() 2020

@ Towa /Viell. 1S3

AR Y @IEVIE]
NOROIICKONOAPALCIHIORIVA
UREAN
AND SCRIEVIES

Cp-/pp. 28, 120



OTKPbIT NTAMATHUK «MOrMsLLINM
NPU SALLLUTE OTEYHECTBA»

nroHs 2020 roma Ha 561-M KujIoMeTpe
7 cKkopocTHoIi aBronoporu M-11 «Hesa»
MockBa—CaHKT-IleTepOypr OTKpBIT
nmamMaTHUK «[lorm6mum npu 3amute OTeyecTBar.
B 1iepeMoH1Y OTKPBITHS IPUHSLTN y4acTHE TOMOITHUK
ITpe3unenra Poccuu Mrops JIeBUTUH, crieliMaabHbIi
npencraButesb [Ipe3ugenta Poccun mo Bompocam
MIPUPOIOOXPAHHOM NeITETBHOCTH,, 9KOJIOTUU U TPAHC-
ropta Cepreit iBaHOB, MUHUCTp TpaHcTiopTa EBreHuit
JuTpux, 3amecTuTe]Ib MUHUCTpa TpaHcnopta Poccun
Anpapeii Koctiok, rydepaarop HoBropoackoii oonactu
Annpeit HukutuH, Buue-ryoepHatrop CaHKT-
[leTepOypra Makcum CoKoJI0B U TIpeiceaaTes b paB-
nenus 'K «ABTonop» Bsiuecnas IleryieHko.
BpoH30BBIit MOHYMEHT BBICOTOI OoJiee 3 METPOB
SIBJISIETCSI OCHOBOM MeMopuasia. OH pacnoyioxkKeH Ha
Tpacce M-11 nmo xony aBuxkeHuss u3z CaHKT-

ITerepoypra B MockBy. Memopuan HaXxoAUTCs
B 3HAKOBOM MecTe. MsicHoii bop — Ha3BaHue nepeB-
Hu B HoBropomckoii o6i1actu — cTago CUMBOJIOM
OJIHOI M3 CaMbIX IpaMaTUYHBIX CTPAHULL B UCTOPUU
Benukoit OteyecTBeHHOM BoliHbI. B 1942 rony 3nech
B CTpAIIHBIX KPOBOIPOJUTHBIX OOSIX TTOTMOJIM MHO-
rue yactu BoaxoBckoro ¢poHTa, B TOM uncie Bro-
pasi ynapHas apmusi. Ha cpaBHUTEIbHO HEOOIBIIIOM
y4acTKe B HOBTOpOACKUX 00J0Tax, Ha3BaHHOM
«JlonuHOI cMepTU», HABCErIa OCTAIUCh NECATKHU
thicsiu conpat. [Toru6ao cseime 50000 kpacHoap-
meitnes, okoao 30000 yenoBek roraau B IJIEH,
13000—15000 cymenu BeIpBaThCS.

Ha ocHoBe ungopmanmuu npecc-cyKobl
Munucrepcra Tpancnopra Poccun
https://mintrans.gov.ru/press-center/news/9602 @

A MONUMENT TO «<FOR THOSE WHO HAVE FALLEN
DEFENDING THE MOTHERLAND» HAS BEEN UNVEILED

nJune 27,2020, in Novgorod region, at the 561+
kilometer of the M-11 «Neva» Moscow—
St. Petersburg highway, the monument to «For
those who have fallen defending the Motherland» was
unveiled. The ceremony was attended by Igor Levitin,
the aide to the President of the Russian Federation, Sergey
Ivanov, the President’s special representative for
environmental protection, ecology and transport, Evgeny
Dietrich, Minister of transport, Andrei Kostyuk, deputy
Ministeer of transport, Andrey Nikitin, Novgorod region
Governor, Maxim Sokolov, St. Petersburg Deputy
Governor, and Vyacheslav Petushenko, Chairman of the
Board of Avtodor company.
The bronze monument, more than 3 meters high, is
the main part of the memorial. It is located on the M-11
highway on the way from St. Petersburg to Moscow.

The memorial is in an iconic location. Myasnoy
Bor, the name of the village in the Novgorod region,
became a symbol of one of the most dramatic pages
in the history of the Great Patriotic war. In 1942,
many regiments of the Volkhov Front, including the
2" Shock Strike Army, were killed here in terrible
bloody battles. Tens of thousands of soldiers
remained for ever in a relatively small area in the
Novgorod marshes, called the «Valley of Death».
More than 50,000 Red Army soldiers were killed,
about 30,000 people were captured, 13,000 to 15,000
managed to escape.

Based on the information of the press service of
the Ministry of transport of the Russian Federation:
https://mintrans.gov.ru/press-center/news/9602 @

Domo Ha nepeoit 0ba0xcke: npecc-cayxcoa Mapa u Ilpasumenscmea Mockest. Eeeenuii Camapun: htips.//www.mos.ru/upload/newsfeed/newsfeed/estakada_svh_samarinPS(9) jpg,

https://www.mos.ru/upload/newsfeed, d perehod(9).jpg.

Front cover photos:press-service of the Mayor and Government of the city of Moscow. Evgeny Samarin: https.//www.mos.ru/upload/newsfeed/newsfeed/estakada_svh_samarinPS(9).jpg, https://

www.mos.ru/upload; wsfeed)/tinaoperehod(9).jpg.
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«cTOXacTuyeckas yrnpasJieHdeckasl UHpOPMaLMOHHas! CUTyaLmsl».
Bbibop anbTepHaTVB B CTOXaCTUHECKMX YrPaB/IeHYeCKUX CUTYaLMsIX
XapaKkTepu3yeTcsl OpraHU3aLnOHHOM, TEXHOI0rMYeCcKol 1 nHpopma-
LMOHHOV HeornpeAenéHHOCTIMM. 3T0 MOTUBMPYET pa3paboTKy MeTo-
JI0B U aJIrOPUTMOB YrPaBEHNS], y4UTbIBAIOLUMX HEOMPEAeNEHHOCTb
Y MHOTOKPUTEPUAIbHOCTb NPU YrpaBaeHUN MNOABUXHLIMU O6beKTamu
B Takux cutyaumsix. CUTyaLMOHHOE yrpaBieHne MoXeT ObiTb NCIOJIb-
30BaHO B aBTOMATU3NPOBaHHOM, KNbep-(pu3n4eckom N NHTEJINIeKTY-
a/IbHOM YrpaBIeHNN.

Crartbsi npeanaraeT MoAeJb yrpaseHs MOABUXHbIMM 0ObekTa-
MU, OCHOBAHHYIO Ha BEPOSITHOCTHOM 10/X0A€ B CTOXaCTUYECKOW Ch-
Tyaumm n y4€Te psga cToxacTudecknx gaktopos. Moaens ocHoBaHa

Ha pacyéTte BepOSITHOCTY CyLLECTBOBaHWS MPENsiTCTBUS Ha ryTuy ABU-
)KeHWsl TPaHCIOPTHOro obbekTa. Takasi MoAe b MOXET MPUMEHSITLCS
B YCJIOBUSIX [/IOXOU BUAMMOCTY Y BO3MOXHOCTY OJTy4EHMS1 OLINGOYHO
nHPOpMaLmm oT Aarynkos. CTares AaET CUCTEMATUKY BEPOSITHOCTHBIX
XapakTepuCTVK CTOXaCTU4ECKOM MHOPMALIMOHHOV CUTyaLmm, Cornpo-
BOXAaloLLel MoABUXHbI 06bekT. O60CHOBaHO MPUMEHEHNE ANXOTO-
MUYECKOro 1 Orno3nLMOHHOIrO aHamn3a rpu U3y4eHnn rnpensTCTeui
Ha Tpacce awxeHusi. Moaesb o6HapyXeHusi NTOCTOPOHHEro obbexTa
Ha Tpacce [BUXeHWs1 CTDOUTCS Ha MPeAroioOXeHnn Haim4ms JOCTO-
BEPHOV 1 oLWnbO4YHON nHpopmaumn. B kayecTBe OCHOBbLI aHaan3a
uncnons3yercsi reopus Jemncrepa—LLlagpepa. Moaess ctoxactnieckor
MHGOPMALIMOHHOW CUTYaLIMN UCIOb3YEeT BEPOSITHOCTHbIE XapakTepu-
CTVKM HANN4s PErsiTCTBUS Ha Tpacce. BeposiTHOCTL CyLeCTBOBaHUS
06beKTa oLeHNBaeTCs1 C MOMOLLbIO Teopems! baiieca. [pennaraemas
MOZEJb Y4NTLIBAET TPU PaKTopa CTOXaCTUHECKOM CUTyaLmmn: nHop-
MaLMOHHYIO HEONPeAeNEHHOCTb B CUTHAIE, JIOXHbIE CUrHasbl, MOrpeLw-
HOCTb n3MepeHuii natunkos. O6nacTb NPUMEHeHUs AaHHOV cuTyaum-
OHHOVI Mozenn: ungpoBas xXeneaHasl 40pPOra, UHTEEeKTyalbHble
TPAHCMOPTHBIE CUCTEMbI, TDAHCTIOPTHbIE KNOGEP-(U3nYeckne CUCTEMBI.

