuduuupoBaHbl
10 YHCITY MCKaKEHUH HYJIEBBIX U eIUHHUYHBIX
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paspsoB B MH(POPMAIMOHHBIX BEKTOpax Ha
MOHOTOHHBIE (OJHOHAIIPaBJICHHbIE) 1 HEMOHO-
TOHHBIE (pa3HOHAINpaBIIEHHbIE), a MOCIEeIHUE,
B CBOIO OYepe/ib, Ha CUMMETPHYHBIE (C OIMHA-
KOBBIM YHCJIOM HMCKa)KaeMbIX HYJIEBBIX U €IH-
HUYHBIX Pa3psijioB) U aCUMMETPHYHBIE (C He-
onrHaKoBbIM). L1IMpoKo n3BeCTEH TOT aKT, 4TO
COBpPEMEHHBIE CPEICTBA ABTOMAaTU3UPOBAHHOTO
MIPOEKTHPOBAHUS CXEM aBTOMAaTHKH M BBIUUC-
JIUTEJILHON TEXHUKH YYUTBHIBAIOT TOJIBKO BO3-
MOXHOCTH OOHapy»eHUs PsiIoM KOJIOB MOHO-
TOHHBIX OIIMOOK. DTO HCIOIB3YETCS U IPH
BBIOOpE KOHTPOJICIIPUTOHBIX CTPYKTYpP U Me-
To10B KOHTpOJis ommmbok B CBK Ha BhIXOmax
ycTpoiicTB. OnHaKo aBTOpaMHM MOKa3aHO, 4TO
MHOTHE U30BITOYHbIE KOABI 00JIa1al0T HE TOJb-
KO BO3MOKHOCTSIMU OOHAPYKEHHSI MOHOTOHHBIX
omKOOK, HO M JPYTrUX BUAOB OLIMOOK, B TOM
qucie, 10 onpeieinéHHONl (GUKCHPOBAaHHOM MX
KPaTHOCTH, YTO TaK)e€ MOXXHO IPUMEHSTh Ha
MIpaKkTuKe. B OT/IENbHBIX CTAaThsIX B KHUTE IIPH-
BEJICHBI aJITOPUTMBI CHHTE3a [TOJTHOCTHIO CaMOo-
npoBepsieMbix CBK ¢ yuérom Takux ocobeHHO-
cTei M30BITOYHBIX KOJOB. YCTaHOBJICHHBIE
0COOEHHOCTH 11eJIeCO00pa3HO YUHUTHIBATh MPU
Pa3BUTHHU CPEICTB aBTOMAaTU3UPOBAHHOTO MPO-
€KTHUPOBAHHUSI YCTPOMCTB, YTO TO3BOJIUT CHH-
3UTh MX CTPYKTYPHYIO (2 NpH peanu3aluy Ha
IIPOrPaMMHOM YPOBHE — TPOTPaMMHYI0) U30bI-
TOYHOCTb.

Crnenyet OTMETHUTD, YTO aBTOPaMHU pa3BHUBa-
10TCA K0J0BBIe MeTobl cuHTe3a CBK, 3aTpony-
ThI€ B U3BECTHBIX M3[JaHUSAX COBETCKOTO U TIOCT-
COBETCKOTO MEepHOoJa Pa3BUTHUS TEXHUUYECKOI
JUAarHOCTHKHU [5—7], a Takxe B 3apyOexHbBIX
n3panusx [8—10]. Ilpu aToM pe3ynbTarsl, npea-
CTaBJICHHBIE B HACTOSIIIIEM JIByXTOMHUKE, CBSI-
3aHBI C JIOCTaTOYHO IITyOOKUM YPOBHEM HCCJIe-
JIOBaHMsI, & HE IOBEPXHOCTHBIM, KaK 3TO OBbLIO
paHee, 710 myOIuKauy paboT COABTOPOB KHUTH.
COOTBETCTBEHHO, U NpeACTaBICHHAs TEOPUS
MO3BOJISIET IPOSKTUPOBIINKY HUMETh LIMPOKOE
110Jie BHIOOPa BapHaHTa KOJUPOBAHUS IIPU CUH-
te3e CBK.

K coxanenuto, Ha MOCTCOBETCKOM IIpoO-
CTPAHCTBE OCTAJOCh HE TaK MHOTO YUYEHBIX,

3aHUMAIOLINXCA BOIPOCAMU CHUHTE3a IIOJIHO-
cteio camonpoBepseMbix CBK, a ux tpynam
yIeNeHo HenocTaTouHoe BHuMaHue. OnHako
HCIIOJIb30BaHUE PE3yJbTaTOB U MX Pa3BHTHE
[I03BOJIIET HA IIPAaKTHKe 0ojee 000CHOBAHHO
BbIOUpaTh crocod peanuzanun CBK ¢ yuérom
cneun(UKy caMoro o0beKTa TUarHoCTUPOBa-
HUSl, YTO, B KOHEYHOM HTOTE, I03BOJISIET HE
TOJILKO CHM)KaTh 1TOKA3aTeNIu CIOKHOCTH TeX-
HUYECKOW pean3aluu CPEeACTB JHarHOCTHUPO-
BaHMsI, HO M YJIy4IlIaTh YKOHOMHYECKUE MOKa-
3aTelu.

KHura ocBeuiaer pe3ysbTarhl BHE IPUBSI3KU
K KOHKPETHBIM YCTpOMCTBaM U cucremam, 0e3
BBIJICTICHUSI KAKUX-JIHO0 OTpaciiel NPOMBIIIUICH-
HOCTH M TPaHCHOpTa U OyAeT MHTepecHa ILIH-
POKOMY KpYTy CIIELHaJIHCTOB B 00JIaCTH aBTO-
MAaTHKH U BBIYUCIUTEILHOM TEXHUKH, 3aHUMAI0-
IMMCST pa3pabOTKOW M COBEPIICHCTBOBAHHEM
KOMIBIOTEPHBIX U HH()OPMALIMOHHBIX CUCTEM.
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Jlenneii A. 10. PazpaboTka MmeToau4YecKuxX
MOJX00B K OLICHKe IKOHOMHYeCKOii 3P deKTHBHO-
CTH Pa3BUTHSI TPAHCIOPTHON HH(PACTPYKTYpPhI
¢ y4éToM 00bEMOB M HEPABHOMEPHOCTH NIEPEBO30K
/ ABTOpe. 1Mc... KaHA. 9KOH. HayK. — M.: PYT,
2020.-24 ¢

I]envlo nUCCEPTAIOHHOTO MCCIIEOBAHUS SIBIIS-
eTcst pa3paboTKa yCOBEPIIECHCTBOBAHHOTO METOANYE-
CKOTO HHCTPYMEHTAPHUS JUTS OIICHKH 3P PEKTHUBHOCTH
Ppa3BHUTHS TPAHCTIOPTHOH HHPPACTPYKTYPHI C y4ETOM
HEpPaBHOMEPHOCTH 00BEMOB ITEPEBO30K.

IIpoBenén sKoHOMUYECKHUI aHAINU3 UCIIOIb30BA-
HHS U Pa3BUTHUsI POCCHICKON TPaHCIIOPTHOI HH(pa-
CTPYKTYPHI, BBIICICHB OCHOBHBIE IPOOJIEMHBIE
BOIPOCHI, TPEOYIOIINE PEIICHUs Uil 00eCTIeueHUs
YCTOHYMBOTO Pa3BUTHSI SKOHOMUKH CTPAHBI.

IIpoananusupoBana, ¢ y4éTOM OTEYECTBEHHOIO
Y MEKTyHAPOHOTO OITBITA, BOJIFOLIUS METOJIOB OLIEH-
KH SKOHOMHYECKOH 3()(heKTHBHOCTH Pa3BUTHS TPAHC-
TIOPTHOI MH(PACTPYKTYPBI, H 0OOCHOBAHBI HAIIPAB-
JICHUSI MX COBEPIICHCTBOBAHMSI.

HccnenoBana npobiema HepaBHOMEPHOCTH IIepe-
BO30K U €€ BIMSHUE Ha SKOHOMUYECKYIO 3(eKTHB-
HOCTB IIPOEKTOB U IIPOTPaMM Pa3BUTHS TPAHCIOPTHOH
MH(PACTPYKTYpPHI, yCOBEPIIEHCTBOBAH METOANYECKHUH
WHCTPYMEHTApHH JJIs OTIpeJie/IeH s CE30HHOM HepaB-
HOMEPHOCTH 3arpy3Kd TPAaHCIOPTHOH MH(PaCTpyK-
TYpBI.

BrisBiieno BiausiHIE Ce30HHOM HEPABHOMEPHOCTH
TIePEBO30K HAa SKOHOMUUECKHUE ITOKA3aTENN HCIIOIb30-
BaHUS U Pa3BUTHS TPAHCHOPTHOW MHPPACTPYKTYPHI
(Ha mpHUMepe JKeIEe3HBIX TOPOT).

IIpennoxxeHa ycoBeplIEHCTBOBaHHAs METOIMKA
oueHKN (QPEKTUBHOCTH KANUTAJIbHBIX BIOKCHHUN
B Pa3BUTHE TPAHCHIOPTHOH HHOPACTPYKTYPHI, C yué-
TOM CE30HHOI1 HepaBHOMEPHOCTH I1EPEBO30K U 3arpy3-
KH HHPACTPYKTYPHI.

B xo71e BBIMTOITHEHHOTO AUCCEPTALIMOHHOIO HCCIle-
JIOBaHUs IOCTABJICHA U pelleHa HaydHas 3ajada
YCOBEpIIEHCTBOBAHUS METOANIECKOTO HHCTPYMEHTA-
pus 11 OLeHKH 3()(GEKTUBHOCTU PA3BUTHUSI TPAHC-
TIOPTHOH NHQPACTPYKTYPHI ¢ yIETOM HEPaBHOMEPHO-
CTH 00BEMOB IIEPEBO30K.

C HCHONIB30BaHNEM yCOBEPIICHCTBOBAHHOTO
METOJUYECKOTO MHCTPYMEHTApHUS MOATBEPKICHA
pabouyasi TUIIOTE3a MCCIEJOBAaHUS O TOM, YTO INPH
OLIEHKE HKOHOMHUYECKOH 3(p(HhEeKTUBHOCTH MPOEKTOB
Pa3BUTHS TPAHCIOPTHOH MH(PACTPYKTYpbI CIEAYET
YYUTHIBATh (PaKTOp HEPAaBHOMEPHOCTH IIE€PEBO30K,
CYIIECTBEHHO BIMSIONIMHA HA YKOHOMHUYECKHE MOKa-
3aTeld TPAHCIIOPTHOI eI TeIbHOCTH.

ABTOpedepaThl AucceptTaunm

Ha ocHOBe BBINOJIHEHHOTO UCCITEIOBaHUS B OyTy-
IeM IUTaHUpYeTCs pa3paboTka KOMIUIEKCHOIH MeTo-
JMKH OLIEHKH SKOHOMHYECKOH 3¢ dexTHBHOCTH pa3-
BHUTHS TPAHCIIOPTHOH MH(PACTPYKTYPHI C yUETOM
00BEMOB M HEPABHOMEPHOCTH IEPEBO30K, BKITIOYAI0-
el OIEHKY YBENMUYEHUs LIEHHOCTH TPAaHCIOPTHOU
HHQPACTPYKTYPBI 32 CYET CHIIKEHHSI HEPAaBHOMEPHO-
CTH 3arpy3KH.

08.00.05 — Dxonomuka u ynpaeienue HapoOHbLM
XO035UCMBOM (IKOHOMUKA, OP2AHU3AYUA U YNPAGTIEHUEe
npeOnpUAMUAMU, OMPACIAMU U KOMNIEKCAMU —
mpancnopm,).

Paboma evinonnena u sawuujena 6 Poccutickom
VHUBEpcumeme mpaHcnopma.

Makaposa E. A. PazButne MeToga npo4HocT-
HOT0 pacyéra KECTKAX a3POJAPOMHBIX MOKPBITHIH
/ ABToped. 1uc... KaHI. TexH. Hayk. — M.: MAJIU,
2020.-24 c.

I]env muccepTalIOHHOTO MCCIIEOBAHUS 3aKIIIO-
4yaJiach B COBEPUIEHCTBOBAHUU METO/1a pacy€Ta KeECT-
KHX THOKPBITHH C TPUMEHEHHEM METOJI0B OITUMHU3a-
M.

Pe3ynbTaThl BBITOTHEHHBIX HCCIIE0OBAHU T03BO-
JIHIH C(OPMYIHPOBATH OCHOBHBIE BEIBOJIBI ITO UCCIIE-
JlyeMoii Teme.

IIpenensHble cocTOSHUA pacuéTa XKECTKUX a3po-
JPOMHBIX TIOKPBITHH, IPE/ICTAaBICHHEBIE B BUIE HEpa-
BEHCTB 0€3 OrpaHUYEHHIl, IeTIaI0T 3a/1a4y Heolpese-
NEHHOHN U NPUBOJAT K MOSBICHUIO HEONTHMAIIBHBIX
BAPUAHTOB MOKPBITHI.

Ha ocHOBaHUU BBINOJHEHHOT'O HCCIIEOBAHUS
YCTaHOBJIEHO, YTO 3aMEHA paclpeAeNEHHOMN Harpy3Ku
Ha COCPEIOTOUEHHYIO CHITY TIPH OIIPeJIeIeHHH TIPOT U~
00B BO3MOXHA 0€3 OrpaHUICHHUIA, a JIJIsl K3THOAIOIINX
MOMEHTOB OHA JJOIMYCTHMa TOJBKO IS CaMOJIETOB
¢ xoneéit n 6a30i TEIeXKKH MIACCH, NMPEBBIMIAIOIIECH
0,6 M.

BrraBneH HemocTaTok MeToza pacdyéra JKECTKUX
a3pOIPOMHBIX MOKPBITUH, 3aKIIFOYAIOLIUICS B CyLIe-
CTBOBAHHH JIOXKHOTO PELIICHHUS B 001ACTH JOITYCTHMBIX
TOJIIMH TOKpPEITHH. JIokHOE peleHne XapakTepHO
JUISI IIECTUKOJIECHBIX OTOpP caMoJIEéTa ¢ KoJe€i, mpe-
Bhimaronieid 6asy. st AByX- U 4eTHIPEXKOIECHBIX
OIIOp JIOXKHBIE pelIeHHs He 0OHAPY>KEeHBI.

BrinonHeHa OLEHKAa KOIMYECTBA BO3MOXKHBIX
ONTUMAJIBHBIX PEUICHUI 3a1aull IPOYHOCTHOIO pac-
4yéTa a3pOIPOMHBIX TOKPBITUH.

YcTaHOBIEHO, YTO KOHCTPYKIIHH XKECTKUX adpo-
JPOMHBIX ITOKPBITUH, HCCIIEJOBAHHBIX TPAKIAHCKAX
aspornioptoB Poccun u 3apy0exHBIX CTpaH, UMEIOT
3arac MpOYHOCTH C NMPOLIEHTOM HEIOHAINPSDKEHUS,
npocturatomyM 34 %.

BHuenpenune B MpakTHKy MPOEKTHPOBAHMS NPEN-
JIaraeMoro MeToja pacuéra XKECTKUX a’pPOAPOMHBIX
TIOKPBITHH O3BOIUT YMEHBIIHUTH TpeOyeMoe 3HaYCHUE
TOJILLIMHBI CJI0SI HOKPBITUS B CPEAHEM AJISl OJHOCIION-
HOTO BapHaHTa a0 4 cM, a JUIs ABYXCIOHHOTO — JIO
7 cm. IIpu 3TOM CHMXEHHE CTOMMOCTH BO3BEACHHUS
MOKPBITUS MOXKeT focturars 20 %.

IIpoBenénnoe uccieqoBaHue CBUIETENbCTBYET
0 TOM, YTO 0c000€ BHUMAHHE CIELYET YACIUTH Clle-
JYIOILIUM I1€PBOOYEPEIHBIM 3aJa9aM: COBEPILICHCTBO-
BaHHE METOIUKH pacuéTa achanbToOSeTOHHBIX a3po-
JPOMHBIX HOKPBITHI; COBEPIICHCTBOBAHNE METOIUKH
pacuéra CMEIIaHHBIX a3pOAPOMHBIX MOKPBITHI; CO-
BEpIICHCTBOBAHME METOJMKHU pacuéra skene300eToH-




HBIX a’pOJPOMHBIX IOKPBITHH C Yy48TOM HOBBIX
CTPOUTENIBHBIX MATEPHAJIOB.

05.23.11 — IIpoexmuposanue u cmpoumenscmeo
00po2, MEMpPoOnoIUMen08, aspoopomos, MOCMO8
U MPAHCROPMHBIX MOHHELE.

Paboma svinonnena u sawuujena 6 Mockosckom
aA8MOMOOUTLHO-O0PONCHOM 20CYOAPCMBEHHOM meX-
Huueckom ynusepcumeme (MAJ[H).

Hryen Ban Xyan. [IpumeHeHue nporaocruye-
CKHX PeryJsiTopoB /151 yIPaBJeHHs] yCTAHOBKAMH
pacnpeneJ¢éHHON reHepanyy B CHCTEMAX 31eKTPo-
CHa0KeHUsI KeJIe3HBIX Jopor / ABroped. nuc...
KaHI. TexH. HayK. — UpkyTck: UpI'YIIC, 2020. —
18 c.

TexHonOTUYM NEIEHTPATN30BAHHON BBIPAOOTKH
3IEKTPOIHEPTHHU Ha 6a3e yCTaHOBOK pacrpeeEHHOM
rerepanyn (PI) B momHOM 00BEME MPUMEHUMBI Ha
JKEJIe3HOIOPOXKHOM TpaHcropTe. Llens mpencrasieH-
HBIX B JICCEPTAIMU MCCIICIOBAaHUH COCTOsIIA B pa3-
paboTKe METOJOB U CPEACTB, 00ECIEUNBAIOIUX
yIy4IlleHuE KadeCTBa MPOLECCOB YIPABIEHUS B CHUC-
TeMaXx AJEKTPOCHAOKEHHS JKeNle3HbIX opor (CXK]T),
OCHAILIEHHBIX YCTaHOBKAMU paclpeienEHHON reHepa-
LUH.

BeinonseH cTpykTypHO-IapaMeTpU4EeCKUN CHH-
TE3 CUCTEM YNPABJIEHUS yCTAHOBKAMHU PaCpeeIEH-
HOHU (COOCTBEHHOW) TeHEepaIii JKeJIe3HOTOPOKHOTO
TPaHCIIOPTa, peaan30BaHHBIX Ha 0a3e aBTOMAarHue-
CKHX peryisiTopoB Bo3Oyxenust (APB) u ckopoctn
BpaeHus (APC), nCTIonb3yIomuX MpOrHoCTHYECKUE
aJITOPUTMBI.

Pazpaboran MeTon ynpapieHHs 4acTOTOH ycTa-
HOBOK PI, 0CHOBaHHBI} HAa IPUMEHEHUH aBTOIIPOTHO-
CTHYECKHX (CaMOHACTPAaNBAIOLIUXCS) PETyISTOPOB
CKOPOCTH U TIPHIMEHUMBIA IPH peaan3aliy HHTEI-
JIKTYaJIbHBIX dJIeKTpuueckux cereit (Smart Grid).

IIpennoxkena MeToquKa ONpeNENeHUS TOCTOSH-
HBIX BPEMEHU MPOTHO3MPYIOMUX 3BEHBEB ISl aBTO-
MaTHYECKHUX PEryjIsTOpPOB BO3OYKICHUS U CKOPOCTH
CHHXPOHHBIX TCHEPaTOPOB.

Pa3paborana MeTonuka HaCTPOWKH LUPPOBBIX
aBTOMAaTHYECKHX peryasitopos PI' ¢ mcnons3oBanueM
TIPOTHOCTHYECKOTO YMPABICHHUSI YCTAaHOBKAMHU pac-
TIpe/ieNIEHHOM TeHepaluy ¢ HAKOIIUTENISIMU YHEPTHH,
o0ecrednBaronias CHIKEHHE IPOBAJIOB HAMPSKSHHH;
Ha OCHOBE KOMIBIOTEPHBIX HCCIIEJOBAHUM IT0Ka3aHO,
YTO COBMECTHOE NIPUMEHEHUE POrHOCTHYECKUX all-
TOPUTMOB U KOOPIWHALUHN HACTPOEK PETyIsITOPOB
TI03BOJISIET MOJTYYHUTh JOTOIHUTENBHBIN () GEKT npu
YIIPaBICHUHU CKOPOCTHIO BPAIICHUSI POTOPA M HAMPSI-
JKeHHEeM CHHXPOHHBIX reHepaTopoB PI' B mepexonHbix
peXHMax paboTEhL.

Paspaboran criocob ycTpaneHust (Iikepa B CeTsIxX
HU3KOTO HalPsDKeHNsI Ha 6a3e yIpaBlIsieMbIX YCTaHO-
BOK paclpeJeEHHON TeHepaluy; IPeaI0KeHbl IPo-
THOCTHUYECKHE aJITOPUTMBI ATl yTIPABIEHUS PEKUMA-
MH I'a30TypOHHHBIX yCTaHOBOK.

I{udpoBbie MOAEIH U PE3YIBTAThI MOACTHPOBAHMUS
JMHAMHYECKHUX MPOIIECCOB B paliOHaX 3JIEKTPOCHA0-
JKCHUSI HeTSATOBBIX IMOTpeOHTeNeil U MpaKkTHIeCKHe
PEKOMEHAIMU TI0 NPUMEHEHUIO POrHOCTHYECKUX
perysstopoB Juis ycraHoBOK PI” ucrons30BaHbl B Ha-
YYHO-TEXHHYECKHX pa3padoTkax mentpa «llapamerpy.
TpakTiyeckue IpeaIoKeHHs 10 IPUMEHEHHIO TIPO-
THOCTHYECKHX aJITOPHUTMOB PEaM30BaHbl B PEKOMEH-
JAIHAX M0 HACTPOHKE aBTOMATUUECKUX PETYISITOPOB

TypOOreHepaTOpHOH yCTAHOBKH MOIIHOCTBIO
3,125 MB*A neHTpabHON NPONU3BOACTBEHHOH ILIO-
aakd XUarJuHCKOro MECTOPOXKIEHUs. Marepuabl
JICCepTaLU UCTIONB3YIOTCS B y4eOHOM Ipornecce Ha
Kadenpax yaeOHBIX 3aBeieHuid MIpKyTCKa 1 POBHHIINH
@Dy Txo Coumanucrrueckoii Pecry6nrku BeetHam.

IlepcrextuBa manpHeimeil pa3paboOTKH TEMbI
MOXKET COCTOATh B IIPOBEICHUH HCCIECAOBAHHHN, Ha-
IIPaBJIEHHBIX Ha UCIIOIb30BaHUE B PEryIATOpax BO3-
Oy>KIEHUS U CKOPOCTH reHepaTopoB PI” HelmmHEHHBIX
MIPOTHO3MPYIOINX MOJETeH, a TaKKe MyJIbTHAreHT-
HBIX TEXHOJIOTMH IS COINIaCOBaHHOM HacTpoiiku APB
u APC.

05.13.06 — Aemomamuzayus u ynpasierue mex-
HONO2UYECKUMU NpOYyeccamu U npousso0cmeamu
(mparcnopm).

Paboma evinonnena 8 IpKymcKkom HayuoHambHom
UCC1e008aMENbCKOM MEXHUYECKOM YHUSepcumene
u HpKymckom 20cy0apcmeeHHom yHugepcumeme ny-
meil coobujenus, 3auuwena 6 Upkymckom 2ocyoap-
CMBEHHOM YHUGepCumeme nymeti cooOujeHus.

PacckasoBa E. E. Ynpasiienue pecypcoodecne-
YyeHHeM YPOBHSI HHHOBAIIMOHHOIO pa3BHTHS
TPaHCHOPTHOI koMnaHuU / ABTOped. JUC... KaHA.
9KOH. HayK. — M.: PYT, 2020. — 24 c.

Lens quccepTannoOHHOTO HCCIEN0BAHMS — pa3pa-
00TKa SKOHOMHYECKOTO HHCTPYMEHTAPHUS KOMITIIEKC-
HOH OIICHKH M yTIPaBICHUS YPOBHEM HHHOBAIIMOHHO-
TO pa3sBHTHs TPAHCIIOPTHOH KOMIIAaHMH B YCJIOBHSX
BBICOKOTTHAMHUYHOH CPeJIbl.

B pesynbTare npoBeEHHOTO HCCIEA0BAHUS MO~
TBEpIK/I€HA TUIIOTE3a, YTO CTPYKTypa HHHOBAIMOHHO-
TO TIOTEHIHaJa U €0 pecypcoodecnedeHne ompese-
JISIF0T ypPOBEHb MHHOBALMOHHOTO Pa3BUTHS TPaHC-
TIOPTHOH KOMITaHHH, a TaKXKe CYIIECTBEHHO BIHSIOT
Ha JIpyTUe COCTABISIONINE TOTEHIHANA.

BBIsIBIICH KOMILIEKC ITOKa3aTellel, XapaKTepu3yro-
IMYX KOMIIOHEHTHI TOTEHINATa, KOTOPBIE ONPEENISIOT
YPOBEHb HHHOBALIMOHHOTO Pa3BUTHs KOMIaHUU. OHH
CBSI3aHBI C HCIIOIB3yEMBIMU PECYPCAMH, UX CTPYKTY-
poiil, mpuMeHseMbIMU TexHoJdoTusMu. Ha ocHoBe
9TOTO aHaNM3a CHOPMUPOBAHBI KOMIIOHEHTHI COCTaB-
JISFOIIMX MHHOBAIIMOHHOTO MOTEHINAIa KOMIIAHUH;

Pa3paboTaHbl MO U AJITOPUTM ONPEAENICHUS
YPOBHSI MHHOBAI[HOHHOTO Pa3BUTHS TPAHCHOPTHOM
KOMIIaHUH, TTO3BOJISIIOIINE OLEHUTh €T0 BIUSHUE Ha
BCE COCTABJIIOMINE €€ MOTEHIMANA, YTO HO3BOJISET
MOBBICUTh OOBEKTHBHOCTH OLICHKH (aKTHUECKOTO
YPOBHSI HHHOBAIlMOHHOTO Pa3BUTHs TPAHCIIOPTHOM
KOMITaHUH.

[IpennoxxkeH MeTOAUYECKUH MOAXOJ K OLICHKE
BIIVSTHHS COCTABIISIOIINX HHHOBAIIOHHOTO ITOTEHIHA-
J1a Ha SKOHOMHYECKHUE [I0Ka3aTeNny KOMIaHuH U chop-
MHpPOBaH JITOPUTM OLIEHKH HEOOXOIMMOI0 U3MEHe-
HUSI COCTABIIIONINX MOTEHIHANA TIPH 3aJaBaeMBbIX
TpeOOBaHHUAX K M3MEHEHHIO SKOHOMUUECKHX TTOKa3a-
Teneil. AJITOPUTM MOXET OBITh IOJIOKEH B OCHOBY
CUCTEMbI MOHUTOPHHI'A XO35ICTBEHHOM AEATEIbHOCTU
TPaHCIIOPTHOH KOMIIaHUH.

B kauecTBe nepcreKTUB JalbHEHIINX UCCIIEN0BA-
HUI 110 JTAHHOH TeMe MPeICTaBIseTCs] HEOOXOANMBIM
OoJIbIIIas IeTaIU3aMs IPOPadOTKN YPOBHS MHHOBA-
IHOHHOTO Pa3BUTHUS TPAHCIIOPTHON KOMIIAHHH, A TaK-
K€ aHaJiM3 CBA3U CTPYKTYpPBl PECYPCOB C YPOBHEM
HMHHOBAIIMOHHOCTH TEXHOJIOTHH, XapaKTepoM H (a3a-
MH KU3HEHHOTO IIMKJIA BHEPSEMOTO MPOEKTA.

¢ MWP TPAHCIIOPTA. 2021.T. 19. Ne 2 (93). C. 144-147

ABTOpecdhepaThbl guccepTaumnmn




08.00.05 — Dxonomuka u ynpasienue HapoOOHbIM
X035UCMBOM (IKOHOMUKA, OP2AHU3AYUSA U YNPABTIeHUe
NPEONPUAIMUAMU, OMPACTAMU, KOMIIEKCAMU — MPAHC-
nopm).

Paboma evinonnena u 3auuwena 6 Poccutickom
YHUBepcumeme mpancnopma.

Tonsuaun O. H. PazpadoTrka meTon0B
u cpeacts RFID-napuranuu i ynpabJieHUst
JABH:KeHHEeM I0e3/10B MeTPonoJiuTeHa / ABToped.
JIHC... KaHJ. TexH. Hayk. — CII0.: III'YIIC, 2020. —
18 c.

Llenpio nuccnenoBanus SIBISIOCH MOBBIIMICHHE
a¢dexkTuBHOCTH (QYHKIIMOHUPOBAHUS CHCTEM aBTO-
MaTHYECKOTO YNPaBIEHUS ABMKECHHEM IOE310B
MeTponosuTeHa ¢ nomoiso RFID-waBuramuy, B xo-
TOpPOH HABUI'ALIMOHHAS TOYHOCTb U HAJEKHOCTD BbI-
CTYTIAIOT OCHOBHBIMH TIOKa3aTENAMH.

B xoze uccnenoBanuii, BEIOIHEHHBIX B JIHCCEP-
TaIOHHOH paboTe, MPoBeAEH aHATUTHIECKHUN 0030D
CYILECTBYIOIMX METO/IOB M CPEJICTB MPUBS3KHU 110€3-
JIOB METPOIIONNTEHA K KOOpANHATaM ITyTH B Poccun
u 3a pyoesxom. ITo pesynsraram 00630pa MpeAIoKeHO
co3nanue RFID-HaBuranum, B KOTOpOil HaBUTalMOH-
Hasi TOYHOCTh M HAJEKHOCTH SIBIISIFOTCSI OCHOBHBIMH
MOKa3aTeIsIMU.

Omnpenenens! pynkiun RFID-naBuranum, BKimo-
Yaloue HEMPEPHIBHOE TTO3HIHOHNPOBAaHNE MOE3/10B
Ha JIMHAY C JOCTaTOYHOH TOYHOCTBIO JUISl PELICHHS
3a/1ad aBTOMaTHYECKOTO yNPABICHUS JBI)KEHHEM
noe3noB MerpononaureHa. OcHoBHoe oTnyue RFID-
HaBHTAIMH OT CYIIECTBYIOIINX CIIOCOOOB MPUBSI3KH
3aKIII0YaeTCsd B aBTOMATHYECKOM BBOJE HadadbHBIX
KOOPJMHAT N0€3/10B HA JINHHUY 0e3 yJacTHs MalllHHH-
cta. Pa3paboTaH KOMIIEHCAIIMOHHBI METOA, MO3BO-
JIMBIIHMI 00€CIIEUUTh HENPEPHIBHOCTD IIPUBS3KU IIPH
O0OHYJICHHH HaKOTUIEHHBIX OIINOOK.

PazpaboTaHbl BEpOSITHOCTHBIE METO/IBI, MAaTEMa-
THYECKUE MOJEIH U IPOrPaMMBI OLIEHKH BEPOSITHO-
CTH HPOITYCKOB CIUTHIBAHHS PAIHOIACTOTHBIX METOK
JUIs. pUJIEPOB C BHEIIHUM 3allyCKOM U C HETIPEPhIB-
HBIM CKaHHPOBAaHHEM, MO3BOJIUBIINE HCCIEIOBAThH
UX IPUYMHBI ¥ JaTh PEKOMEH IALUH JJIsl yMEHbIIECHHS
YHCiIa IPOITYCKOB Ha JIBA TIOPSIKA, 3aKITI0YAI0IIUECS
B YBEIHUYCHUU BPEMEHU CKaHUPOBAHUS 10 MAaKCH-
MaJIbHOTO 3Ha4eHHs. [lIst HOBBIX Pa3paboToK Npen-
JIOKEH Mepexo]] Ha pHJIEPHI C HETIPEPHIBHBIM CKaHH-
pOBaHUEM.

Pazpaboranbl MeTO/BI, MaTeMaTHYECKHE MOZIEIN
¥ IIPOTPAMMBI JJIsI OIIEHKH HABUTAIIMOHHON TOYHOCTH
MO3UIHOHUPOBAHMS MOE3/(0B M0 PaJu04aCTOTHBIM
MeTkaM. B paboTe BriepBBIe MOTydIeHBI TOUHOCTHEIE
xapakrtepuctuku RFID-npussasku. [ns puaepos
C BHEIIHHMM 3aIlyCKOM TOYHOCTH IIPUBSI3KH B 30HE
HU3KUX CKOpOCTEH £25 cM, IS pUAECPOB C HEMPEPHIB-
HBIM CKaHUpoBaHueM +10 cM. Pe3ynbraTsel monrsep-
WA BO3MOXKHOCTH npuMeHeHus: RFID-naBuranun
JUISL YTIPABIIEHUS JBHKEHHEM TOE3/I0B Ha CTAHIUAX
3aKPBITOTO THITA.

Pazpaboranbr opurnHaIBHBIE METOIBI U ATOPHT-
MBI TeXHUYecKoi fuarHoctuku RFID-cpencts, no3so-
JISTIOIIME KOHTPOJINPOBATh M IPOTHO3MPOBATh TEXHHU-
YECKOE COCTOSHME PaJHOYacTOTHOTO TPaKTa arnmapa-
Typsl CBIIII. IlpeanosxeHHble pelIeHus O3BOJIIOT
CBOEBPEMEHHO BBISBIITH YBEIHUCHHE IEPEXOTHOTO
CONPOTHBIIEHUS B Pa3bEMHBIX COSMHEHNUSIX JUTS IIPeI-
OTBpAIIEHHNS POITYCKOB CUMTHIBAHMS PA0IACTOTHBIX
METOK M3-32 OCJIa0JICHHs CHTHAJIA.

ABTOpedepaThl AucceptTaunm

05.22.08 — Ynpasnenue npoyeccamu nepego3ox.

Paboma evinonnena u sawuwena 6 Illemepoype-
CKOM 20CY0apCcmeeHHOM YHugepcumeme nymeti cooo-
wenus Umnepamopa Anexcanopa 1.

Xamunos O. P. HayuHble 0CHOBBI COBEpLIEH-
CTBOBAHHUSI METO0B THATHOCTHPOBAHUS ACHH-
XPOHHBIX TATOBBIX 3JIEKTPOJABUTaTe el JOKOMO-
THBOB Ha keJIe3HbIX oporax Pecny0Osmnkn Y3oexu-
ctaH / ABToped. auc... 10KT. TexH. Hayk. — CII6.:
Nnry1mec, 2021. - 32 c.

B nmuccepranionHoif pabote IocTaBieHa u pere-
Ha Ba)KHAsl HAyYHO-TEXHUUYECKas pobieMa pa3pador-
K1 Hay9HOOOOCHOBAHHBIX METO/IOB IMArHOCTUPOBAHUS
1 TIPOTHO3MPOBAHUS TEXHIMIECKOTO COCTOSIHHS ACHH-
XPOHHBIX TATOBBIX 2nekTpoasurarenei (ATIJ]) noko-
MOTHBOB JUISI TOBBIIIEHHS X KCIUTyaTaIl[MOHHON Ha-
IEKHOCTH M oOecrieueHns: 0€30MacHOCTH JBIKCHUS
TI0E3]10B Ha XKeJIe3HBIX Joporax Pecrybnnku Y36eku-
ctaH. [Ipy 3TOM HCIIONTB30BANICH PE3YIABTAThI CTEH0-
BBIX HCIBITAHUI 1 00pabOTKU M3MEPUTEIbHOM HH(OP-
Marmu cpeactB auarHoctuku ATD]] 1oKoMOTHBOB,
HaXOJIAIMXCS B KCILTyaTaIiH, C TOMOLIBIO MHTEILICK-
TyaJIbHOTO aHaIn3a JaHHBIX, @ KOHKPETHO C IIpUMEHe-
HHUEM TEXHOJIOTHH CKYCCTBeHHBIX Helipoceteit (MHC)
1 OKCTIEPTHBIX CHCTEM.

VYcTaHOBIIEHO, YTO CYI[ECTBYIOIIHE CHCTEMBI
MOHHTOPHHI'A, IUATHOCTUKHU U YIIPABICHHS SKCILTya-
Taryeil JIOKOMOTUBOB HY)KIAIOTCSl B CYILIECTBEHHBIX
nopaborkax. [Ipomecc MOHHTOPHHTA U TUATHOCTHKH
JIOKOMOTHBOB YK€ HE MOXKET ObITh CTaHIAPTHOTO
TIPE/ICTABICHHBIM B paMKaX «OOBIYHBIX» IIPOTPaMM
TEXHHYECKOr0 O0OCIYXKHMBaHHS M PEMOHTA, IIOXO
aJanTUPYETCsl MPOrPaMMHO-TEXHHYECKOE 00CITYXH-
BaHHE K OBICTPO MEHSIOIINMCS YCIIOBHUSIM SKCILTyaTa-
LIMM U OTCYTCTBYET CUCTEMA MOICPIKKH, MPHHATHUS
PpelIeHni, TaxoKe CIeuaIn3NPOBaHHOE TPOrPaAMMHOE
obecrieueHune 1J1st IapaMeTpHIeCKOi HICHTU(UKALH
NIPSIMBIX U 00paTHBIX HeipoceTeBbIx Mozaeneit ATOJ]
JIOKOMOTHBOB.

IpennoxeHa KOHLENINS OCTPOCHHS COBPEMEH-
HBIX HHTEJUICKTYaJbHBIX CHCTEM KOHTPOJISL, TUAarHOC-
TUKU M TIPOTHO3HPOBAHHS TEXHHUYECKOTO COCTOSHU
obopynoBanus ATD]] TOKOMOTHBOB Ha OCHOBE IIPUME-
HEHUS KOJMMYECTBCHHBIX U Ka9eCTBEHHBIX MOJeNeH
C TIPUMEHECHUEM HEHPOHHBIX CETEBBIX TEXHOJOTHH
W METOZIOB T€OPUH HPHHSTHS PEUISHHIl ¢ ITOMOIIBIO
9KCIICPTHBIX CHCTEM.

VYcTaHOBIIEHO, YTO yCJIOBHEM 3()PEKTUBHOTO
MIPAMEHEHHS CTCHOBBIX HCIIBITAHUH M BCTPOSHHBIX
cpencTB 1uarHocTuku ATDJl TOKOMOTHBOB SIBIISIET-
¢s1 HeOOXOIMMOCTE MPOPAOOTKH JTOTOTHUTEIEHBIX
Mep Ha CTaJIHM NPOEKTHPOBAHUS COBPEMEHHOTO
JIOKOMOTHBA, B KOTOPOM HEOOXOANMO IPELyCMOTPETh
OTIpesielIeHne KPUTHIECKUX I'PYyNIl 000pyXOBaHUS
¢ TyOMHOM UX KOHTPOJIS, IUarHOCTUPOBAHUS, a TaK-
K€ CO3/IaHNe ITePeYHs] KOHTPOIUPYEMBIX ITapaMeTpOB
1 BBIOOP HAY4HOOOOCHOBAaHHBIX METOAOB 00Pa0OTKH
NoJTy4aeMoii HH(OpPMaIMU Ha OCHOBE BBIIIOJHEHHO-
TO aHAJM3a METO0B OTEYECTBEHHBIX U 3apyOEKHBIX
CTAIIMOHAPHBIX ¥ BCTPOCHHBIX CPEJCTB TEXHUYECKOH
JIMarHOCTHKU.

Pazpaboran xoMIuieKc Mozenel mpouecca KOHT-
OIS, TMarHOCTUKKM TEXHUUYECKOTro coctosiHust ATOJ]
nokoMoTuBOB Ha 0cHOBe SADT-metononorun u IDEF-
TEXHOJIOTHH{, YTO MO3BOJISET BBIABUTH OCHOBHOH psif
(YHKIIMOHATBHBIX 3324 IUATHOCTUKH U 000CHOBATh
TpeOOBaHUS K BEIOOPY METOIOB, AJITOPUTMOB H IIPUHS-




THS PELICHUIT B IPOLIECCE MOHUTOPUHTA, JUAarHOCTHKH
1 TIPOTHOZHPOBAHMS TEXHHYECKOTO COCTOSIHUS JIOKO-
MOTHBOB, YTO 00ECTIEYMBACT TTOBBILIEHHE JOCTOBEPHO-
ctr knaccuduranuy GakTHIECKOro COCTOSIHUSI JIOKO-
MOTHBOB B CHCTEMaX KOHTPOJISI M TUArHOCTHKH.

YCTaHOBIIEHO, YTO OCOOCHHOCTBIO 33/1a4 IOJTyde-
HUS ¥ 00pab0TKH HMHPOPMAIINH B CHCTEMAaX KOHTPOJLS,
JIMarHOCTHKH, TIOMUMO CTPYKTYPBI JaHHBIX, SBIISETCS
HaJIMYHMe HKCIIEPTHOTO OMNBITA JHArHOCTHPOBAHMUS,
TIPUMEHEHHE KOTOPOTO IO3BOJISIET MOBBIMIATE 3 dek-
THBHOCTb Ki1acCH(UKauK GpaKTHYECKOro COCTOSHUS
ATDJI TOKOMOTHBOB IIPH OTPAaHUYEHHOM 00BEME 00-
y4Jaromnieil BEIOOPKH, TakKe MPOTHO3UPOBAHUS €ro
TEXHUYECKOTO COCTOSTHUSL.

Pazpaboransl popmann3zoBaHHBIE METOIBI H METO-
JIMKH KOHTPOJIS U TUArHOCTUKU TEXHHYECKOTO COCTOS-
Hust ATO]] TOKOMOTHBOB ¢ IPUMEHEHHEM HelipoceTe-
BBIX TEXHOJOTHH, 3KCIIEPTHBIX CHCTEM, HAa OCHOBE
HCIIONB30BaHMS B IIPOLIECCe AUATHOCTUKH MaTeMaTH-
yeckoid monenu ATDJ], MO3BONAIONINX YBEIUYUTH
HPOM3BOAUTENBHOCTh U JIOCTOBEPHOCTh MPOLECCOB
JIMarHOCTUKH TEXHUYECKOTO COCTOSTHHS 000pYIOBaHHS
JIOKOMOTHBOB I10 Pe3yJIbTaTaM CTEH/IOBBIX UCIIBITAHNH
1 aHAJIM3a M3MEPUTENBHON HH(OPMAIIUH BCTPOESHHBIX
CPEJICTB AMArHOCTHKH 3KCIUTyaTHPYEMbIX JIOKOMOTH-
BOB, KOTOpbIE MO3BOJIIOT COKPATUTh 3aTPAThl HA MO-
HUTOPUHT W JUATHOCTHKY TEXHHYECKOTO COCTOSIHHS
JIOKOMOTHBOB B TIPOLIECCE €r0 CTEH/JOBBIX HCIIBITAHUIT
1 IIPH 9KCIUTyaTaluy B 2—3 pasa 3a c4éT Oosee MoiHo-
TO UCIIOJIb30BaHUsI allPUOPHOM U arnloCTEPUOPHON UH-
(dopmarmu o pexxumax padborst ATI]1, aBromaru3anun
TIPOIIECCOB 00PaOOTKH MOJIYYSHHBIX JAHHBIX, IPUMe-
HEHUs COBPEMEHHBIX METOIOB MHTEIUIEKTYaJIbHOTO
aHaM3a JAaHHBIX Ha BCeX dTanax quarHoctuku ATOJ]
W TIPUHSTUS pEILICHUH.

Paspa6oransl umutanmonssie Mozenu AT io-
KOMOTHBOB H €TO COCTABIISIOIIHE, C TOMOIIBIO KOTOPBIX
ObLT CO3/1aH TPEHUPOBOUHBIH HAOOp I 00yuYeHHUs
WHC.

PazpaboraHa MeTO/IHKa, OCHOBAHHAS HA COBPEMEH-
HBIX HEHPOCETEBBIX TEXHOIOTUSX, O3BOJISIOILAst Obl-
CTpO ¥ 3PPEKTHBHO UCCIEN0BaTh HECUMMETPHYHEIC
pexumbl ipu pabote ATD]l JTOKOMOTHUBOB, KOTOpBIE
JIal0T BO3MOKHOCTB PEIIaTh IIMPOKUH CIIEKTP IIPAKTH-
YeCKHX 3a/1a4 MOHUTOPHHIA TEXHUYECKOTO COCTOSHUS
JI0KOMOTUBHBIX ATO/I.

OO60CHOBaH 1 NPEATIOKEH YCOBEPIICHCTBOBAHHBII
MeToz nry6okoro 00y4ueHust (00beanHeHNs QYHKIHIA)
JUISE. KOHTPOJIS, TUAarHOCTUKH ¥ IPOTHO3HPOBAHHS
TEXHUYECKOTO COCTOSTHHSI 0OMOTOK U MOJIIUITHUKOBBIX
y3710B ATO]] IOKOMOTHBOB, 00ECIICYNBAFOIIIHIA BO3MOXK-
HOCTB YITy4IIIATh CHOCOOHOCTH OOy4YeHHS C IPUMEHE-
HHEM IITyOOKOTO aBTOKOAMPOBIINKA HEHCIIPABHOCTEH
u ocobernocteit ATDJI 1st aIbHEHIIETO TOBBIIIICHHS
3¢ PEKTUBHOCTH TUATHOCTUKH. DYHKIUH TTyOOKOTO
00BbeAMHEHNSI BBOAATCS B sofimax 1uist OOyueHUs UH-
TEJUIEKTyaIbHOH MOZENN AUarHOCTHKH HEUCIPaBHO-
cTeif 0OMOTOK M TOMIUTTHUKOB ATJDJ] JTOKOMOTHBA.
[Nomy4eHHble pe3yibTaThl MOATBEP)KAAIOT, YTO MpPe/-
JlaraeMblii MeToJ ABiseTcs Oonee 3P PEeKTUBHBIM
Y HAI&KHBIM JULS H3y4eHUs 0COOSHHOCTEH 1 IMarHoc-
THKY HEUCTIPAaBHOCTEH 0OMOTOK M ITOAIIHITHIKOB AT O]
JIOKOMOTHBA, YeM TPAAULIMOHHbIe MeTo/bl. [To cpaBHe-
Huto co crangaptHeiM HC mperaraemslii crioco6
TIOKA3bIBACT HECKOJIBKO JTyHIIIYIO IPOM3BOAUTEIIHOCTb.

YHUBEpCAIBHOCTh pa3pabOTaHHBIX METOIUK
1 cTI0c000B 0OHAPYKEHNST HEHCIIPABHOCTH, 00paboT-
KM M3MEPHUTEIbHOW MHGOPMAIUN JUI HOBBIIICHHS

kayecTBa auarHoctupoBaHus ATDJl nmokomoTuBa
TIOATBEPIK/ICHA B TIPOIIECCE PeaT3al[ii yCOBEPIICH-
CTBOBaHHOTO METO/Ia NTyOOKOTo 00yUeHHs 11 0OHa-
PY>KEHUsI HEHCTIPABHOCTH, TUaTHOCTUKH M IPOTHO3H-
POBAHHS TEXHIIECKOTO COCTOSHUS POTOPA M MOIIIHII-
HUKOBBIX y3710B ATO]] 10KOMOTHBOB.