Knio4yeBble cnioBa: TpaHcnopT, 00HapyXeHune 06bEKTOB, CToXacTu4eckasi IHGOPMaLOHHasi CUTyaLusl, BEPOSITHOCTb COObITUIA, CUTYaLIMOH-

HbIti aHann3, Teopus Jemncrepa-LLlagepa.
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BBEOAEHUE

CuTyauMOHHOE yIpaBjieHue B 00J1acTu
MCKYCCTBEHHOI'O0 MHTEJUIEKTa OCHOBAHO Ha
MPUMEHEHUU CEMUOTHYECKIX Mojeeid. Cu-
TyallMOHHOE YIIpaBJAeHUE U CUTYallMOHHBIIA
aHaJIu3 B 001acTM MH(GOPMALIMOHHOI'O YIIPaB-
JIEHMS M TEXHOJIOTUIA IIPaKTUYECKOIO YIIpaB-
JIEHMSI TPAHCIIOPTOM OCHOBaHbBI Ha IPUMEHE-
HUU Mojeseil H(POPMAaLIMOHHBIX CUTYaluid
[1; 2]. ©UudopmalimoHHast cuTyalus B cpepe
TPAaHCIOPTa OMUCHIBAET (PAKTOPHI, BIUSIOIINE
Ha XapaKTep IBMKEHMS, BKJII0Yasi OSIBJICHUE
JIpyrux o0beKToB. MH(popMalloHHasI CUTya-
LIMSI BOKPYT ITOJBIKHOTO 00BEKTa MOXET OBITh
JNEeTePMUHUPOBAHHOM M CTOXaCTUYECKOM.
CoOOTBETCTBEHHO, MOICIU MH(POPMAIIMOHHOI
CUTYaLIIX MOTYT OBITh I TEPMUHUPOBAaHHBIMU
M CTOXaCTHMYECKUMU. YIIpaBICHUE TPAHCIIOP-
TOM MOXET ObITh AaHAJIUTUYECKHUM U CTEPEO-
TUITHBIM. AHAJIUTUYECKOE YIIPaBJIEHUE OCHO-
BaHO Ha aHaJM3€ IapaMeTPOB COCTOSIHUS
00beKTa U MapaMeTpoB cutyalu. Ha ocHoBe
aHajM3a BCeX MapaMeTPOB BbIPabaThIBACTCS
peteHue. CTepeoTUITHOE YIIPaBIScHUE CBsI3a-
HO C aHAJIM30M H3BECTHBIX CTEPEOTUITHBIX
CUTYaIIUii, 1J151 KOTOPBIX U3BECTHO YIIPABJISIO-
1Iee pellieHUe KaK BO3MOXHasl aJIbTepHATUBA.

JeTepMUHUPOBAaHHASI CUTYaIIMsI XapaKTepH -
3yeTcsl HaIMIueM IMPUYMHHO-CJIEICTBEHHBIX
cBsizeit. CToxacTryecKasi CUTyallys XapaKTepy-
3yeTcsl HaTM4MeM HeorpeaeaeHHOCTU. Bbrioop
AJIBTEPHATUB B CTOXaCTUYECKUX CUTYaIIUIX Xa-
PpaKTepU3YeTCsI OPraHU3aLIMOHHOM, TEXHOJIOT Y-
YecKoii 1 MH(OPMALIMOHHOI HeolIpeaeIEHHO-
CTSIMU. DTO 00YCIaBIMBAET pPa3paboTKy METOIOB
M aJITOPUTMOB YIPABJICHUS, YIYUTHIBAIOIINX
HeonpeneIEHHOCTb I MHOTOKPUTEPHAIbHOCTD
MIPY MPUHSATUU PELICHMIA.

IIpu opraHM3alIMOHHOM ¥ aBTOMAaTU3UPO-
BaHHOM YIIpaBJI€HUM YMECTHO TOBOPHUTH
0 MeTozax yrpasjieHus. [Ipu TpaHCIOPTHOM
Kuoep-Gpu3nyeckoM yrnpaiieHuu [3] Leneco-
00pa3HO TOBOPUTh, B IEPBYIO oYepeab, 00
aJITOPUTMax 1, BO BTOPYIO, O METOJIaX yIIPaB-
JeHust. [1pyu MHTEJUIEeKTYaIbHOM YIIPaBJICHUK
[4] HEOOXOIMMO TOBOPUTH O TIpaBUJIaX, aJiro-
pUTMax ¥ MeTodax ynpapieHus. MHbopma-
LUOHHAas cuTyauus [5; 6] — 370 Mozenb,
00beIMHSIONIAsA CYOBbEKT yIIpaBlIeHUs (pellia-
TeNb), OOBEKT yIpaBieHUs (TpaHCIOPTHOE
CPEICTBO) 1 OKPYKEHUE 00bEKTa yIIPaBICHMUS,
BJIMSIIONICE Ha €I0 COCTOSIHUE.

CUTyallMOHHOE yIpaBJeHUE SIBJISICTCS
3BEHOM, COCAMHSIONIMM aBTOMAaTU3UPOBaH-
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Hoe, Kubep-Ghu3nyecKoe U MHTEIIEKTyaTbHOe
yrnpasieHue. B 1aHHO cTaThe MpeacTaBIeHbI
aJITOPUTMBI pacy€Ta BEPOSITHOCTU CYLIECTBO-
BaHUS (OIpeaesieHus ) MpensITcTBUS (00beK-
Ta), KOTOpbIe TMIPUMEHSIOTCS MIPU OpraHu3a-
LIMY yIIpaBJIeHUS TPAHCIOPTHBIM CPEICTBOM
(TC) 6e3 yesioBeKa ¢ UCMOJIb30BAHUEM «TEX-
HUYECKOTO 3peHus». [IpeacTaBieH alroputM
pacuéTa BEpOSITHOCTU CYLIECTBOBaHUS Ha
ypoBHe naT4nKoB. [TokazaH MeXaHU3M CIIUSI-
HUS BEPOSITHOCTEU CyIleCTBOBAHUS OT He-
CKOJIbKMX TaTYMKOB. Ha mpukiagHoM ypoBHe
BEPOSITHOCTb CYIIECTBOBAHUS MOXET UCTIOJb-
30BaThCs B aIrOpUTMax MHTepnpeTanuu [7]
CUTyallMu AJS BBIMNOJHEHUS Pa3IMYHBIX
byHKUMI TSI TTOANEPXKY TIPUHSATHS pele-
HUA, HarIpuMep, IJI1 MTOMOIIU MAalllMHUCTY
wiu 1ipu ynpasieHuu TC 6e3 MalllMHUCTA.
B naHHo# paboTe moka3zaH KOMILJIEKCHBIMI
MOJXO/ K YYETY pa3HbIX (haKTOPOB ISl MOJIE-
JIMPOBAaHUS TUCKPETHBIX 33a4 YIIPaBJICHUS
TPaAHCITIOPTOM.

NMHOOPMALIMOHHASA
CTOXACTUYECKASA CUTYALUSA

IMpu GecnuIOTHOM ympaBAeHUU TPaHC-
noptaeiMu cpeactBamu (TC) obsi3aTenbHO
WCTIONb3YeTCs B SIBHOM WJIN B HESIBHOM (popme
Moesib "HDOopMaIlMoHHOU cutyaruu. [1pu
5TOM TIPUMEHSIIOT Pa3HbIe 110 MaciTady UH-
dbopmanmonnsie cutyanuu. JlokanbHas WH-
(bopManmoHHasi cuTyanusi — 3TO MOJIEJb,
CBsI3aHHAs C COCTOSIHUEM W OJavkammum
OKpYXEHMEeM TPaHCTIOPTHOTO cpencTBa. Bu-
3yasibHast TH(OpMaIIMOHHAS CUTYaIUsI OTIpe-
JIEJISIETCST 30HOM BUAMMOCTUA U3 TPAHCTIOPT-
Horo cpeactsa. «Crenasi» MuHGopMallMoHHast
CUTYyallus OMNpelesisieTcsl 30HOM, KoTopasi
MPOCTUPAETCS 3a 30HY MPSIMOIl BUAMMOCTHU
U MOXET OKa3bIBaTh BiustHue Ha TC, u Bepo-
SITHOCTh BU3yaJTbHOTO OOHApYXXeHUsT 00beKTa
B 9TOl 30He O1M3Kka K Hy’o. Kpome Toro,
BO3HUKAET e111€ OlHa UH(OpMaIIMOHHAS CU-
Tyalusi, Ha3blBaeMasi CTOXaCTUYEeCKOM.

7151 u3MepeHust napaMeTpoB «CJIENoii»
UHGOPMAITMOHHOW CUTYallUU TIPUMEHSIOT
crnenuaabHble U3MEPUTEIbHBIE CPENCTBA,
KOTOpBIE TO3BOJISIIOT OTCJIEKUBATH TIPETISIT-
CTBUSI Ha TTyTH IBUXKEHUST: paiaphl, JIa3epHbIE
cKaHephl, (hoToKaMephl, MHGMPaKpacHbIE Ka-
MEDpBI, YJIBTPa3BYKOBbIE CEHCOPbI, OECTTUIOT-
Hble ietatenbhble anmapats! (BITJIA) u npy-
rue. Bce 3Tu cpencTsa no3BosisitoT MOCTPOUTD
KOMIUIEKCHYIO CCTEMY TEXHUYECKOTO MOHU -
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TOpPUHTAa CUTYallUX W BBISIBICHUS MPETSIT-
ctBuit Ha Iyt TC.

OnHa 13 TJIaBHBIX 3a71a4 yIIpaBJIeHUsI CKO-
POCTHBIM 1 BBICOKOCKOPOCTHBIM XeJIE3HOA0-
POXHBIM TPAHCTIOPTOM COCTOUT B pacIio3Ha-
BaHUU OOBEKTOB, MPEMITCTBYIOIIUX ABUXKE-
Hu10. [ToCKOJIbKY OOBEKTHI-MIPENSTCTBUS HE
3aIUTAaHUPOBAaHbBI U BO3HUKAIOT CIyYaliHbIM
00pa3oM, TO 3TO MPUBOJUT K BOSHUKHOBEHUIO
CTOXacTUYeCKOW MHGMOPMAIlMOHHON CUTYya-
nuu. CroxactTudyeckass nHbOpMaIMoOHHAs
CUTYalIUs XapaKTepU3YeTCsl BEpOSTHOCTHBIMU
U TEXHOJIOTUYECKUMU (hakTOpamu. BeposiT-
HOCTHBIE (haKTOPbI CIETYIOIIUE:

* BEpOSITHOCTHBIE XapaKTePUCTUKU HaJIU -
YU MPENITCTBUS Ha Tpacce;

* BEpOSITHOCTHBIE XapaKTePUCTUKU OTCYT-
CTBUSI TIPEISITCTBUS Ha Tpacce;

* BEPOSITHOCTb OOHapYXEHUS MPETST-
CTBUSI Ha Tpacce;

* BEpOSITHOCTb HEOOHAPYyKEHUS MPEMsIT-
CTBUSI Ha Tpacce;

* BEPOSITHOCTb CUCTEMATUKMU JBUXKEHUS;

* BEPOSITHOCTb HAPYIIEHUSI CUCTEMATUKU
JIBDKEHMS.

Oo6pamniaceT Ha ce0sI TMXOTOMMUS U OTIIO3M -
LIMOHHOCTB Tap BEPOSITHOCTHBIX OIIEHOK. DTO
JTAET OCHOBAHWE MPUMEHSITh OTIMO3ULIMOHHBIA
U TUXOTOMUYECKUI aHaIW3 ISl IPOCTPaH-
CTBEHHOTO aHan3a. TeXHOIOrM4ecKure Xapak-
TEPUCTUKY CTOXaCTUIEeCKON MH(MOPMAITMOH -
HOII cuTyalunuu oOyCJOBJEHBI OLIMOKaMU
U cOOSIMU CPENCTB HaOMoaeHUs. B peabHbIX
YCJIOBUSIX TaHHBIE OT TaTYNKOB CUCTEM TeJe-
HaOJII0IeHUs cofepkaT HEONPEeAeIEHHOCTD.
Bo03MOXHBI JIOXKHBIE CUTHAJIBI OT JaTYUMKOB
TUIA «3X0». PazyMeeTcsi, JOMOJTHUTEIbHO
HalO YYUTHIBATh MOTPEIIHOCTh U3MEPEHUIA.
Bce a1 Tpu bakTOopa TakKe XapaKTepu3yoT
UH(MOPMALIMOHHYIO CTOXaCTUYECKYIO CUTYa-
LIMIO.

JloxHbIe cpabaThIBaHUS 3aBUCST OT MPU-
POIHBIX YCJIOBUM. JIOXKHBIM U3MEepPEHUEM
Ha3bIBAIOT U3MEPEHUE, KOTOPOE UHTEPITPETU -
pyeTCs JaTYMKaMu WIM aJroputMamMu obpa-
00TKM MH(pOPMALIMU KaK U3MEPEHUE peaslb-
HOro oO0beKTa MPEMnsITCTBUS, B TO BpeMsl Kak
Ha CaMOM JieJie 3TOro 00beKkTa HeT. JIoXXHbIe
U3MEPEHUSI MPOUCXOAAT TEM Yallle, YeM 00JTb-
1Ie CUTyallus, TO €CTh, YeM OoJibllle 30Ha
HabmoaeHuit. B okanbHOW cUTyauMu UX
MaJto. B Bunumoit uHbopMalimoHHON cuTya-
MU ux majio. B ciaenoit nHgopMauoHHO
CUTyalluU UX OOJbLIE.
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W3mepeHue pealbHOro 00beKTa Ha3bIBAIOT
WCTUHHBIM U3MepeHreM. B peanbHOI mpak-
TUKE CEHCOPHI W TaTYIMKKU TEHEPUPYIOT MHO-
JKECTBO MCTUHHBIX M JIOXKHBIX CpabaThIBAaHUIA.
JloxHbIE cpabaThIBAaHUS TAKXKE UMEIOT MECTO
OT TOOOYHBIX OOBEKTOB, KOTOPbIE PacIoo-
JKEHBI HE Ha Tpacce ABMKEHUSI, a PSIIOM U T10-
MeXaMU ABVKEHUIO He SIBJISTIOTCS.

IIpu ynpaienun TC 6e3 MammHuUCTa
Heo0xoauMo (PUIBTPOBATH TOOOYHbBIE 0OBEK-
TBhI, KOTOPBIE MPUCYTCTBYIOT PSIZIOM C TYTEM
nBmkeHnst TC — cTo108I, CBEeTO(OPHI, OTpazk-
TeHMST. DTO BaXKHO IPH YIIPaBIECHUU BBICOKO-
CKOPOCTHBIM TPaHCIIOPTOM, TIPU €T0 MHTET-
paJbHOM yrpaBiieHnH |[8].

CroxactTudeckast MH(OpMAIIMOHHAST CU-
Tyalus BKJTI0YaeT BEPOSITHOCTH CYIIIECTBOBA -
HUST 00BEKTa U BEPOSITHOCTH JIOXKHBIX Ccpaba-
TBEIBaHWI matymka. CToxacTuaeckast mH(pop-
MallMOHHAsl CUTyallusl 3alaéT YCIOBUS IS
BEpPOSITHOCTHOTO aHayim3a. B yactHOCTH, 1T
aHanu3a, SBJISIeTCS JIU CUTHal 00 0ObeKTe
peabHBIM WJIU JIOKHBIM. JIpyruMu ciioBamMu,
cToxacTuyeckasi THGOpMaIlMoHHas CUTYalus
IOoTIycKaeT HaJudue Heolpeae e HHOCTH
U TpeOyeT e€ pacKphITUSI.

Haynuume BepoSITHOCTHBIX XapaKTepUCTHK
1 XapaKTePUCTUK HEOTIPEIEIEHHOCTH CUTYa-
11U TAET OCHOBaHWE TOBOPUTH O BEPOSITHOCT-
HOM CUTYyallMOHHOM yIpaBjieHUu. Takoe
yIIpaBJIeHUE OMMCHIBAETCSI B paMKaX TEOPUM
Hemncrepa—Iadepa (TIL) [9].