Teoperndaeckn 000CHOBAHO, YTO UCIIOIH30BAaHHE
aKTyaJdbHBIX MHTEIIEKTyalbHBIX METOJOB H TIPO-
IPaMMHOT0 00€CTICYeHHsI CHCTEM KOHTPOJIS ITapamMeT-
POB, IMAaTHOCTUKH U IIPOTHO3UPOBAHHS TEXHUIECKO-
ro coctosiHus ATOJI ¢ npumenennem MHC u skcneprt-
HBIX CHUCTEM AaéT 3HAYUTEJbHBIH SKOHOMHYECKHH
s dexr 3a cuét npeaoTBpaIeHHUs BHE3AMHBIX OTKAa30B
W aBapyii, BHISIBICHUS 3apOXKAAIOMINXCS 1e()EKTOB
U CBOEBPEMEHHOTO NPUHSTHUS Mep IO IPETOTBpAaIIe-
HHIO UX Pa3BUTHsI, 0TKa3a OT IPOBEICHNUS PETTTaMEHT-
HBIX paboT Ha ncrpasHOM ATD]], mpaBUIBHOTO IUTa-
HHUPOBAHUS PEMOHTOB, TOYHOTO TUTAHUPOBAHUS pac-
XOJyeMBIX MaTepHajoB JJIs PEMOHTa U, KaK CIel-
CTBHE, CHIDKEHHUS 3aI1aCOB 3aI4acTeil, a TAKKE 3a CUET
HPOJVICHHS pecypca paboThl 00bEKTOB IHarHOCTHPO-
BaHMSI.

JloCcTOBEpPHOCTD U aI€KBaTHOCTh HEHPOCETEBBIX
JNMarHOCTHYECKUX MOJeJIel MOJTBEpKaaeTCs
YCTOHYMBOH CXOAUMOCTBIO PE3YIIBTATOB MOJEIIUPO-
BaHMS U TOJYYEHHBIX JAHHBIX IO Pe3ylbTaTaM
CTeHIOBBIX HenbiTaHui ATD]] COBpeMEHHBIX JIOKO-
MoTHBOB. CpenHeKkBaIpaTuyHas OMUOKa OTKJIHKA
Mojieell MeHbIIe Cly4aifHON IOTrpelIHOCTH U3Me-
HEHHsI KOHTPOJIHMPYEMbIX AHArHOCTHYECKHX Iapa-
METPOB JIOKOMOTHBOB.

YCTaHOBIIEHO, YTO JUIS CO3AHMS AUarHOCTHUE-
CKHX YCTPOWCTB M HMPOTPAMMHO-AIIIAPATHBIX KOMII-
JIEKCOB BEChMa KeJIaTeIbHO IIPUMEHSTh YCOBEPIICH-
CTBOBaHHBIH MeTO ITy6oKoro 00y4yenus HC, Tak kak
OH SBISIETCS MOIIHBIM CPEACTBOM PAaCHO3HABaHMs
U TIPOTHO3MPOBAHMS CHT'HAJIOB, & €T0 CIIOCOOHOCTB
K 00y4eHHIO Ta€T BO3MOXKHOCTD pa3padaThIBaTh aIarl-
THUBHBIE CHCTEMBI 3aLUTHl U JUarHOCTHKU 000py0-
BaHM JOKOMOTHBOB. MIc10/1b30BaHuE HEHPOCETEBBIX
TEXHOJIOTHH JUIsl OTIEPaTUBHOTO KOHTPOJIS, KOPPEKIIUH
00BEMOB IUTAHOBBIX BUIOB PEMOHTA, A TAK)KE OIIEHKa
TEeXHUIECKOTO COCTOSHHS 000pyI0BaHMS JTIOKOMOTH-
BOB MMEET XOPOIINE MEPCHEKTUBBI, T03BOJISIONINE
MaKCHMaJIbHO HCIOIb30BaTh BECh 00BEM THarHOCTH-
4yecKod MHGpOpMalnu, XpaHsIIencs Ha OOPTOBOM
KOMIBIOTEpE /IS TIOBBIIICHHS MOKa3aTeneid S Qek-
TUBHOCTH CHCTEMBI TEXHIYECKOTO PEMOHTA 1 00CITy-
JKMBaHUSL.

Teopernueckn 000CHOBaHA M HKCIIEPUMEHTAIBEHO
noaTBepiKaAeHa dGPEKTUBHOCTD HPETIOKSHHON Me-
TOOJIOTUH, KOTOPask IMArHOCTHPYET HEHMCIPaBHOCTH
s cO0amaHCUPOBAaHHBIX M HecOalTaHCHPOBaHHBIX
HabopoB naHHbIX ATD]] TOKOMOTHBOB C MPUMCHCHH-
€M COBPEMEHHBIX METOJO0B TIyOOKOTO O0ydeHHS.
IIpexxae Bcero, MoTy4YeHHBIE CUTHATBI BBOJSATCS
B nocTpoeHHbli anroputM HC ais mocnoiHoro us-
BIICUEHHUS MPU3HAKOB, MOCIE YEro M3BICUEHHBIC
ITyOOKO YyBCTBHUTENBHBIC NPU3HAKU MEPEAaroTCs
B KJTAaCCHU(UKATOP JUTSl KOHTPOJISL, JUATHOCTHUKH U TIPO-
THO3MPOBAHUSA TEXHUUECKOro cocTostHus ATI/] 10Ko0-
MOTHBOB.

05.22.07 — Iloodsudichoti cocmag scenesuvix 0opoe,
msea noe3008 u 3nekmpuurayus.

Paboma evinoanena u 3awuwena ¢ Ilemepbype-
CKOM 20CY0apCmeeHHOM YHUgepcumeme nymeii cooo-
wenusn Hmnepamopa Anexcanopa 1. ®
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YBAKAEMBIE UYUTATEJIN!

DTOT HOMEp XypHana «Mup TpaHc-
MIOPTa» BBIXOIUT C U3MEHEHHOM CTPYKTYpOil.

[Iponomxkas u3naBarth KypHal ¢ OTKPbI-
THIM JOCTYIIOM U IOJIHOCTBIO HACHTUYHBIMU
TEKCTaMHU BCEX MATEPHAIOB Ha PYCCKOM
1 aHIJIMICKOM sI3bIKax, A1 Barero ymoo0-
CTBa MPHU YTCHUU U 3HAKOMCTBC C HUM
B DJICKTPOHHBIX 0azax JAaHHBIX, HAYUHAaA
C TAaHHOTO HOMEPA, KypHaJ OyIeT COCTOATh
13 IByX YCJIOBHBIX yacTeil. BMecTo BKitO-
YC€HHA B CAMHYIO CTAaThbIO CJICIOBABIINX
Jpyr 3a IpyroM TEKCTOB Ha JBYX S3BIKAX,
B IIEPBO#l YaCTH BBIMYCKa OyIyT MyOJHKO-
BaThCS TEKCTHI CTaTel Ha PYCCKOM fA3BIKE,
BO BTOPO — Ha aHITIMHCKOM S13bIKe. OOI0K-
Ka JKypHaja OyIeT COXpaHATh mapaieb-
HYIO JBYA3BIYHYIO CTPYKTYpPY, & COLepKa-
HUE MyOJIMKOBATHCS C yKa3aHUEM CTPaHUI]
PYCCKOSI3BIYHOM M aHIJIOSN3BIYHOW BepCcHil
cTareu.

Kpowme aT10r0, 32 CUET I3BMEHEHUS AU3aii-
Ha B CTAaTbAX IMO-HOBOMY MNPCACTABJICHBI
JlaHHbBIC 00 aBTOpax, 100aBICHBI HHPOPMA-
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LU O TUIIE CTaThU M CCBUIKA JUIA €€ [IUTH-
poBaHUsL.

Haneemcst, uTo 1aHHBIC H3MEHEHHS OKa-
JKyTCsl IOJIE3HBIMM 111 Bac u chenaror
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DEAR READERS,

This issue of the World of Transport and
Transportation Journal appears with the
updated structure.

While continuing the open access
publication of all the articles, texts and
materials in bilingual fully identical Russian
and English versions, the journal starting from
this issue will be divided into two conditional
parts for your comfort when reading paper
copy or acquainting with its e-version indexed
in digital databases. Rather than divide a single
article into two consecutive parts respectively
in Russian and English, the first part of the
issue will contain articles in Russian, and the
second part will include the same articles in
English. The covers will continue to be
bilingual, while the contents in two languages
will be published at the pages 1-4 with
different numbering of pages for Russian and
English versions of the articles.

Besides, the slightly updated publications’
design allows to change the form of presenting
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the authors, and to include additional
information on the type of the article and for
its citation.

We dare hope that this updating intended
for our readers and researchers will be useful
and will allow more productive acquaintance
with the journal.

The archives of the past issues, information
about the journal, its policy, ethics, and tools
for submitting the articles are at the same
website (https://mirtr.elpub.ru/jour/index).

Besides submitting original articles, we
welcome researchers, academic staff,
students, and readers to submit materials
on new books on transport and
transportation, recent Ph.D. and D.Sc.
theses resulted in attribution of scientific
degrees, in view of possible publication of
relevant information and materials in the
journal.

Editorial Council
and Editorial Staff e
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ABSTRACT

Improving dynamic performance is a priority when designing
new rolling stock. The frequency of natural bending vibrations of
the body is one of the most important standardised indicators,
a preliminary assessment of which allows obtaining optimal body
designs.

The objective of the work is to assess the prospects for the
use of elastic fastenings of equipment to increase the natural
vibration frequency of wagon bodies of suburban electric trains.
Calculations were based on the finite element method and block
Lanczos method.

It is shown that it is advisable to use the rigid area tool and
linearly elastic finite elements to calculate the frequencies in the
simulation. The main ranges of fastening stiffness are highlighted,

World of Transport and Transportation,
2021, Vol. 19, Iss. 2 (93), pp. 150-155
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where the effect of using elastic supports is different. It is proposed
to determine the stiffness of fastenings according to a given vibration
frequency of the equipment. When the equipment is rigiclly attached,
the relative mass of the equipment does not affect the body bending
vibration frequency. With elastic fastening, a greater effect can be
achieved with a larger relative weight of the equipment. The effect
of using resilient mounts increases with heavier equipment located
closer to the centre of the body. It is shown that the effect of shear
admittance of fastenings on the body vibration frequency is within
1% and may not be considered in the simulation. In the considered
example of a wagon body of a suburban electric train, the use of
elastic supports allows an increase in the frequency of oscillations
of the body by 3-10 %.

Keywords: railway, body, electric train, fastening stiffness, finite element method, modal analysis, natural frequency, wagon dynamics.
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INTRODUCTION

The development of modern railway
transport involves an increase in design speeds
while ensuring traffic safety. An increase in
speed of movement inevitably causes difficulties
in ensuring the dynamic qualities of the running
gear. One of the ways to solve this problem is
to reduce the weight of wagons. Optimisation
of the design of the running gear to reduce
weight is relevant for any speed of movement,
since it leads to a decrease in wear in the wheel-
rail system, a reduction in energy consumption
and an increase in passenger capacity [1].

One of the elements of the wagon with the
highest specific weight is the body. However,
reduction in the mass of the bodies leads to a
decrease in overall rigidity that negatively
affects frequency of natural vibrations, the level
of vibration acceleration, and, accordingly, the
indicators of smoothness. An increased level of
dynamic loading of the body can lead to fatigue
damage [2]. Therefore, development of various
damping systems is relevant. For the entire
vehicle, the correct choice of parameters of two
stages of spring suspension is first of all
important [3; 4]. Choosing the most efficient
body design in terms of weight and rigidity is
also important to ensure dynamic performance.
One of the normalized parameters of dynamic
properties is the first frequency of natural
bending vibrations of the body (FNBV).
According to Russian domestic regulatory
documents, its value for a fully equipped car
body of multiple unit rolling stock should not be
less than 8 Hz!. This parameter allows an express
assessment of the dynamic qualities of the body
without building a complete dynamic model. The
higher is FNBV value, the lower the average
levels of vertical acceleration will be and, other
things being equal, the lower will be the
smoothness of the ride. An increase in the value
of the first FNBV can be achieved with the help
of new structural materials, optimisation of the
body structure and the location of the internal
ribs of extruded panels, and variation in the
location of window and door openings [5-8]. In
case of using a rigid fastening of undercarriage
equipment, an increase in the value of FNBV can
be achieved with the help of a rational arrangement
of' boxes [9]. Meanwhile, the elastic attachments
of equipment can also affect the dynamic
qualities of the vehicle [10].

! GOST [Russian state standard] 33796-2016. Multiple unit rolling
stock. Requirements for strength and dynamic properties, P. 3.

Studies of high-speed rolling stock show
that the use of elastic supports, with the
correct choice of rigid and damping properties,
makes it possible to reduce the amplitudes of
vibration accelerations in the vertical and
transverse directions and improve the
smoothness of the ride [11]. Suspension
parameters must be carefully selected to avoid
resonance during joint vibrations of equipment
and body [12].

Vibration damping is possible due to the use
of active and passive vibration dampers,
vibration isolating supports. Due to the high
cost of dampers, vibration isolating supports are
most often used. However, in this case, it is not
possible to achieve high values of the damping
coefficient due to significant heating of the
isolating material, which increases the likelihood
of its aging and destruction [13].

Dynamic calculations can be performed
analytically, using the differential equation of
motion and a beam model of the body [14], or
using three-dimensional finite element models
[11]. The latter method is the most accurate, as
it allows to adequately consider the actual
rigidity of the body [15]. Until now, studies of
influence of flexibility of equipment fastenings
have been carried out for high-speed rolling
stock without considering the influence of
standing passengers [10; 12; thirteen].

The objective of this work is to assess the
prospects of using flexible supports for fastening
equipment of wagons of suburban electric trains
marked by intense vibrations of the frame
structure.

RESULTS
Body Design and Calculation Procedure

The body of a suburban train wagon taken as
an example for further study (Pic. 1), made of
structural steel, consists of a frame, side and end
walls and a roof. For the body material, Young’s
modulus is set to 2,1+10° MPa and Poisson’s ratio
is 0,3. A structure with two planes of symmetry is
considered, which, under symmetric vertical
loading, allows using a quarter of the body in
calculations. The body frame has a classic design,
consisting of a closed profile body frame, cross
bearers, span bolsters and reduced centre sills. The
span bolsters are connected to the body frame with
side frame diagonals. The vestibules are located
in the end parts of the body, there are exits to the
lower platforms. In the undercarriage space there
are four equipment boxes of the same weight. The
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Pic. 1. Structural diagram of an electric train wagon body (the
author’s diagram).

.y

structure is loaded with its own gross weight,
including the weight of passengers sitting and
standing on the free floor area at the rate of
7 persons/m?. The location of all internal elements
of the wagon is considered on the basis of the
design documentation. Loads are applied by
varying the density of the respective body parts.
The body is located on elastic supports with a
vertical stiffness 0of 0,66 MN/m, which corresponds
to the total stiffness of two suspension stages for
a gross weight of 55000 kg of a wagon body. Since
only vertical vibrations are considered, stiffness
of supports in other directions is not taken into
account in all cases, with the exception for a
separate assessment of their impact on FNBV. For
four boxes of undercarriage equipment, an
assessment was made of the influence of rigidity
of equipment fastenings on FNBV. Each box
weighs from 275 to 1100 kg. The rigidity of the
box was modelled in two ways: using the full
frame model of the box and using the rigid area.
The rigid area assumes the mutual limitation of
translational degrees of freedom for the main node
corresponding to the centre of mass of the box,
and the secondary nodes, which are located at eight
points of the box attachment — the lower nodes of
elastic elements that simulate flexible attachments.
The upper nodes of these elastic elements are
located on the brackets and bearers of the body at
the attachment points of the equipment.
Frequencies of natural vibrations are determined
using ANSYS software package by the finite
element method using the block Lanczos method.
To simulate the body and equipment, four-node thin
shell elements, one-node mass elements, and two-
node linear elastic elements are used. The average
shell finite element size in the model is 50 mm.

Analysis of Simulation Results
The results of calculating FNBV with

2 GOST 33796-2016. Multiple unit rolling stock.
Requirements for strength and dynamic properties, P. 3.

stiffness of fastenings from 0 to 1000 MN/m are
shown in Pic. 2. Simulation of equipment boxes
with a rigid area leads to an error in determining
the upper FNBV up to 1 % (left curve) and the
lower FNBV up to 3,5 % (right curve) for a given
body design. In further calculations, the rigidity
of the equipment is modelled using a rigid area.

Natural vibration frequencies of equipment
boxes as a rigid whole body with low rigidity of
fastenings do not cause bending vibrations of the
body. Their oscillations occur at frequencies of
3-6 Hz, which exceed the frequency of body
bouncing oscillations, but do not exceed FNBV.
With an increase in rigidity of fastenings, the natural
vibrations of the boxes begin to cause bending
vibrations of the body, the amplitudes of which
increase. At a certain stiffness value of fastenings,
the amplitude of body oscillations on the lower
FNBYV (at which the boxes and the body experience
in-phase oscillations) become comparable to the
amplitudes on the upper FNBV (oscillations of the
boxes and the body in antiphase). With a further
increase in rigidity of fastenings, bending vibrations
of the body are determined by the lower FNBV
(Pic. 2). In the limiting state, when the rigidity of
fastenings is high (the absence of elastic fastenings),
the masses of the body and equipment also vibrate
in one and the same direction.

Thus, it is possible to distinguish three
conditional ranges of rigidity of equipment
fastenings, which affect the dynamic qualities of
the body. The first range of low stiffness (Pic. 2)
is characterized by low vibration frequencies of
the equipment and does not meet safety
requirements of railway transport due to possible
resonance with vibrations of the body on spring
suspension. The second range of medium stiffness
is transitional and its left part contains mostly the
values of the fastening stiffness that are the most
optimal from the point of view of improving the
dynamic qualities of the body. However, when the
stiffness values correspond to its right side, it is
possible that low FNBV appear, which devalues
the use of elastic fastenings. Finally, in the third
range of high stiffness, the body experiences in-
phase vibrations with the equipment boxes at
frequencies lower than the frequency when the
equipment is rigidly attached.

Also, FNBV values were obtained for various
weight fractions of equipment. The values of
stiffness of elastic fastenings were taken at a
given natural vibration frequency of the
equipment as of a body with one degree of
freedom:
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Pic. 2. FNBV with different rigidity of fastening of undercarriage
equipment with a total weight of 4400 kg (developed by the author).

2
47 2y,
— q
k= ,

n

(M

where fis frequency of natural vibrations of the
equipment;

m, —mass of the equipment;

n —number of box fasteners.

The range of equipment vibration frequencies
6-9 Hz is considered. For all considered
fastening stiffnesses, the upper FNBV is
proportional to the value of the specific weight
of the equipment (Pic. 3). Consequently, the
greater is the weight of the equipment located on
the body, the greater increase in the upper FNBV
can be achieved.

When setting a certain frequency of the box
for selection of the stiffness of fastenings, it
should be borne in mind that the actual natural
frequencies of the boxes can be, as the calculation
shows, 2—5 % less than the indicated frequency.
This is due to the additional flexibility of the
fastening areas in the body bearers.

To effectively reduce body vibrations with a
relative weight of the equipment of 0,02—0,08,
the frequency of the equipment should be
approximately 12-42 % lower than FNBV on
spring suspension, taking into account the
flexibility of the equipment fastenings.

With a given mass of equipment, the greatest
influence of the equipment on FNBV can be
achieved by increasing the rigidity of'its fastenings.
However, the stiffness values in this case must
belong to the left side of the transition range in order
to avoid the appearance of resonant oscillations at
the lower FNBV. For example, Pic. 4 shows the
forms of bending vibrations of the body for a
specific gravity of the equipment of 0,08 and
vibration frequencies of the equipment of 6 and
9 Hz. If at a frequency of 6 Hz the amplitudes of
body oscillations at the lower frequency are an
order of magnitude less than the amplitudes at the

Pic. 3. Dependence of FNBV on specific weight of the equipment (on
the right - values of f, Hz) (developed by the author).

upper one (Pic. 4a), then at a frequency of 9 Hz
the amplitudes of the oscillations differ by a factor
of two (Pic. 4b). Thus, the use of the equipment
fastening rigidity higher than 0,44 MN/m (which
corresponds to the equipment vibration frequency
of 9 Hz) in this case can lead to the undesirable
appearance of resonant oscillations at the lower
FNBV of 8,38 Hz (Pic. 4b). In fact, this will mean
a negative effect of the use of flexible fastenings,
since FNBV with a rigid fastening of equipment
in this case is 9,85 Hz.

When the equipment is rigidly attached,
FNBYV on flexible supports does not depend on
the specific weight of the equipment. At the same
time, it is known that there is a proportional
increase in FNBV on rigid supports with an
increase in the specific weight of rigidly fixed
equipment [9].

The influence of arrangement of boxes of
undercarriage equipment was estimated by
calculations for models with four, two and one
boxes of the same total mass of 4,4 tons. Each
box had eight fastenings (Pic. 5).

When the equipment is located in four boxes,
the upper FNBV turns out to be the smallest.
When the equipment is located on the sides of
the wagon in two boxes or in the centre of the
body in a single box, FNBYV increases by about
2-3 % (Table 1). The instability of frequency
values in case of one or two boxes is explained
by the different flexibility of the fastening
bearers. A more distant location of the equipment
from the centre of the body leads to less
compensation for body oscillations in antiphase
with the equipment and, accordingly, to a lower
value of FNBV. Thus, it is most efficient to locate
heavy equipment on elastic supports in places
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Influence of equipment location on FNBV

Equipment vibration frequency, Hz with the indicatelc:lljl]jr\n,ber of boxes, Hz
1 2 4
10,61 10,62 10,4
10,77 10,8 10,51
10,94 11,02 10,68
11,13 11,28 10,94

rigidity of the equipment fastenings, which
allows increasing FNBV in the example under
consideration by 3—-10 %.

Anti-vibration mountings usually exhibit
flexibility not only in the vertical, but also in the

Eﬂ

with the highest vibration amplitudes of the body,
that is, near its central section. Nevertheless, it
is more important to choose the optimal value of

Pic. 4. Forms of body vibrations on the upper (top) and lower longitudinal and transverse directions [13]. To
(bottom) FNBV at the equipment frequency of 6 (a) and 9 (b) Hz g . [ ]
(author’s scheme). assess the effect of the shear stiffness of supports

in the other two directions on FNBYV, the body
model was supplemented with elastic elements
in the attachment areas, which ensure that the
stiffness of the supports in the longitudinal and
transverse directions is taken into account. Thus,
each support for fixing the equipment box was
modelled by three independent elastic elements.

The calculation results are shown in Pic. 6.
FNBYV values corresponding to curve 1 were
obtained without considering shear stiffness of
fastenings, to curve 2 — considering the absolute
shear stiffness. The results obtained at any actual
values of shear stiffness are located between these
curves. For example, in the case of equal rigidity
of fastenenings in three directions (markers in
Pic. 6). For the values of the vertical stiffness that
can be used to increase FNBV (0,1-0,7 MN/m),
the differences in FNBV values at various shear
stiffnesses do not exceed 1 %. Therefore, when
choosing rigidity of equipment fastenings, the
shear rigidity of fastenings can be neglected. This
simplification is permissible in the case of a
bending body shape characterised by intense
vertical vibrations. However, in case of
considering other modes of vibration (for
example, asymmetric diamond-shaped one [16]),
shear stiffnesses can have a more significant
effect on frequency of natural vibrations.

Pic. 5. Variants of location of the undercarriage equipment (the
author’s schematic diagram).

Pic. 6. Dependence of FNBV on vertical stiffness of the equipment CONCLUSION

fastenings with absolute flexibility (1), absolute rigidity (2) of . . : :
fastenings in two perpendicular directions. Markers show the same The installation of €quip ment on flexible

rigidity of fastenings in three directions (developed by the author). fastenings with the optimal selection of their
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rigidity leads to an increase in FNBV of a suburban
electric train wagon. The preliminary selection of
rigidity of fastenings can be carried out according
to the values of the natural vibration frequency of
the equipment.

Simulation of equipment installed on
flexible supports is most efficiently performed
using linear elastic elements and a rigid area
tool, which allows estimating FNBV with an
error of no more than 1 % compared to the
method of full modelling of the equipment
frame. In this case, the influence of the shear
stiffness of the supports on FNBV is less than
1 % and may not be taken into account.

The heaviest equipment, when installed on
flexible fastenings, is advisable to be located closer
to the centre of the body for more effective
compensation of bending vibrations of the body.

With a constant gross mass of the body, an
increase in the relative mass of the equipment
installed on flexible mountings from 0,02 to 0,08
leads to an increase in FNBV on elastic supports,
and practically does not cause changes in FNBV
in case of a rigid attachment of the equipment.
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ABSTRACT

Significant changes that are currently taking place in the
external environment are objective prerequisites for emergence of
new management methods that predetermine the practical period
of transition of enterprises from strategic planning to strategic
management (transfer of thinking based on the future to the thinking
based on the present following the principle «here and now»).

So, for example, large production structures focus on stability,
therefore they react slowly to changes in the external environment,
take little risks, and tend to traditional solutions. Modifying options
developed at large enterprises are developing what is, as well as
complementing and differentiating the existing situation, where the
limited possibilities of any kind of evolution of any system can exist
solely within its limits.

Efficiency reflects the results of development, but is not
identical with the results, because no saving of some factors of
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production can be achieved without additional costs of others. The
strategy turns here into real one only if it based on the concept of
developing new specific products or processes subject to the
following indicator of progress: the maximum earned with the
minimum of expenditures.

The objective of the study is to identify modern regulatory
factors in social systems in transport sector concealed in the goals
and risks of such activities, while the main object of study is road
transportation. The article uses methods of theoretical and
empirical research in relation to goals and risks that can be
determined and observed in the activities of transport socio-
technical systems.

Goals and risks are defined as factors that allow regulating
key performance indicators of socio-technical systems that affect
their effectiveness.

Keywords: transport, risks, risk reduction, risk management, risk regulation, transport risks, risk identification, efficiency.
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INTRODUCTION

The transport industry is among the sectors
more vulnerable to risks, which requires transport
companies to use effective enterprise risk
management strategies. By using right methods and
tools, these companies can reduce a significant
portion of their risks and better respond to the
situations when they arise [1].

Modern regulatory factors in social systems in
transport sector lie in the actual goals of
transportation activities, including work in the
interests of customers, conscientious fulfilment of
obligations undertaken, support and development
of mutually beneficial, long-term relationships with
partners. Besides, modern regulatory factors in
social systems in transport sector are closely related
to risks as integral components of transport
activities. By managing risks, it is possible to
effectively influence both the social and technical
components of transport systems.

Risk management is a process of analytical and
managerial activity aimed at identifying and
responding to emerging uncertainty inherent in
managing a complex system and its assets.

The risks that transport companies face vary
but can include integrity and safety of the vehicle
fleet, safety and retention of drivers, and
compliance issues. Some of these risks are directly
influenced by external factors such as weather,
traffic, and road conditions. Carriers also bear
many other risks. They are responsible for
delivering the shipments that support the business
of their shipper clients. Any disruption, including
accidents, loss of cargo or financial problems, can
cause a disruption in the supply chain, which
damages reputation and lowers profits [2].

Some of the «modern» risks that the transport
industry face are related to technological advances,
cyber vulnerabilities and market fluctuations caused
by international trade disputes. In addition, the
deepening shortage of qualified drivers, regulatory
compliance and the poor state of road infrastructure
are also ongoing challenges. Although many of
these risks are beyond the control of transport
companies, there are actions they can undertake to
reduce their risks and be able to respond to them
appropriately [3].

The objective of the study if to determine
modern factors regulating social systems in
transport sector concealed in goals and risks of
transportation activity. The study uses the methods
of theoretical research, based on the study of the
degree of elaboration of similar issues by other
researchers, of their relevance, on their critical

assessment. Besides theoretical methods, the article
uses methods of empirical research in relation to
goals and risks, expressed in the presentation of
information obtained empirically.

RESULTS
Goals and Risks in Transport Sector

Implementing transport risk management is
a way of assessing specific risks and developing
a strategy to meet those risks.

With so much at stake regarding the impact of
transport risks on commercial activity, each transport
company must develop a transport risk management
solution that will guide their policies and operations.
The solution not only reduces risk but can also serve
as a powerful sales tool that will attract shippers who
want to be sure their goods are in good hands.

When a transport company is unable to
implement an effective transport risk management
solution, its management advises their employees
and customers that risk management is not a top
priority. This can be detrimental to morale, to
attracting knowledgeable, skilled drivers and
winning business. Many shippers are now asking
their carriers what rules are in place to mitigate
the risks that could affect their shipping. Without
a concrete and clear risk management solution
that they can easily show customers and
determine the level of risks involved, shippers
are more likely to go to another carrier. There is
too much at stake to take risks.

The main concern of amodern carrier is to ensure
smooth operation of the supply chain. As part of their
transport risk management efforts, carriers should
consider insurance coverage and its terms,
responsibility at each stage of the supply chain,
business continuity plans, the value of their cargo,
as well as ensure loss prevention [4].

Transport risk management may not be the same
for any company. However, there are fundamental
elements that each transport company should
implement in their practices. There are some useful
recommendations to be made for transport companies
looking to mitigate the risks inherent in their industry:

* Development of executive support for risk
management.

* Defining the principles of risk management and
responsibility of the organisation.

* Formalisation of approaches to risk
management, using a holistic approach to support
decision-making and improve successful
achievement of strategic goals and objectives.

 Using risk management to revise existing
policies, processes, and standards.
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* Incorporating risk management into existing
business processes so that decisions are made
successfully when assets, productivity and risk
management are pooled.

« Identification of risk owners and risk
management at the appropriate level.

* Use of the risk management process to support
distribution of risks in decision-making, development
of programs and projects.

« Using risk management to obtain a business
case for transportation and gain trust of stakeholders.

« Use of sophisticated risk analysis tools followed
by communication of the results to stakeholders.

Modern solutions allow carriers to identify risks,
analyse their severity and automate the task of finding
alternatives with less risk. Revealing risks involves
identifying the shipment and the variables that could
affect its delivery. Unfavourable weather conditions,
extreme temperatures, social hazards, natural
disasters and outages (failures) of infrastructure are
among the most common risks [4].

The decision can then accept these identified
risks and assess their likelihood at any stage of the
delivery route. This is an important factor to consider
because when looking only at pick-up and drop-off
locations, intermediate points are ignored, while the
biggest disruptions can occur right there. Most
carriers lack the manpower, technology, or time to
gather this amount of information, especially when
multiple shipments move to different locations across
the country. Technology has dramatically improved
accuracy, scale, and speed of revealing this data, and
it has improved dramatically over the past decade.

Besides identifying potential risks, they must be
analysed to find out their likelihood, severity,
geography, and timing. For example, forecasted
freezing rain may have a 70 percent chance of falling
in one of the northern regions of a country on
aMonday route, but if vehicles are expected to leave
that region on Sunday, shipment can be made as
scheduled. Alternatively, if vehicles are not expected
to leave until Tuesday, there is a 50 percent chance
that the shipment will be delayed due to road icing.

This is where the next stage of a risk management
process can be effective which is decision making.
With the information obtained, the carrier can
decide when the shipment should begin. If you
move the pickup date to an earlier week or postpone
it until the temperature rises above freezing,
freezing rain may not affect the shipment. Yes, the
shipment can be early or late, depending on this
decision, but cargo will be safe and will not be
affected by low temperatures or slippery roads that
can damage cargo and/or vehicles [5].

The carrier can better plan a pickup date,
determine which risk the company is willing to take
with each shipment, decide what equipment might
be needed to protect cargo, determine which mode
of transport is the best one. This decision-making
phase should include accurate real-time data and
predictive data presented in a clear manner.

Flexible planning means transport risk
management and it is critical to stay competitive,
profitable, and delivering value to the customers.

The key to finding a solution to transport risk
management is understanding transparency
associated with risks. Both shippers and carriers need
to receive real-time information about shipments:
what each vehicle carries, how a specific cargo
should be transported, delivery routes, expected and
actual times of receipt and delivery, as well as all the
variables that may affect these various elements [6].

There are many variables, and some of them are
unpredictable. Weather, natural disasters, crime,
protests or riots, infrastructure problems, drivers’
health and safety, and other issues can directly or
indirectly affect delivery reliability. By predicting
these variables in advance, carriers can better set
expectations, lower costs, and ensure that goods are
properly cared for and delivered as expected.

This type of detailed visibility, of course, requires
appropriate technology, but basic or outdated
technology does not meet the needs. Today, more
and more companies are relying on artificial
intelligence, cognitive technology, and machine
learning to collect data that is distributed across
multiple systems. The opportunities are numerous,
and now the transportation industry must use them
to manage their solutions.

When looking for a solution for managing
transport risks, it is imperative to find the one that
eliminates all risk threats to the company, and
provides useful data that will be used for decision
making. This means that the company must be aware
of its risks, regularly conducting a thorough
assessment of them. Transport companies should ask
themselves: «What risks can affect the strategic goals
and objectives of the company? How should we
prioritise our investments? What is the likelihood of
delivery on time and on budget» [7]?

Once these factors are understood, a risk
management solution can be developed.

In addition to weather and other variables that
can affect a carrier’s performance, there are always
safety concerns. If, for example, the driver does not
adhere to the rules of safe driving, not only the cargo
is at risk, but also the company, which can be liable
for accidents, injury and even death. They are
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responsible for each vehicle leaving the warehouse/
storage/dock. The responsibility for compliance by
drivers with safety regulations and serviceability of
rolling stock lies with the carrier. These considerations
are critical to mitigate risks.

Compliance, safety, accountability are pillars of
risk prevention, making carriers and their drivers
responsible for complying with rules that directly
affect safety [8].

Factors of Risk Management in Social Systems
in Transport Sector

Below are the risk management factors in social
systems in transport sectors.

1. Unsafe driving—unsafe driving ofa commercial
vehicle, for example, speeding, reckless driving,
wrong lane changes, inattention, etc. [9].

2. Failure to comply with working hours —
violation or non-observance of the rules of working
hours or driving when tired.

3. Fitness of a driver — drivers must have
adequate health, psychological and personal
qualities, as well as appropriate training and
experience to safely operate a vehicle.

4. Prohibited substances / alcohol — misuse of
prescribed or over-the-counter drugs, or a change in
the driver’s condition for the worse due to prohibited
substances.

S. Vehicle maintenance — non-observance of
vehicle maintenance rules (headlights, brakes,
necessary damage repair, timely maintenance).

6. Failure to comply with the rules for
transportation of dangerous goods — prevention of
leakage of containers and tanks with hazardous
substances, incorrect labelling, improperly packed
and loaded dangerous goods.

7. Failure indicator — frequency and severity of
failures.

The goal of transport risk management is not
to eliminate risks. Risks are inherent in every
industry, and many of them are completely
outside the control of any organisation. Instead,
transport risk management serves as a system for
predicting potential disruptions with a single
goal: to help transport companies develop
dynamic processes and systems that respond
quickly, efficiently, and reliably to changing
logistics and transportation challenges [10].

These predictions are just the beginning. They
shed light on what can happen sometime and
somewhere, but the main goal is to have the right
mechanisms available to respond appropriately to
these predictions before they negatively impact the
business. To have a plan of action in all circumstances

(known, foreseeable or unknown), transport
companies must constantly reassess their risks. These
are also not one-time procedures. Risks «travel» with
each vehicle across thousands of kilometres of roads
and across borders. They fluctuate and can change
every kilometre of the route [11].

Companies must have access to accurate,
reliable, and comprehensive information that
provides a clear understanding of vulnerabilities of
the supply chain and transport networks. By
anticipating outages, companies can proactively
minimise their impact. They can create backup plans
or reverse plans to reduce the impact. In fact, they
can be more resilient to change and threats [12].

An important aspect is the development of
relevant skills of management to cope with risks
management and to create motivation systems
diversified by criteria and rewards [13] comprising
development and implementation of corporate risk
management systems as evaluated and rewarded
indicator. The risk management should be included
into corporate training, strategies and concepts of
efficiency improvement, leadership development
at the corporate headquarters’, divisional and front-
line units. Many works are dedicated to the
development of those systems, particularly
regarding risk management (e.g., [ 14—16]) but each
transport company should thoroughly adapt its own
system of indicators to existing risks and to remedial
actions within its managerial system. It should be
explained by the fact that transport companies
(in contrast to e.g., banking) have widely different
activity features predetermined by body of factors
comprising features of rolling stock, transported
goods, customers (big shippers, general cargo, etc.),
logistics facilities, geography of activity, other
factors.

CONCLUSION

So, risk is the effect of uncertainty on goals. In
the broadest sense, risk is everything that can become
an obstacle to achieving goals and objectives. Risk
management is a process of analytical and managerial
activity aimed at identifying and responding to
uncertainties inherent in managing a complex
organisation and its assets.

The practices of risk management in biggest
companies show the following:

* Risk management supports strategic
organisational alignment.

* Mature organisations have a clear structure for
risk management.

* Successful organisations have a culture of risk
management.
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+ Awide range of risk management tools are used.

« Risk management tools are key for making
program investment decisions.

* Various methods of risk management are
available.

* Active risk communication strategies
improve decision making.

» Risk management improves knowledge
management and personnel development.

The conclusions drawn are general ones and
make a basis for development of risk management
systems in particular transport companies.
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ABSTRACT

The starting mode for a ground vehicle is the most difficult
since the static friction force is much greater than the dynamic
friction force. For trains, this mode is such a serious problem
that sometimes it is necessary to take special measures, such
as the use of sand in the contact area of the wheel tire with
the rail or an auxiliary locomotive. An effective way of starting
a train is to select coupling clearances. In this case, cars are
set in motion sequentially and the inert mass, as well as the
static friction force at the immediate moment of starting are
minimal.

This method, however, has two significant drawbacks:
a small set value of clearances in couplings, which limits the
effectiveness of the method, and the shock nature of the
impulse transmission negatively affecting the state of train
structural elements. These disadvantages can be avoided by
using elastically deformable couplings.

The objective of the work is to show the advantage of
starting a train with elastic couplings in comparison with the

Kurgan State University, Kurgan, Russia.

traditional mode using its mathematical description and
analysis. Starting a train with elastic couplings is much easier
than that of a non-deformable one. Moreover, the greater is
the number of wagons, the greater is the advantage of the
former over the latter. The softening of the mode of starting
the train from rest is essentially due to replacement of the
simultaneous start-off of the sections by alternate. This process
is relevant for inertial forces. Regarding the static friction force,
the mechanism will be similar, i.e., not all the static friction
force is overcome at the same time, but its small parts are
overcome one by one. To exclude longitudinal vibrations of
the train, after reaching the maximum tension of the coupling,
it is necessary to mechanically block the possibility of its
harmonic compression with subsequent sampling of elastic
deformation, for example, using damping devices.

The elimination of the transmission of shock loads to the
locomotive engines can be considered as an additional positive
effect from the use of elastic couplings.
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INTRODUCTION

The static friction force significantly exceeds
the motion friction force. This leads to the fact
that the starting mode for a ground vehicle is the
most difficult [1-4]. For trains, this mode is such
a serious problem that sometimes it is necessary
to take special measures, such as the use of sand
in the contact zone of the wheel tire with the rail
or an auxiliary locomotive [5—7]. This problem
is exacerbated by the steady trend of increasing
train mass and length.

An effective way of starting a train is to select
coupling clearances. In this case, wagons are set
in motion alternately and the inert mass, as well
as the static friction force immediately at the
moment of starting, are minimal [8; 9].

This method, however, has two significant
drawbacks: a small fixed value of clearances in
couplings, which limits the effectiveness of the
method and the shock nature of the impulse
transmission negatively affecting the state of train
structural elements.

These disadvantages can be avoided by using
elastically deformable couplings [10].

The literature presents the results of
theoretical studies of structural elements using
flexible and elastic components [11-13].

In this regard, the dynamics of the entire train
in the starting mode is of interest.

The objective of the work is a mathematical
description of the «easy» starting of a train with
elastic couplings.

RESULTS

Calculation of the mechanical system
containing massive locomotives, wagons and
elastic couplings is rather cumbersome [14; 15].
To minimise it, the following assumptions are
made: the force F’ developed by the locomotive
is a constant value; masses of the locomotive and
wagons are equal to each other and are m.

Locomotive and a Single Wagon
The equation of the forces applied to the

locomotive has the form:

d’x,

dt21+k(x1—x2), 1)

F=m

where x,,x, are movements of, respectively, the

locomotive and the wagon;
k is elasticity coefficient of the coupling [16].
The forces applied to the wagon satisfy the
equation:
d’x,

O=m
dr?

—k(x,=x,) .

From the latter equation it follows that:

m d*x.
xﬁ;ﬁ“‘z- 2

Substitution of this equation in (1) gives:
_mid,d, e
k df ar* ar* 2o

3
m2 d4x2 dzxz ( )
=— +2m .
k dr dr
Then let:
d’x
dtzz =z. (4)
And then (3) is written as:
k kF
" 27 &
dH2 =g 5)

Characteristic equation is:

r2+2£:0,
m

Its roots are equal to:

hy=1%i 2% .

General solution of the corresponding
homogeneous equation is:

z,=C, cos /2£t+Czsin /231‘,
m m

Particular solution in accordance with (5) has
the form:
=4,

Its substitution in (5) gives:
P LA i
m m 2m
General solution of the equation (5) is found
as

z=27+2,=C, cos, 2£t+C2sin4/2£t+i_
m m 2m

At the moment of time ¢ = 0 the coupling is
not deformed, therefore, the force does not act
on the wagon and the value (4) is equal to zero.
Therefore, for ¢ = 0, the latter expression will
take the form:

2(0)=0=C, cos /2£0+Czsin1 2£0+i, C1=—i,
m m  2m 2m

Taking this into account:

F f k f k. F
=———co0s,|2—t+C,sin, [2—t +—
¢ 2m m ? m 2m’ (©)

In accordance with (4):

F [m . k
=|zdt=——,|— 2—t—
v=fedl=— 2,
-C, /ﬂcos }2£t+it+ca;
2k m 2m
xzzjvzdt:%cos /2%1‘—

m k F (7)
-C,—sin /Z—t +—1*+Ct+C,.
2k m  4m
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Taking into account (2), (4), (6) and (7):

X, =——-C08 2£t+C2ﬁsin 2£t+
m k m

-C, —51n4,2£t+it2+cat+c4;
’ 2k m  4m
v, = @ _F 2ksm f2kt+C2 /ZEﬁcos LV
dt 2k\N m m mk m
T f sm /Zkt C, fZE—cos 2£t+it+Cz;
m m 2k m  2m
_dn_ izkcos bk,
dt m m

2kt——2—cos 2kt+
m 4k m m

+C, Zﬁ—sm /2kt+i
m 2k m
x,(0)= 0——c0s ’ZkO Cz—sm f2k0+
m m

-G, 2——sin

+—02+C0+C
F F
E-'—CA:O; C4=_E;

m
0)=0=-C, |2 +¢,
v,(0) g T
1,(00=0=C, f2—— C, 2——+C =
=C, /2" e,
2k
m
-C, /§+ca=0
m
C, /§+C3=0

The final solution is:

F 2k, F , F
x1=—Ecos 7t+mt +E;

; G,=0, C,=0,

X, =—CO08, [—t+—1"——
4k m 4m 4k
£ sin 2kt+it-
PN T m - 2m
Vv, =— F sin %t+it
20 2J2km m  2m
R PN
4 m  2m’
F 2k F
a, =———Cos,|[—t+—
m  2m

The characteristic time interval t, (the index
«,» means the number of components of the train)
for the case under consideration is determined
from the condition of maximum stretching of the
elastic coupling. Where in:

al(‘rz)—i=0 or icos /%‘rz =0;
2m 2m m

} k n n|m
2Ty = =
m 2 2\ 2k

For time 1, the locomotive will cover the

distance
) B Ja
k
F n? m F Fﬂ:

4m 4 2k 4k~ 32k 4k
and will develop the speed:

u(w)= ZW \/TC \/;

Fn

m
“2m 2\ 2k 2\/2km 4\/2km

It is appropriate to compare these indicators
with the corresponding values for a non-
deformable train:

F F F,
a=—, v=_—1; x=—1I";
2m’ 2m 4m
x(t,)= Fxm _Fr
2" 4m 4 2k 32k °

v(r) Fn\/i Frn
2 2m2\ 2k a2km

x (T, F‘ltz/(32k)+F/(4k)_1+£

) ~ .
xw)  Felek) ae
n(%) _ FJ@N2km)+ Fr/(42km) ) 2, o,
V(Tz) FT‘/(4M) T .

The ratio of kinetic energies of the locomotive
[17] is:
M =269,
E(1,)
The obtained ratios clearly demonstrate that

the starting-off of a train with elastic couplings
is much easier than that of a non-deformable one.

Locomotive and Two Wagons
The equations of forces applied, respectively,

to the locomotive and the cars are:
2

d°x
F=m dtzl k(6 =X,) 5 (®)
d*x,
k(x,—x,)=m a7 +h(x,—x,) ; C)
d’x
k(x,—x;)=m dt23 .