BeposiTHOCTHOE CUTYallMOHHOE YITpaBjie-
HUE UCITOJIB3YeT BEPOSITHOCTHBIH ITOKa3aTellb
JJTSI KaXKIOTO CUTHajia OOHapy>KeHHOTO 00b-
ekTa. Mcrmosb3yst aMIIUPUUYECKYIO BEPOSIT-
HOCTb CJIy4aifHOro OOHapy>XeHUs MTOOOYHBIX
00BEKTOB, UX MOXKHO OT(UIETPOBATH C TTIOMO-
IIBIO YCTAaHOBKM ITOpoTa (pa3aesisiolei Iioc-
KOCTH) B ITPOCTPAHCTBE MapaMeTPOB.

CrieryeT OTMETHUTB e11I€ OJTHY OCOOEHHOCTh
CTOXacTU4YeCKoi MHMOPMAIIMOHHOM CUTya-
1Y — BU3yaJibHas CUTYyallusl U cjierast uH-
dopmMarmonHasi cutyaiust paboTaroT C rmapa-
MeTpaMU pealbHOTO TIPOCTPAHCTBA, a TAaKXKe
C BEPOSITHOCTHBIMU Tlapametrpamu. Ecim uc-
MOJTb30BaTh MHOXKECTBEHHYIO OLIEHKY PacIto-
3HaBaHUsS 00bEKTa B pEAJIbHOM BPeMEHU, TO
3TO TIOBBINIAET KAYECTBO OOHAPYKEHUST 00b-
exta [10—12]. [TpyurHa 3TOr0 B 3pTOAUIHO-
CTHU TIpoliecca TTPOCTPAHCTBEHHBIX U3Mepe-
Huli. Mcrmonb3oBaHME CTOXaCTUYECKON WH-
opMaIIMoHHOI CUTyalluu TPeOyeT UCTIONb-
30BaHUSI alIPOOMPOBAHHBIX CTATUCTUYECKUX
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Puc. 1. MogennpoBaHne BEpOSITHOCTH yCTOHYNBOCTU OOHaPYXXEHUS B MOJIAPHBIX KOOpAUHATax AaTyuka.
Mogaenb nonyyeHa aBTopamMu Ha OCHOBE 9KCINEePUMEHTasIbHbIX paboT.

METOMIOB, KOTOPhIE UMEIOT MHOXECTBO Peajy-
3al1il B TPOrpaMMHOM obecriedeHuun. Takum
00pa3oM, 3ProoUYHOCTh U CTATUCTUUECKUE
METO/IbI SIBIISTFOTCSI OITOPOI MTPU aHATU3E CTO-
XaCTUYECKOM MH(MOPMALIMOHHOMN CUTYaLIUU.

OLLEHKA BEPOSITHOCTU
OBHAPY)>XEHUA PEAJIbHOIO
OBbEKTA

st onpeneneHrsl BEPOSITHOCTH MHOTHMX
Cy4aliHBIX U JTMHAMUYECKUX MPOIEeCCOB
npuMeHsoT noaxon baiieca. C mo3unuii jo-
TUKHW 3TO OOYCJIOBJIEHO TEM, YTO OCHOBOM
CUJUTOTU3M modus ponens sIBISIETCSI TPOTOTH -
noMm Teopembl batieca. Teopema baiieca B uH-
TeprpeTalMu MaTeMaTUYeCKOM JIOTUKU
MpeacTaBsieT cO00I 371eMeHTapHbINA BBIBO/I,
KOTOpBIN Ha3bIBalOT modus ponens [13]. Teo-
pema baiteca umeer Bua:

p(2k) p(x) (1)
JCI
B Beipaxkenuu (1) x — BeTManHa, mojieka-
mast oleHKe, p(X) — MpeaBapuTeIbHast BEPO-
SITHOCTb BEJIMYMHBL, p(X|Z) — Clieaylommas Be-
JIMYMHA, TToJUIeXalllas OlieHKe Mmociie HabJIo-
JEHUS 32 U3MepeHEM, p(z|]X) — U3MepeHue,

p(xk)=
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MPOU3BEIEHHOE U3 OLIECHMBAEMOI'0 3HAYCHMS,
U p(z) — HopManu3ymwoiui dakrop. s ynpo-
LLIEHUS BbIPAXXEHUsI p(Z) €ro 4acTo 3aMEHSIIOT
HOPMAaIU3YIOLIUM (PaKTOPOM 1| TAKUM, YTO:
p(xz) = np(zjx)p(x). ()

B BbIpaxkeHnu (2) BeTMUMHA 1) TapaHTUPY-
€T, UTO pe3yJbTaT OolleHKU mpaBui baiieca
cpely 3HaYeHUsI X M €r0 JOMOJTHEHUSI COCTaB-
qsier 1.

J17151 BEpOSITHOCTH CYILIECTBOBaHUS OObEK-
Ta UICTUHHOE 3HAYE€HHE €CTh X, a €ro JA0MOoJI-
HEHUE X SIBJISIETCS BEPOSITHOCTBIO HECYIIe-

cTtBoBaHUsI 00bekTa. DakTUUEeCcKoe U3Mepe-
HUe WK (paKTOPUKCHPYIOIIAs MOICIIb €CTh Z.
M3 (2) momyyaeM:
p(x|9) =npzl)p(x) = p(3x,|Z9), (3)
p(*12) =np(z| X )p(*) = p(3x,|Z). 4)
MeTtonnka oOHapyXeHUs 00BEKTOB Ha
ITyTH IBIDKEHUS B CTOXaCTUIECKIX CUTYAIIHSIX
OCHOBaHa Ha aHaJIN3e BEepOSATHOCTHEIX ITapa-
METpPOB CUTYallMU. DTHU MMapaMeTphl CIeAyIO-
IIHE: BEPOSITHOCTD MOSIBIICHUS, BEPOSATHOCTD
MosIBJIeHUSI 00beKTa MPUOIMXKEHO K IPYTOMY,
BEPOSITHOCTD IETEKTUPOBAHUS, BEPOSATHOCTD
oOHapyXeHUsI, BEpOITHOCTh OecImopsaka
(IrymMa Wiy momex).
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Beposimuocmo (ycmoituueocmu) o6Hapyice-
HUA, P, (p-persistence) ecTb OLIEHKa BEpPOSIT-
HOCTH CYIIIeCTBOBaHUsI 00bekTa. OHa IprMe-
HSUTAaCh B a9POKOCMUYECKOM pamroIOKalINK,
korna 6s1mn BBesieHbl IPDA 1 JIPDA [14; 15].
OHa MHTEPIpPEeTUPOBAIaCh KaK BEpOSITHOCTh
YCTOMYMBOCTH OOHApPYXKEHMST OOBEKTa C T10-
J1eM 3peHuii 360° B MapKOBCKOM ITpoliecce.
B ycrnoBusIX mpuMeHEeHUS! TaTYNKOB JIJIST aB-
TOMOOMJIEH TT0JIe 3pEHUSI OMMHOYHOTO JaTYM -
Ka 0oJiee orpaHnyYeHo. B ycioBUsIX mpuMeHe-
HUS JATYUKOB IS TOKOMOTHBA TT0JI€ 3pEHUS
el 0osiee OTPAaHUYEHO, U TTOATOMY BEPOSIT-
HOCTh YCTOMYMBOCTU OOHAPYXEHUSI B 3TOM
cinydyae Beilie. Mmest ucmosib30BaHUS yria
3peHUsT TaTInKa IS MOJIETMPOBAHUS BEpO-
SITHOCTM YCTOMYMBOCTH OOHapyXKeHUs ObLIa
BBeJlcHA BHayajie I aBTOMOOMIbHBIX TC
U 3aTeM IJIST KeJIe3HOmOopoXHBIX TC. DTy Be-
POSITHOCTb MHOT/Ia HAa3bIBAIOT BEPOSTHOCTHIO
BbkMBaHUs. OOIast BEPOSITHOCTh YCTOMIM-
BOCTH COCTOUT M3 KOMOMHAIIUK BEPOSITHOCTH
YCTOMYMBOCTH B TTOJISIPHBIX KOOPAMHATAX:

mod

P (r.6)=p,s(r)ep,(®). (%)

Ha puc. 1 nokazaH npumep MoneaMpoBa-
HUS BEPOSITHOCTU YCTOMUMBOCTU OOHapyKe-
HUS IJ1s1 JaT4YhKa, OOpali€HHOTO BIIEPE.