From the latter equation it follows that:

md’x
X = dt23+x3, (10)
The derivative of this expression is:
d’x, md'x, d’x,
=— +
ar  k dt*  df

Substitution of two latter expressions in (9)
gives:
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. md’x,
kK dr*  k odf? k dr*

+2x,— X, =

3, (11)

The derivative of this expression is equal to:
dix, _m’d’x, mdx, d’x
+3— +
Ak d® Tk drt T dr
Substitution of the obtained expressions in

(8) gives:
F_md’% m*d'x, md'x,
—= +3 +
k Kk df K2 dt*  k df
m* d*x, ,md’x md’x.
+3 24, — 3 _x, =
K at Tk ar T K ar "
m d°x,  om’d'x, md’x,
=3 e A7 O 2 >
k° dt k* dt k dt
d°x,  kd'x K d*x, Kk°F
+4———24 —2=
dr® m dt* m dr m (12)
Let:
d’x.
dtza =z. (13)

Then (12) is written as:
k k? k*F
7" +4mz +3m—z— prap (14)

Characteristic equation:

2
r +4£r +3k—=
m

r22=——' , =+ 3— i\/z

General solution of the corresponding
homogeneous equation is:

7, =C, cos, 3£t +C,sin, /3£t +
m m
+C, cos /ﬁt +C,sin fﬁt
m m

Particular solution has the form:

z,=4.
Its substitution in (14) gives:
2 2
K K F
m m 3m

General solution is found as:

z2=2+2,=Ccos /%t+C2sin f%t+
m m
15
k .|k, F (15)
+C,cos,[—t+C,sin, |—f +—.
m m  3m

In accordance with (13):

m . |3k m 3k
+C3\/%sin\/%t—c4\/%cos\/§t+3imf+cs; (16)
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X, =jvdt=—Cﬂcos %t—C M in % -
R Y3k m 23k m
m k m . /k F
_CSFCOS ;t_CAESIH ;t"’atz‘i'cst‘i‘ce, (17)

Taking into account (10), (13), (15) and (17):

%t +ﬂC2 sin %t +
k

+—C cos\/7t+—C s1n\/7t+———
k 3m

m
x, =—C, cos
k

FoF (18)
+—+—t2+C5t+C6;
3k 6m
v, ddxt2= /3k f3kt+
2m ,%CZCOSJ%I+—I‘+C5=
3k Nm m  3m
=—§1 37mqsin %H
m
(19)
+E 3—mczcos %HLHCS;
3V & m  3m

dv, /3k . ’3k F
=—£=-2C —t—-2C —t+—
7 1 COS , sin - (20)

Taking into account (11), (17), (18) and (20):

x, =-2C, —cos %t 2C, —sin ,%t+iﬁ+
m >k m 3mk

+22—mC cos /Skt+2—C sin /3kt+
3k m 3k m

L2 28, +2C+2C, +

3k 6m

+C, —cos,/ t+C2—s1n / —t+C, —cos /kt+
m m m
+C, Zsin fﬁt—iz‘2 -Cit-C, =
k m  6m
:—Clﬂcos f%t—czﬁsin f%t+C3ﬂcos /£t+
3k m 3k m k m

+C, —sm\/;t+£+it2+cst+ce;
“k m k 6m

v1=ﬂ=C“fﬁsin /% =
dt 3k m
-C, fﬂcos f%t—cs\/zsin\/EH
3k m k m
m k F
+C4\/;cos ZHQHCS; 21)

a,=C, cos /%t—Cgcos £t+i_
m m  3m

In accordance with (20):

a,0)=-26+1 —0. =L
3m 6m

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss.2 (93), pp. 161-166



Table 1
E (T)

E(x)

2,69
4,93

Number of train
sections

n()
x(1) v(x)

2 1,81
3 2,6

1,64
2,22

In accordance with (15):

z(O):O:i+CS+ u
6m

P F.
3m’ 2m

In accordance with (18):
2m F
x,(0) :—C1+§+ C,=0;

i+£+C =0; CS:—£
9% 3k 9%k

In accordance with (16), (19) and (21):
v,(0)=-C, + C, + G =0;

m m
v3(0)=—cz\/3:k—c4\/;+c5=o, C,=0;

v(0)=7 3’”C+c =0;C,=0; C,=0.
2 k

Final solution is:

3kt——cosf t+—t
18k 9k ;
xzzicos f3kt+it2 Ly
9% m  6m 9%k’

—7COS1 72‘ +7COS

—t+—t -—

9k ;
v, = 7Sin 3k ——=>sin k F t
6v3km m 2\/ ’
v, = sin 3kt + it
3 3k 3m
/ k, F
% m \/_ sin t + —t

F /Sk F k, F
=—CO0S,[—t+—CO0S,|—t +—
6m m  2m m
F /3k F
a,=———CO0S,[—1+—
3m m  3m
F f3k F k, F
=—CO0S,[—F——COS,[—t +—,
6m m  2m m 3m

The characteristic time interval T, for the case

under consideration is determined from the
condition of maximum tension of the elastic
coupling.

Thus:

(t )—L—O or icos %r +Lcos E’C =0:
4% 3m 6m \m* 2m \m® ’
Leosv3 f£r3+cos /£r3=0,

3 m m

Solution of the latter equation has the form:

\/E'% =0,427n ; 1, = 0,427n\/ﬁ .
m k

For time t; the locomotive will cover the

distance:

x1(13)=—icos /3" -0,4277, | -
18k m k
—Lcos £'0,427n ﬁ+
2% N\ Vk

2
+i 0, 4277:\/E +E
6m k 9%k

[ 1 )
E —Ecosx/g 0,4277—
k

~Leos0,427m+ L(0,427m) 4 2
2 6 9

M1 ]
——=cos+/3+0,427n—
18COS\/— T

L
k

—icosO 427+~ (O 42771:) E
2 6 9

and will develop speed:

F . |3k m

v,(1,) = ——=sin *0,4277w, [— +
(%) 6v3km . \'m Vi
F k m F m

+ sin /f-o,427 [+ ——0,427m, | =
Jkm m " k 3m " k

isin\/§‘0 427+

__F |63 ’ __F
Nkm| 1 . 1 Jikm'

+=sin0,427n+ 20,4270
2 3

It is appropriate to compare these indicators
with the corresponding values for a non-
deformable train:

F F F

- s y=—t x=
3m’ 3m

2
x(ta)—i 0,427 /— —0,3F ;
k k

F
v(‘ta)—— 0,427m, |— 045\/_ ;
mk

xi(Ts)zz 6-

x(1;)
A(®) 50
v(1,)
The ratio of kinetic energies for the locomotive
is:
Ey(1,)

E(,)

CONCLUSIONS
The use of elastically deformable couplings
solves the problem of starting a heavy train.
Table 1 summarises displacements, speeds
and kinetic energies of the locomotive for the
moments of maximum tension of the elastic
coupling, referred to corresponding parameters
of the non-deformable train.

=4,93,
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The obtained ratios clearly demonstrate that
the starting-off of a train with elastic couplings
is much easier than that of a non-deformable one.
Moreover, the greater is the number of wagons,
the greater is the advantage of the former over
the latter.

The softening of the train start-off mode is
essentially due to replacement of simultaneous
start-off of sections by alternate start-off. This
process is described above for inertial forces.
Regarding the static friction force, the mechanism
will be similar, i.e., not all static friction force is
overcome at the same time, but its small parts
are overcome one by one.

The expressions obtained for displacements,
speeds and accelerations of the locomotive and
wagons have harmonic components. To exclude
longitudinal vibrations of the train, after reaching
the maximum tension of the coupling, it is
necessary to mechanically block the possibility
of its harmonic compression with subsequent
sampling of elastic deformation, for example,
using damping devices.
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ABSTRACT

Mathematical modelling of processes of motion makes it
possible to assess the dynamic characteristics of a wagon at the
stage of its design. However, it is necessary to consider the type
of cargo transported, the movement of which affects the values of
these features.

The paper considers a mathematical model of an eight-axle
railway tank wagon developed using the Lagrange’s equation of
the second kind. The considered mathematical model suggests an
approach based on the consideration of the influence of the energy
of a liquid cargo in a steady state of motion. This influence was
considered by evaluating the kinetic and potential energies of
vibrations of the transported liquid cargo.

Differential equations of vibration compiled for the model under
consideration represent the liquid cargo as a solid. The approach

for considering the effect of liquid cargo during vibrations of a tank
wagon assumes that the total volume of the displaced liquid
approximately corresponds to the volume of the layer of the fluid
determined by displacement of bouncing, or in the case of galloping,
with an angular displacement of one end section of the tank wagon,
the second section rises by the same value, in other words, we
observe the system of communicating vessels. Based on these
assumptions, energy additions are obtained that consider
movement of a liquid cargo under steady-state modes of motion.

According to the proposed approach, preliminary calculations
were performed, and the results obtained were assessed. The
results obtained showed satisfactory convergence with the
calculations carried out using other approaches to modelling of the
processes of movement of railway tank wagons.

Keywords: transport, tank wagon, dynamic properties, liquid cargo vibrations, eight-axle tank wagon, loading, barrel.
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INTRODUCTION

While modelling the processes of rolling
stock movement along a railway track, researchers
are interested in indicators of dynamic properties
(dynamic coefficients, dynamic forces of various
directions, acceleration, movement of structural
elements) [1; 2], the values of which are
ultimately determined by the values of kinetic
and potential energies and by their ratios during
operation of the system.

Given this circumstance, we can say that if
studying the processes of movement of a wagon
with a liquid cargo with a mathematical model,
it becomes possible to reflect with relative
success the energy indicators of moving masses
of liquid, then as a result, it will be possible to
create an optimised simplified model reflecting
the effect of a liquid cargo on the indicators of
smoothness at steady state of motion [3]. The
solution to this problem would allow to obtain
assessment of the ride performance and loading
of the cargo tank for any transport units
associated with transportation of liquid cargo.
The objective of the work is to solve this problem
by creating an optimised simplified model
reflecting the effect of a liquid cargo on the
indicators of smoothness at steady state of motion
regarding railway tank wagons.

MATERIALS AND METHODS

It should be noted that, as a rule, when
developing mathematical models of oscillations
of tank wagons, the transported cargo is
considered as a solid body [4; 5]. However, as
noted above, the transported cargo affects the
indicators of the dynamic properties of the
considered models of tank wagons. Thus, it is
necessary to use computational approaches that

consider the energy contribution of the liquid
cargo to the overall system.

The works [6-9] estimate the influence of
a liquid cargo during transient modes of
operation, where the description of flow of fluid
is carried out by equations of continuum
mechanics. Consideration of the influence of
liquid cargo in modern software systems is
carried out by solving the problems of
hydrodynamics [10; 11] or using pendulum
analogy [12-14].

In the proposed work, the technique is based
on the assumptions that the tank shell is
absolutely rigid, and the structure is symmetrical
with respect to the longitudinal and transverse
planes. The tank has a circular cylindrical shape.
The origin of coordinates coincides with the
centre of the middle cross section. The
longitudinal X axis is directed along the cylinder
axis, the Y transverse axis coincides with the
horizontal diameter of the middle cross section,
and the vertical Z is directed along the vertical
diameter of the middle cross section.

The generated models are fundamentally
based on the law of conservation of energy, i.e.,
transformation of kinetic energy, associated with
the speed of the wave, into potential energy,
specified by the height of the wave.

The development of mathematical models is
carried out using the Lagrange’s equation of the
second kind [15], which for the problem under
consideration will get the form:

4ot op
dr o4, og,

i

0 (1)

where @, is generalised coordinate,
T, - klneth energy of the system,
P_— potential energy of the system.

Pic. 1. Design scheme for determining oscillations of a tank wagon (developed by the authors).
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Pic. 2. Design scheme for determining the energy additions due to vibrations of the liquid load during
oscillation of bouncing (developed by the authors).

Pic. 3. Design scheme for determining the energy additions due to vibrations of the liquid cargo during
galloping oscillations (developed by the authors).

RESULTS
System of Differential Equations

Asadesign model, we will consider a conditional
model of an eight-axle railway tank wagon.

In this work, we use the following
designations:

m, — gross mass of the tank;

J, — moment of inertia of the tank;

m, ; — mass of the connection beam,;

J,, — moment of inertia of the connection
beam;

C, — vertical stiffness of the connection beam;

C, — vertical stiffness of the spring suspension
set;

J, — coefficient of dry friction of the friction
vibration damper;

2L, — tank base;

2L, —length of the cylindrical part of the tank;

2L, — bogie base;

My 2sae ~ function of unevenness of the track
under the corresponding bogie;

z, — vertical displacement of the centre of
mass of the tank;

¢, — angle of rotation of the tank relative to
the transverse axis Y;

z,, — vertical displacement of the centre of
mass of the connection beam;

¢, —angle of rotation of the connection beam
relative to the transverse axis Y;

p, — density of the mass of the transported
liquid cargo;

g — acceleration of gravity;

B, — angle of filling with the liquid cargo;

R —radius of the tank;

H —linear area of the free surface of the liquid
in the transverse direction, defined as H=2sinf ..

For the scheme shown in Pic. 1, the system
of differential equations will look like this:

ml'z'1+C1(211—z2 —za):O

Ty +CLy (20,1, —2,+2,) =0

myz,+C (-2~ 0L, +2,)+

+C, (L+ f,sign (Ag,Ay)) (22, ~my() =, (1)) =0
19, +C, (1+ f,sign(A,,A,) ) (20,1, —m, (1) =, (1)
mZ+C (—z + 4L, +25)+

+C, (L+ fisign(Ag, Ay) ) (22, —y(1) =7, () = 0
05 +C, (1+ £, sign(Ag, Ag) ) (20, L, — (1) =, (1)) =0,

e
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where Aj5 = 22,5~ ,(1) —n,5(0),
Ags =22, =My 5(1) = ,5(0),

Ayg =20, 3L =My5 (1) =M, 4 (1),

Ayg =245 L =ity (1) =1y, (1),

1when x>0

— discontinuous function
—1when x <0

sign(x) :{
denoting sign change.

In the given system of differential
equations (2), the transported liquid cargo is
perceived as a solid. Naturally, the values of
the kinetic and potential energies of the wave
motion of the fluid surface depend on the
height of the waves arising on the free surface
of the liquid cargo. When simulating
oscillations of the free surface of a liquid in
problems, it is possible to introduce the
assumption that the total volume of the
moving liquid approximately corresponds to
the volume of the layer of fluid determined
by the bouncing displacement, i.e., by the
value z, (Pic. 2). This assumption can be
substantiated by the fact that the volume of
the wave lifted above the layer in state of rest
is equal to the volume of the wave under this
layer. Thus, the presented model additionally
introduces the contributions of the kinetic 7|
and potential P, energies of the liquid cargo
moving due to the vibrations of the tank.

Let’s determine the volume and mass of
the liquid cargo captured because of bouncing
oscillations. We will assume that this level
corresponds to the level of displacement of
the tank z,. Then the volume of this mass will
be equal to:

Vi =2RsinB; 2L z,.

Then the kinetic 7, , and potential P
energies will be determined as:

2RsinP; 2L z, .
T, = P ZBm % 2 3)

B =P 2RsinB, 2L z,87,.

Ivert

Substituting expressions (3) into equation
(1), we obtain expressions for substitution
into the initial system of differential equations
(2):

d o°T, . . .
—5* =4p,RsinB, L, (zl2 +z1z1);

dr 0%, (4)

hoen _ =8p,Rsin P, gL z,.

2

Let’s consider angular oscillations. With
angular vibrations, we observe the model of

communicating vessels, i.e., with an angular

displacement of one end section of the tank
(for example, downward), the second section
rises by the same value. And at the same time,
there is obviously a displacement of the
volume of the liquid. With angular vibrations,
the volume of the liquid situated to the left of
the middle section should be equal to the
volume of the liquid situated to the right.

Let’s find the volume of liquid V| and
speed of movement of the centre of mass v,
changing due to angular oscillations of the
tank

. 2. .
Viane = LiRSIHﬁﬁld)l; Ve :7Lc(¢1' (5)

lang

Taking this into account, the kinetic T
and potential P energies of the flowmg
liquid will be determined as:

4 ) -
Tlvang =§p|L‘:R sin ﬁﬁl¢l¢|;

, 2 ©)
Plang =§Lip1RSin Brgd:-

Substituting expressions (6) into equation
(1), we obtain expressions for substitution
into the initial system of differential equations
@:

;it (’;q)T gplLARSIHBm (¢1 +9, ¢1)
oR,

8 .
% gLale sin By g0?7.

)

Besides vertical displacement of the centre
of mass of the flowing liquid, it is necessary
to consider its horizontal displacement. Using
the reasoning described above, we obtain the
values of the kinetic 7| —and potential P
energies of the horizontal displacement of the

centre of the mass of the flowing liquid cargo:

2
T =22 BR800 2 Reosp

®)

. 2
Bior =2p, LiR sin Bﬁ1¢1g§ RcosBd,.

Substituting expressions (8) into equation
(1), we obtain expressions for inclusion in the
initial system of differential equations (2):

d o°T, 8
dr op2 9
oP 8

% nglez sin B cos B ¢,
1

LR sin By cos® By (¢f +06, );

&)

Thus, substituting expressions (4), (7) and
(9) into the expression, we obtain a general
system of differential equations for the
oscillations of the shell of the tank considering
the dynamics of the liquid cargo (10).
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Table 1
Coefficients of vertical dynamics (authors’ calculations)

Speed, km/h | Rate of loading of the tank with the liquid cargo

95 % 80 % 70 % 50 %

kdl kd2 kdl de kdl kd2 kdl kd2
20 0,003 0,004 0,006 0,004 0,012 0,004 0,022 0,004
40 0,014 0,017 0,01 0,017 0,015 0,017 0,017 0,016
60 0,041 0,045 0,033 0,041 0,033 0,046 0,029 0,042
80 0,124 0,132 0,1 0,124 0,087 0,126 0,079 0,131
100 0,26 0,287 0,217 0,279 0,22 0,27 0,197 0,264

k,, — coefficient of vertical dynamics considering oscillations of the liquid cargo.
k,,— coefficient of vertical dynamics without considering oscillations of the liquid cargo.

Pic. 4. An example of a graph of changes in the forces acting on the seats of the tank: black lines denote changes in forces without considering
movement of the liquid cargo, red lines (italics) show changes in the forces on the seats of the tank considering movement of the liquid cargo
(developed by the authors).

mz,+C, (22, -2, — 2,) +4p,Rsin By, L, (112 + zlzl) +
+8p,Rsin B gL .z, =0
S, +CL, (20,L, —2,+2,) +
8 . . .
+ 9 pleR sin (¢12 +0,0, ) +

8 .
+§Lip,Rsm Bmg¢1z +

+gp1L§R3 sin B, cos’ By, (¢12 +0,0, ) +

+ % L’p R’ sin By, cosBygd, =0

my%, +C(—z,— 0L, +2,)+

+C, (1+ f,sign (Ag, A, )) (22, =, ()=, (1) =0
T, +C, (1+ f,sign(A,, A,))-

(20, L, —m, (1) —m,(1)) =0

mZy +Cy (=2 + 9L, +25) +

+C, (1+ £, sign(Ag, Ag)) (22, —My() —, (1)) =0
Ty +C, (1+ f,sign(Aq, Ag) )

(20,1, ~ () =1, (1)) = 0.

(10)

SOLUTION

The system of differential equations (10) was
solved by the numerical Runge—Kutta method in
the MathCad software environment [16]. The
roughness approximating function proposed in the
literature [4] served to denote the track roughness:

n(r)= blsin[%t]+b2 sin[%nrvt].

Numerical integration of the system of
differential equations allowed to obtain the values
of the forces on the tank seats.

Pic. 4 shows an example of a graph constructed
for the case of a car moving at a speed of 20 km/h
with a tank filled at 80 % of its capacity. The
graph shows that under steady-state modes of
motion, the amplitude of forces, considering
movement of the liquid cargo, has increased by
about 60 %, and the period of oscillations has
also increased threefold.

DISCUSSION

Some results of the numerical implementation
ofthe proposed approach are shown in Pic. 4 and
Table 1. The results obtained are in good
agreement with the results obtained by the
method of mathematical modelling using the
Universal Mechanism software package [12; 13].
It should be noted that at low speeds of movement
and, consequently, with low frequencies of
disturbing influence, the impact of the liquid
cargo is maximal. This is quite well traced from
the results presented in Table 1. Particularly, at
the speed of 20 km/h and with the tank filled at
50 % of'its capacity, a significant impact of liquid
cargo is noticeable.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 167-172

Grigoriev, Pavel S.; Korzhin, Sergey N.; Ibodulloev, Sherzod R.; Tran, Phu Thuan. Mathematical
Modelling of Tank Wagon Vibrations Considering Partially Filling of the Tank with Liquid Cargo




Verification of the obtained solutions
regarding various initial data showed satisfactory
convergence of the results with the results
obtained using other approaches.

CONCLUSIONS

The proposed approach has allowed to
develop the system of differential equations. The
system of equations is non-linear. Due to the
complexity of obtaining an analytical solution of
this system, a numerical method was applied to
solve the Runge—Kutta differential equations of
the 4" order.

This approach makes it possible to assess the
impact of liquid cargo transported in railway tank
wagons, €. g., to determine the effect of the level
of tank loading with a liquid cargo on the
dynamic properties for different parameters of
the tank and the elastic elements of the entire
wagon.
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ABSTRACT

The origin-destination trip matrix is a fundamental characteristic
of a transport network, and development of a reliable correspondence
matrix is the most important task in organising passenger traffic. It
is the basis on which the public transport route network of a city
(region) is built and optimised.

Currently, collection of initial information for construction of a
travel correspondence matrix is carried out through field surveys
comprising questionnaire surveys of the population; accounting for
movement of passengers according to the coupons issued to them;
checkers, tellers manually counting passengers in vehicle
compartments; simple surveys of passengers. Besides,
mathematical modelling is used based on statistical data on the
number of residents in various districts of the city, employees in
enterprises and students in educational institutions, as well as on
available data on the characteristics of passenger traffic along
certain routes. All these surveys are very expensive and are carried
out once over few years; they give a large error, which is why
decisions made on the basis of these data are far from being optimal.

computer vision.
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There are a lot of solutions in the software and hardware
market that provide automated collection of data on passenger
flows. They are based on the use of infrared sensors or of
video recording. However, none of these systems provide
information about the points of entry and exit of each
passenger.

The objective of this study was to develop methods for
automating the collection of reliable information about
passenger trips, that will be the base for building up-to-date
and reliable passenger trip correspondence matrices. This
task can be solved by constant monitoring of passengers’ trips
with fixing places of entry and exit of each passenger.

The study describes the possibility of creating software
based on computer vision and artificial intelligence which will
provide automation of collection of primary information about
travel of each passenger from the place of boarding into the
vehicle to exit from it, that is, automation of data generation
to build a passenger trip correspondence matrix.
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INTRODUCTION

Trip origin-destination correspondence
matrix is a basic table describing how people
travel around a city. It shows how many residents
move from one district of the city to another and
is the base for building the route network,
identifying the required number of vehicles,
developing the traffic timetable [1; 2].

In modern cities and megalopolises, a lot of
residential and industrial infrastructure is being built,
enterprises are being relocated, residential and
employment locations are changing, resulting in a
dynamic change in the volume and directions of trips.
Under these conditions, the construction of true trip
correspondence matrices requires absolutely reliable
information about real passenger trips.

There are a lot of solutions in the software
and hardware market that provide automated
collection of passenger traffic data. In most cases,
they are based on infrared sensors [3] and video
recording by cameras located in the entry and
exit door openings of vehicles [4]. However,
none of the existing automation systems for
collecting data on passenger traffic provides
information about the points of entry and exit of
each passenger, while these data are basic for
developing passenger origin-destination trip
correspondence matrices. Due to the lack of such
data, the trip correspondence matrices are still
developed based on sample surveys, population
surveys, statistical data on the number of
residents in certain districts of the city and the
number of employees at enterprises. These data
do not reflect the real picture of daily migration
of the urban population. Accordingly, decisions
made based on this information are far from
being optimal. All existing methods of automating

Pic. 1. Trip origin-destination correspondence matrix [1; 2].

the accounting of passenger flows do not allow
obtaining data for constructing a trip origin-
destination correspondence matrix.

Based on the foregoing, the objective of this
study was to develop methods for automating
data acquisition to develop a complete and
reliable correspondence matrix of population
trips with public land passenger transport.

This task can be solved by constant monitoring
of passengers’ trips with fixing the place of entry
and exit of each passenger. To fix the place of
entry and exit of each passenger, it is proposed
to use the methods of computer vision and
artificial intelligence.

RESULTS
Shortages of Existing Technology to Solve
Pertinent Problems

When solving the problem of optimising the
route network of public transport, two concepts
should be clearly distinguished: passenger traffic
and the passenger trip correspondence matrix.
Passenger flow largely characterises the general
statistics of passenger movement (the number of
passengers at different times of the day, days of
the week, during different seasons, etc.) with
reference to a stop, route, transport company, city,
etc. The passenger trip origin-destination
correspondence matrix (Pic. 1) is a quantitative
characteristic that determines the volume of
passenger flow between each pair of «points»
[1; 2]. Here «points» refer either to specific stops
of public transport, or conditional zones that were
obtained by combining stopping points to some
areas (for example, city districts).

The trip origin-destination correspondence
matrix is a fundamental characteristic of the
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Pic. 2. Automated passenger traffic accounting systems [4].

transport network, and development of a true trip
origin-destination correspondence matrix is the
most important task in organising passenger
transportation. The trip origin-destination
correspondence matrix is the basis on which the
public transport route network is built and
optimised. In turn, a well-built route network
allows you to determine the required number of
vehicles on routes, optimise the timetable, reduce
material costs for organising transportation, and,
ultimately, meet the people’s need for transport
services with minimal costs.

Automation of passenger traffic accounting
is currently quite deeply developed and
implemented in the form of many different
technical solutions: contact sensors on the steps
ofa vehicle, infrared sensors [3] or video cameras
[4] in the area of the front door (Pic. 2).

However, statistical data on passenger traffic
on routes does not make it possible to construct
apassenger trip origin-destination correspondence
matrix. These data provide just a summary of
incoming and outgoing passengers.

Currently, automation of data collection for
development of a passenger trip origin-destination
correspondence matrix has not actually been
implemented. This problem is solved with a fairly
large error and with great expense on the basis
of specially organised field surveys. It should be
noted that full-scale survey methods are often
associated with significant organisational,
financial, and legal problems, so their application
sometimes becomes impossible, especially in
large cities where passenger flows are large. For
some modes of transport (rail, air, water), the
problem of developing a trip correspondence

matrix can be solved based on the analysis of
purchased tickets that indicate the points of
departure and arrival.

The classical method of obtaining data for
constructing a trip origin-destination
correspondence matrix is associated with field
surveys (special travel coupons, questionnaires
of the population, polling of passengers by
pollsters in vehicles, etc.), as well as with
mathematical modelling methods [5]. The
disadvantages of field surveys are explained
through significant laboriousness of collecting
and processing data, low reliability of data due
to the human factor, high cost of the survey, lack
of repeatability statistics (it is impossible to
distinguish weather conditions, season, and
other features of the current day). The high cost
and labour intensity of the survey are the
reasons why such surveys are carried out every
15-20 years only, which does not make it
possible to promptly update and optimise
management decisions.

There are approaches to automating
development of an approximate trip origin-
destination correspondence matrix in the metro
using mobile phones of passengers [6]. Cellular
operators can track the entries and exits of
passengers from the metro, determining the
moments when their mobile subscriber switches
to a base station located in the metro (enters the
metro) or to a base station in the city (exits the
metro). Such anonymous data can serve as the
basis for development of a trip correspondence
matrix for each pair of metro stations. However,
this approach is unacceptable for land passenger
transport. Difficulties in solving this problem are
also associated with the large dimension of
primary information, and with the lack of a single
methodology for obtaining a trip correspondence
matrix for a given city, which should include not
only job and education-related trips, but also
travelling with cultural and household purposes,
as well as travelling of retirees.

The city’s working population and students
travel daily by public transport to job and study
locations. Such trips account for the largest share
as they are regular. However, there are trips of
unemployed retirees, as well as other travelling
of residents which is of a cultural and household
nature. These trips, one way or another, affect
the congestion of city routes. The general trip
origin-destination correspondence matrix, which
includes labour, cultural and household trips, will
fully describe the nature of all trips in the city.
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Passenger digital
model generation
module

Pic. 3. The basic structure of a system for automating the collection of primary data on passenger trips with public transport based on neural
network technologies (compiled by the author).

Such detailing seems to be especially important
for the purposes of optimising the route network.

Description of Suggested Technology

Is it possible to automate the process of
recording trips with a clear fixation of the entry
and exit point for each passenger? It is almost
impossible to solve such a problem based on
infrared sensors, since they do not allow
identifying an object. But it is quite possible
based on video recording. In recent years, with
development of convolutional neural networks
(CNN, R-CNN, Mask R-CNN), there has been
an explosive development of neural network
technologies and computer vision systems.
Accordingly, it became possible to develop
fundamentally new automated systems for
accounting and analysis of passenger flows based
on these technologies with the possibility of
forming a reliable and complete passenger trip
origin-destination correspondence matrix for
urban land passenger transport. The development
of such a system, which is absent in the software
and hardware market, is the novelty of this work.

The basic structure of the system for automating
the collection of primary data on passenger trips
in public transport, which is based on neural

network technologies and developed within the
framework of this study, is shown in Pic. 3.

The software and hardware complex shown
in Pic. 3, consists of the following elements:

* Video camera located in the upper part of
the vehicle entrance door opening.

* Onboard minicomputer.

This complex works as follows. The video
stream in real time comes from the video camera
to the onboard computer and is processed by
specialised software. This software solves the
following tasks:

* Recognises passengers entering and exiting
the vehicle (passenger detector — top view).

* Converts the image of each entering passenger
into a unique digital model and saves it.

* Fixes the entry parameters of each
passenger (date, time, entry stop).

+ Converts the image of each exiting passenger
into a unique digital model and saves it.

* Fixes the exit parameters of each passenger
(date, time, exit stop).

» Compares the digital model of the image
of exiting passengers with digital models of the
passengers who have entered the vehicle and
generates a unique pair of entry-exit values for
each passenger.
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Pic. 4. Digital models of images based on the histogram of oriented gradients (developed by the author).

* Counts the number of passengers: who
entered the cabin, exited the cabin, who are in
the cabin of the vehicle at each stopping point.

The parameters of the trip of each passenger
obtained in this way are transferred to the server
platform upon completion of operation of the
vehicle on the route, where, based on the server
software, the passenger trip origin-destination
correspondence matrix and statistics on passenger
traffic will be formed.

At first glance, it is possible, without using
digital models, to simply compare the snapshot
of the passenger at the entrance with the snapshot
of the passenger at the exit. However, for such a
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comparison, it is imperative to perform the image
normalisation procedure. But even after
normalising the images, you may not get the
desired result, since the passenger can enter
directly and exit sideways, at some angle or even
backward. Multiple cyclic image rotation and
comparison will be required, which will require
additional processing time and may not lead to
the expected result. In addition, the complete
image takes up a fairly large amount of RAM,
which will also require large time resources for
processing. It is more correct in this case to use
a digital identification model of the image. Such
models are based on selection of a set of key
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Pic. 5. Examples of image comparison based on their digital models (developed by the author).

points on images. The Delaunay triangulation or
Voronoi diagrams, which are used in face
matching and morphing systems, can be used as
a basis for such models. Histograms of oriented
gradients (HOG singular point descriptors) can
be used, which are applied in computer vision
for object recognition [7].

Currently, the implementation of technology
and software modules to automate collection of
data on passenger trips based on neural network
technologies and computer vision with
participation of the author has started. The Pic. 4
shows examples of generation of digital image
models, which are built on the basis of a

histogram of oriented gradients. Here the
images were reduced to one colour which is
grayscale.

Naturally, the digital model takes up much
less space in the computer’s memory and, in
addition, it makes it possible to compare images
and evaluate their similarity. Pic. 5 shows
examples of image comparison based on their
digital models.

As can be seen from Pic. 5, for absolutely
identical images, the difference coefficient
calculated based on the digital model is zero.
With the growth of the difference between the
fragments of images, the characteristic of the
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Pic. 6. An example of a histogram of image colours (developed by the author).

differences increases. So, in the second row
the same person changed the position of the
head, and this change was recorded in the
histogram. However, the characteristic of
difference (14) did not exceed the threshold
value (19), and the objects depicted on them
can be classified as identical. But in the third
row, the characteristic of difference (22)
exceeded the threshold value, which suggests
that the images picture different objects (the
threshold value is determined empirically).
Using a digital model and a correctly selected
threshold value, it is possible to assess
similarity or differences of objects in the
images, that is, for the problem under
consideration, to find a correspondence
between the passenger who entered and exited.
With even greater accuracy, it is possible to

compare objects in images using a histogram
of not a single colour, but a histogram of a
group of colours (Pic. 6).

Homography methods are of particular
interest for searching for similarity in images.
When using them, the angles of rotation and tilt
of compared images are not of fundamental
importance [8]. This is especially important for
solving the problem under consideration, since
the position of the passenger moving in the area
of the camera above the entrance door cannot
be strictly fixed. Pic. 7 shows an example of
visual comparison of images using the
homography method. To ensure sufficient
accuracy of passenger recognition at the
entrance and exit, it will be necessary to use a
combination of the above methods of forming
and comparing digital models.

Pic. 7. Visual comparison of images by the method of homography (compiled by the author).
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To fix the location of entry-exit of a passenger
based on his image in the video stream, it is
necessary to perform the following steps,
particularly, to:

» Recognise the silhouette of a passenger
when he enters the vehicle.

» Segment the silhouette, transform it into a
digital model and fix the parameters of the
entrance.

» Recognise the silhouette of a passenger
when he exits the vehicle.

» Segment the silhouette, transform it into a
digital model and fix the parameters of the
entrance or exit.

* For the passenger who exited the vehicle,
based on the comparison of digital models, find
the parameters of the entrance, and form the trip
(stop at the entrance — stop at the exit).

The location (stop) of the passenger’s
entrance and exit can be determined using the
onboard satellite navigation system of the
vehicle. Synchronisation of primary data on the
places of entry and exit of passengers with
stopping points can be carried out either at the
vehicle level (by integrating the onboard
software of two subsystems), or on the server
side of the navigation data processing system
(by comparing the time of entry and exit of
passengers from the passenger travel accounting
system with the exact time of vehicle’s presence
at stopping points obtained from the navigation
system).

As aresult of video processing, the software
generates anonymised data on passenger trips
with the following parameters:

* Stopping point, date, and time of boarding
the vehicle.

* Stopping point, date, and time of exiting the
vehicle.

This information is recorded in the logbook
as a text file. Such a file, containing, for example,
information about 1000 passenger trips, will
occupy no more than 50 kB in computer memory.
After the vehicle completes its operation on the
route, this data array must be transferred to a
stationary computer (or to a server platform),
where a passenger trip origin-destination
correspondence matrix will be formed using the
data. In addition, using the same data array, it
will be possible to obtain traditional reporting on
passenger traffic.

The solution to this problem is based on the
use of neural networks, machine learning and
various methods of image processing. In this

regard, the following tools were used for software
development:

* Programming language Python.

* Specialised libraries for building neural
networks and machine learning (Keras [9], PyBrain,
Scikit-learn, TensorFlow, Py Torch with torchvision,
etc.).

* Libraries for image and matrices processing
(OpenCV [10], ImageAl [11], NumPy).

To simplify creation of similar applications and
reduce the program code, we have developed our
own Postoperative Library for Image Transformation
— PostoLIT.

To date, using this toolkit, some basic modules
ofthe computer vision system have been implemented
to solve the problem, in particular:

* R-CNN neural networks for object recognition.

* Image segmentation and clustering modules
based on Haar cascades.

* Modules for recognition and segmentation of
object instances based on Mask R-CNN networks.

* Modules for recognising key points of the
image (based on technologies for finding facial
landmarks and face elements).

» Modules for constructing digital models of
images based on a histogram of oriented gradients.

* Modules for matching images based on
homography and HOG detectors.

‘Who might be interested in systems of automated
data collection on trips with fixing the place of entry
and exit of each passenger? First, these are passenger
motor (bus) transport enterprises. According to the
analytical agency Avtostat, as of January 1, 2020,
there are about 409,9 thousand buses in Russia®, more
than 8 thousand trams? and 4 thousand trolleybuses?®.
This sufficiently large fleet of vehicles can use this
system. Such systems are of interest to city and
regional authorities, which provide and organise
transport services for the residents. Today in the
Russian Federation there are 85 constituent entities
and 1117 cities, of which 173 cities have a population
of over 100 thousand inhabitants*. There are 43

! Russian bus fleet: key indicators at the beginning of 2020
[Rossiiskiy park avtobusov: osnovnie pokazateli na nachalo
2020 godal]. [Electronic resource]: https://www.autostat.ru/
infographics/43090/. Last accessed 25.02.2021.

2 The state of the tram system in Russia [Sostoyanie tramvain-
oi sistemy v Rossii]. [Electronic resource]: http://www.ipem.
ru/news/publications/914.html. Last accessed 25.02.2021.

3 Trolleybus cities in Russia [Trolleibusnie goroda Rossii].
[Electronic resource]: http://trollcity.narod.ru/stat.htm. Last
accessed 25.02.2021.

4 Federal structure of Russia [Federalnoe ustroistvo Ros-
sii]. [Electronic resource]: https://mnogofactov.ru/goroda-
i-strany/skolko-sub-ektov-v-rf-na-2019-god.html. Last
accessed 25.02.2021.
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largest domestic suppliers of information systems
for transport companies, which, among other
software products, develop and implement
systems for accounting for passenger traffic®. They
will be able to use the developed software modules
to integrate them into their existing passenger
traffic accounting systems and automated fare
collection systems, thereby expanding their
functionality, as well as to create new products
based on the proposed software and technological
solutions.

Besides, the proposed technological approach
and software may be in demand not only in the
transport industry, but also in other sectors of
production activity, where it is required to fix
movement of objects with external individual
characteristics, where it is necessary to estimate
time of customer service, as well as to assess the
effectiveness of service personnel, e.g., in systems
for determining the time spent by customers in
retail outlets, assessing the time of customer
service in the municipal centres providing services
to residents, in clinics, in banks and other
organisations. All this favours the prospects for
the development and the demand for computer
vision systems.

CONCLUSIONS

Computer vision and artificial intelligence are,
perhaps, the most demanded areas of information
technology development.

Existing automation systems for collecting
data on passenger trips do not allow fixing the
place of entry and exit of each passenger;
accordingly, it is not possible to build a trip origin-
destination correspondence matrix using these
data.

The level of achievements in the field of
artificial intelligence and computer vision makes
it possible to automate the collection of data on
passengers’ trips with public transport while fixing
the place of entry and exit of each passenger.
Considering the fact that currently there are no

5 The largest IT providers for transport companies 2019
[Krupneishie postavshchiki IT dlya transportnykh kom-
panii 2019]. [Electronic resource]: https://www.cnews.
ru/reviews/it_v_transportnoj_otrasli 2020/review_table/
bf149373aeald048bd7ffb7edc98bda8b29f7245. Last
accessed 25.02.2021.

such solutions in the software market, they have
significant competitive advantages and a good
prospect for implementation.
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ABSTRACT

Base station (BS) is a terminal device of a radio communication
network, while railway radio communications play an important role
in ensuring safety of passenger and cargo transportation.

A proposed method for calculating the performance of base
stations in railway digital radio communication networks is intended
to calculate for the BS the probabilities of being in certain state.

BS was decomposed and such functional elements as
circuit groups and a radio frequency path were identified, as
well as the central module ensuring the exchange of information
with elements of this BS and with other BSs. A detailed study
of each element has increased accuracy of the proposed
method. Following the Markov model, BS is presented as a
system in which all possible states are considered. Models for
BS with two and three circuit groups have been constructed.

Petr I. VOLNOV

The parameters of each functional element of the model can be
obtained through observation over a certain period. The solution
of the system of equations for each of the models presented in
the article will allow obtaining the values of the system being in
a certain state. The obtained characteristics can be used to
calculate the reliability of the entire radio communication
network, and then to assess quality of service provided to the
users of this network.

Conclusions are made about the possibilities of using the
obtained models when designing new railway communication
networks and when calculating quality indices of existing ones. The
proposed models can be applied not only to railway radio
communication networks but also to mobile communication
networks of commercial operators.
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For citation: Nemtsov, Yu. V., Seryogin, I. V., Volnoy, P. |. Performance of Base Stations in Railway Digital Radio Communication
Networks. World of Transport and Transportation, 2021, Vol. 19, Iss. 2 (93), pp. 183-190. DOI: https://doi.org/10.30932/1992-3252-

2021-19-2-6.

The text of the article originally written in Russian is published in the first part of the issue.
Tekem cmambUu Ha pycckoM si3bike ny6/ukyemcs e nepeoll Yacmu daHHO20 ebinycKa.

¢  © Nemtsov, Yu. V., Seryogin, I. V., Volnov, P. I

N

SCIENCE AND ENGINEERING



INTRODUCTION

Radio communication as a type of
telecommunications has been widely used on
railways. Initially, it was used only for exchange
of voice information between mobile and fixed
subscribers. Considering development of high-
speed traffic, as well as rapid growth of
telecommunications and information technologies,
emergence of new generations of mobile
communications, radio communications began to
significantly increase the functionality. Now it is
used for transmission of telemetric information,
automatic control of rolling stock (auto-driving),
video conferencing. The newest systems of
interval regulation of trains’ traffic (radio blocking)
are being built over the radio channel, which are
replacing the track circuits. Such positioning
systems are described in [1].

Several works [2; 3] consider the issues of
choosing the best standard and topology of the
railway digital radio communication network.
The work [4] should be considered an important
contribution in the field of effective use of
communication network elements, while the
results of measurements of some characteristics
are presented in ITU-R report [5]. The latest
mobile technologies (for example, LTE and 5G)
described in detail in [4; 6] are gaining popularity
in some countries.

Digital train radio communication networks
within the railway network of the Russian
Federation are organised based on TETRA,
GSM-R or DMR standards, while the probability
of good communication at any place and time
must be at least 95 %, the availability of radio
communication networks for high-speed
transport must be at least 99, 95 % [7]. Therefore,
at present, sufficient attention is paid to the issues
of stable and reliable operation of radio
communications. They are considered in [8; 9],
and the issues of calculating survivability of a
digital radio communication network are
described in [10].

While designing a communication network,
several tasks are posed: quality indicators are
calculated for each class of service for subscribers
considering changes in the load, gravity structure,
channel capacity, as well as failure of network
components; the load of equipment and

! GOST R [Russian State Standard] 54959-2012. Railway
electric communications. Train radio communications.
Technical requirements and control methods. Date of
enactment: April 1, 2013. [Electronic resource]: https://docs.
cntd.ru/document/1200095030. Last accessed 12.01.2021.

communication channels, the need for redundancy
are estimated. These tasks are solved through
modelling and subsequent system analysis [11].
The models in this study will simplify finding
some characteristics of the communication
network.

The objective of the study was to develop a
method to calculate the performance of base
stations within railway digital radio
communication networks and the probabilities
for BS of being in certain states. The main method
of the study was analytic modelling used in the
theory of telecommunication traffic to solve
similar problems.

RESULTS

Let us consider a simplified diagram of a
digital radio communication network of railway
transport on a given section of the railway. No
radio coverage redundancy exists. The radio
communication network contains a certain number
of base stations (BS), interconnected by a
terrestrial communication channel (Pic. 1).

The BS connection scheme is sequential,
since, according to the requirements [5], they
must be connected to the Base Station Controller
(BSC) according to the «spatial ring» principle.
Each antenna serves a specific sector of the cell.
All requests for connections from mobile
terminals are transmitted from BS through
communication channels to BSC. It connects the
required BS to operation, which connects the
terminal of the called subscriber through the
radio communication channel. Radio coverage
of the required area is provided through the
antennas of each sector.

A functional model of a base station of a
digital radio communication network is shown
in Pic. 2. The numbers 1 and 2 denote the radio
frequency path of the base station (antennas,
antenna-feeder devices, etc.) of the left and right
sectors, number 3 — the switching, control and
connection modules that provide information
exchange with other base stations over circuit
groups (numbers 4 and 5), as well as interaction
with the RF path. For simplicity, component 3
will be called further-on a switch.

It is proposed to consider BS as a system with
several functional elements. To obtain the
dependences of the required characteristics on
all parameters of the system, analytical modelling
is used, which is widespread in the theory of
telecommunications traffic when solving such
problems. Description and examples of some
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models are given in [12], and the solution of such
problems is described in [13], and regarding the
railway transport [14].

For our functional model of BS (Pic. 2), we
will construct a graph of possible transitions
between operability states (Pic. 3). Let A be the
failure flow intensity of each element of the
model, p—recovery flow intensity, P, —probability
of the system being in the state i=[0,10].

The scheme of the model’s functioning makes
it possible to distinguish ten discrete states in
which the system could be:

0 — Both sectors of the base station are
operational, all circuit groups are operational,
switching is in progress.

1 — Both sectors of the base station are
operational, one of the circuit groups is faulty,
switching is in progress.

2 — Both sectors of the base station are
operational, both circuit groups are faulty,
switching is in progress.

3 —Only one of the sectors of the base station
is operational, all circuit groups are operational,
switching is in progress.

4 — Only one of the sectors of the base station
is operational, one of the circuit groups is faulty,
switching is in progress.

5 —Only one of the sectors of the base station
is operational, both circuit groups are faulty,
switching is in progress.

6 — Both sectors of the base station are
inoperative, all circuit groups are in good order,
switching is in progress.

7 — Both sectors of the base station are
inoperative, one of the circuit groups is faulty,
switching is in progress.

8 — Both sectors of the base station are
inoperative, both circuit groups are faulty,
switching is in progress.

Pic. 2. A functional model of a base station with two sectors, two
circuit groups and a switch (compiled by the authors).

9 — Both sectors of the base station are
operational, all circuit groups are operational,
switching is not performed.

10 — Both sectors of the base station are
inoperative, all circuit groups are faulty, switching
is not performed.

State 0 indicates that the system is fully
operational. States 1, 3 and 4 indicate that the
base station has received serious damage but it
is functioning as intended with a deterioration in
quality of service. In states 2, 5-9, the system is
considered inoperative, even when its individual
components are functioning. End state 10
indicates complete failure of base station
components.

Let’s compose a system of equations
according to the following rules: the probability
of the base station being in state P, is to the left
of the equal sign. To the right of the equation
there is the sum of the products of the probabilities
of all transitions entering (incoming arrows in
Pic. 3) into state i of the system by the intensities
of the states from which these flows originate,
minus the probability of the considered state 7,
multiplied by the total intensity of transitions that
remove the system (outgoing arrows in Pic. 3)
from the given state i. To solve such a system, it
is necessary to add one more equation that
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Pic. 3. The graph of states of the operability model of a base station with two sectors,
two circuit groups and a switch (compiled by the authors).

determines the nortjngl.lsatlon condltlol}, sincethe  p (13 )= Pa,+Pu,
sum of the probabilities of all states is equal to
one.

Let us write the system of equilibrium  P,(,thytA,+p,) = P, +Poug +Pop, +PA; (1)

equations according to the graph: Po(psy sy ths) = PulystPokos tPghgs;
Pyl thgsthg) = Piuyg+ Py +Popgy;

Py(ys iy t2y,) = PopgtPo g +P s

Po(ngthe) = PohygtPopgg
Py(uyythp,+2,,) = Pk +Popy +Ppys
Po(gthog i) = P tPug+PA s

Py(bgs Thg T hg10) = PilogtPrhyg TP glgg

Po(hgythgn) = PohogtPohige
Po(Higs T Hig) = PohgigtPghgy.

Let us indicate the normalising condition:

Let us set the following numerical values of
the model parameters — failure and recovery
intensities: &, =0,009¢10, 4 ,=0,00810°, 2, =

10109, A, = 1210, 2., = 1,89+10%, &, = 1,29+10°,

Pic. 4. A functional model of a base station with two sectors, three > g7
circuit groups and a switch (compiled by the authors). 7»36 = 0,001 11 0'6, 7\.03 = 0,01 11 0'6, )\.3 4 0,9' 1 0'6,
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Pic. 5. The graph of states of the operability model of a base station with two sectors, three
circuit groups and a switch (compiled by the authors).

dyy=0,115410%, &, =0,205+10°, 1, =0,145+10,

> M5
Ly = 0,0019¢10°°, Xy,0 = 0,0110°, Xy, =
0,12210°, p,;=9,99¢10°, u, = 9,77410°, u,, =
2,63°10°°, pg = 3,45410°, p, =2,2110°, p =
1,01+10°, p, = 4,56¢10°, p, = 9,99¢10°, p,, =
4210, p,, =910, ug, = 1,01210°, p,, = 5410,
g =9,8910°, w0 =1,11210°, p, . =2210°. The
choice of the model parameters is due to
achievement of the maximum value of the
probability of the operational state of the BS
(state 0).

Next, the resulting system of equations is
calculated by the Gauss—Seidel iterative method.

The obtained values are presented below:

P, =0,98623; P, = 0,00496; P, = 0,00066;
P,=0,00663; P, = 0,00445; P, = 0,00270; P, =

0,00019; P, = 0,00107; P, = 0,00079; P, =
0,00189; P, = 0,00037.

Thus, the probability of operability of all
components of the base station will be P, =
0,98623. The probability of the base station
operability with deterioration in quality of service
will be P, +P,+P,=0,01159. The probability of
the base station not performing its functions will
be P,+P,+P,+P +P +P;=0,00733, and the
worst outcome is possible with the probability
P, =0,00037. 1% |

Next, we will consider a functional model of 41
a BS of a digital radio communication network &
of a different type, the model of which is shown
in Pic. 4. This model employs three circuit groups
which are designated by numbers 4—6.
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0,00722
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Pic. 6. Diagram of BS operability (compiled by the authors based on the results of the proposed calculation).

Let’s construct a new graph of possible
transitions between the states of BS operability
(Pic. 5).

In this model, we select 13 discrete states:

0 — Both sectors of the base station are
operational, all circuit groups are operational,
switching is in progress.

1 — Both sectors of the base station are
operational, one of the circuit groups is faulty,
switching is in progress.

2 — Both sectors of the base station are
operational, both circuit groups are faulty,
switching is in progress.

3 — Both sectors of the base station are
operational, all circuit groups are faulty, switching
is in progress.

4 — Only one of the sectors of the base station
is operational, all circuit groups are operational,
switching is in progress.

5—Only one of the sectors of the base station
is operational, one of the circuit groups is faulty,
switching is in progress.

6 — Only one of the sectors of the base station
is operational, both circuit groups are faulty,
switching is in progress.

7 —Only one of the sectors of the base station
is operational, all circuit groups are faulty,
switching is in progress.

8 — Both sectors of the base station are
inoperative, all circuit groups are in good order,
switching is in progress.

9 — Both sectors of the base station are
inoperative, one of the circuit groups is faulty,
switching is in progress.

10 — Both sectors of the base station are
inoperative, both circuit groups are faulty,
switching is in progress.

11 — Both sectors of the base station are
inoperative, all circuit groups are faulty, switching
is in progress.

12 — Both sectors of the base station are
operational, all circuit groups are operational,
switching is not performed.

13 — Both sectors of the base station are
inoperative, all circuit groups are faulty, switching
is not performed.

State 0 indicates that the system is fully
operational. States 1, 2, 4, 5 and 6 indicate that
a significant failure of its components has
occurred in BS, but it functions as intended with
a deterioration in quality of service. In states 3,
7-12, the system is considered inoperative, even
when its individual components are functioning.
End state 13 indicates complete failure of base
station components.

For the new model, the system of equations
will look like this:

Pohgy T2 Ag,) = Pipyg P Py

P (o tA,t2s) = Pody, +Pou, +Popg s
Polbzrthas o) = PihiptPoliey #Pops;

Pi(hyytiy,) = Popyy +PoAss

P,(npthsth,e) = Poho, TP, +Popig,;

Py (bgy g g Hhgg) = Py +P A+ Pt + Pty
Po(tes e Ther Theio) = Piheg TP, P + P oo (2)
P, (tog A0 F i) = P +P P A
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Pic. 7. The graph of dependence P, = f(A,) (compiled by the authors based on the results of the proposed calculation).

Py(hgthy) = PAyTPouggs
Py(tggthgs ) = PhggTPeheg P

PlO (I'l109 +“106 +}\’1011) = P9}\‘910 +P6}\’61O +P11]J.1110 5
P11(|J'111o +"]’117 +}\‘1113 ) = Plﬂxl()ll+P7}"711+P13”‘1311;

Poo(bipoFhizg) = PohoyptPigtia,;
P trisn) = Prdys Pk s

14
SP=1.
i=0

For the model with three circuit groups, let
us set the following values of failure and recovery
intensities, which practically do not differ from
the parameters of the model with two circuit
groups: A, = 0,009¢10, &, = 0,00810%, A, =
1,5¢10%, A, = 1,11+10, &, . = 0,111-10°, %, =
1,29410°, A, = 1,1110°, A, = 1,2410, A, =
2,14+10%, &g = 1,11210°%, &, = 0,205°10°, &, =
0,01110%, A, =1,6710°, A, ., =0,01¢10, A =

910 > fvgg T
1,222-10°, )\'56 =1,246°108, 7»26 =2,456°10, A

0,01+10°, A, = 0,111+10°, A,/ = 2210, polf=
9,99¢10°, p,, = 9,77°10°, u, = 2,12¢10°, u, . =
0,1+10, py,, = 35,5510, g =1,01210°, . =
8,76°10°, u,, = 1,1110°, py, = 1,23410, p, =
9,99¢10°, p, = 1,01-10°, p,, = 99¢10°, p,, =
1,546410°, p = 1,1110%, p. = 2,1453+10°,
e = 8,76210°, p 0 =9,99410°%, p, .., = 9002107,
Hyps = 5,67°10°.

The obtained values are presented below:

P, =0,98601; P, = 0,00875; P, = 0,00414;
P, =0,00311; P, = 0,00032; P, = 0,00213095;
P, =0,00140; P, = 0,00119; P, = 0,00013; P, =
0,00105; P,, = 0,00053696; P, = 0,00017; P, =
0,00098; P, = 0,00002.

Thus, the probability of operability of all
components of the base station will be P, =
0,98601. The probability of the base station
operability with deterioration in the quality of
service willbe P, + P, + P, + P, + P, =0,01676.

15

The probability of the base station not performing
its functions will be P, + P, + P, + P, + P, + P,
+P,=0,0072, and the worst outcome is possible
with the probability P, = 0,00002.

Next, let’s compare the results. The
probabilities of operability of each model are
shown in the diagram (Pic. 6). In the results
obtained, we admit an error inherent in iterative
methods for solving a system of equations.

Now let’s consider how the full operability
of BS will change with a change in intensity of
the flow of failures A,. The results obtained for
each model are shown in Pic. 7.

Based on the results obtained, the following
conclusions can be drawn:

* The model with 3 circuit groups is less
reliable with a difference of 0,02 %.

* The probability of partial operability of BS
is higher in the second model.

* The probability of complete BS failure in
the second model is less than in the first model.

 With an increase in intensity of the flow of
failures A, by 2 times, full operability of BS for
the first model decreases by about 0,18 %, and
for the second model by 0,05 %. From this we
conclude that the presence of the third circuit
groups reduces the probability of BS not
performing its functions.

It can also be assumed that with radio
coverage of neighbouring cells, the probability
of operability of the entire digital radio
communication network will increase.

CONCLUSIONS

The developed models are of practical value
and can be used for designing railway digital
radio communication networks, as well as for
calculation of quality characteristics of the
existing network. To improve the accuracy of
calculations, the obtained values of full or partial
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operability can be used together with the first
Erlang formula, which determines the probability
of blocking calls for a given specific load and the
number of channels. The product of two
probabilities will represent the final result.

When using various architectures of GSM-R
standard networks described in the
recommendations [5], the obtained characteristics
of BS operability are supposed to be used in
calculating the structural reliability of the
communication network. By changing the
parameters of the developed model, it is possible
to choose an architecture that will be cost-
effective and will provide the specified operability
of the digital radio communication network.

In general, it can be assumed that the
emergence of new technologies and high speeds
described in [15; 16] will result in the emergence
of new architectures of railway communication
networks and methods for calculating their
operability.
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ABSTRACT

Classifications of objects of supply chain management create
the basis for managing their sustainability. The author proposes a
hierarchy of priorities regarding managed objects - systems,
processes and relations, which implies creation of adequate anti-
crisis measures for operational management of resource flows.

The objectives of the study are to clarify and supplement
classifications of supply chain management objects based on their
qualitative characteristics. The tasks of the study are to identify the
problems of classification of objects of supply chain management,
to determine the prerequisites and to determine ways to solve these
problems.

The methodological basis of the research is formed by the
provisions of logistics as a science of resource flow management
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INTRODUCTION

The term «supply chain» refers to terms, the
essence and content of which are still not entirely
clear. On the one hand, the supply chain is defined
as «a group of independent organisations
connected together through the products and
services that they separately and/or jointly add
value on in order to deliver them to the end
consumer» [ 1]. On the other hand, a supply chain
is «a complex network of relationships that
organizations maintain with trading partners to
source, manufacture, and deliver products. It
encompasses all activities associated with flow
and transformation of goods and services from
the point of origin, through to the end user, as
well as the associated information and financial
flows» [2]. The ambiguous interpretation of the
term «supply chain» imposes serious restraints
on the theory and methodology of sustainable
supply chain management (hereinafter — SSCM).

The objective of the study is to clarify and
supplement classifications of supply chain
management objects, such as flows, enterprises,
relationships between them and processes based
on their qualitative characteristics, formed based
on the components of the logistics complex,
which include quality, quantity, costs, time,
territory, and trajectory. Achievement of the set
goals is ensured through binary matrices formed
based on a set of actual qualitative features and
their dichotomies which are two opposite states
of these features.

This makes it possible to clarify the content
of the management system for supply chain
management components based on a systematic
approach, as well as to create necessary theoretical

prerequisites for increasing its efficiency in
highly competitive markets.

The methodological basis of the research is
made up of logical-structural methods, such as
analysis and synthesis, induction and deduction,
grouping, typology and classification, and binary
matrices are used as a research tool, which makes
it possible to unambiguously characterise the
objects of supply chain management.

RESULTS

Clarifying and Supplementing
Classifications of Objects

of Supply Chain Management

A very significant aspect contributing to
achievement of the research objective is the definition
of SSCM as management of material, information
and capital flows, as well as cooperation between
companies along the entire supply chain, considering
the goals... of three dimensions of sustainable
development, i.e., economic, environmental and
social factors, taking into account the requirements
of customers and stakeholders [3].

In the above definition, the term «flow» is
used, which, according to a number of authors,
is the object of logistics research [4].

Thus, classification of supply chain
management objects can be used to ensure
sustainability of resource flows.

The specificity of managing stability of
resource flows is determined by their type.
Various classifications of flows have been
proposed [5-9]. Nevertheless, within the
framework of sustainability management, it is
advisable to refine these classifications using the
following qualitative characteristics:

Flow of 4™
level

fnlind | Flow of
1% level
3 1101 [
———3 1011 [
SEnay o [

Pic. 1. Sequence and variants of formation of an integrated flow of resources (developed by the author).
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Classification of variants of the integrated flow of resources
(developed by the author)

Table 1

Material flow (not
taken into account — 0,
taken into account — 1)

Information flow (not
taken into account — 0,
taken into account — 1)

Financial flow (not
taken into account — 0,
taken into account — 1)

Human flow (not taken
into account — 0, taken
into account — 1)

Code of resource
flow

0 0

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

RPlr|r|lo|lo|lo|lo|r|kr|r|r|o|lo|o
~|lo|lo|lk|r|lo|lo|r|r|o|lo|r|r]|o

Ol |O|FR|O|FRP,|O|FR|O|FR|O|FR|O|+|O

1110

RlRP(P|P|P[P|P|IP|IO|O|O|O|O|O|O|O

[N
[N

[N

1111

» Type of resource flow object: real; not
material.

* Factors of activity of links of the supply
chain: economic, managerial ones.

These signs of classification (type «A») make
it possible to distinguish four types of resource
flows: material, information, financial, and
human flows. The use of human flows as flows
(Pic. 1) is due to the opinion of A. Halley,
A. Guilhon [10] that «logistics is based on
sustainable human resource managementy.

If we imagine the process of forming the
structure of an integrated flow as a sequential
combination of flows of the same level (jets),
then on the basis of four types of flows identified
above, 16 variants of the integrated flow can be
obtained (Table 1).

As follows from Table 1, based on the
fourth level of flows with codes 0001, 0010,
0100, and 1000, six third-level flows, four
second-level flows and one first-level flow
(integrated flow) can be obtained. The sequence
and options for formation of an integrated flow
are shown in Pic. 1. The formation of an
integrated flow can occur in parallel, bypassing
one or another level [11]. It is expedient to
consider the flows of the lower level in relation
to the flows of the higher level as jets. When
managing resource flows, each of flows is
characterised by a level of stability, which can
change under the influence of the internal and
external environment, which implies
establishment and monitoring of priorities for

managing certain jets of resource flows. The
priorities of jets of flows imply their
classification of type «B» using the attributes:
the relation of the flow to the value of the end
user (creation; accompaniment); type of link
forming the flow (absorbing link; generating
link); the influence of the flow on quality of the
value (determining; secondary impact) (Table 2).

Data of Tables 1 and 2 create the prerequisites
for creation of resource flow codes that are
convenient for the use with the help of computer
support within the digitalisation of supply chain
management. So, for example, the code «1100—
010» means an auxiliary integrated flow (third
level), which includes material and information
flows (jets). For a detailed understanding of types
of flows of Table 2 Table 3 was developed,
specifying their types using the example of «the
value of clean clothes for the end user».

Let’s define these parameters and
characteristics of the flow using the example of
the flow of material resources.

First, it is necessary to identify objects of the
flow of this type based on the following
classification features: purpose of the flow object
(maintaining value; value delivery); relation of
the flow object to the value (creation;
accompaniment). It is possible to differentiate
the following objects of material flow: products
(value carriers), containers (packaging), vehicle
and loading-unloading devices.

Based on the modern works developing the
model of marketing mix whose foundations have
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Table 2

Classification «B» of flows of resources (developed by the author)

Ratio of the flow to the end Type of the link that forms Influence of the flow on quality | Flow type
user value (creation — 0, the flow (absorbing link — 0, of the value (determining
maintenance — 1) generating link — 1) impact— 0, minor impact — 1)
0 0 0 Main
0 0 1 Optional
0 1 0 Auxiliary
0 1 1 Indirect
1 0 0 Accompanying
1 0 1 Side
1 1 0 Supportive
1 1 1 Utility
Table 3

Components of the flow with the code «1100-010» using the example of «The value of clean
clothes for the end user» (developed by the author)

Flow type Example of an object
Material flow Information flow
Main Washing machine Instruction manual
Optional Houses for water and its drain down the drain Recommendations for installation of
houses for water
Auxiliary Vehicle to move a washing machine and washing Information about the location of the
powder to the place of their sale purchaser of the washing machine and
washing powder
Indirect Loading-unloading devices of the manufacturer and the | Safety instruction for operation of loading-
consumer unloading devices
Accompanying | Washing powder Data on consumption of washing powder
Side Dispenser for washing powder Price data for dispenser for washing
powder
Supportive Fuel and lubricants for a vehicle and loading-unloading | Fuel consumption standards for a vehicle
devices and loading-unloading devices
Utility Pull attachments Load limit information and checking of
pull attachments

been created in the works of E. J. McCarthy
devoted to 4P’s [12], it is possible to reveal
several enlarged quantitative parameters of flows
(Table 4).

As can be seen from Table 4, in addition to
the parameters «quantity», «quality», «costs»
and «timey, it is proposed to use the parameters
«trajectory» and «territory». It is easy to see that
these parameters concretise the «place»
component of the marketing [13]. The parameter
«trajectory» is used in trajectory-based
management to generalise, update and implement
the description of transport processes at all stages
of strategic and tactical coordination and
operation [14]. The «territory» parameter
assumes focus on economically justified
boundaries of the activity of the supply chain
link. For example, when the growth in sales of
products and/or services is constrained by an
increase in transportation costs for their delivery
to the end consumer [14].

SUSTAINABILITY MANAGEMENT

Flow sustainability management is provided
by enterprises which are links in the supply chain.
These links form systems of various configurations
depending on the requirements of end consumers.
The type of links and their geographic locations
form the trajectories along which resources
move. Classification of the links in the supply
chain, based on such classification features as
tasks of the links in the supply chain (value
creation and maintenance), priority type of goods
(product; service), allows us to highlight the
technological, trade, logistics links and
infrastructure links [15].

The movement of resource flows is provided
by processes (operations), which can also be
assessed from the standpoint of their sustainability
and impact on management of resource flows.
These processes can be distinguished using the
classification features: state of resource flow
objects (rest and movement); stability of resource
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Pic. 2. Sequence of processes (operations) of management of material resources flows (developed by the author).

flow parameters (parameters do not change and
do change). Based on these features, the
following resource flow management processes
are formed: transportation, storage, packaging
(picking), and consolidation/unbundling. In some
cases, it is advisable to move from processes
(Pic. 5) to operations. If we use such classification
signs as location of the product (outside the
storage area (vehicle) and in the storage area
(vehicle)), type of flow object (product and
loading and unloading device), it is possible to
distinguish operations that link storage and
transportation of products: depreservation
(removal from long-term storage)/preservation,
storage (manoeuvring), installation/dismantling
and waiting.

The totality of the processes and operations
highlighted above allows us to draw the
following conclusions. Only logistic processes
(operations) are considered. If necessary,
technological and other types of processes
(operations) can be added to them. Evaluation
of flow sustainability management should be
carried out over a time interval that assumes
that several processes are performed by supply
chains. If we take the warehouse form of
movement of resources according to the scheme
«transportation—storage—transportation» as
a basis, then it is possible to form a sequence
of processes (operations) for managing resource
flows (Pic. 2).

During movement of the material flow (if it
is the main one), the accompanying flows are
also moving (Table 1). The stability of
accompanying flows can significantly affect
stability of the main flow. By analogy with the
above classifications of processes related to
material flow management, the processes
accompanying information, financial and human
flows can also be identified (Table 5).

Analysis of the contents of Table 5 allows
us to draw the following conclusions. Each of
the processes (operations) of resource flow
management can be structured into components.
When controlling an integrated flow, at a certain
point in time, several processes (operations) can
be performed with flows (jets) entering it,
differing in parameters and characteristics,
which requires their joint analysis. Each of
flows can be denoted by a code similar to the
code used for a material flow. The flow code is
constantly changing during its movement,
including due to changes in the parameters of
the accompanying flows. An integrated flow can
be designated by a four-level code, depending
on the types of flows (jets) included in it,
identified according to the classifications «A»
and «B». Moreover, each of flows (jets) includes
flows (jets) of the lowest level with their
corresponding codes. The topic of coding
resource flows and the methodology for its use
is the topic of a separate study.
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Table S
Classification of processes accompanying information, financial and human flows
(developed by the author)

Flow types Classification features Processes
Information « type of link in the information supply « structuring information, preparing a message.
channel: sender, recipient. » choice of information transmission method and its
« aspect of work with information flow: coding.
managerial and technical. « transmission of information and its decoding.
» processing of the received information.
Financial « type of link in the supply chain of » writing off by the consumer’s bank of financial resources
financial resources: the sending bank; from the consumer’s account.
beneficiary bank (1). « transfer of financial resources by the consumer’s bank to
« aspect of work with financial flow: the supplier’s bank.
economic; technical. « crediting financial resources to the supplier’s account.
« receipt of financial resources by the supplier.
Human « stage of human flow formation: « research of the content of operations of the process
analytical and practical. and determination of the list of resources for its
« levels of coordination of the parameters | implementation.
of the human flow: process operations. « justification of knowledge, skills and abilities of human
« knowledge, skills, and abilities — human | resources to carry out the operations of the process.
resources. « training and/or attracting human resources of the relevant

profession and qualifications.
« formalising relationships with human resources and
familiarising them with the operations of the process.

Table 6
Parameters of managed objects (developed by the author)
Parameters of managed Managed objects
objects Resource flow Resource supply chains Processes (operations) of
resource flow management
Quantity + + +
Quality + + +
Costs + + +
Time + + +
Territory +
Trajectory +
Table 7
Hierarchy of priorities of managed objects (developed by the author)
Quality (Q) Quantity (K) | Costs (Z) Time (T) Priority of managed objects (code)
0 0 0 0 Usual (5)
0 0 0 1 Actual (4-T)
0 0 1 0 Actual as per costs (4-Z)
0 0 1 1 Significant (3-ZT)
0 1 0 0 Actual as per quantity (4-K)
0 1 0 1 Significant (3-KT)
0 1 1 0 Significant (3-KZ)
0 1 1 1 Important (2-KZT)
1 0 0 0 Actual as per quality (4-Q)
1 0 0 1 Significant (3-QT)
1 0 1 0 Significant (3-QZ)
1 0 1 1 Important (2-QZT)
1 1 0 0 Significant (3-QK)
1 1 0 1 Important (2-QKT)
1 1 1 0 Important (2-QKZ)
1 1 1 1 Especially important (1)
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Thus, sustainability of resource flows is
a criterion for sustainability of supply chains,
requirement chains, value chains, and the
processes that these chains perform. By analogy
with the data in Table 4, each of the managed
objects listed above can be assessed by six basic
quantitative parameters (Table 6). Each of the
objects of management presented in Table 6 (first
of all, the flow of resources) has a priority, which
is formed on the basis of stability of their
parameters. These priorities form a hierarchy
both at the stage of preparation for creating value
for the final consumer of products and/or
services, as well as at the stage of operational
management of facilities. Based on four
parameters of managed objects, five levels of
priorities can be distinguished: usual, actual,
significant, important and especially important
(Table 7).

CONCLUSIONS

As a result of the research carried out,
classifications of flows of the first («A») and
second («B») levels have been developed that
seem to be of research novelty/ The classifications
create the basis for using the codes of these flows
indicating the types of systems and processes that
ensure their stability.

The hierarchy of priorities of managed
objects has been suggested depending on which
anti-crisis measures of operational management
of resource flows are implemented.

The developed approaches allow to eliminate
contradictions between the links of the supply
chain and the requirement chain that achieve their
own goals and are interested in reducing the lost
profit, to organise their interaction within the
framework of managing relationships with
suppliers and consumers, to create and maintain
a system for monitoring sustainability of the flow
of resources, as well as introduce anti-crisis
measures to prevent a decline in the values of
end consumers.
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Documentary Support of Cargo Transportation for Building
a Digital Document Management System
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ABSTRACT

The objective of the work is to analyse the examples of
optimisation of documentary support system regarding rail cargo
transportation based on the transition to the electronic form of
documents.

The theoretical concept of modelling the business process of
documentary support of cargo transportation is developed using
the ARIS (Architecture of Integrated information Systems) software,
which is used for development of an integrated process model of
the activities of many manufacturing and transportation companies
in Russia and in the world [1].

The subject of the research is modelling of the document
circulation system supporting cargo transportation to eliminate
losses in a significant part of the processes of interaction with
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customers. The objective of business process modelling is to use
all the advantages and functionality of case tools to eliminate
duplication of actions and operations that do not add value to the
customers of the transport company but reduce their loyalty to the
products and services of railway transportation. The studied
business processes ensure formation of an application for
transportation and its transformation during the transportation
process.

The study reflects the results of modelling business processes
for documentary support of transportation in digital form.
A comparative analysis of these models is followed by description
of the advantages of the electronic documents in comparison with
their paper form considering a possibility of using a digital signature.
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INTRODUCTION

Modelling of processes in any type of
business, and especially in the transport sector
of the economy with a predominant character of
end-to-end technologies, is aimed at improving
business processes and indices that serve as
indicators and drivers for improving organisation
performance. Modelling is one of the methods
for analysing and improving movement of
documents in an enterprise. Modelling is
a description, identification, simulation and
analysis of business processes, design of new
processes for the purpose of their subsequent
optimisation.

The cargo transportation is among core
railway business processes having significant
impact on economic indices of the companies in
this industry. Hence, it is quite natural that cargo
transportation have become one of the first fields
for testing and implementing digital technology,
modelling many processes including those
related to document management that plays an
important role in formalising relationships with
cargo owners, regulatory bodies, as well as
immediately during the transportation.

Research and design of information support
processes for cargo transportation using
modelling tools allows to:

* Represent visually, graphically the structure
of' the information support system for interaction
with shippers.

* Describe in detail the functions of the
document management system.

+ Identify potential opportunities for
development of document management
technologies regarding railway customers.

* Identify and to analyse information links
with internal and external participants in the
documentary support of the transportation
process.

* Optimise the technological operations of
working with documents, their sequence, using
the technology of describing workflows.

Modelling allows us to simplify the electronic
document management system as much as
possible, reflecting its most important properties
and resources, which helps to eliminate losses in
the business process of document circulation
when using the instrumental environment as
a means of optimisation and forecasting. The
model, drawn up in a standard form, makes it
possible to design a future process before it is
reproduced in the form of software and hardware
systems, which will reduce the cost of'its creation

[2]. A visual representation of processes of
receiving and processing information on
formation of an application for transportation and
its approval will eliminate the losses in efficiency
and time while processing transportation
documents [3].

Business modelling uses mathematical
methods based on operations research (OR). The
purpose of OR is to find a rational way of acting
in solving organisational and managerial
problems under various constraints. These
problems include many linear and dynamic
programming problems, inventory management,
queuing theory, etc. Modern concepts of business
modelling are based on a process approach to
management. A huge number of publications of
the theoretical nature are devoted to the process
approach and implementation experience [4; 5].
The publications contain samples of business
modelling, which use tools for various types of
production systems and technologies [6; 7].
Thanks to the process approach and business
modelling methodology, a business can be
described as a set of processes, each of which
can be optimised based on quality management
standards, as well as on approaches allowing to
eliminate losses and operations that do not add
value to the customer.

The instrumental modelling tools are
implemented with numerous software packages
that are designed for various fields of activity. In
the field of «software development and software
engineering, one of the ways to represent
processes is CASE (computer-aided software
engineering) method» [8], which includes a set
of methods, software engineering tools for
software design, helping to ensure high quality
support of software information systems and
products [9; 10].

CASE-tools are tools designed for optimal
automation of design and development
processes not only for software from the
standpoint of the developer’s labour costs, but
also for processes in other areas of activity, in
particular, for describing the technologies of
transportation processes. At first, CASE tools
were considered only as tools that were
designed to simplify the most complex and
time-consuming processes of analysis and
design of information systems. However, after
introduction of ISO/IEC 14102 standard,
CASE tools began to be defined as software
tools to support the life cycle processes of
digital services and software products [11].
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This concept, «as arule, is determined by the
list of tasks that can be solved, as well as by set
of methods and means» [12, p. 44], or, in other
words, by the algorithms and formats used for
describing processes for automation. CASE
technology is «the totality of methodology of
analysis, design, development and maintenance
of complex software systems, supported by a set
of interconnected automation tools» [12, p. 44].

The functional purpose of software products
that are used to automate business processes of
enterprises can be divided into three types:
integrated corporate systems, electronic document
management systems and software products for
formalised presentation of business processes.

Electronic document management systems
perform the functions of accounting, transfer,
and storage of documents, which is of particular
importance in the transport sector, where
shipping documents are the basis for paying for
a special type of product which is transportation,
that cannot be saved or returned to the contractor.

Business process modelling software is
commonly used in an organisation’s reengineering
projects. The same products can be used for
reengineering an electronic document
management system.

Process modelling starts «at the stage of
analysing the requirements and constructing the
relationships and structure of operations that
make up the value stream in the process. These
are the most poorly formalised and time-
consuming stages in development of management
and control systems. When any management
system is being developed, the task of choosing
a design tool arises, which should allow to
effectively and competently solve the assigned
tasks and meet all the requirements of the
designers» [13]. The choice of a CASE tool
largely depends on the methods of analysis and
design of intelligent systems.

To support the point, we can refer to extended
quotation of K. S. Myshenkov’s work [13]:
«Functional models perform the functions of
a structured image of the environment or system,
information and objects that connect these
functions. These models are used when designing
a new system, when analysing system
requirements, when making decisions about
reengineering a management system for analysing
business processes.

Data flow models are needed for graphical
structural analysis that describes processes
external to the system, data receivers and sources,

data flows and data storage devices that are being
accessed.

Business process models contain a description
of workflows, business functions, departments,
resources, processes, roles, media, information
systems, positions. In this case, the models can
be both static and dynamic since they describe
the sequence and conditions for implementation
of business processes. Business process models
are used in implementation of management
systems in enterprises, in description and
reengineering of the company’s activities, in
analysis and definition of system requirements.

Event data models reflect the functioning of
the system as of a set of states of business units
or objects of labour, including significant system
events aimed at their transformation. Information
models of a specific subject area or its objects
reflect the data structure of the systems being
designed» [13].

Static models of business systems do not
reflect dynamics over time. Such models have
forms of presentation that at all stages of
reengineering refer to classes, diagrams,
components or objects of the system and their
relationships with each other. Dynamic models
are used for analysis, reflect the sequence of
performance of system functions over time, as
well as the process of changing the states of a real
or projected system [13].

If we consider the example of Russia, then
the most common software products for
«modelling business processes according to the
research company Gartner, which specialises in
analytics of the information technology market,
are the Corporate Modeler Suite and ARIS?
systems provided globally by Casewise and IDS
Scheer AG respectively. Corporate Modeler
Suite occupies a leading position in a number of
countries, but this tool, unlike ARIS, is not yet
popular in the Russian market» [14].

The objective of the study described in the
article is to consider an example of optimisation
of the process of documenting cargo
transportation.

The research method is based on ARIS
(Architecture of Integrated information Systems)
toolkit. ARIS has a set of software services for
building a process map; several notations for
describing models, namely: eEPC (extended
event driven process chain) and «business

! Official website of ARIS Community. [Electronic resource]:
https://www.ariscommunity.com/. Last accessed 12.03.2021.
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Pic. 1. The process of filing an application for transportation of goods with paper documents (compiled by the authors).
process models in BPMN notation (Business RESULTS
process model and notation). As part of the The main purpose of applying the methods
business capabilities of ARIS product, Smart of modelling the business process of workflow
Design function is also included, which allows is to increase its operational efficiency, to
us to quickly enter the necessary data for the organise data transfer in the most optimal way,
automated creation of models» [5]. resulting in decrease in time, labour, and material
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Pic. 2. The process of filing an application for transportation of goods using electronic signature (ES)(compiled by the authors).

losses, and in an increase in the level of processed data, functionality, organisation,
transportation and logistics services and structure of business processes. These aspects
competitiveness. are further subdivided into three sublevels:

ARIS workflow business process modelling specification description, requirements
toolkit considers the organisation from the description, implementation description. When
following five aspects: «products and services, describing business processes, about 80 types of
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models are used, each of which refers to one of
the aspects. The main principle in ARIS is the
ability to integrate models of different types
within one repository by detailing objects. As
aresult, any organisation can be described using
a hierarchy of models»: from, i.e., top-level
processes to the «level of procedures and
resource environment of functions» [15].

Models of the application process for
transportation of goods are presented below,
developed using the ARIS toolkit (Pics. 1 and 2).
Comparison of business process models of
document flow clearly shows the effectiveness
of the electronic form of shipping documents in
comparison with the paper one. To make the
examples more detailed, we used some of the
procedures and forms of documents used on JSC
Russian Railways network.

The electronic form of documents neutralises
several repetitive iterations in the course of
approvals and corrections of documents, while
significantly reducing time for processing
documents and simplifying the approval
procedure. In particular, registration of an
application for transportation of goods, with
paper document circulation, is reduced by eight
operations performed by the agent of the
transport company when filling out an application
in electronic form. The entire process of
approval, including five outcome options
(transfer of an application with the result of
approval, refusal of a partially agreed application,
withdrawal of an application for transportation
of goods, refusal to fulfil an agreed application,
refusal to fulfil a part of an agreed application)
is reduced to one client’s action: entering
information into the AWP (automated
workstation).

The obvious advantage of electronic
document interchange is the absence of the need
for a customer to visit the company to confirm
each operation for filing and correction of the
document. The current level of technology does
not allow interacting with shippers in any other
way from the point of view of the client-oriented
strategy of railway transport.

ETRAN (Automated System «Electronic
Waybill») AS is intended to electronic document
interchange in an organisation that provides for
an electronic signature. Form GU-12 indicated
in Pic. 1 is an application for railway transportation
of goods submitted by the consignor for
transportation of goods; form DU-18 is an
application for transportation of goods.

The electronic document interchange system
allows us to completely abandon such operations
as:

« Filling of paper copies of the document.

* Unnecessary travelling of the client’s
representatives associated with the need to
deliver paper forms.

* Correction of errors that occur when filling
out forms.

* Processing associated with affixing of
stamps and written filling of paper forms of
documents.

* Automatic entry of data and printing of
documents using a system of centralised
preparation and execution of documents for
transportation.

» Checking the correctness of filling and
availability of the necessary documents.

« Affixing stamps and filling out the paper
form in writing.

* Storage of copies of documents.

» Unnecessary travelling of the transport
company employees associated with transfer of
the document to the responsible agent.

* Verification by the agent of the transport
company of the authority of the consignee’s
representative.

CONCLUSIONS

As a result of abolition of the paper form of
shipping documents, time of all the participants
in the transportation process, labour and material
resources of the companies are saved.

Graphical reflection and comparison of
existing models of the system is not an end task
itself. The analysis of presented models allows
planning further adaptive transformations and
forming the architecture of the digital document
interchange system, which should ensure the
efficiency the use of resources, processes, as well
as the market efficiency of the company.

The choice of ARIS tools in building these
models is due not only to its ability to create an
organisation model, but also to the ability to
conduct a sufficiently in-depth analysis of
business processes. ARIS allows us to look at the
organisation and understand where the
bottlenecks of the processes have arisen, which
resources are inefficiently used, and which
business process chains need to be changed.
Various ARIS modules allow us to dynamically
consider all kinds of scenarios for execution of
business processes without changing the real
structure of the organisation.
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Through the analysis of business processes
and the definition of a conceptual scheme, it
is possible to determine the main goals of the
business, and before that, to identify new
business processes that will need to be
designed, as well as to identify weaknesses. In
addition, using strategic analysis of business
processes, it helps to calculate what new
information technologies are possible and
appropriate for implementation in the
company’s activities [16].
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ABSTRACT

Inventory ensures stability of the production technical system.
Production facilities have warehouses for workpieces to create final
output parts, and warehouses for finished products to meet
customer demand. Stocks of workpieces avoid manufacturing
downtime. Stocks of finished products make it possible to meet
demand in a timely manner and avoid penalties for late deliveries
of finished products to consumers.

On the other hand, the objects that make up the inventory
are «dead» material resources that do not bring profit and
negatively affect economic efficiency and competitiveness.
According to published data, in economically developed countries,
such as the USA, Japan, Germany and others, up to 30-40 % of
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production is in stocks. All this indicates the relevance of the issue
of optimising the level of reserves, of solving the problem of
establishing and maintaining the optimal level of the stock, its
timely replenishment, considering time required for execution of
applications of end users.

The objective of the work is to propose a solution to a stochastic
logistic problem of inventory management with a random time delay
and random demand, obtained by the authors using the methods
of mathematical statistics, mathematical modelling, and production
logistics for unknown and arbitrary form of distribution functions of
demand and time delay. The work provides specific examples of
approaches to implementation of suggested solution.
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INTRODUCTION

There is a need to improve the efficiency of
management systems governing spare parts
inventory for transport and special vehicles by
building models and optimising them. The
problem of inventory management has arisen for
along time. In transport mechanical engineering,
inventories play the role of a shock absorber in
conditions of a mismatch between the rates of
production and the rate of receipt of raw
materials. The presence of reserves at an
industrial enterprise is an objective reality and
an economic necessity. In this case, material
resources concentrated in stocks are diverted
from the production sphere. The largest share in
the working capital of industrial enterprises is
made up of funds invested in inventories. The
structure of stocks consists mainly of raw
materials, basic materials, components and
purchased semi-finished products.

Scientific theories of inventory management
emerged in the late 19" century. The first
mathematical models of inventory management
systems (IMS) were deterministic in nature. The
economic and mathematical functions used and
the criteria for effectiveness of inventory
management systems built on their basis were
linear and often unimodal. This, in turn, dictated
the choice of the optimisation method for the
proposed IMS models. Attempts have been made
to solve the problem analytically. Later, methods
of linear and dynamic programming were used.
Improvement of industrial production
technologies, complication and development of
relations and cooperation of enterprises, including
the structures of the material and technical
supply, has resulted in the understanding of the
need to consider the influence of many factors
on operation of IMS. Deterministic models had
to be abandoned as inadequate to real conditions.
Time has come for stochastic IMS models. The
development of industrial logistics as a system
for managing flows of material resources and
finances led to sophistication of IMS, required
development of qualitatively new mathematical
models of IMS, an in-depth study of their
mathematical properties. For example, in the
USA, the share of reserves in gross domestic
product for almost 35 years is about 28 %. By
abandoning the traditional approaches to
managing supply, manufacturing, and sales
processes since each of these processes was not
managed comprehensively, but separately and
independently of each other, American firms have

achieved a significant reduction in the costs of
maintaining and servicing inventories and their
share in the annual volume of costs. The
transition to logistics approaches of IMS in
American firms has reduced the share of working
capital invested in inventories to 18 % in the US
gross domestic product [1; 2].

The overwhelming majority of recent
publications seem to give preference to logistics
and stochastic models as to the most adequate
description of real conditions [3; 4].

Hence, the objective of the study is to propose
a solution to a stochastic logistic problem of
inventory management with a random time delay
and random demand, obtained using the methods
of mathematical statistics, mathematical
modelling, and production logistics for unknown
values and arbitrary form of distribution
functions of demand and time delay.

RESULTS

Let us consider the mathematical model of
IMS corresponding to the most common
conditions of functioning of an industrial
enterprise. Demand is usually random, and
applications are processed with a random delay.
The distribution functions of demand and time
delay are a priori arbitrary and unknown, and
often not unimodal. In this setting, the problem
has not been solved. Under these conditions, to
achieve the goal, it is natural to use modern
methods of production logistics, including
methods of mathematical statistics, mathematical
modelling, information technology and, in
particular, identification algorithms.

Let the inventory management system be
characterised by the cost function Z for stock
storage, delivery, shortage, etc. Inventory
management is carried out by choosing a
management strategy. One of the sufficiently
effective and flexible strategies is (s, S)-strategy
according to which an order of size S—y is formed
by reducing the level of stock y below the level
s, s <S. For random demand and delay Z =
Z((s, S, x)), where, according to Yu. I. Ryzhikov
[51, ¥(s, S, x) is current stock level, x is random
demand, s, S'are levels in (s, S)-strategy. Then the
criterion of optimality of the system J is some
averaged function of the costs Z:

J(s, S) = Mx {F[y(s, S, x))} = mins, S. (1)

Applying to (1) the method of stochastic
approximation, which is a method of information
technology, we obtain a self-consistent system
of adaptive algorithms [6—8]:
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S[p + 11=S[p] — ,(S[p + 1)fye
“F(Z(y(s[p1.SIplxlp + 11);

s[p + 11 =s[p] —v,(s[p + 1])*f*
“F(Z(y(s[p1.S[plxIp + 1)), @)
where gradient in o is a derivative in the
direction;

asy,*[p + 1] are coefficients;

f, f; are functions that consider constraints
for s and S.

It is assumed that the functions /" and Z are
differentiable, otherwise search algorithms can be
applied. Sufficient conditions for convergence (2)
are given in numerous monographs on methods
of stochastic approximation. In the process of
calculating in (2), it is necessary to know the
explicit form of the function y(s, S, x) to find the
derivatives with respect to Sand S. Let us write an
equation that simulates the dynamics of inventory
and uses the (s, S)-strategy for the control. It is
known that within the framework of (s, S)-strategy
for y >s, the system does not require replenishment
of stocks, and for y <s, an order for replenishment
of stock is sent in the amount of (S—y). Unsatisfied
applications do not leave the system but wait until
the stock shortage is eliminated by the next order.
All research is done for discrete demand.

Let’s renumber applications as they enter the
system. We can assume that their number is
infinite. The obvious relationship holds:
yk(X[l]) = yk_l(x[rlk_ 1]) +
+ (S -y x[iDsgn(s -y, x[i— 1) - x[i]), (3)
wherei=1,2,3, ...;

¥o(x([n,])) is initial stock level;

k is period number by order;

1, is number of the last application in the A-th
period, determined from the condition:
sgn(s —y,(x[i— 1) -x[i) = 1-i=n, (4

It should be noted that in (1)—(4) time does
not occur explicitly. The time dependence is
essential for objects, the cost functions of which
change over the considered period. As a rule, the
type of the cost function for mechanical
engineering objects does not change during the
optimisation period.

Nevertheless, the problem of optimisation of
stocks of spare tools and accessories (spare parts)
for road, railway transport and for special
vehicles is of considerable practical interest.

Special equipment is a large class of special
vehicles in construction, industry, cargo
transportation, and military field. Road special
vehicles is subdivided according to its
functional purpose into civil construction,
roadbuilding, agricultural, fire-fighting
vehicles, railway special vehicles, etc., which
require optimal number of spare parts for good
operation.

Time factor in IMS often plays an auxiliary
role. In fact, the level of stock in the warehouse
is important at the moment of receipt of the next
order, while the time itself of receipt of orders is
not so important. A deficit is possible only for
§< 0. If there is a delay in the system, then a
deficit may appear for s > 0 as well. In this case,
when obtaining the initial information and with
an equation similar to (3), it is possible to apply
the algorithms without using time in an explicit
form, despite the fact that delays have the
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Pic. 1. Graphs of changes in stock levels of spare part (plate 1) for the automotive industry enterprises (compiled by the authors).

meaning of a time interval. When modelling the
dynamics of the stock level, we will consider a
random delay through a random number of
applications arriving during this time interval.
With this approach, it is possible to abandon
timing of the change in the level y, which
significantly reduces complexity of obtaining the
initial information. All that is needed is data on
the size and sequence order of individual
applications, not on their temporal distribution.
Information about the size and sequence order of
applications in the examples under consideration
was established by accounting documents.

Since the methods using the first derivative
(gradient) are a necessary condition for an
extremum, we will compare the values of the
criterion in the process of calculating s/p/, S/p]

for different p. For functional (1), we use an
algorithm of the type (2):
Je[p] =Je — 1[p] - £ [p]{F(Z(y(s[p],
S[pl.x[e])) —Je - 1[p]},

where Je[p] = Je(s[p],S[p])).
As a possible conditional example, a

mathematical model of the problem of
optimising the level of stocks of plates 1 and
2 (Pics. 1, 2) is considered for the automotive
industry with random demand and random time
delay. The authors checked efficiency of the
computation program developed by them
according to the system of algorithms (1)—(7)
on the given model of stocks movement. To
avoid discussion that is not related to the
content of the work, the authors provide data
in relative units, while the mode of operation

©)

Pic. 2. Graphs of changes in stock levels of spare parts (plate 2) for the automotive industry enterprises (compiled by the authors).
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of'areal warehouse was simulated. Initial input
information about movement of material
objects can be obtained from the reporting data
directly at the warehouse. Technical and
economic functions can be obtained from
financial reports with subsequent approximation
of the initial data using orthogonal Chebyshev
polynomials according to well-known
techniques [9-11].

The results of calculations carried out by
the authors using relations (1)—(5) for
conditional examples are shown in Pics. 1, 2.
Along the horizontal axis, the numbers of
demand applications are plotted in the sequent
order of reception by the control system, along
the vertical axis, the changes in the levels s
and S are plotted as compared with the initial
values established by experts. The converged
values of s and S are taken as optimal, as
corresponding to the minimum of the objective
functional.

CONCLUSIONS

The paper presents a mathematical model of
a stochastic IMS developed by the authors based
on production logistics methods and proposes an
implicit method for accounting for delay in
ordered delivery aimed at replenishment of stock
in a warehouse through accounting for orders
received during the time of delay of applications
(demand), which was the objective of this
publication. Recurrence relations (2) were
obtained by methods of identification theory [6].
Thus, the use of modern methods of production
logistics made it possible to construct a scheme
for optimising the level of material resources in
the warehouse, which can increase the efficiency
and competitiveness of the activities of specific
enterprises.

It should be noted that digital technologies,
which are also classified as IT technologies, are
currently widely used in management of
industrial production and technological processes.
In particular, research on application of digital
technology is currently being carried out in the
Russian The Central research and development

automobile and engine institute NAMI, in many
other Russian transport organisations and
associations.

The model proposed by the authors can be
useful for adoption and implementation in
inventory management.
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ABSTRACT

In 1956 there was a significant step in international road freight
transport — conclusion of Convention on the contract of carriage in
international road freight transport (CMR Convention), the basic
purpose of which was to unify the rules in the international transport
of goods and thus promote the development of international trade.
From a practical point of view, this was very important for both
carriers and transporters. The Convention describes the most
important document in the carriage of goods - the CMR
consignment note.

Recently, the term «neutralization» has been used in
connection with the CMR consignment note, which is considered
as an interference with the system of functioning of transport
documents, which aims to obscure the actual movement of the
consignment during transport. At the same time, neutralization
of the consignment note is not so much contrary to legal norms
as it can lead to undesirable consequences for carriers. For this

Convention), document neutralization, parallel trade.
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reason, the question of whether it is possible to neutralize the
CMR consignment note in accordance with the current rules
and whether the neutralization of the CMR consignment note
does not violate the functionality of the existing system is
relevant. Therefore, the objective of this work is to study the
reasons and methods for neutralizing CMR consignment notes,
as well as options for handling neutralized consignment notes.

Considering that neutralization of the consignment note has
become a relatively common practice and means the exchange of
original consignment notes or transport documents with other
consignment notes or transport documents, canceling the actions
of the first consignment note, in the article the authors, based on
their own research, identified the possibilities of using the
neutralization of the CMR consignment note in practice for certain
types of goods, routes of the most frequent use, as well as the risks
of these procedures in road transport.
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INTRODUCTION

Obviously, in the modern world is an impor-
tant need for mankind and is also a prerequisite
for normal functioning of trade. Within the EU,
road transport has gradually gained a dominant
position, mainly due to reasons such as a quality
and dense road network, flexibility, speed, con-
venience, adaptability, and many others [1; 2].
Transport of goods in the framework of interna-
tional trade is possible only based on the conclu-
sion of the transport contract [3; 4]. Concluding
such a contract would be significantly more
complicated if there were no Convention on the
contract of carriage in international road freight
transport (CMR Convention). Carriers would
have to proceed according to the particularities
of the national regulations of the countries where
the transport would take place. In 1956 in Ge-
neva CMR Convention was concluded. The
purpose of the Convention is to standardize the
conditions governing the contract of carriage of
goods in the cross-border carriage of goods. The
CMR consignment note plays an important role
in such transportation. It is a document of the
conclusion of the contract of carriage and at the
same time, it is a document of acceptance of the
consignment by the carrier [5].

Neither the CMR Convention, no other legal
documents knows the term neutralization of
transport documents.

The objective of this article is to identify what
procedures, in terms of transport documents and
the responsibilities of the contracting parties, take
place in the neutralization of documents. There
is a presumption that in the neutralization of
documents one of the contracting parties is
harmed or one of the contracting parties assumes
a greater risk in the standard contractual relation-
ship. In the article the authors, based on own
research, formulated proposals that would help
the contracting parties to identify and prevent the
neutralization of documents if the neutralization
could harm the rights of the person.

Analysis of the Current State

Concluding a contract of carriage for
international transport would be significantly
more complicated for the carrier in the absence
of the CMR Convention. In this case, the carrier
would have to know all the national transport
regulations of the countries where one would like
to carry the goods [6]. There would be
misunderstandings in the conclusion of contracts,
including claims on the carrier, due to differences

in legislation between countries and due to their
inconsistent interpretation [4]. Therefore, in
Geneva on May 19, 1956, CMR Convection was
adopted. The basic purpose of this Convention
is to unify the rules in the international carriage
of goods by road, thereby promoting the
development of international trade. From a
practical point of view, this is of great importance
for both carriers and transporters, since in the
absence of such a convention everything would
be governed by national regulations [7]. In 1978,
a Protocol to the Convention was amended in
Geneva, regulating Article 23 describing
compensation for damage [8]. Later in 2008, the
Convention was supplemented by an Additional
Protocol, the amendment relating to the electronic
consignment note.