IIpakTuueckue mJaHHBIE TaKue: MaKCU-
MaJIbHO€ paccTosiHue 10 o0bekTa r = 200 M
YU MakCUMaNbHBIN yron ¢ = +50°. Inanazon
M yTOJl OTCEYKM BhIOMpanuch Kak m_= 0,4
um = 0,3, cooTBeTCTBEHHO, a o — Kak 0,01,
rae (a) moxkaszaHO MOJAEJIMPOBaHUE IO pac-
CTOSTHUIO F, (0) TOKa3aHO MOAEJUPOBAHUE 1O
yriy @, ¥ (B) BU3yaJU3UPYETCsI KOMOMHUPO-
BaHHasl BEPOSITHOCTb YCTOMYMBOCTU B IeKap-
TOBOI CCTeMe KOOPIMHAT.

Bepoamuocms nosieaenus (poicoenus),
p(x ka_1) (b-birth) BBeneHa 1Jisl IPOTHO3M-
pOBaHMSI CYIIECTBOBAHMUS. DTa BEPOSITHOCTD
HCITOJIb3YETCS TSI MHUIINATU3AIUK BEPOSIT-
HOCTH CYIIESCTBOBAaHUS BHOBb OOHApYXKeH-
Horo o0bekTa. CaMBbIil MPOCTON CIIOCOO
MOJCIUPOBAHUS BEPOSITHOCTH ITOSIBJICHUS
00BEKTa — IIPUHSTH Pa3yMHOE MTOCTOSIHHOE
3HaYeHME, HAIIPUMED, p, (X ka_1) =0,1. Takaa
KOHCTaHTa JOJIXKHA OBITH BEHIIIE ITOpOTA.
BBIOOp MOCTOSTHHO# BEPOSTHOCTHU TOSIBIIE-
HUS TaKXKe SBJISIeTCI Hanbojee TUITUIHBIM
IMOAXOA0M, MCITOJB3yeMBIM Ha ITPaKTHKE
B coueTaHuu ¢ IPDA u o61muMu BeposiTHO-
CTSIMM B3aUMOCBSI3aHHBIX JaHHBIX — JPDA
[14; 15].
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B [11] 3HaHue o mosie 3peHus AaTyhKa
U IPYTUX OOHAPYXXEeHHBIX 00BEKTaX UCTIONb-
3yeTcs IS OTIpeneieHus 0oJiee TOYHOM Bepo-
SITHOCTH TIOSIBJIEHUsI. BeposITHOCTD TOSIBIIE-
HUST MOJIEJTMPYETCST Ha OCHOBE I'paJiieHTa Ta-
KM 00pa3oM, YTO BEPOSITHOCTh YCTOMYMBO-
CTH M3MEHSIEeTCS TIPOIOPIIMOHANIBHO OoJjiee
BBICOKOU BEPOSATHOCTU TMOSIBIEHUS. DTO
TIPUBOUT K TOMY, UYTO BBICOKAsT BEPOSITHOCTh
TTOSIBJICHUST BBIOMPAETCS 10 KpasiM yrjia 3pe-
HUSI 1aTYMKA ¥ TI0 BUIUMOCTH OOBEKTa.

Bepoamuocms noseaenus obsexma npubdau-
acerno Kk dpyeomy B [12] olleHMBaeTCs B IIpe-
TOJIOKEHUH, YTO HOBBIE OOBEKTHI HE MOTYT
OBITh CO3IaHbI B HEMTOCPEACTBEHHOI OJIM30CTU
OT yk& OOHapYXeHHBIX 00BEKTOB C BHICOKOM
BEPOSITHOCTHIO cyliecTBoBaHUs. DyHKIIMS
TUIOTHOCTU TUNOTe3bl BepossTHOcTU (PHD —
Probability Hypothesis Density) [16] ucrosnb-
3yeTcsl IS TTOJyYeHUsI BEPOSITHOCTHU CYIIe-
CTBOBaHMUSI 00bEKTA B OIpeIeIEHHON 001aCTH.
JlononHeHUe 3TOM BEPOSTHOCTU KO BCEM
00beKTaM B OKpYXalolleil cpene MpUBOIUT
K MPOCTPAHCTBEHHOW BEPOSITHOCTU TTOSIBJIE-
HUS JII000# HOBOU TUIIOTE3bI MOSIBIECHUS
00bekTa. CyliecTByeT MHOXECTBO BADUAHTOB
MOJIEJTMPOBAHUS BEPOSITHOCTU TIOSIBICHUSI.
ITpu BBEIOOpPE MOAEIN BEPOSITHOCTHU TOSIBIIE-
HUS CJIeAyeT YIYUTHIBaTh UX MPOCTOTY WU
CJIOXKHOCTbh. TWT MCITOJIb3yeMOT0 MaTyuKa
TakXke BIMsSET Ha BbIOOp. Hanmpumep, Monens
¢ ¢ynkuueit PHD, npencrabieHHas B [12],
XOpOIIIO paboTaeT ISl JaTYMKOB, KOTOPHIE
MOTYT OTIPENeISITh pa3Mepbl 00bekTa. lpyrue
JIATYUKU, TaKWe, KaK Kamepa, MOTYT OOJIbIIIe
ToJIaraThCs Ha TTOJISIPHYIO MOZIEJTb BEPOSITHO-
CTU TOSIBJIEHUS, aHAJIOTUYHYIO MOJIENH,
npeacTtaBaeHHou B [11].

Bepoamnocme demexmuposanus, p (k),
(d-detection) mpeacTaBisieT coOOl BEpOSIT-
HOCTb OOHAPYXEHUS IEUCTBUTETLHOTO U3ME-
peHust oobekTa. BeposTHOCTD IeTeKTUpOBa-
HUSI BJIUSIET Ha BEPOSITHOCTD CYITIECTBOBAHUSI.
CyI1iecTByeT MHOXECTBO CITOCOOOB MOJIEH-
pPOBaHMS 3TO BEPOSITHOCTH, K OHU BapbUpy-
JOTCSI B 3aBUCMMOCTHU OT YYBCTBUTEJIHLHOCTHU
JaTInKa.

B [12] BeposATHOCTb NETEKTUPOBAHUS Jia-
3epHOT0 CKaHepa MojienpyeTcst Tanraxkom TC
¥ KOOPJMHATOU Z OTpeNeieMOro O0beKTa,
YTO YMEHbIIIAeT BEPOSITHOCTh OTPeeIeHUSI,
KOT/Ia U3MEPUTENIbHBIC JIY4M JIa3epPHOTO CKa-
Hepa HaxOSITCS BhIIIIE WJIA HUXKE OTTpeetsie-
MOT0 00BEKTA.
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BeposTHOCTDL omnpeneIeHUsT ONTHYECKIM
JaTYMKOM KaMephl TaKXKe MOICINPYETCS
B [12] ¢ ucnonb3oBaHUEM yIjia 3peHUST KaMe-
DBI, TIOJIOXKEHUST OTIPEIe/IsIeMOTO 00bheKTa,
JUTUHBI, IMMPUHBI X OPMEHTALINN O0BEKTA.

BeposiTHOCTB oTIpeieieHsT TAKKE MOXKET
OBITH TIOJTyYeHA HETOCPEACTBEHHO U3 KJIac-
cudukaTtopa, HalipuMep, aJrOPUTMOB Ma-
muHHoro obyuyeHus Adaptive Boosting mist
kamepsl [11]. TIpocTedinM pelieHueM I
MOJEIUPOBAHUS BEPOSATHOCTH ACTEKTUPOBA-
HUS SIBJISIETCS BBIOOP COOTBETCTBYIOIIEH
KOHCTAHTHI.