International transport is a transport where
the place of loading is in a country other than the
place of unloading [9]. The CMR Convention
may be used for the international carriage of
goods only if the place of loading or the place of
unloading is in a State Party to the CMR
Convention [10; 11]. There are three exceptions
where it is not possible to conclude a contract of
carriage under the CMR Convention, even
though it is an international carriage [12; 13].
The Convention does not apply to the carriage
of postal items, dead persons and migratory
uppers. The main reason why these consignments
cannot be transported under the CMR Convention
is the fact that it is not possible to objectively
determine the value of the consignment and thus
to identify the carrier’s liability for carriage [14].
The Convention has been gradually ratified by
individual European countries, but non-European
countries are also contracting parties. Currently,
56 countries have signed the CMR Convention,
of which only 45 have ratified the Protocol to the
Convention [15]. The member countries are listed
in the Table 1. The first column lists the countries
that have adopted the Convention as well as the
Protocol to the Convention. In the second column
are countries that are only members of the CMR
Convention.

The CMR Convention governs the rules,
rights, obligations, and responsibilities of the
carrier and the transporter. It regulates the conclu-
sion and implementation of transport contracts
as well as the procedures for claiming damages
[16]. It further describes what the accompanying
documents for transport must contain [17]. It
describes the most important document in the
international transport of goods, which is the
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Table 1

States Parties to the CMR Convention*

Ireland, Slovenia

Croatia, Lithuania

Belarus, Estonia

Republic of Moldova, Slovakia
Czech Republic, Latvia
Tunisia, Turkey

Uzbekistan, Turkmenistan
North Macedonia, Kyrgyzstan
Iran, Georgia

Cyprus, Lebanon

Armenia, Albania

Malta, Jordan, Pakistan

CMR Convention and Only CMR Convention
CMR Protocol

France, Austria Bulgaria

Netherlands, Germany Bosnia and Herzegovina
Italy, Poland Morocco

Belgium, Luxembourg Kazakhstan

Denmark, United Kingdom of Great Britain and Northern Tajikistan

Ireland Serbia

Norway, Sweden Mongolia

Portugal, Switzerland Azerbaijan

Hungary, Romania Montenegro

Finland, Spain Ukraine

Greece, Russian Federation Syrian Arab Republic

Compiled by the authors based on the UNTC.

* The text of the Convention: https://unece.org/fileadmin/DAM/trans/conventn/cmr_e.pdf.

CMR consignment note (an official document
that has a standardized form and is usually writ-
ten in two languages) [ 18—20]. The consignment
note shall be drawn up in three original copies
signed by the consignor and the carrier [21]. The
first red copy shall be addressed to the con-
signor and shall be a proof to the consignor that
the goods have been handed over to the carrier
for carriage. The second blue copy shall be
handed over to the consignee of the goods so that
he knows how many goods to take over from the
carrier. The third green copy shall remain with
the carrier and shall also constitute proof that the
goods have been handed over to the consignee
[22]. Unless proven otherwise, the consignment
note shall be credible proof of the conclusion and
content of the contract of carriage as well as the
acceptance of the consignment by the carrier. If
the consignment note does not contain the car-
rier’s statement of reasons, the legal presumption
is that the consignment and its packaging were
in good condition at the time of acceptance by
the carrier and that the number of packages, their
marks, and numbers corresponded to the infor-
mation on the consignment note [14; 23].

The carrier’s liability shall commence at the
moment of acceptance of the goods for carriage
and end at the moment of delivery of the goods
to the consignee [24; 25]. The carrier is respon-
sible for damage or loss of the goods during

transport and also for exceeding the delivery
time. The Carrier has to, by the provisions of the
CMR Convention, compensate for any loss of
the consignment arising from the moment of its
acceptance for carriage to the moment of its
delivery [26]. The refund shall be calculated
based on the value of the consignment at the place
and time of its acceptance for carriage. The
value of the consignment is determined by the
exchange price, if not the exchange price, by the
current market price, and if neither the exchange
price nor the market price, by the general value
of goods of the same nature and quality [27]. The
CMR Convention provides that damages may
not exceed a fixed amount per kilogram of miss-
ing gross weight. In the original version of the
CMR Convention, damages may not exceed 25
francs per kilogram of missing gross weight.
Franc means a golden franc weighing 10/31
grams and a purity of 0,900 [15]. This limitation
of liability currently applies in eleven countries
that have not ratified the CMR protocol. Other
countries have significantly reduced the liability
of carriers by replacing the gold franc with a unit
called Special Drawing Rights (SDR). The car-
rier is obliged to compensate the owner of the
transported goods in the amount of 8.33 SDR for
each kilogram of damaged, destroyed or lost
goods. The specific value depends on the SDR
and EUR exchange rates [28—30]. The carrier
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Pic. 1. Scheme of neutralization of CMR consignment note at parallel trade (compiled by the authors).

must also cover the transport, customs and other
expenses involved in the carriage of the consign-
ment. This value is also covered by the liability
insurance of the carrier. However, if the CMR
consignment note states the price of the consign-
ment or the consignor’s particular interest in
delivery, in this case, the carrier is liable for the
full value of the goods thus indicated. In the event
of the total loss of the consignment, the carrier
must pay the full value of the goods as well as
import charges, customs duties, VAT, excise du-
ties, etc. If this value is higher than the amount
of the insurance coverage of the carrier’s liability
arising from the CMR Convention, the carrier
should insure such goods [31]. This applies in
particular to light and expensive goods. If the
delivery time is exceeded and the consignee
proves that he has suffered damage, the carrier
is obliged to pay only the amount of the delivery
charge.

The above analysis confirms that the CMR
Convention is an important legal standard for
both the carrier and the transporter. The CMR
consignment note constitutes a credible docu-
ment for both the carrier and the transporter.
CMR consignment note is also a credible docu-
ment for third parties, eg. customs offices, insur-
ance companies, etc. For this reason, further
consideration should be given to whether the
CMR consignment note can be neutralized under
the rules currently in force and whether the neu-
tralization of the CMR consignment note does
not jeopardize the functionality of the existing
system.

Research of the Concept of Neutralization
of the CMR Consignment Note and its Reasons

The neutralization of document is a process
known only to the transport sector. The authors
of this article have failed to get the definition of
this term in any legislation or standards. Never-
theless, this term in road freight has been known
and used for some years now. The word neutrali-
zation has several meanings. Generally, it also
means revocation [32]. In transport, neutra-
lization means the exchange of original consign-
ment notes or transport documents with other
consignment notes or transport documents. It is,
therefore, the annulment of the effect of the first
consignment note [33].

The neutralization of transport documents is
in most cases linked to illegal logistics activity
called «‘parallel trade»’. Parallel trade is defined
as a trade-in product that takes place outside of-
ficial distribution and is created by a particular
company [32; 34]. Through their distribution,
companies can cause price differences in differ-
ent countries, exploiting national differences in
consumer behaviour. Parallel merchants buy
products in countries where they sell them at
lower prices and then sell them in countries with
a higher price. The product is not forged but
imported from the country without the permis-
sion of the owner of the intellectual property.

The neutralization of consignment note in the
parallel trade can be explained in the following
Pic. 1.

The explanations to the scheme are as follow.

(1) The trader agrees with the seller
(manufacturer) that he will distribute his product
to a country where his product is not currently
sold (for example Switzerland) if he is offered a
lower price than his original sale price. Lower
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sales price because of promotion in the new
market.

(2) The CMR consignment note is written,
whereas a consignor is mentioned the
manufacturer and as the buyer is listed company
in Switzerland.

(3) After the goods begin to be transported,
the driver receives a command to neutralization
CMR. He stops the vehicle for example at the
gas station and neutralizes the CMR consignment
note.

(4) This consignment note lists Switzerland’s
company as the consignor and the recipient is a
German company. The trader sells these goods
in Germany at a much higher price than the one
he bought, (5) while the manufacturer does not
know that his goods are sold in Germany, where
he already sells these goods.

The purpose of neutralizing the consignment
note should be to ensure business secrecy, where
the trader wants to prevent the recipient from
knowing the manufacturer and purchasing terms.
Based on theoretical research the following can
be identified reasons for neutralizing the
consignment note:

Reason A —when the trader does not want the
manufacturer to find out who is buying the
product. In this case, the driver loads the goods
in the vehicle and writes out a CMR consignment
note indicating the consignor and the original
consignee. After a while, the driver will be
instructed to neutralize and writes out new
documents indicating another consignee.

Reason B—when the trader does not want the
customer to know where the goods are produced.
The driver loads the goods into the vehicle and
the consignment note is sent to the consignee’s
warehouse indicating the place of loading other
than the actual one. In the event of a roadside
check, the driver shall draw up a consignment
note indicating the actual place of loading and
unloading of the consignment. However, the end
customer will receive documents in which the
place of loading is different from the actual one,
so he will not know who the actual producer of
the goods is.

Reason C —Nobody knows anything, that is,
the manufacturer does not know where the goods
are and the final customer does not know where
the product comes from. This is the case when
the driver loads the goods into the vehicle and
writes out a consignment note which is stored in
the warehouse of departure. Later, the driver will
be instructed to neutralize and will issue a new

consignment note indicating the actual consignor
but the new consignee. Subsequently, before
approaching a new consignee, the driver shall
write out a third consignment note in which the
consignor is different from the actual consignor
and the new consignee listed in the second
consignment note.

Based on this, it can be argued that there are
up to three ways of neutralizing transport
documents. We conducted our research in the
next part which is based on the theoretical
identification of the problem of neutralization of
transport documents.

RESULTS OF THE OWN RESEARCH

For acquiring information about the neutral-
ization of consignment note of CMR, a survey
was conducted electronically, in software called
«Google Formsy. After the creation of a survey,
the pre-test was done to confirm that questions
are understandable enough. Later, this survey
was sent to the public on discussion forums, then
it resent through the social sites and added into
groups including members of the road freight
transport (transporters). There were 190 respon-
dents who filled the survey.

The questionnaire contained 3 questions. The
first question aimed to determine whether carri-
ers (drivers) have experience in neutralizing
CMR consignment note. The second question
aimed at identifying the type of goods in which
the CMR consignment note was most neutral-
ized. As a final question, we wanted to find out
on which transport routes the consignment note
was used (the country of dispatch and the coun-
try of destination). The questionnaire survey was
carried out to obtain basic information on the
possibility of using the neutralization of the CMR
consignment note in practice and for what kind
of goods it is most often performed. We also
wanted to find out that if carriers have real ex-
perience with the neutralization of transport
documents, what countries are in such cases
indicated in the shipper and consignee boxes in
the CMR consignment note.

Survey output confirms the assumption that
carriers have experience with neutralizing the
CMR consignment note. The results of the survey
show that up to 66 % of the interviewed carriers
(drivers) already have experience with neutra-
lization, 34 % have no experience or have never
encountered the concept of CMR neutralization.
Although no special literature describes the
neutralization of the CMR consignment note, it
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Table 2
Share of transported consignments in Slovakia and neutralized consignments
(compiled by the authors)

Type of goods Share in total Share in total | The ratio of the share of
transportation in | neutralized transportations of a particular
Slovakia (%) transportations | commodity to that of transportations

(%) with neutralized documents

Secondary materials; municipal waste and 3,50 21,25 6,0714

other waste

Wood, articles of wood and cork; articles of | 3,52 8,75 2,4858

straw and plaiting materials; pulp, paper and

paper products;

Textiles and textile products; leather 0,59 1,25 2,1186

products

Food, beverages and tobacco 8,82 17,50 1,9841

Chemicals, chemical products and man- 5,51 7,50 1,3612

made fibers; rubber and plastic products;

nuclear fuel

Furniture; other industrial goods 2,11 2,50 1,1848

Machinery and equipment; office machines | 5,32 6,25 1,1748

and computers; electrical machinery and

apparatus

Metal ores and other mining and quarrying | 36,62 27,50 0,7510

products; products thereof; turf; uranium

and thorium

Transport equipment 4,67 2,50 0,5353

Equipment and material used in the carriage | 3,89 1,25 0,3213

of goods

Products of agriculture, hunting and forestry, | 13,18 3,75 0,2845

fish and other fishery products

Other non — metallic mineral products 9,35 0,00 0,0000

Coke and refined petroleum products 2,44 0,00 0,0000

Coal and lignite; oil and natural gas 0,23 0,00 0,0000

Goods transported during the moving of 0,14 0,00 0,0000

household and office; luggage

Unidentifiable, other goods 0,12 0,00 0,0000

Total 100 % 100 % —

should be noted that carriers are commonly en-
countered with these practices.

The second part of the research dealt with the
question of what kind of goods usually requires
the consignor or consignee to neutralize the
transport documents. The results of the research
are expressed in Table 2, which describes the
different categories of goods reported by the
carriers as transported goods that were entered
in the CMR consignment note in box 9 Labeling
of goods in case the consignment note was neu-
tralized. It may be noted that the documents are
neutralized for different types of goods. The table
also contains information on the percentage of
individual categories of transported goods in
Slovakia (information from EUROSTAT). How-
ever, this survey shows that the most neutraliza-
tion is associated with the transport of metal ores
and metal products (27,50 %), which represents
the most transported category of goods in the
Slovak Republic (36,62 %). Furthermore, in the

volume of 21,25 % of all neutralized documents
were related to the transport of waste. In the
Slovak Republic, it is not often transported type
of goods, only 3,5 %. On the third place is the
transport of food and beverages, which represents
almost 18 % of the total neutralized transported
quantity of goods, the fourth most frequently
transported type of goods in Slovakia. On this
basis, it can be said that neutralization does not,
therefore, apply to specific transported goods and
is not related to the total volume of transported
goods in Slovakia (both high and lower share of
transported goods).

However, if we observe the importance of
neutralizing transport documents to the share of
transport of a particular commodity, then the
highest share is achieved by secondary materials,
municipal waste and other waste. These ship-
ments account to share for only 3,5 % of total
transport but up to 21,25 % of total transport with
an identified neutralization of tickets (the ratio
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Pic. 2. Country of dispatch and destination at neutralizing transport documents (compiled by the authors).

between the percentages reaches a coefficient of
up to 6,0714). Furthermore, the following items
are also important from the neutralization of
transport documents: wood, articles of wood and
cork; articles of straw and plaiting materials;
pulp, paper, and paper products with a coefficient
of 2,4858 and textiles and textile products;
leather products with a coefficient of 2,1186.

The last part of the research was aimed at
obtaining information on transport routes where
neutralization is used. We wanted to find out from
the carriers on what transport routes they re-
ceived a request from the customer to carry out
the neutralization of the consignment note. As
different transport routes were mentioned, these
routes were divided into countries of dispatch
and destination. The results are shown in Pic. 2,
which shows that Germany is the country where
neutralization is most used. Germany accounts
for almost 35 % of the replies as the country of
dispatch and 22 % than the country of destination.
Furthermore, neutralization is mainly used in
connection with the Slovak Republic. The other
countries mentioned were not listed as much as
Germany and Slovakia.

This survey also showed that neutralization
is used not only for international transport but
also for national (cabotage) transport. 87 % of
carriers carried out the neutralization of the
consignment note for international transport, the
remaining 13 % for domestic transport.

Risks Associated with the Neutralization
of Transport Documents

With the neutralization of the transport docu-
ments, which in practice exists and which is

described above, some risks arise not only on the
part of the consignor but also on the part of the
carrier. To neutralization, we identified the fol-
lowing risks:

* Fraud risk occurs when someone enriches
someone else’s property or otherwise by mislead-
ing someone or using someone else’s mistake,
causing damage to someone else’s property. The
carrier cannot know in advance whether neutra-
lization will be used to conceal fraud on the
consignor. Fraud is circumventing a regional
pricing policy or getting rebates that are not eli-
gible. For example, if the consignor requests a
lower price from the manufacturer for deliveries
to the Baltic States, so that the goods can be
placed on a new market. The goods will be trans-
ported to Germany. The Sender will mislead the
manufacturer, and there will be a lie and a viola-
tion of the Criminal Code. This type of trading
is known as «Parallel tradey.

* Damaging foreign rights occurs when
someone else causes serious harm to rights by
misleading someone or making use of someone’s
mistake. According to Article 12 of the CMR
Convention, the seller has the right to change
dispositions until the moment of delivery and if
the holder of the first copy of the CMR. For
example, if the consignee is found to be insol-
vent, it has the right to require the carrier to return
the goods. However, if the consignment note is
neutralized immediately after loading, this right
is difficult to assert.

* Risk of insurance of the carrier s liability.
The carrier in the event of a loss event must prove
to the insurance company the original transport
documents related to the carriage in which the
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consignment or its part was damaged. The car-
rier, who on the order of the customer exchang-
es the transport documents during the carriage,
carries out the carriage according to other condi-
tions than originally agreed in the contract of
carriage. According to the opinion of several
insurance companies, they would not realize
insurance benefits when the transport documents
were neutralized. In this situation, there is a risk
on the part of the carrier that it carries out the
transport without insurance coverage.

In addition to these risks, there are other risks
in the area of tax law or cabotage operations,
which we will not discuss in detail because they
are either on the side of the transport customer
or on the side of the carrier who is aware that the
transport documents have been neutralized.

CONCLUSIONS

The CMR Convention, which governs the
contract of carriage for international road freight
transport, is today the most important instrument
of sharing responsibility between the carrier and
the customer. The CMR Convention also defines
credible documents that are necessary for the
execution of the carriage and which constitute
proof of the carriage not only for the parties but
also for third parties. In the absence of credible
research into the neutralization of the transport
documents, the paper aims to confirm the
hypothesis that the documents are neutralized.
Research by the authors confirmed that in
practice the transport documents were neutralized.
Up to 66 % of the surveyed carriers confirmed
that they had neutralized the transport documents
at the request of the client of transport. From
further research, it can be concluded that
neutralization does not only apply to the transport
of a particular type of goods. However, we can
say that our research shows that documents are
most neutralized when transporting secondary
materials, municipal waste, and other waste. We
have also concluded that the consignment note
exchange is used on different transport routes. It
is mostly connected with the transport of goods
from/to Germany and further from/to Slovakia.
Neutralization is used not only in international
freight transport but also in national freight,
where there may be problems of non-compliance
with cabotage conditions.

Since neutralization of the consignment note
is not a technical term and is not defined in any
legislation or the CMR Convention, the
neutralization procedure needs to be specifically

addressed. In this article, we identified some risks
on the shipper and carrier side. These are mainly
risks related to fraud and infringement of the
sender’s property rights but also risks related to
insurance of the carrier’s liability. The authors
are aware that there are other risks, for example
in the tax area. This paper presents a proposal to
prevent the neutralization of the CMR
consignment note from the position of the sender.
In case the sender has access to data from the
transport route — according to the unique CMR
consignment note number, the neutralization of
the transport documents will be limited. Similarly,
in terms of tax risk, it would be appropriate to
provide this information to the financial
administration. Further research would need to
be devoted to this issue.
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ABSTRACT

The constant growth in the number of cars and trucks in single
industry towns is forcing road design engineers to find ways
convenient for all road users and pedestrians to move at
intersections. Fulfilling such conditions is a difficult task but it can
be solved, especially if there are many T-shaped intersections along
the entire length of the road. Most often they are located along the
line of railways, heating mains, river or lake banks, parks, etc. Since
there are no adjacent roads, it is possible to ensure continuous
movement of cars, but only in one direction.

The objective of this work is to substantiate the project aimed
at ensuring unhindered traffic at T-intersections of vehicles following
50 let VLKSM street in the city of Tyumen.

To achieve this objective, the method of observation and
recording, as well as the analysis of operation of optical devices

State Agrarian University of the Northern Trans-Urals, Tyumen, Russia.

that regulate passage of cars at intersections were used. With newly
designed travel mode, there is no infringement of rights in relation
to other motorists and pedestrians since the traffic light mode for
the rest of segments keeps the same counting in seconds. A system
of safe pedestrian crossing is envisaged along with an improvement
in the environmental component of the whole city.

For initial adaptation of motorists to new conditions, it is
proposed to use a side green vertical arrow attached to the traffic
light and signal columns that delimit traffic lanes for a «slow merge»
into the flow of those leaving the secondary road. An undeniable
advantage of this type of design is the minimum cost of
reconstruction of intersections. Based on author’s own observations,
it can be argued that this project increases traffic of vehicles moving
from the central part of the city to the eastern part by 1,5-1,8 times.

Keywords: transport, T-shaped intersection, traffic lights, road marking, traffic organisation.

For citation: Pobedinsky, A. A. The Project of Organizing Non-Stop Traffic at T-Intersections (Tyumen Case Study). World of Transport
and Transportation, 2021, Vol. 19, Iss. 2 (93), pp. 221-225. DOI: https://doi.org/10.30932/1992-3252-2021-19-2-11.

The text of the article originally written in Russian is published in the first part of the issue.
Tekcm cmambu Ha pycckom si3bike ny6ukyemcs 8 nepeoll Yacmu 0aHHO20 ebinycKa.

¢ © Pobedinsky, A. A, 1

ATION, MANAGEMENT AND CONTROL

ADMINIST




INTRODUCTION

The number of vehicles sold and registered in
Russia is growing steadily from year to year.
Basically, this increase occurs in regional centres
and large cities of the country. Both passenger cars
and trucks are registered by individuals and
organisations. Unfortunately, transport interchanges,
overpasses, roads in most cities of the Russian
Federation do not have time to cope with the
constantly growing number of vehicles [1]. Even
after construction of new interchanges, which were
supposed to increase traffic capacity, motorists still
often experience difficulties when driving through
this or that intersection. Sometimes inauguration
of new interchange is expected for years due to
calculation errors during construction, lack of
funding, etc. And all this aggravates the situation
even more. Obviously, an option is needed that
would combine minimum cost estimate, minimum
construction or reconstruction time at road
segments, and will ensure a safe crossing for
pedestrians, but under all these conditions, road
capacity for vehicles would increase [2].

For the most part, the transport infrastructure
of the city of Tyumen is a balanced traffic of
vehicle and pedestrian flows. The markings have
been applied, delimiting traffic lanes, traffic light
switching has been correctly adjusted, there are
smooth road surfaces, new pedestrian crossings
and those under construction, etc. Despite the
well-developed concept of traffic flows, the city
still suffers problems with congestion at
intersections, mainly in city’s central parts. Based
on the experience of other cities [3—6; 10; 15],
these problems, as a rule, are proposed to be
solved by increasing the number and expansion
of carriageways, additional construction of
second-level roads (above the main road), using
reverse traffic, regulated depending on the
growing traffic flows at different times of the day.

But what if the carriageway is expanded to
its maximum limit, and the construction of
second-level roads and reverse traffic is not
possible due to the fences on the carriageway?
The answer to this question is that it is necessary
to develop such a traffic project that will increase
road traffic capacity with the minimum amount
of road works and estimated costs.

The objective of this article is to create a
typical project for T-shaped intersections, with
the possibility of increasing car traffic in one of
the directions. The objective is studied using the
case of one of the central streets of the city of
Tyumen.

As research method, the study of automatic
operation of traffic light control and of the
number of vehicles moving at T-shaped
intersections from the central part of the city to
the eastern part is applied.

RESULTS
Input Conditions

It is proposed to consider the example of 50
let VLKSM street, coming from Zapolnaya street
and ending at the intersection with Montazhnikov
street. The fact is remarkable that this street
connects the city centre with its eastern part. It
is in the eastern part of the city that new
residential neighbourhoods are being actively
built, and universities, shopping centres,
recreation areas, etc. are concentrated in the
central part. Hence, the emphasis is put on this
road-and-street section.

50 let VLKSM street in Tyumen is a
duplicate of another central street, Respubliki
street, therefore, increasing traffic capacity in
this area is extremely important for the entire
city. The traffic congestion at the 50 let VLKSM
street is sometimes even more than that of its
backup since vehicles with a permitted
maximum weight of more than 3,5 tons are
prohibited from moving along Respubliki street
in its central part. When carrying out work on
recording time of traffic light operation (in the
direction from the centre to the eastern part of
the city) on weekdays from 7:30 to 19:00, it was
found that the green traffic light was on at all
T-sections for the period from 50 to 60 seconds.
During this period, 45-50 units of vehicles pass
in the forward direction, the rest stop in front
of the prohibiting traffic light. The red signal
lights up from 35 to 40 seconds, and during this
time 2 to 6 more cars join the standing cars,
approaching from the secondary road.

Most of the intersections on this section of
the road are T-shaped, as shown in Pic. 1. With
minor amendments, the intersection of 50 let
VLKSM street with Maksim Gorkiy,
Kholodilnaya and Permyakova streets can also
be attributed as being T-shaped. Their difference
is that, moving from west to east, there is an
additional lane for turning left or making a
U-turn. Also, at these intersections there are turns
to the right (crossing Maksim Gorkiy street),
where the car service is located, and to the gas
station (crossing Kholodilnaya and Permyakova
streets). Based on the observations of movement
of vehicles at these intersections, it can be noted
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Pic. 1. Scheme of T-shaped intersection at the street 50 let VLKSM (compiled by the author).

that the number of vehicles leaving them on 50
let VLKSM street is so small that it is possible
to remove the traffic light near a car service, gas
stations and make an exit as «from the adjacent
territory when it is allowed to turn only to the
right».

Design Proposals

To implement the design solution for
development of unhindered traffic along the 50
let VLKSM street in one of the directions, it is
proposed to do the following:

» To install signs allowing only left turn from
the left lane and right turn from the right lane
only at all the T-shaped intersections entering the
50 let VLKSM street.

* To keep the same mode for traffic from east to
west, namely for vehicles driving in the extreme right
lane to install signs allowing going straight and to
the right, for those moving in the left lane there will
be sign allowing going only straight forward.

* When driving from west to east of the city
in the extreme left lane, it is possible to make a
left turn and a U-turn, and the extreme right lane
can be intended for driving straight, except for
right turns (e.g., to car services and gas stations),
if there are any.

» To carry out markings for a pedestrian
crossing across the 50 let VLKSM street on only
one side of the intersection.

* To equip the installed traffic lights with
special buttons for manual switching on for
pedestrian crossings, after a certain time interval,
and it is proposed to leave the same time for
passing and waiting for vehicles.

An approximate design option will look as
shown in Pic. 2.

For initial introduction of this project, so that
motorists can develop a habit, it is possible to
install additional signs [12] before entering the
intersection and to separate the far right lane, for
example, with signal identification posts (Pic. 3).
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STOP

STOP

STOP

Pic. 2. An approximate typical design of a T-shaped intersection for unimpeded movement in one of the directions (compiled by the author).

Pic. 3. Signal identification posts.

CONCLUSIONS

When implementing the project of a T-shaped
intersection along its entire length of 50 let
VLKSM street at the intersection with secondary
roads, it is possible:

* To ensure unimpeded movement from the
city centre to its eastern part, thereby increasing
average speed of movement of vehicles,
including freight vehicles with a maximum
permissible weight of over 3,5 tons.

* Not to infringe on other road users in
delaying traffic lights.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 221-225

» To stay in the limits of minimum cost
estimate for reconstruction.

* To avoid global construction works.

* To increase car traffic by 1,5-1,8 times.

* To create convenient schemes for operation
of pedestrian crossings.

* To organise safe conditions for pedestrian
crossings.

* To reduce downtime of vehicles at
intersections, which will entail a decrease in
emission of harmful gases and improve the
environmental situation.
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ABSTRACT

The article presents the results of a comparative analysis of
equivalence of structural and content characteristics of individual
terms used in combined transport contained in various official
regulatory documents. Differences in definitions of individual terms
in that subject area often impede effective integration of transport
systems at interregional or international level. This study focuses
on the analysis of characteristics of structural components of the

transport, objects of combined transport.
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objects of combined transport, which are contained in definitions
of this term in a number of international agreements, national
regulations and interstate standards. The results of the study have
allowed to formulate proposals aimed at unification of structural
and content characteristics of the object of the combined transport
as well as recommendations for improving certain regulatory
documents.
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INTRODUCTION

Transport plays a decisive role in ensuring
sustainable social and economic development of
any state. Moreover, this thesis is of particular
importance for the countries of Europe and Asia.
Since ancient times, reliable and efficient
communications implemented with different
modes of transport have been the main condition
for expanding international and interregional
trade and humanitarian cooperation between the
countries of the Eurasian continent. A striking
example of the key role of land transcontinental
routes in establishing such cooperation is
demonstrated by the Great Silk Road, which was
actively used in ancient times and is rapidly
reviving in recent years on a new modern
technical, technological, and organisational
basis.

At the same time, more and more countries
of the continent are interested in development
of predominantly land international transport
communications using several modes of
transport with dominant participation of
railways. It is sufficient to note that there is
demand for new railway routes of the revived
Silk Road for foreign trade relations as
evidenced by high growth rates of traffic
volumes and of the number of container trains
in transit through the countries of the Eurasian
Economic Union, primarily through Russia,
Kazakhstan, and Belarus.

The most important condition for further
improving of the efficiency of international land
transportation is facilitation of cross-border trade,
customs and transport procedures based on
application of a system of uniform national and
interstate standards and rules, which should use
professional concepts and terms unified in
content and meaning [1]. At the same time, the
terminology introduced into circulation should
identify and interpret as correctly as possible the
essence of the phenomena and processes being
determined in relevant fields of activity:
economics, technology, law, etc.

The need to unify transport terminology at
the interstate level is also due to the fact that the
legal categories enshrined in relevant agreements
are then implemented into the legislation of
individual states or interregional associations.
An example is the Convention on International
Multimodal Transport of Goods, which was
adopted by the UN in 1980 (hereinafter referred
to as the Convention) but has not yet entered into
force [2]. Nevertheless, the Convention, albeit

nominally, that is, not legally, but only in fact,
secured a certain meaning and semantic content
for certain professional terms. Then the
corresponding terminology began to be actively
used by the expert and professional community
in business and scientific research, and in some
countries, it has already been integrated into
legislation. In particular, ASEAN countries have
adopted the Framework Agreement on
Multimodal Transport, which is largely based on
the provisions of the above-mentioned
Convention. Therefore, improvement of the
terminology of combined transport should be
carried out in conjunction with improvement of
the modern international system of sectoral
regulatory and legal regulation of such
transportation.

In this regard, it should be recognized that
the work on improvement and unification of the
terminology for combined, intermodal and
multimodal transportation is carried out by
experts of the Organisation for Co-operation
between Railways (hereinafter — OSJD) in
cooperation with experts from the UN Economic
and Social Commission for Asia and the Pacific
(hereinafter — ESCAP) and other organisations
participating in OSJD. This initiative of OSJD
experts is gaining special relevance against the
background of active digitalisation of the
transport industry. In modern conditions, a
computer must not only record electronic signals,
but also understand the meaning of text and
words as well as a person does. That is why, in
the era of digital transformation of the economy
and social sphere, the international expert
community should focus on standardising terms
and definitions used by public authorities and the
business community. According to experts from
the UN Centre for Trade Facilitation and
Electronic Business (UN/CEFACT), the use of
a single conceptual format increases the efficiency
of business processes, reduces the risk of errors,
and diminishes the cost and time for execution
of international trade transactions [3].

The use of a common terminology in the field
of combined, intermodal, and multimodal
transportation provides the following effects:

» Semantic compatibility of data in trade and
transport contracts.

* Implementation of the principle of a «single
formy for documents.

» Development of a methodological basis for
classifiers and standards for various types of
transportation.
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For a number of years, the combined method
of delivery of foreign trade goods has been
actively used in the EU countries, which has
positively affected the dynamics of traffic
volumes and freight turnover of railway transport
and made a significant contribution to improving
the environmental situation in the EU countries
[4]. At the same time, in countries from the
eastern part of the continent, combined transport
has not yet been sufficiently developed. One of
the main reasons for the low demand for
combined transport for servicing transcontinental
cargo flows is associated with terminological
differences in individual international and
national transport agreements, standards and
rules governing the peculiarities of this type of
transportation.

In this regard, the objective of this study is to
identify structural and content differences in the
definitions of combined transport and to develop
recommendations for their unification for further
improvement and harmonisation of transport
legislation in the Greater Eurasia.

METHODOLOGY

Combined transport is one of the progressive
ways of implementing the so-called mixed
(combining different modes of transport) cargo
transportation, which is carried out mainly in
interregional and international traffic [5-10].

Mixed transportation on most main routes,
as a rule, has significantly higher economic,
social and environmental efficiency compared to
direct transportation, which is carried out by any
single mode of transport. The main source of
formation of these effects are the intra-system
mechanisms of formation of new properties that
are not inherent in individual parts of the
transport system (in different modes of transport),
which are manifested in lean management
(interaction) of all system components: transport
and logistics infrastructure, traction and rolling
stock, loading, and unloading equipment,
specialized devices for placing cargo, etc. [11].

The sustainability of the mixed transportation
system is based on the assumption that all the
participants in the supply chain are interested in
making a rational choice in favour of maximising
the economic and environmental benefits of each
mode of transport through their integration into
a single transport and logistics chain. The
organizers of mixed transportation analyse
advantages and disadvantages of individual
modes of transport, considering specific operating

conditions (they are compared according to
relevant criteria: price, speed, weight and size
restrictions, compliance with specific conditions,
etc.) and select the most suitable mode of
transport for each section of the route [12].

The selection of mixed transportation as of a
separate species category is of scientific interest
for development of a unified methodological
basis for organisation and implementation of
such transportation, and has also an important
organisational, technological, and practical
importance.

In mixed transportation, so-called intermodal
transport units (ITU) are often used to increase
the efficiency of interaction between participants
in the transport and technological system. The
use of ITU can significantly reduce time and
money costs for performing transhipment
operations when changing the mode of transport.
ITU include containers, swap bodies, semitrailers,
and other equipment, structurally adapted to
accommodate cargo and to transport it in rolling
stock of various modes of transport from the
point of departure to the point of destination. At
intermediate points, when changing the mode of
transport, not the actual cargo is reloaded, but
ITU with cargo. Mixed transportation using ITU
is called intermodal transportation.

According to the UNECE Glossary
«Terminology on Combined Transport»
(hereinafter referred to as the Glossary),
intermodal transportation also includes carriage
of goods in a car, which is transported by other
modes of transport on adjacent sections.
Moreover, intermodal transportation with
participation of road transport is a subspecific
category, on the basis of which such a species as
combined transport is distinguished. The main
feature (difference) of combined transport from
other types of intermodal transportation with
participation of road transport is that most of the
voyage through the territory of the EU countries
falls on rail, inland waterway or sea transport,
and any initial and (or) final segment of the route
where road transport is used, is as short as
possible.

According to UNCTAD experts, as a rule, in
very rare cases, delivery of foreign trade goods
is carried out in the form of a direct transportation,
i.e., only by any single mode of transport [13].

In international deliveries, mixed
transportation predominates, which has a much
more complex structure of transportation and
technological operations, uniting a larger number
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of participants within the trade and logistics
chain. For reasons of efficiency, it is advisable
for all the participants in the supply chain,
including supervisory authorities, to use a single
terminology both in relation to the operations
performed and in terms of information
characterising the items transported, settlement,
customs, and other operations. It is worth noting
that regarding the data identifying the customs
characteristics of cargo and goods, unity has been
achieved at the international level through UN/
CEFACT and the World Customs Organization.
The use of a unified terminology contributes to
harmonisation of customs legislation,
transparency of the relevant procedures and, as
a result, to an increase in the efficiency of
international trade. When organising the process
of collecting, rationalising and harmonising
transport terms, the UNECE and UN/CEFACT
model guidelines on simplification and
standardisation of data for international trade can
be used [14].

When carrying out a comparative analysis of
the terminology of combined transport, the
wording from official international and national
documents related to this type of transportation
was used. First of all, the study referred to the
terminology contained in the documents having
an interstate status: « European Agreement on
Important International Combined Transport
Lines and Related Installations (AGTC)»
(hereinafter — «European Agreement»), « OSJD
Agreement on organizational and operational
aspects of combined traffic between Europe and
Asiay (hereinafter — «<Europe—Asia Agreement»),
and Council Directive 92/106/EEC of 7 December
1992 on the establishment of common rules for
certain types of combined transport of goods
between Member States (hereinafter — EU
Council Directive No. 92/106/EEC, Directive),
as well as in the above-mentioned UNECE
Glossary and interstate standards in force in
individual OSJD member countries. Analysing
and discussing the content of transport terms
consider also theoretical and methodological
developments of domestic and foreign
representatives of academic science in the field
of improving the terminology of mixed
transportation.

The study of terms on combined transport
based on the listed sources made it possible to
generalise official and scientific approaches to
determining the meaning and sense of the
corresponding terms. This process was

accompanied by a comparison of the content of
terms with the technological, organisational, and
legal aspects of the subject area characterised by
them (by those terms). Then the differences in
the content of the studied terms were identified
using the methods of semantic and structural and
content analysis. Further, feasibility of using
distinctive characteristics to identify relevant
terms was assessed. With a positive assessment,
reasonable recommendations were developed for
correcting existing or introducing new terms.

The structural and content characteristic of
terms is considered as the definition of the
composition of lexical elements of the definition
and interpretation of the essential meaning
attributed to them. Regarding transport
terminology, the following structural components
can be distinguished in the structure of the term:
used modes of transport and types of rolling
stock, equipment, technologies, and infrastructure
facilities, taking into account their specialisation,
transported objects, legal framework, supervisory
procedures, features of document interchange,
etc. This research puts the emphasis on structural
and content characteristics of the object of
combined transport, which, due to technological
peculiarities of this method of transportation, has
a complex component composition.

RESULTS

It was noted above that to improve the
efficiency of international transportation with
participation of different modes of transport,
many countries of the Eurasian continent have
entered into a number of multilateral agreements,
which enshrine obligations of the parties to bring
operational characteristics of national
infrastructure facilities into compliance with
uniform requirements (standards) established in
the agreements. At the same time, the analysis
of definitions of key terms in these Agreements
revealed the presence of certain differences,
primarily regarding the object of combined
transport.

As a general rule, the object of transportation
is cargo. In combined transport, the object is not
the actual cargo, but various types of equipment
(container, swap body, etc.), trailed rolling stock
(semitrailer, trailer, etc.) or vehicles (universal
trucks with a fixed body), which directly
accommodate cargo, and changing the mode of
transport implies not the cargo transhipment but
the transhipment of a corresponding object with
the cargo.
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The «European Agreement» contains, in our
opinion, an insufficiently specific definition of
the term «combined transport», which in the
document means carriage of goods in the same
«transport unit» using several modes of transport
(«The term «combined transport» shall mean the
transport of goods in one and the same transport
unit using more than one mode of transport»). At
the same time, the «European Agreement» does
not comprise any additional clarification of what
should be understood by the corresponding
transport unit.

Some explanations of the characteristics of a
«transport unit» which is the object of combined
transport under the «European Agreementy are
given in the Glossary «Terminology on Combined
Transport». The third chapter of the Glossary,
which is called exactly «Transport Unitsy,
describes various types of vehicles related to
road, rail, and sea transport. However, not all
types of transport units listed in this section of
the Glossary can perform the function of «one
and the same transport unit», as prescribed by
the «European Agreement» for an object of
combined transport. Considering the
technological features of implementation of
combined transport, the following types of
transport units from the Glossary can be
attributed to the objects of combined transport:
articulated vehicle, road train, trailer, semitrailer,
bimodal semitrailer. These types of «transport
unitsy are intended for operation in combination
with motor vehicles (trucks with a fixed body or
tractor units or «motor vehicles» as described in
the English version of the term in the Glossary).
Moreover, the actual trucks with a body that do
not use trailed rolling stock, according to the
formal characteristics of the Glossary, do not
belong to «transport units» and, as a result, do
not form a part of the object of combined
transport according to the definition of the
«European Agreementy. In our opinion, such a
characteristic of the object is not without its
drawbacks, and therefore it is desirable to specify
the wording of the term «combined transport» in
the «European Agreementy.

The «Europe—Asia Agreement» provides a
comparatively detailed description of the object
of combined transport, to which the so-called
cargo units are assigned, and their species are
listed in parentheses: container, swap body,
semitrailer, motor vehicle. It is worth noting that
this structure of components of a combined
transport object is complex in its composition

since it contains not the same type of objects if
we refer to the classification of the Glossary.

The first category comprises containers, swap
bodies and semitrailers, which are referred to as
so-called «intermodal transport units» (ITU) and
are a kind of «cargo unitsy». As it is known, ITU
are structurally unsuitable for autonomous
motion. Therefore, ITU for combined transport
(loaded or empty) are located on the vehicle, and
when changing the mode of transport, it is not
the cargo, but the ITUs that are transhipped. At
the same time, semitrailers in the Glossary
simultaneously refer to both ITU and «transport
unitsy, but do not refer to «cargo unitsy, a variety
of which are ITU, which, in our opinion,
introduces contradictions in the structure of the
terms of this document.

The second category comprises motor
vehicles, which, as noted above, include
motorised trucks with a fixed body, adapted to
transport various types of goods, including ITU
and trailers. It is worth noting that, according
to the formal characteristics from within the
Europe—Asia Agreement, road trailers do not
belong to the objects of combined transport,
although in fact they are such and their
transportation in railway wagons is provided
for by the provisions of SMGS [OSJD
Agreement on International Railway Freight
Communications].

Summarising the results of the analysis of
definitions of combined transport from the
«Europe—Asia Agreement» and the «European
Agreementy, it is possible to highlight the main
structural and content differences in the used
objects of combined transport. The text of the
«Europe—Asia Agreement» explicitly states that
the number of objects of combined transport
includes both cargo units and vehicles, which are
understood as vehicles with fixed bodies. In turn,
the text of the «European Agreement» mentions
the «transport unit» only as the object of
combined transport, while cars do not belong to
the «transport unit.

It should be noted, however, that with regard
to the structure and content of these terms, there
are certain differences between the Glossary, the
Europe—Asia Agreement and the OSJD Agreement
on International Railway Freight Communications
(SMGS), for example, see SMGS Article 2. It is
also worth noting that the rolling stock classification
system from the Glossary, the Europe—Asia
Agreement and SMGS is not fully consistent with
the structure of those categories contained in «OK
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034-2014 (CPA 2008). All-Russian classifier of
products by type of economic activity)», i.e., in
its subsection 29 «Motor vehicles, trailers and
semitrailers» of section C «Manufacturing
productsy, though the latter document has a lower
status in the legal hierarchy. However, a detailed
study of these issues is beyond the scope of this
study.

The information provided on the existing
structural and content differences in the
Agreements and Glossaries gives grounds to
assert that the formulations of the «combined»
transport object contained in them can be
interpreted in a sufficiently broad sense, which
does not contribute to harmonisation of the
industry’s legislation between the countries of
the continent.

A more detailed description of the «combined
transporty object is contained in the EU Council
Directive, which was adopted about a year after
the signing of the European Agreement and
applies only to EU countries. The Directive, in
contrast to the European Agreement, provides
specific criteria for «combined transport»,
including the detailed structure of the transport
object:

1) The object of transportation refers to
vehicles or intermodal transport units in which
cargo is actually placed during transportation:

* truck (lorry — in the English version of the
term in the Directive),

« trailer, semitrailer with or without a tractor,

* removable body, container.

2) Road transport is used at the initial and
(or) final section of the multimodal route.

3) The length of railway or water sections of
the multimodal route exceeds 100 km in a straight
line.

4) Cargo must be delivered by road to or from
the nearest railway station in relation to the places
of departure or destination of multimodal
transportation, respectively.

5) The length of the road section to or from
the sea (river) port relative to the places of
departure or destination of multimodal
transportation, respectively, should not exceed
150 km in a straight line.

The adoption of the EU Council Directive
and implementation of state support measures
for combined transport provided for in it (as a
rule, refund, or reduction of the transport tax)
ensured a reduction in the volume of direct
(unimodal) road transportation, which led to
redistribution of freight traffic to other more
«environmentally friendly» modes of transport,
such as rail transport, inland waterway, and sea
transport. These measures have made a significant
contribution to reducing emissions of harmful
substances and greenhouse gases into the
atmosphere, as well as reducing road accidents,
noise and congestion rates. At the same time,
experts note that the definition of the term
«combined transport» in the Directive has not
either avoided drawbacks that prevent many
carriers from using economic support measures
[15]. In this regard, the EU is discussing
amendments to Directive 92/106/EEC. In
particular, it is planned to change the procedure
for calculating the length of the sections of
combined transport, on which road vehicles are
used. For intra-European routes, the carriage on
which is regulated by the Directive, this norm,
of course, should be the same for all the EU
countries. However, for transcontinental supply
chains, it may be more rational if each of the
parties (states) to the Combined Transport
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Agreements will independently establish
separate criteria for combined transport, which
will consider geographical features of the
regions, the actual configuration and density of
the transport network. At the same time, it is
important that the structural and content
characteristics of the combined transport object
be uniform in the regulatory documents of all
parties to the agreements. Otherwise, the legal
regulation of the combined transportation of
goods in the same type of transport or cargo units
in different countries will differ, and then,
perhaps, when changing the mode of transport,
the cargo itself will be transhipped, and not cargo
or transport units with cargo.

Terminological differences can be seen not
only in legislative acts, but also in interstate
standards and national rules. For example, in
GOST [State Standard] 34530-2019 «Interstate
standard «Railway transport. Basic concepts.
Terms and definitions» (clause 2.4.19) and in
GOST 34056-2017 «Interstate standard Railway
transport. Rolling stock. Terms and definitions»
(p. 3.3.21) the definition of the term «platform
for combined transport» is given, which is
understood as a flat wagon intended for
transportation of containers, road trains, caravans,
semitrailers and swap bodies. As we can see, the
number of objects for transportation of which the
corresponding platform is intended does not
include actual vehicles that transport cargo in a
fixed body, and not in a trailer or semitrailer. It
can also be noted that in the new Russian rules
for transportation of certain types of rolling stock
of road transport by rail (approved by order of
the Ministry of Transport of the Russian
Federation in January 2020), vehicles are not
included in the list of transported objects, while
Appendix 3 to SMGS provides for the possibility
of their transportation along with road trains,
semitrailers, trailers, swap bodies, etc. These
rules are not related to combined transport but
considering the prospects for development of
combined transport, there may be a need for a
more detailed discussion of the Russian rules for
transportation of vehicles in freight wagons.

Most likely, this issue will be raised after
adoption of a new law on direct mixed-mode
(combined) transport, the draft of which is being
actively discussed in the professional community.
Article 788 of the Civil Code of the Russian
Federation defines the fundamentals of relations
between transport organisations in implementation
of direct mixed transportation carried out under

a single transport document. This article states
that the procedure for organising such
transportation is determined by agreements
between carriers of different modes of transport
and is regulated by a special law on direct mixed
(combined) transportation. It is noteworthy that
in the title of the future law the terms «direct
mixed» and «combined» transportation are used
as equivalent, which, in our opinion, is not fully
consistent with the meaning of the corresponding
concept.

The terms «direct mixed» and «combined»
transportation are varieties of a broader concept
of «mixed transportation». At the same time,
these terms refer to various taxonomic groups
within a superspecific class: «direct mixed
transportation» characterises the organisational
and technological features of implementation of
mixed transport under a single transport
document, and «combined transport»
characterises the type of non-transferred
(intermodal, without transhipment) transportation
performed with participation of road transport
on the initial and (or) final sections of the mixed
route. Accordingly, equalisation of meanings of
the concepts of «direct mixed» and «combined»
transportation and, as a consequence, application
of the same regulatory requirements to them can
complicate regulation of these types of mixed
transportation. Therefore, it makes sense to
discuss feasibility of changing the title of such a
law in the Civil Code, excluding combined
transport from it.

DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS

To ensure a real and effective integration of
transport systems of the Eurasian continent, it is
important to ensure generality of the conceptual
apparatus of combined transport intended for
their regulation at international and national
levels, so that all market participants use
equivalent formulations of professional terms.
This is important to ensure harmonisation of
transportation rules, shipping documents and
other regulatory legal documents on combined
transport in international traffic, which, in turn,
will contribute to the growth of international
trade, reduce the delivery time of goods, and
increase their safety and, ultimately, reduce
consumer costs on the Eurasian continent.

It is worth recognising the rational idea and
successful practice of using the Glossary as a
reference document with detailed formulations
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and detailed explanations of professional terms
that are used in sectoral international agreements.
At the same time, it is advisable to clarify,
supplement and systematise individual definitions
in the Glossary. For example, the Glossary
categorises semitrailers as «transport units» and
at the same time they are part of ITU, which are
a kind of «cargo units». In turn, trailers, which
are also classified as «transport unitsy, are not
part of ITU objects. Of course, trailers have
structural differences from semitrailers, but
technological differences in terms of organising
the transportation process with their participation
are not so significant.

The Glossary, when describing the content
of many terms, uses the term «Motor vehicley,
which in this document does not have its own
definition. The meaning of this term, of course,
can be established from the context of its use in
defining other concepts. For example, in the
definitions of certain types of «transport units»
(such as an articulated vehicle, trailer, semitrailer,
road train), the concept of «motor vehicle» is
used as a superspecific category. Considering the
content and meaning of the definitions of these
terms, «motor vehicle» is understood as the
actual «car». Three important conclusions follow
from this thesis.

Firstly, the definition of the term «Intermodal
transport» from the Glossary uses two transport
objects only: «cargo unit» and «motor vehicle».
Then it turns out that if a vehicle (actually a car)
does not belong to the objects of the group of
«transport unitsy, then transportation of cargo in a
semitrailer, trailer and even a wagon in mixed traffic
using technologies excluding transhipment (for
example, cargo in a wagon is transported on a sea
ferry) does not belong to the category «intermodal
transport». Therefore, the content of the term
«intermodal transport» in the Glossary is
controversial and it seems appropriate to supplement
the list of objects transported using technologies
without transhipment also with «transport unitsy.
For example, trailers, road trains, articulated
vehicles, wagons, and other rolling stock suitable
for traffic without transhipment. If this is not done,
then it will be necessary to select a new term to
characterise intermodal (seamless, without
transhipment) transportation with participation of
«transport unitsy.

Secondly, in the «European Agreement» only
«transport unitsy are included in the composition
of combined transport objects. Consequently,
according to this document, it does not apply to

transportation without transhipment involving
road vehicles and other «cargo units» such as a
container. While other regulatory documents,
including the «Europe—Asia Agreementy,
Council Directive of the EU No. 92/106/EEC,
regulate transportation with such objects.
Therefore, it is desirable to expand and specify
the objects of combined transport in the
«European Agreementy to ensure harmonisation
of regulatory requirements with other documents
regulating similar transportation. General
recommendations for adjusting the combined
transport object will be formulated using the
example of the «Europe—Asia Agreement, the
content of which also needs to be clarified in
terms of the composition and structure of the
corresponding object.

In the current version of the Europe—Asia
Agreement, only one object is actually indicated
as an object of combined transport: a «cargo
unity, the structure of which is then presented in
brackets as its four types (container, swap body,
semitrailer, vehicle). The work showed that these
varieties belong to different taxonomic groups:
a container and a swap body are «cargo unitsy,
a semitrailer is a «transport unity, while the
Glossary and SMGS mean quite different objects
under the term «vehicle». At the same time,
trailers were not included in the list of combined
transport objects in the Europe—Asia Agreement.
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In this regard, the following structure of the
combined transport objects is proposed. It is
logical to distinguish three structural parts in it:
«cargo units», «transport units» and «road
vehicles (automobiles)». The first two groups
can be further characterised by specific species.
For example, it is advisable to represent the
group of «cargo units» as «intermodal transport
units»: containers and swap bodies. The group
of «transport units» can be represented by
trailers, semitrailers, road trains, articulated
vehicles.

Thirdly, the «Europe—Asia Agreement» has
a higher legal status than interstate standards,
therefore it seems appropriate to consider the
issue of changing two interstate standards
mentioned above (GOST 34530-2019 «Interstate
standard «Railway transport. Basic concepts.
Terms and definitions» (p. 2.4.19) and GOST
34056-2017 «Interstate standard «Railway
transport. Rolling stock. Terms and definitions»)
in terms of correcting the definition of the term
«platform for combined transport» considering
the structure of the object of such transportation
proposed above.

The above recommendations for improving
transport terminology are due to objective
changes in transportation technologies. It is quite
natural that for several decades since the adoption
of the «European Agreement» and the «Europe—
Asia Agreement» innovations have appeared in
the regulation and implementation of combined
transport. It would be advisable to reflect them
in both Agreements. To ensure synchronisation
of the process of discussion and development of
new rules for regulating combined transport by
all parties to the Agreements, it may be easier to
return to the idea of concluding a new,
comprehensive Eurasian Agreement on the most
important combined transport lines based on the
existing Agreements. The new agreement would
reflect successful accumulated experience of the
parties to these Agreements, the developed
proposals for improving requirements for
organisation of international combined transport,
as well as update the transport terminology,
which is developing in the wake of rapidly

changing technologies of combined, multimodal,
intermodal and other types of transportation.
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What can be retained by living barriers
besides snowdrifts?

System view of environmental effect
of forest plantations along highways.
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ABSTRACT

In winter, in the countries with snow covered regions, one
of the main tasks of road maintenance is to combat snow
deposits, snowpacks and snowdrifts on the roadway. Living
snow fences consisting of tree and shrub plantings are among
known world practices to protect roads against effects of snow
deposits. They are environmentally friendly, durable and have
great snow retention capacity. However, there are several
constraints regarding application of those practices.

The analysis of the design, spacing and planting schemes
refers to Russian and foreign living snow fences used to protect
highways, considers the features, advantages, and
disadvantages of living fences in different countries. Japanese
and American designs are reviewed as international
experience. The influence of the state of trees on the efficiency
of their snow-retaining function has been determined. As a
result, the need for monitoring and proper maintenance of
existing living snow fences throughout their life cycle was
confirmed using the examples of surveys of forest plantations
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2021, Vol. 19, Iss. 2 (93), pp. 236-241
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in Kazakhstan and in Volgograd region of the Russian
Federation.

The author presents promising directions for improving the
structures and planting schemes of snow storage living fences,
namely, an integrated approach to their design as of a protection not
only against snowdrifts, but also against pollutants. Such solutions
include the design of protective living fences using only tall shrubs,
providing the best blowing of roadside areas and dispersion of
contaminants. Another solution is to complement the species planted
within living fences with willow and corn. Besides, referring to global
climate changes, an important task for modern science has been
identified, that is to update the current standards for the design of
living fences under the current meteorological conditions.

Recommendations on the use of mathematical modelling with
the help of computer software are suggested regarding development
of new configurations of living fences, assessment of their
effectiveness, as well as on the adoption of modern technologies
such as video cameras and drones during field tests.

Keywords: transport, living snow fences, snow protection, snow transport, snow fighting, winter maintenance of highways.
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INTRODUCTION

To provide safe and uninterrupted traffic on
roads in winter, many countries with cold
climates fight snowdrifts on the roadway. The
snow element is mainly typical for areas of very
difficult and especially difficult snow fighting
according to the zoning of the territory of Russia
[1; 2]. Globally, Canada, Japan, Kazakhstan,
Scandinavian countries, the USA, and others face
the same challenge.

For more than a century of use, snow-
retaining plantation forests have proved to be the
most effective tool of protection against
snowdrifts. The design of living snow fences is
carried out based on quantitative assessment of
the parameters of blizzard activity and the degree
of snowdrift extent on highways. Each country
has its own peculiarities of choosing the spacing
scheme and the range of species to be planted.

It is important to note that it is at the stage of
designing new construction or reconstruction of
highways that it is necessary to proceed with
planting of living snow fences. At the stage of
operation of already built and existing highways,
only monitoring and minor adjustments of the
adopted design decisions are possible.

The objective of the study was to reveal
promising direction allowing to improve the
design and planting schemes of living snow
fences considering an integrated approach to their
design as of a protection not only against
snowdrifts, but also against pollutants.

RESULTS

The widespread use of tree and shrub
plantings is due to their significant snow-
retention capacity, they are environmentally
friendly and have an unlimited service life.
Nevertheless, along with significant advantages,
there are some constraints for their use. Those
constraints include unfavourable soil and
geological conditions, location of a road in
vicinity of agricultural land, significant land
areas allocated for the plantings (the width of
those areas [in Russia], according to the
recommendations of ODM 218.5.001-2008*
and ODM 218.2.045-20142, is from 15 to 100 m
from the edge of the roadbed to forest plantations

! ODM [Road industry’s methodological document]
218.5.001-2008. Methodical recommendations for protection
and cleaning of roads from snow.

2 ODM [Road industry’s methodological document]
218.2.045-2014. Recommendations for design of forest
snow-retaining plantations along highways.

plus the width of the planting itself, depending
on the volume of snow transport). The normative
values are approved based on scientific works
[1-3], carried out in the second half of the 20*
century. Besides, additional snow protection
measures must be provided for the period of
growth of young seedlings to a state of mature
plant during new construction or reconstruction
of highways.

Russian Experience of Using Tree and
Shrub Plantings

Regulatory schemes for planting living snow
fences, rules for reinforcing existing plantings,
assortment and requirements for planting
material are stipulated in the national
recommendations of ODM 218.2.045-2014. The
selection of design and schemes is based on the
volume of snow transported to the road.

An important factor in effective operation of
living snow fences refers to monitoring and
maintenance during the period of their operation.
Young seedlings, under the influence of negative
factors, may not reach the required size or
undergo drying out and decay, the shrubs may
be non-pubescent. Upon reaching maturity, trees
become sparse and can be damaged during the
life cycle. Increase in density of trees and shrubs
is reached by cutting boughs or increasing the
number of rows of trees [3]. According to ODM
218.011-983, works to strengthen the existing
living snow fences comprise soil cultivation,
considering regional agrotechnical requirements,
the planting (sowing) of plants, the addition of
crops, and agrotechnical care of the plantings.

For example, according to [4] field studies of
the state of roadside forest plantings were carried
out in Volgograd region in 2019 along R-22
«Caspian» (Moscow—Astrakhan) and R-228
(Volgograd—Syzran) highways, which made it
possible to establish their poor condition, stunted
growth, degradation. and dry treetops on both
road segments.

In such cases, tree and shrub plantings are
subject to immediate reforestation felling to
ensure their renewal and coppice generation.
Since living fences, as a rule, are located in the
right-of-way of a motor road, the responsibility
for performance of these works lies with road
maintenance services, which, in turn, do not
always have competent specialists in this area on

3 ODM [Road industry’s methodological document]
218.011-98. Public roads. Methodical recommendations for
landscaping of highways.
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Pic. 1. Standard width woods of living fences in Japan: 1 - direction of the prevailing wind in winter, 2 - fast-growing broadleaf trees,
3 - evergreen trees, 4 - snow-piling area, 5 - road [5, p. 37].

their staff. As a result, living fences are not able
to fully function as snow retention instruments.

Foreign Experience of Using Tree and
Shrub Plantings

In many foreign countries with a cold and
snowy climate, living snow fences snow-
retention forest plantations are also used as
protection against snowdrifts on highways. The
rules for their application in each country are
determined based on meteorological and
hydrogeological conditions, as well as on the
features of the terrain and characteristics of the
adjacent territory.

For the purpose of snow fighting in Japan,
for example, living snow fences and «snowbreak
woods» are very actively used for protection of
highways. In 2009, the length of living snow
fences on the highways of the island of Hokkaido
was about 80 km [5]. However, the standard
width of living fences is 10, 20 or 30 m [5; 6]
(Pic. 1). Based on the works of Russian
specialists [1; 2], it can be assumed that such
small distances are possible with small amounts
of snow transport since in such cases the snow
storage capacity of living fences is small, and

asnow plume may come out onto the carriageway
of the highway.

Currently, Japanese scientists continue to
study the effectiveness of living snow fences
depending on the composition of species,
condition of plants during operation, and planting
schemes. So, the study [5] comprised the results
of a survey regarding, i.e., causes of wilting of
the trees, the influence of the direction of winds,
of sunshine on plants’ growth and, consequently,
assessment of the snow storage capacity of the
living fence under such conditions.

Living snow fences are also widespread in
the northern states of the USA. According to the
report of the American scientist Ronald D. Tabler
[7], depending on the volume of snow transport,
the minimum plant height should vary from 1,2
to 2,8 m, and the distance between the edge of
the roadbed and plantings should vary from 30
to 90 m. The author recommends planting
additional rows of shrubs during the growth of
young seedlings (Pic. 2), or the installation of
snow retention devices (Pic. 3).

R. D. Tabler [7] also proposed planting shrub
rows in a staggered pattern on steep embankments
(Pic. 4). His followers [8; 9] extended this solution

Pic. 2. Temporary scheme for strengthening the planting of young trees with shrub rows [7, p. 234].
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Pic. 3. Temporary scheme for placement of temporary snow fence to protect and reinforce young trees [7, p. 233].

for areas with steep slopes (1:1.5), such as
approaches to bridge structures. The proposed
configuration of trees and shrubs to reduce
snowdrifts consists of a row of vegetation at the toe
of the embankment followed by one or more rows
on the embankment slope (Pic. 5). The number of
rows depends on the geometry of the embankment.
Obviously, this scheme must be applied with
caution, providing visibility on the road.

In the Republic of Kazakhstan, the issue of
combating snowdrifts is extremely acute.
Climatic conditions and the features of the
country’s territory determine large volumes of
snow transported to the roads in winter (in the
steppe zone of Northern Kazakhstan, from 300
to 600 m*m, and in some areas even up to
800-1200 m*/m of snow are brought to roads).
Roadside living snow fences protect from
snowdrifts the motor roads (59,7 thousand
hectares) and railways (66,8 thousand hectares).
The norms and rules for planting living snow
fences are generally similar to those in Russia.
Existing living snow fences protect 30 % of all
the roads. However, according to research [10],
in recent years, work on creation of living snow
fences is practically not carried out, and the
existing plantings due to insufficient care,

unauthorised felling by the population require
reconstruction and restoration. This circumstance,
in turn, confirms the need for proper maintenance
of plants to ensure their efficiency.

Promising Directions to Improve Living
Snow Fences

In addition to the retention of snow during
the period of blizzard activity, living snow fences
can influence the degree of concentration of
harmful substances. With an integrated approach
to design, living fences are capable of
simultaneously ensuring snow resistance of the
motorway, reducing concentration of exhaust
gases and, as aresult, improving the environmental
characteristics directly above the roadway [11].

To meet the conditions of snow protection
and to reduce concentration of harmful emissions,
A. S. Sushkov [12] proposed the design of
protective living fences using only tall shrubs
(3—6 m) (Pic. 6). In his opinion, such a design
will provide the best blowing of roadside areas
and will lead to dispersion of contaminants.

It is important to note the indisputable fact of
climate change in general and the need to update
the current zoning scheme for the territory of the
Russian Federation in terms of the difficulty of

Pic. 4. Pattern of planting shrubs on step embankments [7, p. 235].
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Pic. 5. Scheme of plantings at the approaches to bridge structures [8].

2525

Pic. 6. Design of the snow-protective living fence considering dispersion of contaminants [12].

snow fighting on highways. Therefore, another
important task of modern science is to clarify the
norms for design of living fences at the federal
and regional levels, considering the current
climatic conditions and relief.

We can also highlight some of the directions
of the latest international research. The American
scientists have developed the concept of roadside
plantings of fast-growing willow [13—15]. The
growth rate of willow is several times higher than
that of alder, spruce, or pine. In addition to snow
retention, willow can perform the protective
function regarding water and land resources and
to reclaim contaminated soil. The US experience
is being considered for implementation in the
Republic of Belarus [16].

Another interesting direction of research by
American specialists is the inclusion of rows of
corn in the composition of living snow fences,
as, for example, it is done in the states of lowa
and Wisconsin [17; 18], guided by simplicity and
low cost of this method of snow fighting.
However, in this case, there can be a higher risk
of vandalism by the local population.

Recommendations for Development
of Research

When carrying out research on new samples
or configurations of living fences, at the first
stage, one should resort to mathematical

modelling using computer software, which
allows testing in the shortest possible time
without limiting the number of samples and
testing time, does not require to go to «the
field». Such programs are based on the Navier—
Stokes system of equations describing the
motion of a viscous incompressible fluid [19,
pp- 139-142]. Ansys Fluent, which is among
world leaders, is a computer program that, with
asufficient degree of accuracy, allows simulating
a blizzard flow and snow deposits in the area of
snow fences. Among Russian domestic
developments, one can single out FlowVision
[20].

An alternative research method is physical
modelling in laboratory conditions, for example,
in wind tunnels. Full-scale tests are extremely
time consuming and costly, nevertheless, they
are necessary to evaluate the performance of new
samples under real operating conditions. In the
age of modern technology, video cameras,
drones, and computing help to conduct field tests
by implementing air and ground photogrammetry
with subsequent development of a three-
dimensional relief model.

SHORT CONCLUSION

For many years, snow storage and retention
living fences have demonstrated their efficiency
in combating snow on highways in different

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss.2 (93), pp. 236-241

Mishina, Daria Yu. Living Snow Fences: International Practices




countries and, as a result, they significantly
reduce the financial costs of winter highway
maintenance. In turn, the efficiency depends on
a competent project, implementation of plantings,
and further proper care.

At the same time, in the context of a lack
of land allocation for placement of living snow
fences, of a search for a compromise for their
use near agricultural lands, and of an increase
in the urgency of the environmental problem,
the current situation encourages the scientific
community to develop and optimise the
composition, assortment, design, spacing and
implementation schemes of living snow fences.
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ABSTRACT

Studying the issues of recovery of low-potential energy at small-
scale energy facilities allowed to show the promising character of the
organic Rankine cycle (ORC) technology as a technology for recovery
or conversion of low-potential energy.

The most promising developments in the field of the use and
recovery of waste heat are described regarding application of
ORC, which is widely used in geothermal sources, hot water
boilers, gas turbine plants. Due to the constantly growing diversity
of working fluids, ORC can be used within a wide temperature
range from 100°C to over 350°C. Also, developments are
underway in the design of ORC generators to increase reliability
of its individual system units, such as turbines and expanders.
Based on the above factors, it can be concluded that with a deeper
study of the problems of adopting ORC technologies, they can
become a very promising direction in development of heat power
engineering.
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It has been determined that the main factor hindering the
widespread adoption of the ORC technology is associated with high
cost of heat exchange equipment due to increased heat exchange
surfaces. It is shown that design of mini power plants and energy
centres based on the use of low-potential energy requires
improvement of mathematical modelling methods to reliably determine
operating modes and characteristics of each of the units. Methods
for modelling evaporation and condensation systems, including
turbines and expanders using organic low-boiling working fluids,
should be considered among the methods that are highly sought
after. The methods for selecting a working fluid for ORC devices also
have a significant impact on characteristics of the installation
determining the range of cycle operating temperatures and pressures.
The solution of the above problems can lead to a reduction in the
cost of heat exchange equipment, and, consequently, to a decrease
in costs for design of ORC generators.

Keywords: low-potential energy resources, organic Rankine cycle, mini electric plant, energy centres, mathematical modelling.
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INTRODUCTION

The need to consider current technological
conditions regarding the recovery of low-
potential energy at the small-scale energy
facilities is determined by the demand for a
more economical use of energy resources due
to the passed peak of hydrocarbon extraction.
In Russia it is due also to implementation of
the national Energy Strategy until 2035 At
the present stage of development of industrial
production, it is the adoption of energy-saving
technologies that allows to increase efficiency
of the use of fuel and energy resources, while
the latter is among the main conditions for
reducing the fuel component in the cost of
production, and, accordingly, for increasing
profitability of enterprises. Almost all the
enterprises of stationary power engineering in
transport and other industries, as well as in
agriculture, have «excess» heat of the working
fluid in cooling systems that ensure stable and
continuous operation of production cycles
[1-4].

The last decade has been marked by the
widespread of installations operating according
to the organic Rankine cycle (ORC) with the
use of turbine generators both for producing
electricity and operating according to the
cogeneration [5]. The main equipment of the
generator, as a rule, includes heat exchangers,
piping, primary and secondary coolant pumps,
a turbine, an electric generator, an automation
unit with power equipment. Recently, modular
power blocks have become widespread due to
the ease of installation and lower transportation
costs. In practice, such turbine generators have
a fairly wide range of electrical power
(50—1000 kW).

The modern scientific literature describes
results of analytical reviewing of thermal
schemes of power recovery plants, working
fluids, methods of thermodynamic evaluation
of the efficiency of heat conversion processes
[1-13]. In Russia, the first systemic studies
were carried out by M. I. Dunaevsky, and then
M. M. Grishunin, A. P. Sevastyanov, L. I. Se-
leznev, E. D. Fedorovich were engaged in
development of technological schemes and
cycles [14; 15].

! Energy Strategy of the Russian Federation for the period
until 2035 [in Russian]. Resolution of the Government of
the Russian Federation dated June 9, 2020, No. 1523-r.
[Electronic resource]: https://minenergo.gov.ru/node/1026.
Last accessed 09.01.2021.

The objective of the article is to consider
the current state of the issue on recovery of
low-potential energy resources to improve the
energy efficiency of small-scale energy
facilities and to identify the main problems
facing such energy centres.

MAIN RESULTS

Over the past 10 years, much attention has
been paid globally to design and development
of low-power energy-efficient electrical
installations based on closed steam turbine
cycles in low-boiling working fluids (LBWF).
An energy source of heat is low-potential if its
temperature does not exceed 230-300°C
(500-570 K). Fundamentally, LBWF determine
the type of thermodynamic cycle, the
composition of the equipment and technical
and economic indicators of power plants. The
broadest group includes pure (s opposed to
blends) LBWF: hydrocarbons (butane,
propane, pentane), freons (R11, R12, R114,
R123, R245fa), ammonia, toluene, diphenyl,
silicone oil, etc. They are used in power plants,
implementing ORC, the essence of the
application of which is recovery of secondary
energy resources (SER), having a temperature
of 80—350°C (waste gases, cooling water and
other SER of technological processes) [16].

ORC is mainly used in:

* thermal power plants;

* geothermal power plants;

« landfills for disposal of biological waste;

« industrial enterprises that have waste heat
in their production cycle;

* gas turbines, internal combustion engines,
etc.

The range of application of working fluids
depends on the criteria applied to them: energy
properties, low ozone depletion potential,
operational safety.

ORC-based power plants have the following
advantages:

» lower capital costs for a turbine in
comparison with a steam-water analogue;

* there is no need for a water treatment
system,;

* simple start-stop procedure;

* long service life of turbine equipment (up
to 30 years [1]).

Considering these advantages, the use of
closed steam turbine cycles in low-boiling
working fluids is very promising at the
facilities that dispose waste heat.
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Use of ORC at Geothermal Sources

A rather interesting example of the use of
ORC is its use at geothermal sources. Warm
geothermal waters act as a source of heat for
ORC at the geothermal power plant. Geothermal
waters are pumped from the bowels of the earth
to the evaporator, where they give off heat to
the LBWF. The world’s first geothermal power
plant (GeoTPP) using LBWF, or, as it is also
called, the binary GeoTPP, was created in the
USSR in Kamchatka (Paratunskaya GeoTPP)
in 1967. Geothermal waters with a temperature
of 81°C served as the heat source. The working
agent was R12 freon. The plant generated
power of 680 kW. At the same time, practical
implementation of binary GeoTPP (USA,
Mexico, Argentina, Iceland, Italy, Austria,
Germany, Portugal, Israel, Thailand, China,
Taiwan, New Zealand, Philippines, Japan) is
becoming more active all over the world, with
the defining trend to create small, fully
automated, modular installations that do not
require constant maintenance. ORMAT (Israel)
is the leader in their production (up to 1000
installed power modules using pentane with a
capacity of 40 kW to 3,5 MW) [9].

Application of ORC with a Hot Water
Boiler

The adoption of the ORC technology at the
hot-water boiler house makes it possible to
create cogeneration: simultaneous generation
of heat and electricity. Depending on the
consumer, the mini TPP can switch between
generation modes both to generate electricity
either to supply heat by changing the flow rate
of the coolant towards the evaporator of ORC
generator or the heating network [12].

Implementation of ORC Technologies
in the Circuit of Combined-Cycle Gas
Turbine Plants

When using ORC with gas turbine units
(GTU) and depending on temperature and
volume of exhaust gases, there are two
methods of designing ORC superstructure
[13]:

* ORC superstructure for combined-cycle
gas turbine plant by connecting ORC to heat
extraction of the steam turbine;

* ORC superstructure for GTU via waste
heat recovery boiler.

These methods make it possible to generate
additional energy from exhaust gases.

Several scientific institutions in Russia
have got significant research experience in the
study of ORC processes, namely, of working
fluids for steam turbine cycles, building
thermal circuits and calculating its constituent
elements (turbines and heat exchange
equipment of various types) [3].

The study [16] performed the analysis and
substantiation of the solution of the problem
of'energy saving on the basis of implementation
of closed steam turbine cycles in low-boiling
working fluids for industrial facilities with
the use of SER. A study was carried out on
selection of low-boiling working fluids used
in ORC circuits. Calculations have been
carried out to assess possible obtained
electrical power during the implementation
of LBWF turbines using waste gases of a
water boiler unit with a capacity of 100 Gceal/h.
It is shown that with the maximum use of heat
of exhaust gases, electric power of the LBWF
installation can reach ~2900 kW. To determine
the most effective way of recovery of exhaust
gases, a search was made for a rational
thermal scheme, considering the characteristics
of the existing technological cycle. In [9],
based on available operating characteristics
maps of the boiler unit, computational studies
were carried out to determine possible electric
power depending on the operating mode.
Calculations have shown that the use of heat
of exhaust gases without additional
combustion of fuel limits the maximum
temperatures of LBWF and does not allow
reaching the maximum power of the power
plant of ORC circuit through a small heat drop
generated by the turbine. A greater amount of
heat can be achieved only by increasing
consumption of a low-boiling working fluid,
which is not always optimal. An increase in
flow rate of the working fluid entails an
increase in the mass and size characteristics
of heat exchange, auxiliary and turbine
equipment.

At the present stage of development of
closed-cycle steam turbines with low-boiling
working medium, it is advisable to choose an
option that will cover own needs of a heat-
generating installation for electric energy at
the level of 5-10 % without additional fuel
combustion.

When determining feasibility of adopting
the ORC cycle, it is necessary to consider that
each individual case requires assessment of the
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Pic. 1. Cycle diagram of combined-cycle gas turbine plant [7]: C - compressor, CC - combustion chamber, GT - gas turbine, HRSG - heat
recovery steam generator, ST — steam turbine, HPST - high pressure steam turbine, LPST - low pressure steam turbine, SH - superheater,
EV - evaporator, D - drum, EC - economizer, GH OWF - gas heater for organic working fluid, EV OWF - evaporator of organic working
fluid, WFP - water feed pump, R OWF - recuperator of organic working fluid, AC - air condenser, CP OWF - condensate pump for organic
working fluid, EG - electric generator, RP OWF - recirculation pump for organic working fluid, FP OWF - feed pump for organic working fluid,
RH OWF - regenerative heater for organic working fluid.

amount and parameters of low-grade heat, as
well as a complete feasibility study.

The development and implementation of
installations are carried out by well-known
companies from the USA, Japan, Belgium,
Israel, Italy, Russia and other countries [12;
13; 17; 18].

Currently, the developed installations are
intended to use low-potential SER with a
temperature of 100—120°C, R142b as a
working coolant and to have the efficiency of
0,08—0,10. There is a need to determine the
coolant that provides optimal efficiency of the
Rankine cycle for each temperature of SER
sources. Therefore, for a certain specific source
of SER, a thermal scheme of the installation
is developed with its proper characteristic
parameters and a working coolant. With a
decrease in the temperature of the SER source,
the cost and complexity of the equipment
increases (up to 1500—2000 $1 per kW of
power) [10].

SER sources with a temperature of
150—170°C need recovery by power plants
with a isobutane (C,H,)) or a mixture
(isobutane/isopentane) working coolants.
Thermal circuits with n-pentane and hexane

are being developed for recovery of SER with
higher temperatures (200—250°C).

Organic heat transfer media have not been
studied enough for recovery of SER with
temperatures above 300—350°C. Therefore,
thermal schemes of installations with water
vapour and carbon dioxide (CO,) were
developed.

From the above description of the ways of
adoption of ORC installations, it can be
concluded that this branch of electrical and
heat engineering is sufficiently developed to
create industrial designs. Therefore, ORC
plants are increasingly being used in energy
centres. The main world leaders who have
mastered this industry are now ORMAT,
Electratherm, Turboden, which have a wide
range of capacities, structural solutions, as well
as solutions regarding modular blocks that
simplify installation and operation of ORC
units.

However, despite apparent maturity of
approaches to the problem of designing ORC
generators, high capital costs due to suboptimal
weight and size characteristics of the heat
exchange equipment remain limiting factors
for widespread introduction of these
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Pic. 2. Semi-hermetic twin-screw HSE.85 expander [19].

installations. This negative factor might be
overcome by compilation of such mathematical
models that most reliably describe the processes
in the systems of evaporation, condensation,
and gear boxes.

The work [7] inspires interest from the
point of view of analysis since it considers a
three-stage steam gas plant and proposes a
scheme for deep recovery of exhaust gas heat
through the introduction of the ORC
technology. The scheme is implemented as
follows: the topping cycle is expressed by the
Brighton cycle, the middle one is the Rankine
cycle using water vapour, and the bottoming
one is ORC. The schematic diagram of
combined-cycle gas turbine plant is shown in
Pic. 1 [7].

In the presented combined-cycle gas turbine
plant, temperature in front of the high-pressure
steam turbine is about 1527°C (1800 K),
temperature of exhaust gases of the topping
cycle is about 477°C (750 K), the medium
steam-water cycle operates in the temperature
range of 527°C (800 K) in front of the medium-
pressure turbine and 77°C (350 K) in the
condenser. The condensation temperature in
ORC can be below 0°C (273 K) due to the use
of air condensers in the northern regions of the
country, where for about 8 months a year the
ambient temperature is below 0°C.

The medium steam-water cycle can be
replaced by the organic Rankine cycle with a
lower condensation temperature of the working
fluid than the water has, thereby lowering the
condensation temperature limit for a deeper
heat recovery in the middle cycle and an
increase in efficiency throughout the plant.

The mathematical model proposed in [7],
despite a very versatile approach to the method
of deep recovery of low-grade heat, is
expressed by a mathematical model of the first
level, that is, linear equations, with a large
number of assumptions and approximations,
which may affect reliability of the processes
described therein.

Other Applications of OCR Technology
The use of ORC technology is not limited
only to stationary power devices. One of the
possible options for modernisation of existing
piston engines used in sea and railway transport
to increase their efficiency is the use of ORC
units integrated into the engine operation. The
ORC system can recycle either high-grade
(exhaust gases) or low-grade (cooling water)
heat, or a combination of both, providing an
increase in fuel efficiency of up to 12 % [19].
The engine radiator can be replaced, which
reduces the capital cost of ORC generator by
30 % of its total cost, with a payback period of
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less than five years for diesel engines. So,
ElectraTherm company in 2020 presented a
commercial model of a semi-hermetic expander
operating on 1,1,1,3,3-pentafluoropropane,
shown in Pic. 2.

The expanders are easier to operate than
freon turbines: they work more efficiently at
low rotation speeds, they do not need an oil
pump, there are no stuffing box seals, it is
possible to work under wet running conditions
(when the working fluid partially enters the
expander in a liquid state) [20].

However, a factor hindering modernisation
is weight and size characteristics of non-
technological heat exchangers, the calculations
of which are carried out, often according to
existing simplified engineering techniques
with a high margin for the heat exchange
surface due to complexity of describing real
processes, which leads to an increase in weight
and size characteristics of heat exchangers. By
constructing various mathematical models, the
[21] considered the process of condensation of
the working fluid.

It was proposed to pass working fluid
through a steel pipeline embedded in the
ground to condensate it. The mathematical
modelling used tools of engineering calculation
methods and ANSYS CFX software package.
Using various modelling approaches, when
considering this issue, it was proposed to
determine the optimal length and diameter of
the pipeline. The study found that the
divergence of the final length of the pipeline
with the same degree of steam dryness (0,00)
was more than 30 m. According to the
engineering method of calculation, the length
was about 107 m, while the length obtained in
ANSYS CFX software package was 70 m. The
study did not consider the thermal contact of
the pipe with the ground, the polytropic nature
of the real process, the change in thermophysical
properties of the coolant due to hydraulic
losses.

As it is known, it is also possible to reduce
dimensions of the heat exchanger by forcing
heat transfer. The existing methods of
intensifying heat transfer are carried out by
increasing the turbulence of the flow by means
of ribbing, creating hemispherical protrusions
along the length of the channel wall, making
screw inserts and with other methods. These
solutions have found wide application in
design [4; 6].

A less studied method for increasing
thermal conductivity of the working fluid is
associated with the addition of insignificant
impurities (less than a fraction of a percent) of
nanosuspensions in the form of metal oxides,
which increases thermal conductivity up to
60 % [11]. This solution, together with the use
of an expander, due to its great simplicity in
operation, can contribute to an increase in
compactness of the ORC installation.

Despite the fact that the idea of heat
recovery at the expense of ORC was proposed
a long time ago, adoption of this technology
requires solving problems of design
optimisation and calculation of all units
included in the scheme for recovery of low-
potential energy [1—4; 6—8; 16—20].

Research continues to improve the methods
for calculating the units of evaporation and
condensation of the working fluid of ORC, as
well as turbines and expanders [1-4; 6—8;
16—20].

CONCLUSIONS

The analysis performed allows us to
conclude that the main factor hindering
widespread adoption of ORC technology is
high cost of heat exchange equipment due to
increased heat exchange surfaces. In this
regard, design of such mini electric plants and
power centres requires improvement of
mathematical modelling methods to reliably
determine operating modes and characteristics
of each of the units. These popular methods
include the methodology for calculating
evaporative and condensing systems, as well
as turbines and expanders using organic low-
boiling working fluids. The solution of the
above problems can lead to a reduction in the
cost of heat exchange equipment, and,
consequently, to a decrease in the costs of
designing ORC generators.
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ABSTRACT

Analysis and labour rate setting regarding management
activities is an important tool in the modern economy, used to
improve the corporate efficiency by optimising existing management
processes, reducing bureaucracy, and eliminating redundant
processes, and, consequently, administrative elements that do not
create value, and are an obstacle to normal functioning of the
management system. The application of analytical methods to the
work of managers is a relevant and powerful tool for increasing
productivity and efficiency of corporate management.

The article describes the results of a study of tools for analysis
and regulation of management activities implemented in the Russian
Railways holding company based on the principles of organisation
design.

The subject of the study is management activity as an object
of application of modern methods of analysis and labour rates. The
objective of the study is to show the possibility and feasibility of
using modern methods of analysis and regulation of labour on the

transport, railways.
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INTRODUCTION

Company’s managers end to be sceptical
about the very ability to analyse and standardise
their work. The main argument is that, in contrast
to simple technological processes, in which all
operations in the chain of the production cycle
and their sequence are obvious and can be
measured, and the labour results in a material,
tangible product (service), the work of a manager
is intellectual and analytical activity that requires
creative, non-standard thinking, which depends
on complexity and urgency of the tasks that arise
with an indefinite frequency. This approach was
widely quoted in different sources, namely in the
textbooks intended for training future managers
[1-4].

However, as both domestic and foreign
practices show, the problem of analysis and
standardisation of labour costs for managerial
employees: administrative employees, specialists,
managers is quite solvable [5; 6].

Today, development of IT and telecommuni-
cations, the use of modern technologies for
operating big data, artificial intelligence,
electronic accounting, business intelligence and
office work, technical means of recording and
recognising individual operations, as well as
various methods and platforms for modelling and
simulating business processes, including
management processes, offers us ample
opportunities for analysis of labour costs and the
cost of management personnel. Probably, soon
the world will reach such a level of digitisation
of processes, when it will be possible to find out
the labour costs of any person for any period of
time by requesting this information in the global
database online.

The objective of the study is to show the
possibility and feasibility of using modern
methods of analysis and regulation of labour on
the example of a large transport company.

The tasks of the study, the results of which
are presented in this article, are as follow:

— Identification of prerequisites for adoption
of methods of analysis and regulation of
management activities in an organisation.

— Assessment of possibilities of using the
tools of functional analysis of organisation’s
entities and divisions to further increase efficiency
of management activities.

— Description of technologies for labour rate
setting for management activities using the
example of the Russian Railways holding
company.

The study is based on the methods of process
analytics, functional analysis, labour rate setting,
and organisation design.

RESULTS
Russian Railways Holding Company’s
Experience

The authors of the article carried out a study
within one of the largest transport companies in
the world, which is JSC Russian Railways, the
backbone company of the Russian Railways
holding company. A multi-level, multi-profiled,
sophisticatedly structured company employs
more than 55 thousand managers at various
corporate levels. This provides extensive
empirical material for the study of the problem
of standardisation of management activities.

Currently, the holding company has launched
a comprehensive work on implementation of
organisation design and process management.
The Regulation on Organisation Design in the
Russian Railways Holding Company put into
effect in 2020 contains the basic rules and
requirements for design of organisational and
functional models of the company’s divisions
and entities and for management of organisational
change®.

In conformity with the principles of its
provisions, comprehensive application of
organisation design tools, such as the analysis of
management processes and the analysis of the
organisational and functional model of the
company constitutes the foundation for measuring
and optimising labour costs of employees,
including administrative and managerial
personnel [7-9].

Analysis and standardisation of management
activities is the target of the company. It will be
possible to solve it through development of
a process model of the holding company,
decomposed into an event chain of standardised
operations, interconnected with the organisational
and functional model based on a single
information platform. Today, at the stage of
formation of this model, analysis, and
measurement of labour costs of management
activities is carried out pointwise [10; 11]. First,
this work is carried out in relation to problem
areas of activity to implement organisational

tRegulations on Organisation Design in the Russian Railways
Holding Company, approved by the order of JSC Russian
Railways dated July 26, 2019 No. 1606r [Polozhenie ob
organizatsionnom dizaine v kholdinge RZD, utverzhdeno
rasporyazheniem OAO RZD ot 26.07.2019 Ne 1606r].
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the structural unit is
aimed at

structural unit to solve
the tasks assigned to it

consumer

Table 1
Organisational unit | Task Function Product (result of Consumer (who needs
name function performance) | the result of function
performance?)
Service of economics | Wording of the A set of homogeneous | The most specifically | An external or internal
and finance task should briefly specialised work tasks | described result of consumer of the
(example) describe the result (actions, operations) | performing a function | result of performing
that the activity of performed by a that has value for the | a function (another

organisational unit or
official, an individual,

etc.)

target projects to improve the organisational and
functional structure and management system, as
well as when creating new organisation’s entities.

Functional analysis or analysis of business
processes is carried out after preliminary
diagnostics of the management system, when the
following statements are true with respect to the
work of business units [12]:

1. Decision-making is long, or decisions are
not taken at all.

2. The function is fulfilled, but it does not
create value for the external or internal client.

3. There is responsibility for performance of
the function, but the authority is not sufficient to
perform it properly.

4. Responsibility for performance of the
function is blurred between several organisational
units.

5. Responsibilities between managers
(departments) are not distributed.

6. An organisational unit (employee) performs
work that is not fixed in any organisational
document.

7. There is a redundant workflow.

8. The workload of personnel of different
organisational units is unevenly distributed. In
some cases, there is a regular presence at work
outside of working hours, in other cases, there is
a chronic underload.

Sources of information for carrying out
functional analysis include regulations on
divisions, orders regarding distribution of

responsibilities between managers, job
descriptions, analysis of products (services),
business intelligence, office systems, corporate
performance indicators, as well as the results of
a survey of the employees.

Many different analytical forms are used to
visualise the analysis.

An example of visualisation of a functional
analysis of an organisational unit, which makes
it possible to identify discrepancy between tasks
and functions, «empty» functions that do not
create value for the company, is shown in
Table 1.

Using RACI matrix

For functional analysis, RACI matrix is also
widely used, which makes it possible, through
the roles and responsibilities of organisational
units (Responsible, Accountable, Consulted,
Informed), to visually see redundancy, duplication
of functions, imbalance in distribution of powers
and responsibilities between participants in
performance of these functions, as well as
possible uneven workload between organisational
units [13-17].

Vertical analysis of RACI matrix allows
determining responsibilities and powers of each
organisational unit, objectively assessing the
level of workload, for example:

1. If many roles for a unit are marked with R
(responsible) that «overload» of an organisational
unit is possible (Table 2).

Table 2
. Organisational unit (OU)

Function (F) oul ou2 ou3 oU4 oUs

F1 1 1 A R — —

F2 C R R — A 1

F3 A R C 1 C R

F4 - R C R I A

F5 C R - C 1

Fo 1 R/A C R 1 C

F7 1 - R/A - C
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Table 3

) Organisational units (OU)
Function (F)
oul ou2 ou3 ou4 OE5
Fl1 C I R R A C
F2 I - A C A I
F3 R C C 1 A R
F4 R/ C A R/C 1 R/
F5 R R A I C R
F6 - A R - R/C -
F7 A - R R - R/A
Table 4
Organisational units (OU)
Function (F)
OouUl ou2 ou3 ou4 ous
F1 | | - R C R/C
F2 C - A C - I
F3 - C C A R/C -
F4 C C A C 1 R/T
F5 C C R - 1 A
F6 - | C 1 R/A Cc
F7 1 - C 1 R -
Table 5
Function Organisational units (OU))
(F) oul ou2 ou3 ou4 ous
F1 A C R - C C
F2 I C C C A 1
F3 I R C - R R
F4 C R R R I A
F5 R C C A R R
F6 C C A - 1 1
F7 1 A - I C R

2. If many roles for a unit are marked with
A (accountable) it is recommended to distribute
responsibility more evenly (Table 3).

3. There are no roles R and A then there is
inappropriateness of existence of this
organisational unit within performance of the
considered functions (Table 4).

4. If there are no empty cells, then it is
possible that all organisational units are
overloaded (Table 5).

Horizontal analysis of RACI matrix reflects
quality of organisation of operations, for
example:

1. If there are many R (responsible) cells in
a row, a duplication of functions is possible
(Table 6).

2. If there are many A (accountable) cells in
a row, there is a «diffusion» of responsibility
(Table 7).

3. If there are many C (consulted) cells in
a row, then unnecessary approvals significantly
increase execution time of the function (Table 8).

4. If there are no I (informed) cells in a row,
then there is an inexpediency of performing this
function (there is no consumer of the result of
performing the function) (Table 9).
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Table 6

Function (F)

Organisational units (OU)

OouUl

ou2

ou3

ou4

ous

F1

F2

F3

o=~

F4

F5

—

AR

F6

Al |lolo> R

F7

O|0|0|> (> 0=

== |=|o|>|=

—“lo|P|>|R|T R

Table 7

Function (F)

Organisational units (OU)

Ooul

ou2

ou4

ous

Fl1

R

F2

(@]

F3

o>~

>0

F4

F5

—

w e |=|>|=

>

F6

R/A

F7

o|lo|o|>

Ci

RIT|RIT|>|> >

Cl

Table 8

Function (F)

Organizational units (OU)

OouUl

ou2

ou3

ou4

ous

F1

R/C/A

F2

F3

AR

F4

F5

cn

oO|m |

F6

lOo[o[o|>|0

F7

ololo|=|>»|o0|=

A Bl HON Rl Rl N@]

—lo[Oo>|IR|T|0

Table 9

Function (F)

Organizational units (OU)

Ooul

ou2

ou3

Oous

Fl1

F2

F3

> 0|~

R
C

F4

O[O |> |7

F5

(@)

(1

F6

=l

F7

Ci
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RACI matrix is a versatile model. It is used
for functional analysis or analysis of processes
at any level.

Other Methods and Tools for Managerial
Labour Rate Setting

Since administrative and management
personnel work mainly with information and
documents, a workflow matrix is used as an
auxiliary tool for functional analysis. It is formed
in any form and must contain information about
the name of the organisational unit, the functions
performed, the list of documents generated
(orders, orders, regulations, reports, etc.) as
a result of performance of these functions,
information about those involved in approval,
consumers and customers of each specific
document, a method of transferring information.
The workflow matrix makes it possible to
identify such manifestations of bureaucracy as
formation of unclaimed documents, unnecessary
reports, excessive corporate procedures for
approving documents, an irrational document
flow system between organisational units, and,
therefore, to reveal the facts of performing by
administrative and managerial personnel of
operations that do not create value for the
company.

Functional analysis is convenient in that it
allows quickly and pointwise identifying
deficiencies in organisation design of individual
organisational units of the company. However,

it does not provide a full-fledged vision of how
management functions are distributed and
interconnected in the product creation chain, how
they are performed, how their implementation
affects creation of this product [18; 19].

For the purposes of analysis and
standardisation of labour costs, the company
practices a complex application of process and
functional analysis, including managerial ones,
using ARIS software. This allows identifying
«empty» management processes (either separate
«empty» functions in the process), duplicating
functions, redundant communications in cross-
functional interaction (meetings, approvals, etc.),
control procedures that do not affect key
indicators of the final product, and therefore,
revealing excessive labour costs of administrative
and managerial personnel.

The sources for construction and analysis of
models of management processes are current
local documents of the company (standards,
regulations, regulations for implementation of
processes, as well as regulations for cross-
functional interaction between business units of
the company, etc.).

This work is carried out on an ongoing basis
both by the company’s divisions — owners of
processes, and by specialised divisions: Centre
for Labour Management and Design of Economic
Standards and Centres for Improving Personnel
Labour Efficiency which are part of regional
centres of corporate governance.

WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp- 250257




Based on the results of the process (functional)
analysis for the identified redundant functions or
communications, labour costs of managers and
specialists are estimated regarding the perform
work that does not create value.

To study data on unproductive costs of
working time, as well as to determine labour costs
for the entire process (function) as a whole, they
use a complex data collection by the method of
questionnaires, interviewing employees,
collecting statistical data over a long period, and
requesting expert opinions. To confirm expert
assessments, control measurements are carried
out to determine the coefficient of confidence in
experts.

To standardise (determine the optimal
number) of specialists and employees of
administrative and managerial personnel, «as it
should be» process models (functional models)
are designed without considering functions that
do not create value. Then the models of processes
(sub-processes, functions) are differentiated,
which can be standardised. These are the
processes that can be decomposed into simple
operations, and their execution time can be
measured.

To standardise labour costs of a particular
organisational unit, it is necessary to have
a complete database of models of all processes
in which it participates.

The following requirements are imposed on
the models of processes for the possibility of their
use as a tool in regulation of labour of employees
[20-22]:

* All the participants in the process have been
identified up to the level of a specific employee.

* Cyclicity and variability of the process is
known.

« Statistically significant indicators of
operations were selected and, if necessary,
differentiated by complexity. For an end-to-end
business process, a meter should be used that is
single for all participants in the process.

* The loss of working time, which does not
depend on the participants in the process, as well
as the amount of auxiliary work are determined.

This method is most effective for standardising
labour costs of specialists and employees when
they perform the functions of typical (standard)
processes (for example, planning operating costs,
analysing wages, developing business intelligence
results, etc.).

Identification of labour costs for
implementation of design and rule-making

activities is also carried out in an expert way,
based on data on the share of working time spent
on performance of certain functions related to
development of regulatory documents or work
as part of project teams.