Cy1iecTByeT 001U TTOAX0A, B KOTOPOM
BEPOSITHOCTD JCTCKTUPOBAHMS TIPESICTABIISICT
c0o00li KOMOMHALIMIO TPEX 3HAUCHU I CMOJIe-
JIMPOBaHHAS BEPOSITHOCTD IETeKTUPOBAHUS
20 (Xe) , BEPOATHOCTD U3MEPEHUS P (z,)

1 BEPOATHOCTb OTpaXXCHMA CUIrHaja OT 00b-

exTa Py () :

track

(2, Py

meas

Py (k) = P:imd (xklkfl)pd

(6)

Ecnu namepeHue He ObLIO CBSI3aHO C 00b-

eKTOM, TO p;* (X)) TIPOCTO UTHO-

(xk|k ) .

track

(z) np;

pupyitorcs. CMoaeIMpoBaHHast BEPOSTHOCTh
orpeaeeHus p;™ () 3aBUCUT OT TPOTHO3H -

PYeMOTO COCTOSTHUST U3MEPEHMit, a MH(popMa-
IIUST O CaMUX U3MEPEHUSIX He YUMTHIBAeTCS.
Wnest cocTouT B TOM, YTOOBI CMOJIEIMPOBAThH
(akT TOro, 4To MOOOE MECTOIOJOXEHMUE
B TT0JIe 3pEHUSI AaTYMKa 3aBUCUT OT BEPOSIT-
HOCTH TOTO, YTO AATYMK CMOXKET ITPOM3BECTH
NEeWCTBUTEIPHOE U3MEPEHUE B 3TOM MeCTe,
rae o0beKT N0JKeH ObITh. CaMblil TIpocToit
METOJI OCHOBaH Ha MPEANOJI0XKEHUH TOTO, YTO
JATYMK MOXET OOHAPYKUTh OOBEKT Be3e, T
OH CYIIECTBYET. DTO MPUBOAMUT K ITOCTOSTHHO-
MYy 3HaYEHUIO [Tt 2;” (x,,.,) . Takoro mpero-

JIOXKEHUSI MOXKET OBITh JOCTATOYHO BO MHOTHX
ciayJasix. Momeib, KOTopasl YIUThIBACT UyB-
CTBUTEJLHOCTH 110 YIJIy 3peHUS HATUMKa,
yJaydliaeT JaHHYIo Mofdeib. JIpyrue cBoiicTBa
JaTYhKa, TaKle KaK alpuoOpHOE IPOCTpaH-
CTBEHHOE COOTHOIIICHIE CUTHAJT/IITYM, MOXXHO
TaKXXe Y4eCTb, 0OCOOEHHO 151 paluoJIOKal -
OHHBIX JaT4YuKoB. KoMOUHaLUSI — MOJEIU-
poBaHUe, U3MEPEHNE 1 BEPOSITHOCTD OITpeie-
JICHUSI 00BbEKTa — ITOBBIIIAIOT BEPOSTHOCTD
TIPaBUJIBHON OLICHKH.

Beposmuocmb becnopsioka (uwym) 9acTo
MOJEIUPYETCS KaK IMPOCTPaHCTBEHHBIN IIPO-
1ecc Ha ocHoBe pacripeneieHus [lyaccona st
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obHapyxeHus [11]. DTo BepoOSITHOCTb TOTO,
YTO JIOXKHOE M3MEPEeHUE TMPOUCXOIUT B JTaH-
HOIf 00J1aCTV WJIM B TeUeHUEe 3aJaHHOTO Tie-
puona BpemeHnu. Pacnipenenenue Ilyaccona
CIIYXXWT ISl OLIEHKW BEPOSITHOCTH TOTO, YTO
m U3MEPEHUI SIBJISTIOTCS JIOKHBIMU M3Mepe-
HUSIMU B MOMEHT BpeMEHU k, 0003HaUYaeMbIit
KaK MHOXECTBO JIOXHBIX U3MepeHUit 2,
U SIBJIIETCSI BBIPAXKEHUEM:

pellzt]-me )2

(7

rae A — mapameTp YpOBHS ITyaCCOHOBCKOTO
npoliecca.

ITapameTp ypoBHS, B 3aBUCUMOCTHU OT
npuMeHeHus mnpoiecca IlyaccoHa, MoxXeT
OBITh ONpeneéH KaK eTMHUYHOE BO3SHUKHO-
BEHUE COOBITUS B Cllyyae JIOXKHOIO M3Mepe-
Husi. BeposTHOCTb COOBITUI TOTO, YTO m
JIOXXHBIX U3MEPEHUI MPOU3O0IILIO, 3aJaETCs
CYMMOI:

A amet
p(Z]1<me)=3"P

)

s npuMeHeHns BeIpaxkeHUs (8) HeoO-
XOIMMO OIIEHUTh KOJIMYECTBO MOTEHIIUAIb-
HBIX JIOXHBIX U3MepeHuii |ZF,| u mapamerp
YPOBHS MHTEHCUBHOCTH A. Bce paccMoTpeH-
HbIE TTApaMETPhI B COBOKYITHOCTH OTIPEIEIISTIOT
BEPOSITHOCTHYIO WH(POPMAIITMOHHYIO CUTYa-
1IN0, KOTOPAsi XapaKTEPU3YeTCsT BRIpAKEHUEM
(8).

ITpu o6HaApyXeHUY TIPETISITCTBUI OJIMH U3
BapUaHTOB aHAJIN3a 00BEKTOB, KOTOPKIE OTIPE-
NEJISTIOTCS TaTYMKAMU, JOCTUTAETCS TYyTEM
JMIUCKPETHOTO Mepedopa BEPOSITHOCTEI CyIiie-
CTBOBaHUST 00beKTa. MOXHO BBECTH TPU T0-
POTOBBIX YPOBHSI JIJI5T XapaKTePUCTUKYU OOBEK-
Ta: IIOPOT IOATBEPXKAEHUS 00bEKTa (T ), MOPOr
HETIOATBEPXAEHUs 00beKTa (T, ) ¥ MOPOT
ynaneHus: oobekTa (t,).

Ecnu BeposITHOCTH CyIIeCTBOBAHUSI 00b-
€KTa IOCTUTAET OPOra MOATBEPXIAEHUS T _, OH
TIPUYUCIISIETCST K TIONTBEPXKAEHHBIM 1 BKITIO-
YaeTCsl B CITMCOK OOBEKTOB, KOTOPBIE TaTYNK
TOYHO orpenessier u ooHapyxuBaeT. Ecnu
BEPOSITHOCTh CYIIIECTBOBAHUS OObEKTA MMaja-
€T HUXKE M0POra HEMOATBEPXKIEHUS T, 00b-
€KT HE CUMTAETCs JOCTOBEPHBIM OOBEKTOM,
HO TIO-TIPEXHEMY XPaHUTCSI BO BHYTPEHHEM
crnucke OOBEKTOB JaTYMKA.

JI71s1 IpakTUYeCKUX 1ieJiel TTOpoT HEToI-
TBEPKIIEHUSI JOKEH ObITh BBIOPAH TAKMM, UTO
T,.< T, TO ECTh UMEET MECTO 2 eEKT OOHapy-
JKEeHUsI 00BEKTOB, TPOBEPEHHBIX B TeUEHUE

m.!
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Puc. 2. Moporn cywjecrBoBaHus 4Jis1 NOATBepP)XX[AeHUs1 u yaaneHns o6bekToB. Mogenb nosiy4eHa aeTopamMuv Ha
OCHOBE TeopPeTUYECKNX UCCIIeA0BaHNIi U BblABUXXEHUNS rTNNOTe3bl O TaKOM COOTHOLLIEHU MOPOroB.

Puc. 3. OueHka BepOSITHOCTH CyLLE€CTBOBaHNS OT HECKOJIbKUX [aTYNKOB C UCIOJIb30BaAHUEM Teopun
Aoka3zarenscTs [lemncrepa—LLUlagpepa. Cxema cocTtasneHa aBTopamu Ha OCHoBe 0606LyeHns
BbILLEPACCMOTPEHHbIX aJirOPUTMOB.

JUTUTEILHOTO MEePUoIa BPpEeMEHH, €CIU OHU
YK€ TOCTULJIM T, KOTAa-TO B CBOEH MCTOPUH.
3DT0 (haKTOp SProAUIHOCTH.

Ecnu BeposITHOCTB CYILIECTBOBAaHUS 00b-
eKTa IajaeT HUXE, OH JOCTUraeT Imopora
yAaJe€HUs T, ¥ MOJHOCTBIO YAANAETCA U3
CITMCKa 0OBbEKTOB, OOHAPYKMBAEMbIX TaTYM-
KoM. Puc. 2 moka3pIBaeT OTHOILIEHUST MEXIY
pPa3IMYHBIMU MOPOraMu CYIIECTBOBAaHUS.
[ToporoBsle 3Ha4YeHUS CJIEAYEeT BHIOMPATH
TaK1M 00pa3oM, UYTOObI YaCTOTA OOHAPYKEHUS
(MCTUHHBIC TTOJIOXKUTEIbHBIE U JIOXKHBIE TT0-
JIOXKUTEJIbHBIC 3HAUCHUS) Ha TTOPOTOBBIX
3HAYCHUSX TapaHTHUPOBaJia ONpeaeAEHHbBII
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JKeJJaeMbIii YPOBEHb B CUTYyallMM IBUKEHUS
st nanHoro TC.