Taking into account the peculiarities of the
structure of the work of managers, in order to
standardise their number, a technology is being
developed for determining differentiated
standards for the number of managers and
management units through finding, considering
analysis of influencing factors, the normative
limit values of interrelated key indicators of the
organisational and functional model:
controllability standards, the number of direct
subordinates, the ratio of the number of managers
and subordinates in an organisational unit.

CONCLUSIONS

The main results of the study include tools
for analysis and standardisation of management
activities adapted for the companies of the
Russian Railways holding company. The
prerequisites for introduction of these tools,
«triggers» of the work of business units,
revealing problem areas of management activities
were identified. Forms of visual analysis and
interpretation of management information are
proposed, allowing systematising and normalising
management functions.

Based on the factor rate setting methodology
described in the article, methodological
recommendations for assessing the balance of
working hours are currently being developed for
the company’s divisions, considering the
application of the process approach. This
document reflects the main stages of determining
labour costs of white-collar employees, as well
as ways of solving problems that arise when
using the method, and examples of step-by-step
research of intellectual occupations.

This will allow the company’s divisions to
receive the most reliable results on labour costs
in the shortest time and to independently develop
labour standards.
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ABSTRACT

Existing and suggested approaches to development of staffing
plans regarding infrastructure maintenance are analysed from the
point of view of ensuring interests of a railway infrastructure
company, using example of JSC Russian Railways.

The existing methodology of planning workforce involved in
maintenance of the railway infrastructure is based on the use of
average values of parameters resulted from monitoring of the state
of infrastructure structures, roadbed and track devices conducted
monthly, as well as during autumn and spring continuous inspections
and checks of the track. The received values of work to be performed
only implicitly reflect the required number of workers, effective
involvement in operation, and efficiency of each worker.

The modern trend towards digitalisation and cybernation of all
processes, when organising maintenance of the track infrastructure,
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provides for maximum social adaptation of production processes
to requests of owners, tasks of organisers and interests of
performers. Staff planning based only on the volume of work to be
performed does not allow digitalisation and social cybernation of
an individual performer.

The syntagmatic component of such an algorithm is the
monthly total worked time, which is determined by the actual
engagement of each performer. The paradigmatic component of
such models should be the same daily number of performers. The
stage of preliminary assessment of application of the proposed
algorithm for digitalisation and social cybernation of workforce
planning supposed an increase in labour productivity, approximately
by 20-25 %, an increase in quality of work and a more effective
assessment of activities of each performer.

Keywords: railway, infrastructure monitoring, maintenance of railway infrastructure, digitalisation and cybernation of infrastructure
maintenance, social adaptation of production processes, pattern, syntagmatic model.

0rg/10.30932/1992-3252-2021-19-2-16.

For citation: Kovalenko, N. I., Buchkin, V. A., Bykov, Yu. A., Grin, E. N. Application of Digitalisation in Staffing Planning for
Railway Infrastructure Maintenance. World of Transport and Transportation, 2021, Vol. 19, Iss. 2 (93), pp. 258-263. DOI: https:/doi.

The text of the article originally written in Russian is published in the first part of the issue.
Tekcm cmambu Ha pycckom si3bIke ny6nukyemcs 8 nepeoli Yacmu 0aHHO20 8binycKa.

® © Kovalenko, N. 1., Buchkin, V. A.; Bykov, Yu. A,




INTRODUCTION

The existing system of railway infrastructure
maintenance is based on monitoring its condition
and is carried out in the form of commission
inspections, as well as by the use of assessment
results by special technical diagnostic tools and
equipment in accordance with the standards
governing maintenance of tracks and
infrastructure facilities® [1-5].

In JSC Russian Railways, the methodology
of workforce planning regarding maintenance of
the railway infrastructure is based on the use of
average values of parameters of the infrastructure
condition based on the results of monthly, as well
as autumn and spring, continuous commission
inspections and inspections of the track,
infrastructure facilities, roadbed, and track
devices?

The works performed by the teams of linear
and operational sections for the coming month
are planned by the road master together with
foremen responsible for current maintenance of
the track, roadbed and structures, considering the
results of infrastructure monitoring. The
developed schedules are approved by the head
of the track division in the form of PU-74
schedule®. Development of the current PU-74
schedules considers the work performed during
the previous month. When summarising the
results of the work performed, the previous and
completed current PU-74 schedules are
considered.

Technical substantiated standards («TNK»*
or «TNV»?), as well as other regulatory
documents approved by the Central (CDI) or
regional (DI) infrastructure directorates,
branches of JSC Russian Railways, are the basic
normative documents for calculating the
standardised scope of work, the standardised

! Instructions on current maintenance of the railway track,
approved by the order of JSC Russian Railways No. 2288r
dated November 14, 2016.

2 On comprehensive assessment of the state of the track
(as amended by the order of JSC Russian Railways dated
January 20, 2012, No. 72r.

8 Journal of accounting of work on current maintenance
and assessment of the state of the track and track devices
(PU-74), approved by the order of JSC Russian Railways
dated May 2, 2012, No. 857 r.

4 Technical substantiated standards of time for work on
current track maintenance (TNK). Department of tracks and
structures of JSC Russian Railways. Moscow, 2009.

5 Technical substantiated standards of time for work on
current maintenance of the track (TNV) (as amended by the
order of JSC Russian Railways dated 05.08.2015 No. 1976r)
(7" edition, revised and supplemented) in 2 parts.

number of employees and workers, the
standardised duration of works.

The volumes of work obtained in this way
can only implicitly reflect the number of
workforce, involvement in operations, and
efficiency of each employee.

MATERIALS AND METHODS
By the existing methodology?, the planned
tasks for performance of work are calculated

according to the dependence (1):

Vs X Hpnge X K,

—  works
worked .hours K >
measure

(1)

where V, . is amount of work that is assumed
based on the results of assessing the state of
infrastructure elements by means of diagnostics
(based on monitoring described above or on
current control);
N normalised time for work
worked. hours
performance;
H_ . is standard time to complete a unit of
work (as stipulated in TNK or TNV);
K, — coefficient of the temperature zone;
easre — @ UNIt of measurement for this work.
The production rate (N ) per work shift (8,2
| X prod-
hours) is determined by the formula (2):
N 8,2

prod =
Ny x K,

2

measure 3

where N is time rate from TNK;
N . —production rate;
pro

K, ... — Measurement units.

Time for travelling to the work site, for trains
traffic and for the time used by signalmen to
install necessary signs are determined according
to actual data.

The volume of work performed in fact must
coincide with the specified amount of work (for
a working day, week, month).

The hours that were spent for work may be
less than normalised time. Normalised hours
must correspond to the work assignment.

The production rates per 1 hour and per 1
person are determined by dividing the measure
rate established for this type of work by the time
rate, and per shift — by multiplying the result by
the duration of the shift.

At present, the trend in production activities
and in transport towards digitalisation and
cybernation of all processes [6], when organising
maintenance of the track infrastructure, provides
for maximum social adaptation of production
processes to requests of owners, tasks of
organisers and interests of performers.
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Pic. 1. Two types of decision-making models [9].

The existing practices of planning the
production labour process of maintenance of the
track infrastructure in terms of the volume of
work performed does not allow digitalisation and
social cybernation of an individual performer.

Social cybernetics is aimed at creating
a theoretical basis for assessing and managing
systems of cooperative distribution and
accounting for activities of each performer [6].
It is based on identifying the share of participation
of each performer in the overall production
process while detailing the technology of
working operations. The paradigm that social
cybernetics uses in the analysis of any system is
the basic law of social cybernetics. It says that
all work teams go through six levels of social
contracts for their subsystems:

* aggression ¢ survival;

* bureaucracy < following the rules and
regulations;

* competition < my gain — your loss;

* solution < disclosure of individual
intentions;

» complementarity [7] ¢ cooperation in
common interests,

* freedom of choice (subsidiarity [8]) < the
ability to manage own actions and self-control.

The transition through those six phases of
relationships provides the basis for a social and
cybernetic assessment of any evolutionary
system, to which work teams can be attributed.
Moreover, these phases manifest themselves in
different ways in cybernetics systems of different
orders.

The sequential decision-making model is the
simplest cybernetic model. It is built according
to the principle (3):

(AAB)—> P, 3)

In expression (3), 4 is an event that affects
object B, which leads to result P. Expression (3)
is a classical expression of succession, in which
the symbol — is called implication. An expression
in parentheses is called a premise or antecedent.
Pis called a consequence or apodosis. Sequential
logical actions and events are well tested with
logical expressions. They form a logical sequence
in the form of a set of expressions (3), which set
logical chains of decision-making. Sequential
actions and models are well modelled using
graphs. Pic. 1 gives two types of decision-making
models [9].

The direct algorithm is a sequential chain of
actions, which are shown in Pic. 1a. In the
diagram in Pic. 1a, the output of the current stage

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 258-263

Kovalenko, Nikolay I., Buchkin, Vitaly A.; Bykov, Yuri A.; Grin, Elena N. Application
of Digitalisation in Staffing Planning for Railway Infrastructure Maintenance




serves as the input to the next stage. Such models
are called sequences because the inputs/outputs
of the stages are consistent in them. However,
interrupting a stage interrupts the entire chain.
In this model, there is a single general rationality
of actions.

RESULTS

A model of the above-mentioned type can be
used in development of an algorithm for
scheduling the scope of work regarding
maintenance of the track infrastructure to
eliminate the identified malfunctions by means
of diagnostics. When modelling such a process,
there is no relationship to specific performers.
The digitalisation and cybernation of such
processes consists in recording a planned or
completed event, as well as the absence of such
an event, in the form of a planned or completed
one, which should have been based on the results
of diagnostics.

Currently, the initial materials for development
of such sequential models can be compiled from
monitoring data using EK ASUI (single Corporate
Automated Infrastructure Management System);
KAS ANT (complex automated system of
accounting, control of elimination of failures in
the operation of technical means and analysis of
their reliability); KASAT (integrated automated
system for accounting, investigation and analysis
of cases of technological violations) systems,
commission inspections (autumn, spring,
monthly, etc.), data from track measuring and
defectoscope control devices and other materials
evaluating the state of the infrastructure. The
peculiarity of development of such a model for
planning the scope of work for maintenance of
infrastructure is that if any work operation is not
performed in the chain of the sequential model
the result is not achieved.

Pic. 1b shows a serial-parallel model of
decision-making. This model focuses on
producing results at every level of the decision-
making stage, but with independent inputs for
each stage. Such a stratified model is a collection
of particular models in a general decision-making
model. We can talk about syntagmatic models
along horizontals (levels) and paradigmatic [10;
11] vertical models. In such models, there is one
common result and a set of individual approaches.

These models include the labour force
planning algorithm. The syntagmatic component
of such an algorithm is the monthly total worked
time, which is determined by the actual worked

time of each performer. The paradigmatic
component of such models should be the same
daily number of workers.

Despite the variety of models, there are
general rules and principles by which models of
social cybernetics are formed. When generating
models, the following rules apply:

* The area of interest is fixed as an information
situation (A,), in which management is planned
to be carried out:

* In the information situation, conditions (A,)
are fixed, determined by a set of parameters or
constraints.

* For the problem areas, known heuristics
(A,) are fixed in the form of patterns [12] or rules
by which calculations can be performed.

« If a suitable model based on heuristics is
not found, a new model is formed based on
analytical studies (A,).

« For the decision to be made, the conditions
(A,) ofits correctness and admissibility are fixed.

* Criteria for evaluating the effectiveness of
the solution are selected (A,).

* Technology is applied (B) and the result is
obtained (P).

This technique has a logical form (4):
ANANADADAB— (PAA) A, (D)

There are many computational models that
can be classified as structural objects, for
example, the conceptual model [13], which is
a theoretical prerequisite for building
a computational model.

Pic. 2 is a diagram of construction of
a decision-making model.

DISCUSSION OF THE RESULTS

As a strategic direction for digitalisation and
social cybernation, planning of the workforce for
maintenance of railway infrastructure is an
addition to the existing methodology for setting
planned targets for performance of work
(dependence 1) by determining the number of
performers to complete the task.

The basic regulation documents for
calculating the standardised number of employees
and the standardised duration of work are, for
example, TNK* or TNV®.

The algorithm for digitalisation and social
cybernation of staff planning is that after
establishment of planned targets for performance
of work (dependence 1), the duration of work in
working hours or working days is determined,
as a quotient from dividing the planned volume
of work by duration of the working day.
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Pic. 2. Model building scheme [13].

Further, the planning process is carried out
with the set number of workers, for example,
according to TNK* or TNV®.

When developing the «Schedule of execution
of planned works» it is necessary to adhere to
the following principle. At the beginning, the
most labour-intensive work with the largest
number of workers is distributed per working
days. In case of incomplete workload of working
days until the end of the month, the performers
of this work are transferred to another job the
next day (the «ladder» principle).

If the next work does not require involvement
of all performers, those who performed the first
job are transferred to the next jobs in parts. It
should be borne in mind that the following works
according to their technological features may
require a certain stipulated number of workers,
which is indicated in TNK* or TNV® for this
work.

After completing formation of distribution of
workers who have performed the first work for
other works until the end of the month, it is
possible to start distributing the remaining
unallocated works. The distribution principle
remains the same.

When forming list of workers intended for
individually performed works, it is possible to
attract several performers to speed up the
performance. The situation of supplementing or
reducing the number of teams, which are
indicated in TNK* or TNV® for this work, is
unacceptable.

To control the correct distribution of work
and performers, it is recommended to keep
records of performers regarding each working
day.

When carrying out the operation of
distributing working days for cases of incomplete
working hours, several solutions may be
considered [14; 15]. For example, redistribution
of part-time working hours for travelling to the
job location and back, for passage of trains and
other losses of a production and technological
nature. In this case, it is necessary to recalculate
duration of working hours for the entire period
of this work. This will lead to a decrease in
duration of working days and a decrease in
production, which must be considered when
calculating the volume of work.

Another distribution option can be
redistribution of excess time in the form of
additional time to each working day as a factor
in increasing labour productivity. This option is
possible when the part-time job received by
calculation is distributed within 30-40 % of the
full working day.

After distribution of works and performers
in accordance with the specified volumes and
duration, a statement of the actual number of
performers is drawn up.

The actual number of employees is one of the
indicators that is used in the accounting system
for the number of performers at a particular
enterprise. In addition, such a calculation will
help to analyse the work of the enterprise,
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identify shortcomings in the work of the team
and provide opportunities for optimisation at
a particular enterprise.

After drawing up a list of the actual number
of performers, a list of the payroll of performers
is drawn up.

The list number of performers of current
maintenance of the track within the whole track
division, which are based on materials of, for
example TNK* or TNV?, is determined by
summing up the number of performers of each
work, which is provided for by technology.

CONCLUSIONS

The research presented in the article is aimed
at developing a mechanism for planning labour
resources, their optimisation, rational distribution
and control.

The algorithm for digitalisation and social
cybernation of workforce planning allows
keeping an operational record of each performer
in accordance with the results of the work
performed and occupation of performers
according to the attendance number. Further
development of the developed algorithm
considers the process of automated operational
accounting and control of staff planning, as well
as of their performance in implementation of the
assigned production tasks.

The stage of preliminary assessment of
application of the proposed algorithm for
digitalisation and social cybernation of staff
planning supposes an increase in labour
productivity, approximately by 20-25 %, an
increase in quality of work and a more effective
assessment of activities of each worker.

REFERENCES

1. Milne, D., Le Pen, L., Watson, G., Thompson, D.,
Powrie, W., Hayward, M., Morley, S. Monitoring and repair
of isolated trackbed defects on a ballasted railway.
Transportation Geotechnics, 2018, Vol. 17 (PartA), pp. 61—68.
DOI: 10.1016/j.trge0.2018.09.002.

2. Yongxiang, Z., D’ Ariano, A., Bisheng, H., Qiyuan, P.
Microscopic optimization model and algorithm for
integrating train timetabling and track maintenance task

scheduling. Transportation Research Part B: Methodological.
2019, Vol. 127, pp. 237-278. DOI: https://doi.org/10.1016/].
trb.2019.07.010.

3. Wen, Haijun; Hou, Shiwang; Liu, Zhaohua;
Liu, Yongjiang. An optimization algorithm for integrated
remanufacturing production planning and scheduling system.
Chaos, Solitons & Fractals,2017, Vol. 105, pp. 69—76. DOL:
https://doi.org/10.1016/j.chaos.2017.10.012.

4. Dewilde, T., Sels, P., Cattrysse, D., Vansteenwegen, P.
Robust railway station planning: An interaction between
routing, timetabling and platforming. Journal of Rail
Transport Planning & Management, 2013, Vol. 3, Iss. 3,
pp. 68—77. DOL: https://doi.org/10.1016/j.jrtpm.2013.11.002

5. Norman, T. L. Electronic Access Control (Second
Edition), Elsevier, Inc., 2018, ISBN 978-0-12-805465-9.
DOL: https://doi.org/10.1016/C2015-0-04450-1.

6. Rosenberg, I. N., Tsvetkov, V. Ya. Social cybernetics
in digitalization of transport infrastructure [Sotsialnaya
kibernetika v tsifrovizatsii transportnoi infrastruktury).
Nauka i tekhnologii zheleznykh dorog, 2020, Vol. 3, Iss. 3
(15), pp. 3—14.

7. Bogoutdinov, B. B., Tsvetkov, V. Ya. Application of
the complementary resource model in investment activity
[Primenenie modeli komplementarnykh resursov v
investitsionnoi deyatelnosti]. Bulletin of Mordovian
University, 2014, Vol. 24, Iss. 4. pp. 103—116.

8. Loginova, A. S. Evaluation of applicability of
subsidiary management [ Otsenka primenimosti subsidiarnogo
upravleniya). Aktualnie problemy sovremennoi nauki, 2015,
Iss. 3, pp. 297-301.

9. Tsvetkov, V. Ya., Mordvinov, V. A. An approach to
systematisation of algorithms [Podkhod k sistematizatsii
algoritmov). Ontologiya proektirovaniya, 2018, Vol. 7,
Iss. 4 (26), pp. 388—397.

10. Elsukov, P. Yu. Paradigmatic and syntagmatic
relations in dichotomous division [Paradigmaticheskie i
sintagmaticheskie otnosheniya v dikhotomicheskom delenii).
Slavic Forum, 2019, Iss. 3 (25), pp. 19-26.

11. Katz, M., Domshlak, C. Optimal admissible
composition of abstraction heuristics. Artificial Intelligence,
August 2010, Vol. 174, Iss. 12—13, pp. 767—798. DOL: https:/
doi.org/10.1016/j.artint.2010.04.021.

12. Shchennikov, A. N. Using patterns in design of
algorithms [Ispolzovanie patternov pri konstruirovanii
algoritmov]. Slavic Forum, 2018, Iss. 1 (19), pp. 96—103.

13. Kornakov, A. N. Conceptual model of information
management processes of an industrial organization
[Kontseptualnaya model protsessov informatsionnogo
upravleniya promyshlennoi organizatsii). Bulletin of Moscow
State Regional University / Economics, 2010, Iss. 2, pp. 95—
100.

14. Kovalenko, N., Grin, E., Kovalenko, N. The determination
of the repairs of railway track considering the reliability and risk
level. E3S Web of Conferences, 2020, Vol. 157, pp. 06031. DOI:
doi.org/10.1051/e3sconf/202015706031.

15. Kovalenko, N. I, Grin, E. N. Engineering prevents
threats. World of Transport and Transportation, 2012, Vol. 10,
Iss. 5, pp. 138—142. [Electronic resource]: https://mirtr. elpub
ru/jour/article/view/756/1105.

Information about the authors:

Kovalenko, Nikolay I., D.Sc. (Eng), Professor at the Department of Track and Track Facilities of Russian University of Transport,

Moscow, Russia, kni5S0@mail.ru.

Buchkin, Vitaly A., D.Sc. (Eng), Professor at the Department of Railway Design and Construction of Russian University of Transport,

Moscow, Russia, buchkin@mail.ru.

Bykov, Yuri A., D.Sc. (Eng), Professor at the Department of Railway Design and Construction of Russian University of Transport,

Moscow, Russia, ua_bykov@mail.ru.

Grin, Elena N., Ph.D. (Eng), Associate Professor at the Department of Track and Track Facilities of Russian University of Transport,

Moscow, Russia, miit-grin@rambler.ru.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93),

Article received 02.02.2021, approved 23.04.2021, accepted 05.05.2021.

pp. 258-263

Kovalenko, Nikolay I., Buchkin, Vitaly A.; Bykov, Yuri A.; Grin, Elena N. Application
of Digitalisation in Staffing Planning for Railway Infrastructure Maintenance




HRM, EDUCATION & TRAINING

ﬁTORIAL NEWS
DOI: https://doi.org/10.30932/1992-3252-2021-19-2-17

EXPRESS INFORMATION

ICAO will partner with ACI, IATA and CANSO on new runway
safety training initiative.

The new online course has been specifically designed for air
traffic controllers and aeronautical information service staff. It will

ith the coming into effect this November
W of its new Global Reporting Format for

Runway Surface Conditions (GRF),
ICAO has agreed to partner with the International
Air Transport Association (IATA) and the Civil
Air Navigation Services Organisation (CANSO)
on a new joint GRF training programme.

The new online course has been specifically
designed for air traffic controllers and aeronauti-
cal information service staff, and will be avail-
able for enrolment in April of this year on the
ICAO Global Aviation Training website. It
complements existing courses developed in co-
operation with Airports Council International
(ACI) for airport operations staff, and with IATA
for flight crews.

«Runway safety continues to remain avia-
tion’s biggest safety challenge, representing more
than half of all accidents reported to ICAO for

World of Transport and Transportation,
2021, Vol. 19, Iss. 2 (93), p. 264

ICAO: Runway Safety Training

be available for enrolment in April of this year on the ICAO Global
Aviation Training website. The course complements existing courses
developed in cooperation with Airports Council International (ACI)
for airport operations staff, and with IATA for flight crews.

Keywords: ICAO, training, air safety control, runway, online course.

commercial operations», emphasized ICAO
Secretary General Dr. Fang Liu. « We have been
collaborating in recent years on numerous initia-
tives to reduce runway safety related accidents
and incidents worldwide, and the hard work
undertaken to forge international consensus on
the new GREF, in addition to this new collabora-
tive training course supporting it, should help to
deliver substantial runway safety performance
improvementsy.

The ICAO GRF will be effective as of
4 November 2021, and establishes a new
methodology for assessing and reporting runway
surface conditions to improve take-off and
landing performance.

The new agreement is the first of its kind
between the three international organisations,
and sets the stage for future collaboration on
global safety enhancement initiatives. Y

CANSO-on-new-runway-safety-training-initiative.aspx.

doi.org/10.30932/1992-3252-2021-19-2-17.
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ABSTRACT

The article is dedicated to the 170" anniversary of the
first Russian railway main line St. Petersburg-Moscow. The
country’s railway transport, as the main type of transportation,
has a rich history and remarkable patriotic, labour, scientific,
and technical traditions. We must remember them. The
emergence of railways in Russia, as in other countries of the
world, was accompanied by many problems that needed to be
solved: financing methods, types of ownership, track gauge,
types of traction and signalling, traffic management and

coaches.

World of Transport and Transportation,
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The First Main Line in Russia
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control, competition with other modes of transport, etc. The
stage of emergence of railways in Russia is very instructive.
What extreme points of view were expressed, and how long
did it take to start building main lines? After the society realised
the need for construction of railways, it became obvious that
the costs required are not affordable neither for the state, nor
for creditors, nor for private entrepreneurs.

To better understand how construction of the first railway in
Russia was conducted, the article offers many illustrations.
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discussed for the first time a number of

proposals for construction of railways in
Russia and rejected them, noting that such roads
are economically unprofitable, and that they are
difficult to be maintained in our climate,
especially in winter. And in the future, there were
many opponents of railways in Russia comprising
the Chief manager of transportation routes
K. F. Tol, the Minister of state property Count
Kiselyov, the Minister of finance E. F. Kankrin,
the Minister for war Count Chernyshev, the
Minister of the imperial court Prince Volkonsky,
the Chairman of the State Council prince
Vasilchikov, the Minister of the interior
L. A. Perovsky, the head of the Commission of
projects and estimates of the Department of
transportation routes M. G. Destrem and a
number of other government officials.

The arguments of opponents of construction
of railways were expressed by Minister of finance
E. F. Kankrin: «Not only should the idea of
covering Russia with a whole network of railways
be considered as exceeding any real possibility,
but a sole construction of a railway from
St. Petersburg to Kazan should be recognised as
several centuries premature. The government can
draw its subjects into the greatest losses. Steam
traction can in no case be allowed on railways,
because due to the lack of coal in Russia, it will
entail destruction of forests. For transportation
of troops, railways are also unsatisfactory, since
they should have a huge number of carts (cars)
for this item, which are not needed at all in
ordinary times. Duty-free import of cast iron and
rails will entail the exit from the state of capital
and, finally, alienation of land for the roadbed
and various buildings will require enormous
costs». There were especially many critics among
the owners of canals and stagecoaches, who were
afraid of losing their monopoly on transportation
of goods and passengers.

While such discussions were going on, in
England and the United States, massive
construction of railways began. And yet, in
Russia there were many people who believed that
it was in a country with vast areas that railways
were needed, since they were a reliable means
of communication that allowed to regularly move
large masses of goods with minimal expenditure
of manpower and resources.

In August 1834, following the invitation of the
Mining department, a famous Austrian engineer,
professor at the Vienna Polytechnic Institute Franz

On July 8, 1826, the Ministry of Railways

Pic. 1. Franz Anton Gerstner.

Pic. 2. Emperor Nicholas I.

Anton Gerstner came to St. Petersburg to organise
construction of railways in Russia (Pic. 1). In
September Gerstner left St. Petersburg via
Moscow and Kazan for the Urals to get acquainted
with the real conditions and possibilities of railway
construction.

Upon his return to St. Petersburg, he submitted
to Emperor Nicholas I (Pic. 2) a detailed note in
which he outlined his views on construction of
railways. He noted that «... there is no country
in the world where railways would be more
profitable and even necessary than in Russia
since they make it possible to shorten long
distances by increasing speed of movement.
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Pic. 3. Nicholas | discusses railway projects.

Gerstner proposed to build a road between
St. Petersburg and Moscow, then to connect
Moscow with the main waterway of the country
— the Volga with the line Moscow—Kazan or
Moscow—Nizhny Novgorod (Pic. 3). Then he
intended to connect the line between St. Petersburg
and Kazan with Odessa or Taganrog, pointing
out that with assistance of the shipping company
along the Volga and the Caspian Sea, the Asian
trade of Russia would be ensured, and the
competition of England would be eliminated. But
for a start, he considered it expedient to build
some kind of small line in order to dispel doubts
about the possibility of operating the railways in
winter conditions. Only then, relying on the
experience gained, he did plan to start building
a main line from St. Petersburg to Moscow.

Somewhat later, this proposal included only
construction of St. Petersburg-Moscow line, and
then it all came down to construction of an
experimental St. Petersburg—Pavlovsk railway
on an equity basis (Pic. 4).

On March 9, 1835, Gerstner submitted a
petition «for permission to establish a company
with a capital of 3 million roubles for construction
of a railway from St. Petersburg to Tsarskoe Selo,
Paviovsk and Kolpino in the form of the first
experience in construction of this kind of track,
to prove usefulness of the railway for the public,
shareholders and the state with this constructiony.

On June 8 or 19, 1835, Emperor Nicholas I
wrote a resolution with his own hand on
Gerstner’s note. There is no date on the resolution,
but it might become the date of founding of
railways in Russia. The content of the resolution
is literally the following: «/ read it with great
attention and was convinced, as before, in favour

of this cause: but I am not convinced that
Gerstner would find enough capital to start such
a huge enterprise. On this subject I wish written
explanations from him, then, if necessary, I will
call him to myself. I will allow the road to
Tsarskoe Selo, if he will present plans to me».

Thus, despite all doubts on the part of the
government officials closest to the Emperor about
the expediency of railways, their fate was decided
by the will and conviction of usefulness and
necessity for the country by Emperor Nicholas I.
The Tsarskoye Selo railway was built in 1837.
The experience of the Tsarskoye Selo railway
showed that in the harsh climatic conditions of
Russia, railways can operate steadily and
generate income for their owners.

The next issue was construction of new lines
in Russia. All proposals from both domestic and
foreign entrepreneurs and financiers were based
on the joint-stock form of ownership. For
construction of a railway between St. Petersburg
and Moscow, many different proposals and
applications were received, but they were all
rejected.

The most solid proposal with the assistance
of P. P. Melnikov and Count A. A. Bobrinsky,
who was very close to the sovereign, came from
German bankers Dufour and Harkart. They were
famous for being the first bankers of the
sprawling commercial city of Leipzig and
establishing Dresden railway, one of the best in
Europe in technical terms, and bringing in a good
income.

The proposal was as follows (as described by
P. P. Melnikov): St. Petersburg—-Moscow railway
is being built by the joint-stock company being
formed. The calculations assumed transportation
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Pic. 4. Tsarskoye Selo railway.

of 200000 passengers and 24 million poods of
cargo per year.

«From the environment of a company
consisting of foreign, mainly German capitalists
and based in Leipzig, the Board of Directors is
Jormed, which is located in St. Petersburg. The
Government Commission will oversee the actions
of the chief director, and the government can be
the closest participant in the case, leaving behind
a part of the shares. The main advantage that
bankers ask for is the governments guarantee
Jor a 4 % income on shares, which guarantee
will not lead to any additional payment from the
treasury, if the income of the road is more than
4 %, and meanwhile, an important and useful
business will be performed without a donation
from the state and an unforgettable monument
to the present reign will be erected». In the future,
such a guarantee of the government for the
receipt by shareholders of a certain income has
found widespread use.

This proposal and the justifications attached
to it were received by Nicholas I, who ordered
formation of a special committee to study them
and develop proposals.

Throughout 1841, there was a fierce struggle
between the supporters of construction of
St. Petersburg—Moscow railway and its
opponents. The final decision was made on
January 13, 1842, at a special meeting in the
presence of the Emperor.

Concluding the debate of the meeting, the
Tsar said that he had come to a conclusion about
the usefulness of St. Petersburg—-Moscow railway
in terms of its influence on industry and trade,
and that the road should be arranged with
government funds and remain within its hands.

At the beginning of 1842, a corresponding decree
was issued. This is how the first state (state-
owned) railway in Russia was born.

Since all the ministers were against the
construction of St. Petersburg—-Moscow railway,
Nicholas I (Pic. 2) established a Special
Committee to carry out this enterprise and
appointed the heir to the throne, Tsarevich
Alexander Nikolaevich, the future Emperor
Alexander II, as chairman.

Already on January 29, 1842, the first
meeting of this committee was held under the
chairmanship of the heir to the crown. At this
meeting, a draft Decree of Nicholas I was
prepared for the Governing Senate, a Construction
Commission was formed, and the Minister of
finance was instructed to allocate funds necessary
for construction of a railway between the capitals.

On January 30, 1842, the Construction
Commission under the chairmanship of Count
Benckendorff began its work; it was entrusted to
carry out surveys and draw up an estimate for
Colonels P. P. Melnikov (Pic. 5) and N. O. Kraft
(Pic. 6). The decision of the Committee was
approved on February 1, 1842, by Nicholas I.

On August 11, 1842, after the appointment
of Count P. A. Kleinmichel as Chief Governor
(Pic. 7), changes were made in the higher bodies
in charge of the railways.

By the decree of Nicholas I to the Governing
Senate of August 11, 1842, the Construction
Commission was abolished, and the Department
of Railways was established, whose duties
included management of all railways. Under it,
a temporary technical commission was formed
during construction of St. Petersburg—Moscow
railway.
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Pic. 5. Engineer Lieutenant General P. P. Melnikov.

Pic. 8. Monument to Nicholas I in St. Petersburg.

When designing the railway, there were two
proposals, one — to lead the road directly to
Moscow, the other — with a call to Novgorod.
Nicholas I (Pic. 8) imposed the following
resolution: «7To arrange the road in a direct
direction, because I do not find any good reason
to lead it to Novgorod, which will not lose the
benefits that it uses».

The projected line was divided into two
construction sections: St. Petersburg—Bologoye
(Northern Directorate), headed by P. P. Melnikov,
and Bologoe — Moscow (Southern Directorate),
headed by N. O. Kraft (Pic. 9).

To carry out exploration work, seven special
parties were formed, staffed by graduates and
students at the Institute of the Corps of Railway
Engineers, which were headed by N. I. Lipin
(Pic. 10), I. G. Verigo, P. P. Zuev, V. I. Kirchner,
A. I. Shtukenberg (Pic. 11) and others. In one of
the groups a railway engineer D. 1. Zhuravsky
(Pic. 12) worked, who later became the country’s
largest scientist in the field of bridge construction.

The main field work was completed in the
spring of 1843. The total length of the explored
variants of the route was 6000 km, or about 10 km
per 1 km of track.

There was no experience in design and
construction of railways in the 1840s. Therefore,
in 1842, Major of the American service J. Whistler
was invited to consult on construction of the
St. Petersburg—Moscow road (Pic. 13). His
Pic. 7. Count P. A. Kleinmichel. advice was highly professional and very helpful
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Pic. 10. N. I. Lipin.

Pic. 9. Scheme of St. Petersburg-Moscow railway.

to the builders. In 1847 he was awarded the Order
of St. Anne, II degree.

P. P. Melnikov was responsible for
development of technical conditions and
standards for design and construction of
St. Petersburg—Moscow main line. He suggested
a 5 ft (1524 mm) track, which is 89 mm wider
than Stephenson’s. The choice of a track wider
than 4 feet 8.5 inches provided a more convenient
placement of the locomotive mechanism, an
increase in the volume of the boiler, the weight
of'the cargo in cars, and better stability of rolling
stock. The gauge proposed by P. P. Melnikov was
adopted throughout the Russian railway network.

P. P. Melnikov invented and introduced many Pic. 11, A. I. Shtukenberg.
technical and railway terms that are still used
today. For example, stations of I, II, III and IV
classes, which were located on the main line,
respectively, at a distance of about 160, 80, 40
and 20 km.

The issues of organising construction of
railways in the 1840s presented significant
difficulties due to the lack of experience in design
and construction of such large lines as
St. Petersburg—Moscow railway. The more
respect is given to the optimal solutions found
by the pioneers.

The construction of the road began in the
summer of 1843. To bring the administrations as
close as possible to the objects under construction,
the Northern Administration was located at
Chudovo station (111 versts from St. Petersburg)
(Pic. 14), the Southern —first in Vyshny Volochek Pic. 12.D. I. Zhuravsky.
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Pic. 13. J. Whistler (1800-1849).

(an important centre of the systems of channels
connecting the Volga with the Neva) (Pic. 15),
and then in Tver (it was supposed to tranship
cargo from the Volga River) (Pic. 16).

On St. Petersburg—Moscow railway, pointless
switches with double movable rails were used.
They were much more stable in the horizontal
plane and provided a smoother entrance to the
branch compared to switches with single
movable rail. However, the presence of a rupture
in the track at the beginning of the turnout could
lead to derailment of rolling stock going in
trailing direction. Soon, switches appeared with
two movable straight blades from ordinary rails,
which were the prototype of modern switches.

Wooden beams were used as an under-switch
base. They had required elasticity, significant
strength, were simple in shape, easy to operate
and manufacture.

The organisational and technological
construction plan provided for:

* Selection of support bases in the zones of
adjoining the route to the waterways of
communication, along which the supply of
materials and equipment was carried out.

¢ Multi-beam method of construction work,
when they are carried out from one point in
several directions at the same time.

» Stage-by-stage commissioning of road
sections, which speeds up and reduces the cost
of construction.

The acceleration of construction was
facilitated by introduction of elements of
mechanisation of work. For example, during
development of a huge excavation between
Valdai and Berezaika stations, earth-moving
machines similar in design to excavators were
used. When driving the piles of the bridge
crossings, steam piles were used. For
transportation of soil, specially designed earth-
carrying cars and a track for them were used.

Difficult problems arose during construction
of 19 overpasses, 69 pipes and 184 bridges,
including across large rivers as the Volga,
Volkhov, Tvertsa, Msta. D. I. Zhuravsky
supervised the design of bridges. One of the
features of bridge crossings was the significant
height of supports, which made it necessary to
use large spans instead of small ones to avoid the
rise in construction costs. In addition, the

Pic. 14. Railway bridge at Chudovo station.
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Pic. 15. Vyshny Volochek.

Pic. 16. Tver Station.

frequently placed supports at small spans
impeded navigation and made it difficult for ice
to pass through.

D. I. Zhuravsky refused to blindly copy large-
span structures of wooden bridges known at that
time. Rightly believing that the arch system at
high bridges heights would require construction
of massive and expensive supports, he turned his
attention to lighter beam spans with wooden
trusses, proposed by the American engineer
W. Howe. However, there was no theory for
calculating such structures, which raised serious
doubts about correctness of the approach to

assigning dimensions of the sections of individual
elements.

In 1845, D. 1. Zhuravsky created a theory
for calculating lattice trusses, giving a method
for determining the forces in individual
elements. In particular, he found that the cross-
sections of vertical metal strands were assigned
in the Howe trusses unreasonably: the strands
at the supports are heavier loaded and should
be more powerful. For design reasons, a
constant cross-section of the truss chords was
provided along the entire length, while in single-
span structures, the chord cross-section could
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Pic. 17. Verebyinsky viaduct.

be fully used only in the middle of the span. For
bridges of large spans, the scientist proposed a
continuous beam system that ensures the
rational use of the belt material.

Based on the research, D. I. Zhuravsky gave
recommendations on the calculation of the Howe
trusses and developed projects for wooden bridges
across all major watercourses on St. Petersburg—
Moscow railway line. Five groups of span structures
with lengths from 16,4 to 60,8 m were developed.
The design of structures was accompanied by
comprehensive studies of their work under load and
the properties of the building materials used.

The span structures of all bridges had wooden
multi-lattice continuous trusses formed by the
superposition of several simple triangular lattices
on top of each other, which significantly
improved the work of compressed elements.

The Verebyinsky viaduct became a unique
bridge crossing (Pic. 17). According to
contemporaries, this viaduct was considered one
of the best structures of this type, not only in
Russia, but in Europe and America.

The Msta bridge had nine spans of 61 m each.
Its supports were pyramidal wooden tower
structures on a stone foundation, sheathed with iron.

A feature of the bridge over the Volkhov,
which had five spans of 51 m each, was a ten-
meter adjustable navigable span of the opening
system. The author of the project, engineer
V. I. Grave, to ensure the balance of the system
at any opening angle, proposed a counterweight
to the original design.

The bridges across the Volga (Pic. 18) and
Tvertsa each had three spans 59,6 m long. The
bridges across the Obvodny Canal and the river
Slavyanka were significantly different from the

others. The stretched belts of the Howe trusses
used in the span structures of these bridges were
metal (iron).

The Aleksandrovsky Mechanical Plant of
St. Petersburg—Moscow Railway became the
firstborn of railway engineering. Passenger
locomotives of 2-2-0 type produced by the
plant were later designated «B». An internal
eccentric steam distribution mechanism set in
motion double (expansion) spools, which made
it possible to reverse the machine and change
the degree of filling the cylinders with steam.
In a tubular boiler, a cone draft was used,
which made it possible to regulate the process
of fuel combustion, depending on intensity of
operation of the steam engine. The pressure in
the boiler increased up to 8 atm, the power of
the steam locomotive — up to 130 hp. It drove
trains of six cars at a speed of 40 km/h. In
addition, steam locomotives of 1-2-0 and 1-2-1
types were built.

Commercial steam locomotives of 0-3-0 type
produced by the Aleksandrovsky plant (Pic. 19),
which received the designation «D», were similar
in many design solutions to passenger
locomotives. They had a power of about 140 hp
and drove 22-coach trains at a speed of 15 km/h.

The first domestic freight wagons (Pic. 20)
appeared on St. Petersburg—Moscow railway.
They began to be built at Alexandrovsky plant
in 1846. The cars were four-axle, with wooden
bodies, a central hitch, without side buffers, and
with a hand-operated braking device. The
carrying capacity of the covered car with a
container of 7,8 tons was 8,2 t. For bulk and long
cargo, four-axle platforms with a tare weight of
6 tons and a carrying capacity of 10 tons were
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Pic. 18. Entrance to the railway bridge across the Volga.

also built. Their axial load was 4 tons instead of
10 tons, for which the rail track was designed.

In 1845, Academician B. S. Jakobi (Pic. 21)
received a task to set up telegraph communication
along St. Petersburg—Moscow railway, which
was under construction. Before the completion
of this project, the German company Siemens,
invited to participate in organisation of such a
connection, laid a cable line, which consisted of
two copper wires, insulated with gutta-percha
and placed in a wooden gutter, filled with an
insulating mass. The line was laid along the side
of the track at the ends of the sleepers. It began
to be exploited in 1852 with the use of Siemens
telegraphs, and then Morse, since the latter
provided more reliable communication.

However, the design of the laid cable turned
out to be unreliable, therefore, in 1854, at the
suggestion of B. S. Jacobi, it was decided to
replace it with an overhead line, which had three
steel wires with a diameter of 5 mm, suspended
on poles by means of iron hooks with insulators.
16 pillars were installed per verst. In the future,
overhead communication lines were also used
on all railways under construction.

All projects of the buildings of St.Petersburg—
Moscow railway are permeated with the ideas of
the Tsar’s favourite, the architect K. A. Ton
(Pic. 22). Ton designed the entire area of 644 km
road as a single ensemble in the form of a gigantic
square. Nikolaevsky railway station (Pic. 23) was
built in 1844-1851 according to the project of
Konstantin Ton, with the participation of Rudolf
Zhelyazevich. The building combines the forms
of the Italian Renaissance and ancient Russian
motives. A novelty at the time was a solution with
ametal covering over the end sections of railway

tracks and adjacent passenger platforms. If the
passenger station building itself was designed by
Ton in traditional forms and structures, then the
landing stage had no analogues in the architecture
of the past. The triangular trusses of the apron
cover created a completely new image of the
transport interior.

The station building is round in plan, located
along the length of the entire adjacent square.
Konstantin Andreevich used the motives of the
town halls of Western European cities, the clock
tower indicates the direction of the main
entrance. The Emperor himself took an active
partin the design of the new station (Znamenskaya)
square.

N. I. Miklukha was appointed the first head
of the passenger station and the station of
St. Petersburg—-Moscow railway (Pic. 24). His
apartment was located in the very building of the
station, in addition, the offices of employees, the
railway administration, and the imperial premises
were located here.

Leningradsky railway station (until 1855 —
Petersburgsky, in 1855-1923 — Nikolaevsky, in
1923-1937 — Oktyabrsky) (Pic. 25) is the oldest
of the nine stations in Moscow. The station
building was built in 1844—1851 according to the
project of Konstantin Ton by the architect
Zhelyazevich. For the station, the construction
commission chose the Kalanchevsky wasteland
on the northeastern outskirts of Moscow.

The construction of Peterburgsky railway
station in Moscow began in 1844 under the
direction of the managing head of transportation
routes, Peter Kleinmichel, who had disagreements
with Ton. So, Kleinmichel demanded the use of
brickwork with thin seams, which seemed to him
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Pic. 19. The first domestic commercial steam locomotive.

Pic. 20. The first covered car of St. Petersburg-Moscow railway.

Pic. 21. B. S. Jacobi. Pic. 22. Architect K. A. Ton.
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Pic. 23. Nikolaevsky railway station in St. Petersburg.

more aesthetic. The architect refused to comply
with this instruction, fearing a violation of the
solidity of walls and the occurrence of cracks.
As a result of conflicts in 1847, the work was
entrusted to Rudolf Zhelyazevich, who was more
flexible.

The construction was completed in 1851. The
building was a stylistic pair of the station in
St. Petersburg, but it was smaller in size. The
central part of the building was occupied by a
spacious two-story lobby. The premises of the
station were decorated with oak parquet and
marble Swedish stoves. The imperial halls had
massive oak doors and mirrored wardrobes. The
second floor of the main building of the station
was allocated for the apartments of employees.

As the work progressed, the road opened
section by section. In 1847, a permanent traffic
was opened between St. Petersburg and Kolpino.
In 1848 service traffic was carried out to Chudovo
station and between Tver and Vyshny Volochk.
The opening of the entire road to Moscow took
place on November 1, 1851.

Once construction was completed, the initial
period of its operation is also of interest. In the
absence of sufficient experience in operating
railway transport, it was believed that only people
accustomed to a clear army order could ensure
safety and regularity of movement in the best way.

Therefore, by order of the Main Directorate
of Railways and Public Buildings dated
September 23, 1851, No. 180, 14 separate
military workers, 2 conductor and 1 telegraph
companies were formed for operation of the
railway. They were recruited by the military
department from among the non-commissioned
officers and privates of active military service.

Pic. 24. 1. N. Miklukha.
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Pic. 25. Nikolaevsky railway station in Moscow.

There were 3500 people in the military workers’
companies. One of the conductor companies
included steam locomotive drivers, their
assistants, and firemen.

In total, during construction of St. Petersburg—
Moscow main line, about 46 million cubic meters
of earthworks were carried out, two large stations
were built in both capitals, as well as other 34
stations, and 190 bridges. The construction of this
railway cost 67 million roubles (one third of the
annual budget of the Russian Empire in 1842). In
the middle of 19" century, this railway was the
most technically advanced and the longest
(644 km) double-track railway in the world.

REFERENCES

1. History of organisation and management of railway
transport in Russia [Istoriya organizatsii i upravleniya
zheleznodorozhnym transportom Rossii]. Ed. by
A. A. Timoshin. Moscow, GOU Educational and
methodological center for education in railway transport,
2009, 466 p. [Electronic resource]: https://mirlib.ru/knigi/
tehnika/489566-istorija-organizacii-i-upravlenija-
zheleznodorozhnym-transportom-rossii-1809-2009.html.
Last accessed 17.09.2019.

2. The history of railway transport in Russia [Istoriya
zheleznodorozhnogo transporta Rossii]. Vol. 1: 1836-1917.
St. Petersburg, 1994, 336 p.

3. Levin, D. Yu. Development of the Russian railway
network in 19" century [Razvitie seti zheleznykh dorog Rossii
v XIX veke]. Moscow, FGBOU Educational and
methodological centre for education in railway transport,
2014, 398 p. [Electronic resource]: https://www.studmed.ru/
levin-d-yu-razvitie-seti-zheleznyh-dorog-rossii-v-xix-
veke b66b323a7c9.html. Last accessed 17.09.2019.

4. Construction and operation of Nikolaevsky railway:
A brief historical sketch [Postroika i ekspluatatsiya
Nikolaevskoi zheleznoi dorogi: Kratkiy istoricheskiy ocherk].
St. Petersburg, 1901, 175 p.

5. Avdeev, O. T. IUP Album. Petersburg-Moscow
(Nikolaevsky) railway [[UP. Albom. Peterburg-Moskovskaya
(Nikolaevskaya) zheleznaya doroga). GOU Educational and
methodological centre for education in railway transport,
2005, 120 p. [Electronic resource]: https://mirlib.ru/knigi/
history/448872-peterburg-moskovskaja-nikolaevskaja-
zheleznaja-doroga.html. Last accessed 17.09.2019.

6. Russian Railways: Handbook. Moscow, Granitsa
publ., 2007, 316 p.

7. Voronin, M. 1. On the history of research and design
of Petersburg—Moscow railway [K istorii izyskanii i
proektirovaniya Peterburg-Moskovskoi zheleznoi dorogi].
Collection of works of LIIZHT. Moscow, 1952, Iss. 143,
pp. 2-83.