B cusy aTOro BOo3MOXHO ompeaesieHue
HECKOJIbKMX MOPOTOB MOATBEPXKISHUS, OCO-
o6eHHO 111 TC pa3HbIX CKOPOCTHBIX PEKMMOB.
Kaxxnplit mopor cooTBETCTBYET pa3HOM UHTEH-
CUBHOCTU OOHapyxeHus. B utore Bepost-
HOCTb CYILIECTBOBaHUS 3a1aéT MmapaMeTp
«JIOTUYECKOUN HaZEXHOCTU» OOHapYyKEeHUS
obbekTa. Takas joruyeckasi Haa&XXHOCTb
MOXET MCIOJIb30BaThCs KaK (haKTOp MOMOIIU
MalIMHUCTY. Hampumep, B MHTEIEKTyallb-
HOI1 cucTeMe 0e30IMacHOCTH ITPY SKCTPEHHOM
TOPMOXEHUHU C 3aAepKKOi. DTo ciydait pe-
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aKIIUU TOJIBKO Ha OO BEKTHI, KOTOPbIE COOTBET-
CTBYET CaMbIM BBICOKMM 3HAQUYEHMSIM TOpOra.
s cpaBHEHUS «MSTKHE» CUCTEMBI TOPMO-
KeHus [17], Takue, Kak agaliTUBHBIN Kpyn3-
KOHTpOJIb, OYIyT pearupoBaTh paHblile, MpU
ornpefesieHu 0OBEKTOB, KOTOPbIE OTBEYAIOT
HIDKHEMY TTOPOTY MOATBEPXKASHMUSI.

IIpu KOMIUIEKCHOM aHalu3e CAUSHUS
CUTyallMii HEOOXOAUMO OO BEAUHUTD BEPOSIT-
HOCTb CYIIECTBOBaHUS 00BEKTa OT HECKOJIb-
KMX JATYMKOB B OOIIMI CIIMCOK OOBEKTOB,
WCITOJIb3YS CTPATEeruio UHTErpaluu u3Mepe-
HUI JaTYNKOB C OOIIIUM CITCKOM.

WHtepderic 00beKTHOM MOIEIN paccMar-
pUBAaeT BEPOSTHOCTh CYIIECTBOBAHUS KaK
€IUHCTBEHHYIO BEPOSITHOCTh, OOBIYHO IOy~
YEHHYI0 U3 0alieCOBCKOTO aJlrOPUTMa OLIEHKU
wi u3 anroputma IPDA/JIPDA [14; 15].
OnHako JJis TOro, YTOOBI BOCIIOJIb30BaThCS
NperuMylIecTBaMU PaObOThI pa3IMYHbBIX JATYU -
KOB U CIIPABUTHCS CO CAOXHBIMU CUTyaLIUSI-
MM, TaKMMU, KaK HEMPO3pPayHOCTh (OKKIIO-
31U ), OJHOTO 3HAYEHUS 11 MOIEIMPOBAHUS
BEPOSITHOCTU CYIIIECTBOBAaHMS Ha ypOBHE
CusiHUS HemocTaTouyHo. [ToaTomy BeposT-
HOCTb CYIIECTBOBAHUSI MOJEIUPYETCS C T0-
mouubio THII B Moayse ciusiHus, Kak OyaeT
OIKCAaHO Najee, a 3aTeM Mpeodpasyercs 00-
pPaTHO B €AMHCTBEHHOE 3HAYEHUE BEPOSITHO-
CTU CYyLIECTBOBAHMUS Ha BBIXOJE MOMYJS
cnusiHus. [ToTok 00pabOTKU IS CAUSHUS
BEPOSITHOCTEN CYLIECTBOBAHUS MOKa3aH Ha
puc. 3.

CUTYALUOHHOE MOAEJINPOBAHME
C NOMOLLbIO TEOPUU
AEMMNCTEPA-LUADEPA

MonenupoBaHue 1 UHTETpaIus C Teopueit
T omucano B [18] mis TpaHchopmaiim
W3MEpPeHU OT IaTyMKa K AaT4yuKy. B atom
CJTydae MCIIOIb3yeTCs TOT Xe METO aHaIn3a
BeposTHocTel. [1oapoOGHBIl 0630p Teopunu
nokazarenbcTB Hemrcrepa—Illadepa (1)
1 €€ MHOTOYVCIIEHHBIX TIPUJIOXKEHUH TIPUBE-
JIeHBI B [9].

Teopus 11 onpenenseT cucTeMy pacmto-
3HaBaHUS OOBEKTOB, COCTOSITITYIO U3 B3aUMO-
WCKITIOYAIONIUX TUTOTE3 MJIU COCTOSIHUM
CHUCTEMBI. /{711 MOIeTMPOBAHNS CYIIECTBOBA-
HU4 HanboJsiee MPOCTHIM HAOOPOM B3aUMOUC-
KJTIOYAIOIIVX TUTIOTE3 SIBJISIETCSI TO, UTO OOBEKT
CYIIIECTBYET, d, MJIK HE CYIIECTBYET, A, TAaKOI,
4TO:

0= (3.3}, )
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3arem TIII onpenenseT MHOXECTBO 3HA-
yeHUI 2°, KoTopoe ABIsSeTCS HabopoM Bcex
IMOAMHOXECTB O, BKITIOUasl ITyCTOe MHOXXECTBO
@. 1111 MO IMPOBAaHMSI CYIIIECTBOBAHMS, KAK
omnpenaesieHo B (9), 3ToO NPUBOIUT K BbIpaxKe-
Huto (10):
2°={g, {3},{2}, {(3.2}}. (10)

MHOXeCcTBO 3HAYEHUI COMEPXKUT BCE
KOMOMHAIINY, KOTOPEIE TTO3BOJISIOT ITPHCBAN -
BaTh 3HAUCHMS TOBEPUS HE TOJIBKO JIJIST B3au-
MOMCKJIIOYAIOIINX TUIIOTe3, HO M IJIS UX
KOMOMHaLU. DTO MOXeT ObITh UCITOJIb30Ba-
HO JUIST MOICTMPOBAHUS HE3HAHUS WU He-
OIPeACIEHHOCTH B U3MEPEHMSIX OT HECKOJIb-
KUX JaTYNKOB, KOTOPBIE MOTYT UMETh pa3JTd-
HBIE XapaKTePUCTUKN TOYHOCTH (OIITUIECKIE
KaMepHl, pagapsl, INIapbl). MoaenmpoBaHme
HeOoIpeneIEHHOCTH JOIYCTUMO B BRIBOIAX TSI
TpagNIIMOHHEIX 0aiieCOBCKIX METOI0B. MHO-
JKECTBO 3HAYEHMUI UTS CYIIECTBOBAHUS 00b-
€KTa BKJII0YaeT MOJAMHOXeCTBO {1,4}, KoTopoe
BKJTIOUAET 3HaUCHUS TOBEpHS ¢ MH(MOPMAIIH-
el 0 CyIIeCTBOBAaHNM OOBEKTa, KOTOpas He-
omHO3HAyHAa. [ KaXXImoro MHOXeCTBa 3Ha-
YEHWI OTpenesioT 6a30Boe 3HaYCHUE TOBE-
pusi (BBA-Basic Belief Assignment), gacto
Ha3bIBaEMOE TaKKe MAaCCOBOI (hyHKIIMEH, TTIe:
m: 2°—[0,1]. (11)

bazoBoe 3HaueHue goBepuss BBA, unu
MaccoBas (hyHKIMsI, TIPEeACTaBsIeT CO00M
KOJIMYECTBO U3MEPEHUIT TaKUX, YTO KaXKIbIi
3JIEMEHT U3 2 BEPHBIX OYIET CUUTATHCS MPaB-
nononooHbeiM. Ecniu BBA mncnonab3dyercsa
TOJIBKO JUUISI B3aUMOMCKITIOYAIOIIMX TUITOTE3,
to THII sxBUBajlieHTHAa TPaAULMOHHBIM
bariecoBckum MetonaM. Haznauenue BBA wisa
MHOX€eCTBa 3HaYEHU I JOJIKHA ObITH OTPEry-
JIMpOBaHAa TaKMM 00pa30M, YTOObI:

S m(A)=1.