8. Kamensky, A. S. On the comparative value of
Petersburg—Moscow railway: Manuscript [O sravnitelnoi
tsennosti Peterburg-Moskovskoi zheleznoi dorogi:
Rukopois’]. 1851, NTB PGUPS.

9. Urodkov, S. A. Petersburg—Moscow Railway:
History of construction [Peterburg-Moskovskaya
zheleznaya doroga: Istoriya stroitelstva). Leningrad, LSU
publ., 1951, 105 p. o

Information about the author:

Levin, Dmitry Yu., D.Sc. (Eng), International association of scientists, professors and experts (autonomous non-profit oragnsiation),

Moscow, Russia, levindu@yandex.ru.

Article received 17.09.2019, approved 16.10.2020, accepted 23.04.2021.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss.2 (93), pp. 266—278

Levin, Dmitry Yu. The First Main Line in Russia



ARCHIVED ARTICLE
DOI: https://doi.org/10.30932/1992-3252-2021-19-2-19

World of Transport and Transportation,
2021, Vol. 19, Iss. 2 (93), pp. 279-280

The Greatest Passenger Steam
Locomotive in the World

Xeaesnonopoxnoe Jxo

KYPHAND

News from the archives

Keywords: railway, steam locomotive, passenger traffic, history.

n No. 24 of Rail Business [«Zhelezno-

dorozhnoe Delo»], 1909, I described the

greatest commercial steam locomotives
built by Baldwin’s plant in Philadelphia for
Southern Pacific R. R.; now I will add that in
practice they turned out to be extremely
efficient and expedient, that at the present time
there are already up to a dozen of them
working, and that it was decided to supply
them exclusively to the entire mountain
division of this road.

It goes without saying that mountain passes
affect both freight and passenger traffic in the

The publication in Rail Business [Zheleznodorozhnoe delo] Journal of 1910 introduced
the most powerful steam locomotive of the time to the readers. It was intended for
passenger traffic in the United States.

same way, and this is especially noticeable in
cases where different lines compete with each
other during long journeys by shortening time
they need. Over the past year, it is precisely
this kind of competition that has resumed with
great energy between a whole half-dozen
transcontinental lines of the North America,
operating between the Atlantic and Pacific
oceans; time between New York and Chicago
has been shortened from 18 to 15 hours, time
between Chicago and Los Angeles or San
Francisco from 72 to 60 hours, and all roads
are striving to reduce travel times to three days,
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1.e., 3250 miles or 4875 versts to be travelled
in 72 hours, including all stops and connections
in Chicago. Atchison, Toreca & Santa Fe RR
Co., which has over 10000 miles of track and
its own continuous line from Chicago to Los
Angeles and San Francisco, is closest as
compared to all its other competitors to achieve
this. Although it has built 400 miles of new
track, bypassing the highest of its mountain
passes in the main ridge of the Rocky
Mountains in Colorado, it was still hampered
by three other passes — in New Mexico,
Arizona, and California, especially in this last
one, through the Sierra Madre ridge. To
overcome it and win 23 hours, this company
built at the same Baldwin plant a new
passenger steam locomotive-monster that has
just arrived here, weighing with a tender the
same three hundred tons as the aforementioned
commercial steam locomotives of Southern
Pacific R. R. C°. The locomotive itself weighs
376450 English pounds; the rest comes from
a tender raising 12000 gallons of water and
4000 gallons of oil, so a steam locomotive can
do with a heavy train 100 English miles
without stopping. Locomotive and tender
length is of 105 feet; traction force is of 53000
tons. It is of a composite Mallet type, with five
pairs of propelling wheels 73 inches in
diameter, connected in 3 and 2 pair seats, with
the rear three pair seat powered by high
pressure cylinders and the front two pair by
low pressure cylinders. This locomotive is
designed for high speed and at relatively steep
climbs, with a traction force 50 % higher than
the strongest passenger locomotives currently
in use anywhere. Otherwise, the essence of its
design is the same as that of the commercial
steam locomotives I described in No. 24.

In the case of the modern American design
of rolling stock, both steam locomotives and
passenger and freight cars, a decisive transition

to larger and heavier types should be stated.
All the main lines have completely left the
wood and went over to steel. The prejudice
against steel passenger cars because of the
noise they supposedly produce in motion was
completely dispelled by improvements in their
design, and their comparative safety, even in
the most severe crashes, was never in doubt.
The intensification of commodity traffic, which
again began with rapid leaps after a hitch in
industry and trade caused by the stock
exchange panic in the autumn of 1907,
promises again, and very soon, to reach the
limit of modern railway performance, and an
increase in the load capacity of freight cars is
one of the main means to raising it. Steel
freight cars lift 100000 English pounds, almost
double the largest wooden ones, and although
they cost twice as much, they are much more
durable and safer in crashes and fires.

The remarkably rapid spread of gasoline
and electric motors on steam railways should
also be noted. The rapid development of
electric trams in all densely populated areas
and between major cities — such as between
Boston and New York and between Chicago
and St. Louis — affected passenger traffic on
steam trains so badly that they found themselves
forced to establish motor traffic on all of their
suburban lines. There is still a fierce struggle
between numerous types of motors for these
roads, but even now two or three of them have
established their superiority over others and
are entering general use. I hope in the near
future to give the readers of «Zheleznodorozhnoe
Delo» a detailed description of them, if [ am
able to cope with the Russian nomenclature of
the issue.

P. A. Tverskoy

Los Angeles, California
(Zheleznodorozhnoe delo [Rail Business],
1910, No. 17-18, pp. 104-105) @
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Proceedings on the Self-Checking Embedded Control
Circuits Synthesis Theory Based on Binary Redundant Codes.
Vol. 2. Moscow, Nauka publ., 2021, 527 p. ISBN 978-5-02-040757-2.

The first volume of the book includes papers devoted to three
main areas of research in the field of synthesis of self-checking
discrete systems: study of features of classical sum codes (Berger
codes), modular sum codes, as well as their modifications proposed
by the authors of the articles; study of features of codes for which
check bits are obtained using convolutions modulo M = 2 of a part
of data bits (polynomial codes and classical Hamming codes);
research of the Boolean Complement method for organisation of
self-checking discrete systems based on redundant binary codes.
Materials are provided on detailed characteristics of error detection
in data bits of redundant binary codes under the condition of error-
free check bits, descriptions of methods for constructing previously
unknown modified sum codes and features of methods for

discrete system.

World of Transport and Transportation,
2021, Vol. 19, Iss. 2 (93), pp. 282-285

Review of the book
«Proceedings on the Self-Checking Embedded
Control Circuits Synthesis Theory Based on Binary
Redundant Codes»

National Research Tomsk State University, Tomsk, Russia.

synthesizing self-checking discrete systems based on binary
redundant codes.

The second volume of the book includes papers in the field
of constructing binary sum codes weighted bits and transitions
between bits occupying adjacent positions in data vectors of code
words, as well as the results of studying their characteristics and
methods of synthesising coding equipment. The issues of
application of features of codes in organisation of self-checking
discrete systems are considered. The reader will find on the pages
of this volume materials on detailed characteristics of error
detection in data bits of weight-based sum codes provided that
the check bits are error-free, descriptions of methods for
constructing previously unknown weight-based sum codes and
features of methods for synthesising self-checking discrete
systems based on them.

The book can be useful for developers, researchers and
engineers working in the field of technical diagnostics of discrete
systems and synthesis of systems with fault detection, as well as
students studying computer science, computer technology and
automation.

Keywords: automation hardware, synthesis of self-checking circuits, embedded control, binary redundant codes, self-checking

0rg/10.30932/1992-3252-2021-19-2-20.

For citation: Matrosova, A. Yu. Review of the book «Proceedings on the Self-Checking Embedded Control Circuits Synthesis Theory
Based on Binary Redundant Codes». World of Transport and Transportation, 2021, Vol. 19, Iss. 2 (93), pp. 282-285. DOI: https://doi.

The text of the review article originally written in Russian is published in the first part of the issue.
Texcm cmambu Ha pycckom si3bIke ny6nukyemcs 8 nepgoli yacmu daHHo20 8bInycka.

®  © Matrosova, A. Yu., 1



n 2021, the Nauka Editions published a two-

volume edition of «Proceedings on the self-

checking embedded control circuits synthesis
theory based on binary redundant codes», which
included the main papers of the team of
St. Petersburg scientific school on technical
diagnostics under the guidance of professors
Valery Vladimirovich and Vladimir
Vladimirovich Sapozhnikovs, published in the
period from 2009 to 2020. In our opinion, the
published work deserves special attention of the
scientific community due to the fact that it
actually determines the main stages in the
development of code methods for synthesising
means of detecting errors caused by faults of
various physical nature in technical systems.

First, it is necessary to remind the reader that
in development and design of technical means
of automation, both in industry and in transport,
special attention is paid to the issues of not only
ensuring correct execution of laid down
algorithms, but also to protection against failure,
malfunction, and their manifestations in the form
of errors in calculation results. This requires the
developer to lay down the properties of
checkability, self-testing, self-checking, fault-
tolerance, safety behaviour in case of failures and
other malfunctions at the stage of creating the
very prototype of the future device. It is on these
properties that the reliability characteristics of
the device and the nuances of its operation
depend in the future. As a result, all the features
of the life cycle of technical means of automation
are determined even at the stage of its
development, when it is possible to foresee the
most rational architecture of the device, the
composition, and the need for technical means
of diagnostics, to assess the risks of failures and
persistent failures.

In the transport industry, information and
control systems for critical purposes are often
used, the failure of which should not lead to a
hazardous event (potentially affecting
development of conditions for the occurrence of
accidents and disasters or leading to them). It is
for this purpose that special requirements have
been developed for critical information
management systems, which are somewhat
similar, but somewhat different in various
branches of transport. For example, in the railway
sector, in development of microelectronic and
microprocessor-based train control systems, the
following concept is adhered to [1]: single defects
in hardware and software should not lead to

dangerous system failures and should be detected
during operating or test influences no later than
the second defect arises in the system. Hence it
follows that the most important in construction
of modern control systems are not only the
principles of synthesis of systems with
controllable structures, but also the principles of
implementing diagnostic support.

Diagnostic support of technical systems
allows solving problems of test and working
(functional) diagnostics [2; 3]. Test diagnostics
implies disconnecting an object from performing
its main functions in order to apply special testing
influences to its inputs. Working diagnostics is
connected with the fact that working combinations
are at the same time test ones for the object being
diagnosed. The diagnostic procedure itself does
not require disconnecting the diagnosed object
from the controlled devices. In systems of critical
application, both of these types of diagnostics
are used on an equal footing. This, of course,
requires the introduction of both hardware and
software redundancy (redundancy and diversity),
the use of information and time redundancy. One
of the most important approaches to
implementation of operational diagnostics
procedures is the use of self-checking embedded
control circuits (ECC). It is the issues of the
synthesis of ECC for devices of automation and
computer technology that the published edition
is devoted to.

The book «Proceedings on the self-checking
embedded control circuits synthesis theory based
on binary redundant codes», presented in the
form of two multi-page volumes, contains the
main scientific works in the field of the theory of
synthesis of ECC based on noise-immune
redundant codes. The book includes four main
sections. The first three form the first volume of
the monograph and the fourth constitutes the
second volume. A feature of the book and the
research of the authors is that they consider not
just ECC structures implemented on a specific
element base, but the general features of the use
of redundant coding for solving technical
diagnostics problems. This makes the described
results universal and applicable not only to the
modern element base, but also to the developed
one, which is important under the conditions of
constant improvement of computer and
information technologies [4].

The first section is devoted to the synthesis
of ECC based on codes with summation of single
digits and a description of their properties. The
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features of classical sum codes (Berger codes)
and their modifications obtained by calculating
the weight of the data vector in the residue ring
according to a predetermined modulus, dividing
data bits into subsets with control of the weight
of each of them, calculating special correction
factors when constructing codes are covered.
Separate materials are devoted to the application
of the properties of sum codes in the synthesis
of ECC.

The second section is devoted to the study of
the characteristics of the well-known polynomial
codes and Hamming codes in ECC. With regard
to the set diagnostic tasks, the detecting abilities
of these codes in data bits are considered. The
main features of the class of systematic codes are
shown, related to the fact that the resulting codes
due to the use of modulo two convolutions in the
synthesis of their encoders have non-
unidirectional functions of the digits, and
therefore their use in the synthesis of ECC should
consider these circumstances.

The third section covers the results of the
authors in the field of development of the
Boolean Complement method for the synthesis
of ECC. Here, all methods consider the use of
constant-weight codes when organizing ECC
with transformation of the last values of working
functions of the objects to be diagnosed (and not

with concatenation (addition), as in the case of
using separable codes). The Boolean Complement
method allows synthesising completely self-
checking ECC even in the case when this cannot
be achieved by classical methods (including
duplication with subsequent control of the
outputs of the same name of various devices).

The fourth, the largest, section covers the
features of the use of weight-based sum codes
in the synthesis of ECC. The authors consider
various methods of constructing sum codes,
between the data bits of which inequality is
established. It is achieved by assigning weight
coefficients to the digits (or a group of digits)
from a natural series of numbers. Such codes
are divided by the authors into two classes —
codes with summation of weight coefficients of
the digits and transitions between the digits (in
fact, the weight coefficients of the groups of
digits). The monograph «Proceedings on the
self-checking embedded control circuits
synthesis theory based on binary redundant
codes» describes codes with arbitrary weight
coefficients, as well as codes, in the construction
of which weighting of one and several digits is
used, special sequences of weight coefficients
are applied. Methods for synthesising ECC
using the properties of weight-based sum codes
are presented.
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The authors show that it is possible to
effectively use the properties of detecting errors
of various multiplicity and types in the synthesis
of ECC. Errors are classified according to the
number of distortions of zero and one digits in
data vectors into unidirectional and
multidirectional, and the latter, in turn, into
symmetrical (with the same number of distorted
zero and one digits) and asymmetrical (with
unequal). It is widely known that modern means
of computer-aided design of automation circuits
and computer technology consider only the
possibility of detecting unidirectional errors by a
number of codes. This is also used when choosing
controllable structures and methods of error
control in ECC at the device outputs. However,
the authors have shown that many redundant codes
have not only the ability to detect unidirectional
errors, but also other types of errors, including up
to a certain fixed multiplicity, which can also be
applied in practice. In separate articles in the book,
algorithms for the synthesis of completely self-
checking ECC are given, taking into account such
features of redundant codes. The established
features should be taken into account in
development of automated design tools for
devices, which will reduce their structural (and
when implemented at the software level —
software) redundancy.

It should be noted that the authors are
developing code methods for synthesising ECC,
described in the well-known publications of the
Soviet and post-Soviet period of development of
technical diagnostics [5—7], as well as in foreign
publications [8—10]. At the same time, the results
presented in this two-volume book are associated
with a fairly deep level of research, and not
superficial, as it was before, before the publication
of the works of the co-authors of the book.
Accordingly, the presented theory allows the
designer to have a wide field of choice of the
coding option when synthesizing ECC.

Unfortunately, in the post-Soviet space, there
are not so many scientists who are engaged in the
synthesis of completely self-verified ECC, and
insufficient attention has been paid to their works.

However, the use of the results and their
development allows in practice to more reasonably
choose the method of implementing ECC, taking
into account the specifics of the diagnostic object
itself, which, ultimately, allows not only to reduce
the complexity indicators of technical
implementation of diagnostic tools, but also to
improve economic indicators.

The book covers the results without reference
to specific devices and systems, without
highlighting any industries and transport, and will
be of interest to a wide range of specialists in the
field of automation and computer technology, who
are engaged in development and improvement of
computer and information systems.
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Khamidov, O. R. Scientific fundamentals for
improving methods for diagnosing asynchronous
traction electric motors of locomotives on the
railways of the Republic of Uzbekistan. Abstract
of D.Sc. (Eng) thesis [Nauchnie osnovy
sovershenstvovaniya metodov diagnostirovaniya
asinkhronnykh tyagovykh elektrodvigatelei
lokomotivov na theleznykh dorogakh Respubliki
Uzbekistan. Avtoref. dis... doc. tekh. nauk].
St. Petersburg, PGUPS publ., 2021, 32 p.

The thesis stated and solved an important
scientific and technical problem of developing
scientifically based methods for diagnosing and
predicting the technical state of asynchronous
traction electric motors (ATED) of locomotives
to increase their operational reliability and ensure
the safety of train traffic on the railways of the
Republic of Uzbekistan. At the same time, the
results of bench tests and processing of measuring
information of ATED diagnostic tools of
locomotives in operation were used with the help
of data mining, and specifically with the use of
artificial neural networks (ANN) technology and
expert systems.

It has been established that the existing systems
for monitoring, diagnostics and management of
locomotive operation require significant
improvements. The process of monitoring and
diagnostics of locomotives can no longer be
standardised within the framework of «normal»
maintenance and repair programs; software and
technical maintenance poorly adapts to rapidly
changing operating conditions and there is no
support system, either decision-making system, or
specialised software for parametric identification
of forward and reverse neural network models of
locomotive ATED.

The concept of construction of modern
intelligent control systems, diagnostics and
forecasting of the technical state of ATED
equipment of locomotives based on the use of
quantitative and qualitative models using neural

network technologies and methods of decision
theory using expert systems is proposed.

It was found that a condition for effective use
ofbench tests and built-in diagnostic tools for ATED
of locomotives is associated with the need to
develop additional measures at the design stage of
a modern locomotive, when it is necessary to
provide for identification of critical groups of
equipment subject to in-depth control, diagnostics,
as well as for development of a list of controlled
parameters and the choice of scientifically based
methods for processing the received information
on the basis of the performed analysis of methods
of domestic and foreign stationary and built-in tools
of technical diagnostics.

A complex of models of the process of control,
diagnostics of the technical state of ATED of
locomotives has been developed on the basis of
SADT-methodology and IDEF-technologies, which
makes it possible to identify the main series of
functional diagnostic problems and substantiate the
requirements for the choice of methods, algorithms
and decision-making in the process of monitoring,
diagnostics and forecasting of the technical
condition of locomotives, which provides an
increase in reliability of the classification of the
actual state of locomotives in monitoring and
diagnostic systems.

It has been established that a feature of the tasks
of obtaining and processing information in control
systems, diagnostics, in addition to the data
structure, is the presence of expert diagnostics
experience, the use of which makes it possible to
increase the efficiency of classifying the actual state
of ATED of locomotives with a limited volume of
the training sample, as well as of predicting its
technical state.

Formalised methods and techniques have been
developed for monitoring and diagnosing the
technical state of ATED of locomotives using neural
network technologies, expert systems, based on the
use of the mathematical model of ATED in the
diagnostic process, which allows to increase
productivity and reliability of the processes of
diagnosing the technical state of locomotive
equipment based on the results of bench tests and
analysis of measurement information of built-in
diagnostic tools for operating locomotives, which
allow to reduce costs for monitoring and diagnostics
of'the technical condition of locomotives during its
bench tests and during operation by 2—3 times due
to the more complete use of a priori and a posteriori
information about ATED operation modes,
automation of data processing, application of
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modern methods of data mining at all stages of
ATED diagnosis and decision making.

Simulation models of ATED of locomotives
and its components were developed, with the help
of which a training set for ANN was created.

A technique based on modern neural network
technologies has been developed, which makes it
possible to quickly and efficiently investigate
asymmetric modes during operation of ATED of
locomotives, allowing to solve a wide range of
practical problems of monitoring the technical
condition of locomotive ATED.

An improved method of deep learning
(combining functions) for monitoring, diagnosing
and predicting the technical condition of
windings and bearing assemblies of ATED of
locomotives is substantiated and proposed, which
provides an opportunity to improve the learning
ability using a deep auto-encoder of faults and
ATED features to further increase the diagnostic
efficiency. Deep linking functions are introduced
into softmax environment to train an intelligent
locomotive ATED winding and bearing fault
diagnosis model. The results obtained confirm
that the proposed method is more effective and
reliable for studying the features and diagnostics
of faults in windings and bearings of ATED of
a locomotive than traditional methods. In
comparison with the standard neural network,
the proposed method shows slightly better
performance.

The versatility of the developed methods and
methods for detecting malfunctions, processing
measurement information to improve quality of
diagnosing ATED of a locomotive was confirmed
in the process of implementing an improved deep
learning method for detecting a malfunction,
diagnosing and predicting the technical condition
of the rotor and bearing assemblies of ATED of
locomotives.

It is theoretically substantiated that the use of
up-to-date intelligent methods and software of
systems for monitoring parameters, diagnostics and
forecasting the technical state of ATED with the
use of ANN and expert systems gives a significant
economic effect by preventing sudden failures and
accidents, identifying incipient defects and taking
timely measures to prevent their development,
denial of routine maintenance on a serviceable
ATED, correct planning of repairs, accurate
planning of consumables for repairs and, as a result,
a decrease in spare parts stocks, as well as by
extending the service life of the objects of
diagnostics.

Reliability and adequacy of neural network
diagnostic models is confirmed by the stable
convergence of simulation results and data obtained
from the results of ATED bench tests of modern
locomotives. The root-mean-square error of the
response of the models is less than the random error
of changing the monitored diagnostic parameters
of locomotives.

It has been established that it is highly desirable
to use an improved method of deep learning of neural
networks to create diagnostic devices and software
and hardware systems, since it is a powerful means
of recognising and predicting signals, and its learning
ability makes it possible to develop adaptive systems
for protecting and diagnosing locomotive equipment.
The use of neural network technologies for
operational control, correction of the volumes of
planned types of repairs, as well as assessment of the
technical condition of locomotive equipment has
good prospects, allowing the maximum use of the
entire amount of diagnostic information stored on
the onboard computer to improve efficiency of the
maintenance and repair system.

The work had theoretically substantiated and
experimentally confirmed the effectiveness of the
proposed methodology, which diagnoses faults for
balanced and unbalanced ATED data sets of
locomotives using modern deep learning methods.
First, the received signals are integrated into the
constructed NS algorithm for layer-by-layer feature
extraction, after which the extracted deeply
sensitive features are transferred to the classifier for
monitoring, diagnosing and predicting the technical
state of ATED of locomotives.

05.22.07 — Railway rolling stock, train traction
and electrification.

The work was performed and defended at
Emperor Alexander 1 St. Petersburg State Transport
University.

Ledney, A. Yu. Development of methodological
approaches to assessing the economic efficiency
of development of transport infrastructure,
considering the volume and unevenness of traffic.
Abstract of Ph.D. (Economics) thesis [Razrabotka
metodicheskikh podkhodov k otsenke
ekonomicheskoi effektivnosti razvitiya transportnoi
infirastruktury s uchetom ob’emovineravnomernosti
perevozok. Avtoref. dis... kand. ekonom. nauk].
Moscow, RUT publ., 2020, 24 p.

The objective of the dissertation research is to
develop an improved methodological toolkit for
assessing effectiveness of development of transport
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infrastructure, considering unevenness of
transportation volumes.

The economic analysis of the use and
development of the Russian transport infrastructure
is carried out, the main problematic issues that need
to be addressed to ensure sustainable development
of the country’s economy are highlighted.

The evolution of methods for assessing the
economic efficiency of development of transport
infrastructure has been analysed, considering
domestic and international experience, and the
directions for their improvement have been
substantiated.

The problem of uneven transportation and its
impact on the economic efficiency of projects and
programs for development of transport infrastructure
has been studied, the methodological tools for
determining seasonal unevenness of the load of the
transport infrastructure have been improved.

The influence of seasonal unevenness of
transportation on economic indicators of the use
and development of transport infrastructure (using
the example of railways) is revealed.

An improved methodology for assessing
effectiveness of capital investments in development
of transport infrastructure, considering seasonal
unevenness of transportation and the load of
infrastructure, is proposed.

In the course of the completed dissertation
research, the scientific task of improving the
methodological tools for assessing the effectiveness
of development of transport infrastructure, taking
into account unevenness of transportation volumes,
was stated and solved.

Using the improved methodological tools, the
working hypothesis of the study was confirmed that
when assessing the economic efficiency of transport
infrastructure development projects, one should
consider the factor of uneven traffic, which
significantly affects the economic indicators of
transport activity.

Based on the research carried out, in the future,
it is planned to develop a comprehensive
methodology for assessing the economic efficiency
of development of transport infrastructure,
considering the volume and unevenness of traffic,
including an assessment of increase in the value of
transport infrastructure by reducing unevenness of
loading.

08.00.05 — Economics and management of the
national economy (economics, organisation and
management of enterprises, industries and
complexes — transport).

The work was performed and defended at
Russian University of Transport.

Makarova, E. A. Development of the method
of strength calculation of rigid airfield pavements.
Abstract of Ph.D. (Eng) thesis [Razvitie metoda
prochnostnogo rascheta zhestkikh aerodromnykh
pokrytii. Avtoref. dis... kand. tekh. nauk].
Moscow, MADI publ., 2020, 24 p.

The purpose of the dissertation research was to
improve the method for calculating rigid coatings
using optimisation methods.

The results of the research carried out made it
possible to draw the main conclusions on the topic
under study.

The limiting states of calculating rigid airfield
pavements, presented in the form of inequalities
without restraints, make the problem indefinite and
lead to the appearance of non-optimal options for
pavements.

Based on the study, it was found that replacing
the distributed load with a concentrated force when
determining the deflections is possible without
restrictions, and for bending moments it is
permissible only for aircraft with a track and
a chassis bogie base exceeding 0,6 m.

The drawback of the method for calculating
rigid airfield pavements is revealed, which consists
in the existence of a false solution in the range of
admissible pavement thicknesses. The false
decision is typical for six-wheel aircraft supports
with a track that exceeds the base. No false solutions
were found for two- and four-wheel supports.

The estimation of the number of possible
optimal solutions of the problem of strength
calculation of airfield pavements is carried out.

It has been established that the structures of
rigid airfield pavements studied at civil airports in
Russia and foreign countries have a safety margin
with a percentage of understressing reaching 34 %.

The introduction into the design practice of the
proposed method for calculating rigid airfield
pavements will reduce the required value of the
pavement layer thickness on average for a single-
layer option to 4 cm, and for a two-layer option—up
to 7 cm. At the same time, a reduction in the cost
of paving construction can reach 20 %.

The research carried out indicates that
special attention should be paid to the following
priority tasks: improving the methodology for
calculating asphalt concrete airfield pavements;
improvement of the methodology for calculating
mixed airfield pavements; improvement of the
methodology for calculating reinforced concrete
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airfield pavements, considering new building
materials.

05.23.11 — Design and construction of roads,
metro, airfields, bridges and transport tunnels.

The work was performed and defended at
Moscow Automobile and Road Construction State
Technical University (MADI).

Nguyen Van Huang. Application of predictive
regulators to control distributed generation
installations in railway power supply systems.
Abstract of Ph.D. (Eng) thesis [Primenenie
prognosticheskikh regulyatorov dlya upravieniya
ustanovkami raspredelennoi generatsii v
sistemakh elektrosnabzheniya zheleznykh dorog.
Avtoref. dis... kand. tekh. nauk]. Irkutsk,
IrGUPS publ., 2020, 18 p.

Decentralised power generation technologies
based on distributed generation (DG) installations
are fully applicable to railway transport. The
purpose of the research presented in the thesis was
to develop methods and means to improve quality
of control processes in power supply systems of
railways (PSSR) equipped with distributed
generation installations.

A structural-parametric synthesis of control
systems for installations of distributed (own)
generation of railway transport, implemented based
on automatic excitation regulators (AER) and
rotation speed (ASR), using predictive algorithms,
has been performed.

A method for controlling the frequency of DG
installations has been developed, based on the use
of auto-predictive (self-adjusting) speed controllers
and applicable in implementation of intelligent
electrical networks (Smart Grid).

A method is proposed for determining time
constants of predictive links for automatic
controllers of excitation and speed of synchronous
generators.

A technique has been developed for tuning
digital automatic regulators of DG using predictive
control of distributed generation installations with
energy storage devices, which ensures a decrease
in voltage dips; on the basis of computer studies, it
is shown that the combined use of predictive
algorithms and coordination of regulator settings
makes it possible to obtain an additional effect when
controlling the rotor speed and voltage of
synchronous generators of DG in transient
operating modes.

Amethod for eliminating flicker in low voltage
networks based on controlled distributed generation

units has been developed; prognostic algorithms
are proposed for controlling the modes of gas
turbine plants.

Digital models and results of modelling
dynamic processes in the areas of non-traction
consumers’ power supply and practical
recommendations on the use of predictive
controllers for DG installations were used in the
scientific and technical developments of the
«Parametr» centre. Practical suggestions for the use
of predictive algorithms are implemented in the
recommendations for tuning automatic regulators
of a turbine generator set with a capacity of
3,125 MW-+A of the central production site of
Khiagdinskoye field. The thesis materials are used
in the educational process at the departments of
educational institutions of Irkutsk and the Phu Tho
province of the Socialist Republic of Vietnam.

The prospect of further development of the topic
may consist in conducting research aimed at using
nonlinear predictive models in the excitation and
speed controllers of DG generators, as well as
multi-agent technologies for coordinated adjustment
of AER and ASR.

05.13.06 — Automation and control of
technological processes and production (transport).

The work was performed at Irkutsk National
Research Technical University and Irkutsk State
Transport University, defended at Irkutsk State
Transport University.

Rasskazova, E. E. Management of resource
supply of the innovative development of
a transport company. Abstract of Ph.D.
(Economics) thesis [Upravlenie resurso-
obespecheniem urovnya innovatsionnogo razvitiya
transportnoi kompanii. Avtoref. dis... kand.
ekonom. nauk]. Moscow, RUT publ., 2020, 24 p.

The purpose of the dissertation research is to
develop an economic toolkit for comprehensive
assessment and management of the innovative
development of a transport company in a highly
dynamic environment.

As a result of the study, the hypothesis was
confirmed that the structure of innovative
potential and its resource supply determine the
degree and rate of innovative development of
a transport company, and also significantly
affect other components of the potential.

A set of indicators characterising the
components of potential, which determine the
level of innovative development of the company,
is revealed. They are associated with the

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 286—290

Selected Abstracts of D.Sc. and Ph.D. Theses




resources used, their structure, applied
technologies. Based on this analysis, the
components of the company’s innovative
potential were formed.

Models and an algorithm for determining
the degree of innovative development of
a transport company have been developed,
which make it possible to assess its impact on
all components of its potential, to increase the
objectivity of assessing the actual level of
innovative development of a transport company.

A methodological approach to assessing the
impact of the components of the innovative
potential on economic indicators of a company
is proposed, and an algorithm for assessing the
necessary change in the components of the
potential for the given requirements for
changing economic indicators is formed. The
algorithm can be used as the basis for a system
for monitoring the economic activity of
a transport company.

As prospects for further research on this
topic, it seems necessary to elaborate on the
level of innovative development of a transport
company, as well as to analyse the relationship
between the structure of resources and the level
of innovativeness of technology, the nature and
phases of the life cycle of the project being
implemented.

08.00.05 — Economics and management of
the national economy (economics, organization
and management of enterprises, industries,
complexes — transport).

The work was performed and defended at
Russian University of Transport.

Tyulyandin, O. N. Development of
methods and means of RFID-navigation for
control of movement of metro trains.
Abstract of Ph.D. (Eng) thesis [Razrabotka
metodov i sredstv RFID-navigatsii dlya
upravleniya dvizheniem poezdov metropolitena.
Avtoref. dis... kand. tekh. nauk]. St. Petersburg,
PGUPS publ., 2020, 18 p.

The purpose of the study was to increase
efficiency of functioning of automatic control
systems for movement of metro trains using
RFID navigation, where navigation accuracy
and reliability are the main indicators.

In the course of the research carried out in
the thesis work, an analytical review of existing
methods and means of binding metro trains to
the coordinates of the track in Russia and abroad

was carried out. Based on the results of the
review, it was proposed to create RFID
navigation, in which navigation accuracy and
reliability are the main indicators.

The functions of RFID navigation are
determined, including continuous positioning
of trains in operation on the route with sufficient
accuracy to solve problems of automatic control
of movement of metro trains. The main
difference between RFID navigation and
existing methods is the automatic input of initial
coordinates of trains without participation of
the driver. A compensation method has been
developed that made it possible to ensure the
continuity of the binding when zeroing the
accumulated errors.

Probabilistic methods, mathematical models,
and programs for assessing the probability of
gaps in reading radio frequency tags for readers
with external triggering and with continuous
scanning have been developed, which made it
possible to investigate their causes and give
recommendations for reducing the number of
gaps by two orders of magnitude, which consists
in increasing the scanning time to the maximum
value. For new developments, a transition to
continuous scanning readers is proposed.

Methods, mathematical models, and
programs have been developed for assessing the
navigation accuracy of positioning trains using
radio frequency tags. In this work, accuracy
characteristics of RFID-binding have been
obtained for the first time. For readers with an
external trigger, the binding accuracy in the
low-speed zone is £25 cm, for readers with
continuous scanning +10 cm. The results
confirmed the possibility of using RFID
navigation to control movement of trains at
closed-type stations.

Original methods and algorithms for
technical diagnostics of RFID-means have been
developed, allowing to monitor and predict the
technical condition of the radio-frequency path
of SBPP equipment. The proposed solutions
make it possible to timely detect an increase in
the contact resistance in detachable connections
in order to prevent gaps in the reading of radio
frequency tags due to signal attenuation.

05.22.08 — Management of transportation
processes.

The work was performed and defended at
Emperor Alexander 1 St. Petersburg State Transport
University.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 286—290

Selected Abstracts of D.Sc. and Ph.D. Theses




NEW BOOKS ON TRANSPORT

AND TRANSPORTATION

The list of titles originally edited in Russian
is published in the first part of the issue.

Cnucok uaaaxunii Ha PycCKoMm si3bike
ny6nukyeTcsl B NepBosi 4acTv faHHOro
BbINyCKa.

DOI: https://doi.org/10.30932/1992-3252-2021-19-2-22

Arepiev, A. N. Conceptual foundations for the
synthesis of a propeller-driven aircraft project: theory,
examples, tests [Kontseptualnie osovy sinteza proekta
vintovykh samoletov: teoriya, primery, testy].
St. Petersburg, Moya stroka publ., 2021, 641 p. ISBN
978-5-9965-1502-8.

Bazhenov, S. G. Fundamentals of flight dynamics:
Textbook [Osnovy dinamiki poleta: Uchebnik].
Moscow, Fizmatlit publ., 2021, 431 p. ISBN 978-5-
9221-1906-1.

Bochkareva, N. A. Features of certain types of
cargo transportation (road transport): Study guide
[Osobennosti otdelnykh vidov gruzovykh perevozok
(avtomobilniy transport): Ucheb. posobie]. Saratov,
Profobrazovanie publ., 2021, 250 p. ISBN 978-5-
4488-1290-3.

Bogdanova, V. A. Gogoleva, A. V., Kotenko, O. V.
[et al]. Operation technology of a marshalling yard:
Study guide [Tekhnologiya raboty sortirovochnoi
stantsii: Ucheb. posobie]. St. Petersburg, PGUPS
publ., 2021, 66 p. ISBN 978-5-7641-1494-1.

Gavrilenko, N. G., Borodulina, S. A. Strategic
management of development of the motor transport
system of the Russian Federation in the structure of
the digital economy: Monograph [Strategicheskoe
upravlenie razvitiem avtotransportnoi sistemy RF v
structure tsifrovoi ekonomiki: Monografiya]. Omsk,
Publishing house OmGA, 2021, 171 p. ISBN 978-5-
98566-199-6.

Gordeychik, S. V. Cybersecurity of microprocessor
control systems in railway transport
[Kiberbezopasnost’ mikroprotsessornykh sistem
upravleniya na zheleznodorozhnom transporte.
Moscow, Goryachaya liniya — Telecom publ., 2021,
118 p. ISBN 978-5-9912-0897-0.

Grigoriev, V. A., Kuzmichev, V. S., Zrelov, V. A.
[et al]. Small-sized aircraft gas turbine engines: Study
guide [Malorazmernie aviatsionnie gazoturbinnie
dvigateli: Ucheb. posobie]. Ed. by D.Sc. (Eng)
A. 1. Lanshin. Samara, Publishing house of Samara
University, 2021, 435 p. ISBN 978-5-7883-1587-4.

Guziy, A. G., Lushkin, A. M., Mishin, A. V.,
Shiryaev, D. A. Aircraft operator flight safety

management system: Study guide [Sistema
upravleniya bezopasnostyu poletov ekspluatanta
vozdushnykh sudov: Ucheb. posobie]. Moscow,
Publishing house of the Academy of Zhukovsky,
2021, 180 p. ISBN 978-5-907275-81-2.

Ismagilov, F. R., Vavilov, V. E., Valiev, R. Sh.,,
Urazbakhtin, R. R. A systematic approach to design
of aircraft electrical machines: Monograph [Sistemniy
podkhod k proektirovaniyu aviatsionnykh
elektricheskikh mashin: Monografiya). Moscow,
Innovatsionnoe mashinostroenie publ., 2021, 306 p.
ISBN 978-5-907104-67-9.

Ivanov, D. A., Petrova, T. V. Methods and means
of diagnosing aviation equipment: Study guide
[Metody i sredstva diagnostirovaniya aviatsionnoi
tekhniki: Ucheb. posobie]. St. Petersburg, Gamma
publ., 2021, 114 p. ISBN 978-5-4334-0514-1.

Kashirin, V. P, Likhacheva, E. V., Nikolaeva, L. P.,
Ognev, A. S. Effective stress management as a
component of crew resource management (CRM)
[Effektivhoe preodolenie stressov kak
sostavlyayushchayaupravleniya resursami ekipazha
(CRM)]. Moscow, Sputnik +publ., 2021, 21 p. ISBN
978-5-9973-5978-2.

Khachumov, M. V. Methods for processing semi-
structured information and intelligent-geometric
control of unmanned aerial vehicles [Metody obrabotki
slabostrukturirovannoi informatsii i intellektualno-
geometricheskogo upravleniya bespilotnymi
letatelnymi apparatami]. Moscow, URSS: Lenand,
cop. 2021, 299 p. ISBN 978-5-9710-8733-5.

Khodosh, M. S., Bachurin, A. A. Organisation of
transport and logistics activities in road transport:
Textbook [Organizatsiya transportno-logisticheskoi
deyatelnosti na avtomobilnom transporte: Uchebnik].
4™ ed., revised. Moscow, Academia publ., 2021,
303 p. ISBN 978-5-4468-9192-4.

Klimov, A. A., Struchkov, A. V. Study of operation
of the tribological pair «Locomotive wheel bandage —
locomotive brake shoe» under operating conditions:
Monograph [Issledovanie raboty tribologicheskoi pary
«Bandazh kolesa lokomotiva — tormoznaya
lokomotivnaya kolodka» v uslovivakh ekspluatatsii
Monografiya]. Krasnoyarsk, Siberian State University
named after M. F. Reshetnev, 2021, 295 p. ISBN 978-
5-86433-853-7.

Kudryakov, S. A., Kulchitsky, V. K.,
Povarenkin, N. V. [ef al]. Radio-technical support of
aircraft flights and aviation telecommunications:
Study guide [Radiotekhnicheskoe obespechenie
poletov vozdushnykh sudov i aviatsionnaya
elektrosvyaz: Ucheb. posobie]. Ed. by S. A. Kudryakov.
Moscow, Infra-M, 2021, 298 p. ISBN 978-5-16-
016820-3.

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 291-292

New Books on Transport and Transportation




Likhacheva, E. V., Nikolaeva, L. P., Ognev, A. S.
Situation awareness as a component of crew resource
management (CRM) [Osoznanie situatsii
(osvedomlennost’) kak sostavlyayuschaya upravleniya
resursami ekipazha (CRM)]. Moscow, Sputnik + publ.,
2021, 21 p. ISBN 978-5-9973-5985-0.

Lykova, A. A., Markov, D. S., Nasedkin, O. A.
[et al]. Methods for modelling systems and processes
in railway automation and telemechanics: Study
guide [Metody modelirovaniya sistem i protsessov v
zheleznodorozhnoi avtomatike i telemekhanike:
Ucheb. posobie]. St. Petersburg, PGUPS publ., 2021,
63 p. ISBN 978-5-7641-1600-6.

Mesropyan, A. V., Mityagina, M. O. Experimental
studies of electrohydraulic servo drives: Study guide
[Eksperimentalnaie issledovaniya elektrogidravli-
cheskikh sledyashchikh privodov: Ucheb. posobie].
Ufa, USATU publ., 2021, 181 p. ISBN 978-5-4221-
1453-5.

Mokeichev, E. Yu., Mokeicheva, I. A. Transport
support of commercial activities: Study guide
[Transportnoe obespechenie kommercheskoi
deyatelnosti: Ucheb. posobie]. St. Petersburg,
PGUPS publ., 2021, 68 p. ISBN 978-5-7641-1557-3.

Nikolaeva, L. P., Likhacheva, E. V., Ognev, A. S.
Effective interpersonal communication as a
component of crew resource management (CRM)
[Effektivnie mezhlichnostnie kommunikatsii kak
sostavlyayuschaya upravleniya resursami ekipazha
(CRM)]. Moscow, Sputnik + publ., 2021, 21 p. ISBN
978-5-9973-5987-4.

Nikonov, V. O. Current state, problems and ways
of increasing the efficiency of timber transportation:
Monograph [Sovremennoe sostoyanie, problemy i puti
povysheniya effektivnosti lesovoznogo avtomobilnogo
transporta: Monografiya). Voronezh, VGLTU publ.,
2021, 202 p. ISBN 978-5-7994-0918-0.

Osintsev, N. A. Organisation of cargo road
transportation. Tasks and exercises: Workshop
[Organizatsiya gruzovykh avtomobilnykh perevozok.
Zadachi i uprazhneniya: Praktikum]. Magnitogorsk,
Nosov Magnitogorsk State Technical University,
2021, 103 p. ISBN 978-5-9967-2107-8.

Petrova, T. V., Ivanov, D. A. Operational
adaptability of civil aviation aircraft: Study guide
[Ekspluatatsionnaya tekhnologichnost vozdushnykh
sudov grazhdanskoi aviatsii: Ucheb. posobie].
St. Petersburg, SPbGUGA publ., 2021, 108 p. ISBN
978-5-907354-08-1.

Rezchikov, A. F., Bogomolov, A. S. System
analysis of emergency combinations of events in
control of man-machine systems [Sistemniy analiz
avariinykh kombinatsii sobytii pri upravlenii

cheloveko-mashinnymi sistemami]. Saratov,
Publishing house of Saratov University, 2021, 126 p.
ISBN 978-5-292-04684-4.

Starchikov, S. A. Basics of air navigation: Study
guide [Osnovy aeronavigatsii: ucheb. posobie].
Saratov, Profobrazovanie publ., 2021, 247 p. ISBN
978-5-4488-0884-5.

Vetoshkin, V. M., Gumenyuk, I. V., Lyalyuk, [. N.,
Chiskidov, S. V. Fundamentals of flight and air
traffic control in civil aviation of the Russian
Federation: Study guide [Osnovy upravleniya
poletami i vozdyshnym dvizheniem aviatsii
Rossiiskoi Federatsii: Ucheb. posobie]. Moscow,
Publishing house MAI, 2021, 99 p. ISBN 978-5-
4316-0800-1.

Compiled by Natalia OLEYNIK

The books originally published in English

Augusto, J. C. Handbook of Smart Cities.
Springer Nature Switzerland AG, 2021, XXVII,
1726 p. Hardcover ISBN 978-3-030-69697-9; eBook
ISBN 978-3-030-69698-6. DOI: https://doi.
0rg/10.1007/978-3-030-69698-6.

Blanchard, D. Supply Chain Management Best
Practices, 3 Edition. Wiley, 2021, 320 p. ISBN 978-
1-119-73819-0.

Crainic, T. G., Gendreau, M., Gendron, B.
Network Design with Applications to Transportation
and Logistics. Springer, Cham, 2021, VIII, 668 p.
Hardcover ISBN 978-3-030-64017-0; Softcover
ISBN 978-3-030-64020-0. DOI: https://doi.
org/10.1007/978-3-030-64018-7.

Deep Learning and Big Data for Intelligent
Transportation. Enabling Technologies and Future
Trends. Series: Studies in Computational Intelligence.
Ed. by Khaled R. Ahmed, Aboul Ella Hassanien.
Springer Nature Switzerland AG, 2021, X, 264 p.
Hardcover ISBN 978-3-030-65660-7. DOI: https://
doi.org/10.1007/978-3-030-65661-4.

Miljanic, O. S., Prat, J. A. Introduction to Energy
and Sustainability. Wiley, 2021, 608 p. ISBN 978-3-
527-81863-1.

Smart Transportation Systems 2021.
Proceedings of 4™ KES-STS International
Symposium. Ed. by Xiaobo Qu, Lu Zhen,
Robert J. Howlett, Lakhmi C. Jain. Springer Nature
Singapore Pte Ltd., 2021, X, 182 p. Hardcover
ISBN 978-981-16-2323-3. DOI: https://doi.
org/10.1007/978-981-16-2324-0. o

¢ WORLD OF TRANSPORT AND TRANSPORTATION, 2021, Vol. 19, Iss. 2 (93), pp. 291-292

New Books on Transport and Transportation




Puc. Bayecnaea Lllunoea / Pic. Viacheslav Shilov

BecHa... / The spring...

AHEKAOOT

® [OHIIMKHN HAa AaBTOMOOMIISIX — aBTOTOH-
MIHKH.
H A O EO l..l M H E TOHIIMKY Ha BEJIOCHUIIEIAX — BEJIOTOHIIUKH.
TOHIIMKY Ha MOTOLIMKJIAX — MOTOTOHIIUKH.
TOHIIMKY HA CAMOKATAX. . . — CAMOTOHIIIUKN?

® KoHer FOHOCTH — KOT/Ia B TPAHC- ® Hammick y sKeNe3HOI0POKHOTO Mepee3-
MOpTE HAYMHAFOT CIIpalmBath ctyfaeH-  jga: «[loesn 3aecy mpoxoaut 3a 20 cexyH
YEeCKHI OMJICT. HE3aBHCUMO OT TOTO, HAXOJHUTCS JIM BaIlll

— Hauauno crapoctn — korna mepe-  aBTOMOOWIJIb HA PENIbCax WIIM OCTAaHOBHIICS
CTAfOT CIPAIIUBATH [IEHCHOHHBIH. 3a IaroayMom.

Adopusmsli
Quotes

® YXenesHogopoXXHasA CTaHLUUSA — 9TO HEYTO,
YTO MOXET MOPOAUTL FOPOA. g

CaHtbsiro KanatpaBa, ucnaHckum
apXUTEKTOP, UHXKEHEepP, CKYIbNTop

® A railway station is something that can generate a city.

Santiago Calatrava, Spanish architect,
engineer, sculptor.

® [1poaBUNHYTLIN FOPOA — 3TO He TOT, rae 6eaHble e3oaT
Ha aBTOMObOUMAX, a cKopee TOT, rae gaxke dorartbie
Nonb3ytTcH 06LLECTBEHHBIM TPAHCMOPTOM.

AHpuke MNeHbsANoca, KONYMOUNCKUN
NONIUTUK M ypOaHUCT

® An advanced city is not one where even the poor use
cars, but rather one where even the rich use public
transport.

Enrique Penalosa, Columbian politician
and urbanist
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