A:Aco

Kpome Toro, TAIL ompenensieT GyHKIIMIO
BephI (JIoBepus):
Bel(A)= Y m(B)

B:BeA

12)

(13)

KOTOpasi COIEpKUT 0a30BOe 3HAUCHUE JOBEPUS
(BBA) 17151 BceX TOAMHOXKECTB A, KOTOPOE MOXKET
OBITh MUHTEPIPETUPOBAHO KAaK HUXKHSISI TpaHULIa
BEPOSITHOCTU TOKa3zaHUii 111 A. BeposiTHOCTh
BEpXHEl I'PpaHULIbI 111 [TOKA3aHWiIA BO MHOXKECTBE
3HAYCHUI1 A oTpeessieTcs Kak MpaBIornonooue:
PIA)= 3 m(B), (14)
BB ~AZD

rne PI(A) comepxuT Bce MHOXecCTBa B (2),
KOTOpBIE TOJIEPXKUBAIOT MEPY TOBEPUS B A.

J1eenH B. A., LieeTkoE B. 91., OxoTHUKOEB A. J1. [I[pMeHeHNEe MOAENEN BEPOSATHOCTHBIX
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DTa pa3HULIa MEXIy JOBEPUEM U IIPaBIOIIO-
JIOOMEM TIPEICTABIISIET COOO0M CYMMY HEeoTIpe-
NEeJEHHOCTU B ITOKA3aHUSIX 11 A.

NMPAKTU4YECKOE NPUMEHEHUE

st oOHapyKeHUsI TPETATCTBUI Ha TpaK-
TUKE 00s13aTeJIbHBIM CTal0 MPUMEHEHNUE
«TEXHUYECKOTO» WJIM «MAIIMHHOTO 3pEHUA»
JIJIST TIOMOIITM MAIIMHUCTY, OCOOEHHO B yCJI0-
BUSIX TUIOXOM BUAUMOCTH. [J1a3 yemoBeka He
CIIOCOOEH OMpPeAeINTh HEKOTOPHIE OOBEKTHI,
KOIZla BUAUMOCTh HEAOCTATOYHO XOPOIIasl.
Taxk 3umoii, Korma CHer 3aMeTaeT pebCOBhIE
ITyTH ¥ CKPBIBACT IIPETSTCTBHUS, BAXKHO TOYHO
OIIpeneIsATh, KakK XKe BecTH rmoe3a. Ha momors
MIPUXOIST Pa3TIMYHbIC aITOPUTMBI M MaTeMa-
THUYECKHE MOMICIIH JUISI KOMIUIEKCUPOBAaHUS
MaHHBIX, KOTOPBIE MMPUXOISIT OT JAaTIYMKOB.
JlaHHble TpuxoanuTcs (GUILTPOBATH IO 30HE
WHTEpeca OTHOCHUTENIPHO PEJIbCOBOI KOJIEH,
IIPOBOIUTD ACCOLTMALINIO O0BEKTOB, MHUIINA-
JIN3AL1I0 HOBBIX 00BEKTOB, OOHOBJISISI COCTOS -
HHE CYIIECTBYIOIINX OOBEKTOB, 1 IIPU TTIOMO-
Y MoAearpoBaHus ¢ mpuMeHeHuem T/
YIIPABJISITH CTOXaCTUUECKUMU O0BEKTaMMU, T.C.
IMOATBEPXKIATD YUIN YIAISTH M3 0a3bI 3HAHUIA.
Ha puc. 4. npuBeneHa nHdopmMaumoHHas
CHUTYyaIIusl TIJI0OXOW BUOMMOCTH, KOTOpas Ha-
XOOUTCSI MEXIY «BUIAMOI» U «CICHOMN».

ITo 3apy6GeXHBIM JaHHBIM, BEPOSITHOCTHAS
cucteMa OOHapyKEeHMS IPEISITCTBUN TP
IBMKEHWH TI0€3/a MO XeJIE3HOTOPOXKHOMN
MarvucTpaad MOXeT paboTaTh Ha TMUCTAHIIUSX

® MUP TPAHCMOPTA, Tom 18, C. 6—26 (2020)

Puc. 4. UHpopmaLunoHHas cutTyauuns nioxo BUANMOCTH, TpebyroLyasi BePOSITHOCTHOM OLI@HKU.
[AnekTpoHHbIli pecypc]: https://railvision.io/main-line-solution/.

1o 2000 M mpu ckopocTsax mo 200 km/4, Ha-
npumep, cuctema RODS — Rail Obstacle
Detection System'. JlanHasi cuctreMa oGHapy-
JKEHUSI MPETSATCTBUI Ha KeJIe3HOIOPOKHOM
MYTU BBISIBISICT MPENSITCTBUC W MepeaaéT
MAIIMHUCTY T10e31a CUTHAJIBI TPEBOTH B pe-
aJTbHOM BPEMEHU.

DTO aBTOHOMHAs cucTeMa (puc. 5) Ha-
npasJieHa Ha perreHue oosee 80 % CBA3aHHBIX
C TIOTOTHBIMH YCJIOBUSIMHU TPYITHOCTE 0OHA-
PYXE€HUsI TIPEIISITCTBUI ITyTEM pacIIUpeHUS
Iralla30Ha BU3YaJW3allduy JUIST MaIlMHUCTA
OoJiee 4eM B YETHIPE pas3a, TeM CaMbIM OHa
MpeaoTBpaIacT JOPOTOCTOSIINE W OITACHBIE
COOBITHSI, HE TOMYCKAasl aBapUITHBIC CUTYaIlH
¥ o0ecIieurBast 0e301MaCHOCTD IBYKCHUS.

Pemenne RODS npenymaraet B momMouib
MAaIIMHUCTY WK omeparopy (B ciydae Iu-
CTaHIIMOHHOTO YIIPaBJICHUS ) IIOJIHBIN BU3Y-
aJIbHBII KOHTPOJIb C IPUMEHEHUEM OTICIb-
HO CTOSIIIETO, YCTAHOBJICHHOTO HAa KPBIIIE
KOMILIEKTa 000pyIOBaHUS IJI BU3yaJln3a-
nuu. [ 3TOro NpUMEHSIOTCS COBPEMEH-
HBIE 2JICKTPOOINITHYECKIE TaTUNKHU (B BUIH -
MOM U TeIJIOBOM nuama3oHe) (puc. 6),
C BO3MOXHOCTSIMHM CIHUSHUS HaHHBIX. Ha
puc. 6 mokazaHo paclioO3HaBaHHUE O0bEKTa,
OCHOBAaHHOE HA BEPOSITHOCTHBIX MOICIISIX.
Takoe pacrio3HaBaHUE HE IO CUJTY YeJIOBE-
Ky. PacriosHaBaHMe OCHOBAaHO Ha BEPOST-

! [OnekTpoHHbIit pecype]: https://www.railvision.io/the-
platform/main-line-vision/. Joctym 12.01.2020.
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Puc. 5. Cucrema nogaep>xku BOXAeHUs, HanpaB/ieHHasi Ha OOHapy>XXeHue npensiTCTBUi.
[AnekTpoHHbIli pecypc]: https://railvision.io/main-line-solution/.

Puc. 6. Cucrema o6HapyxeHusi NnpensTCTBUii, OCHOBaHHasi Ha CUTYaLMOHHOM BEPOSITHOCTHOM aHasn3e.
[3nekTpoHHbifi pecypc]: https://railvision.io/main-line-solution/.

HOCTHOM aHaJiu3e U MCIOJIb30BaHUU OUO-
JIMOTEKH 00pa3oB.

Takast TeXHOJIOTHSI TIO3BOJISIET OTIEPaTOpy
¥ MAIIMHUCTY T0JIy4aTh aBapUitHbIE OITOBE-
IIEeHNST B pPeXXUME PealbHOTO0 BPEMEHM IS
TIPUHSTUS PEIICHUS IIPY IBVKCHNH, CHIKAST
PAacXobl, CBSI3aHHEIE C BO3MOXKHBIM YIIIEpOOM
WJIW TUOEBIO JIIOEH.

® MWP TPAHCIOPTA, Tom 18, C. 6-26 (2020)

3AKJTIOMEHUE

IpentoxxeHHast Moze1b MHMOOPMAIIMOHHOMI
BEpPOSITHOCTHOM CUTyallMd M aHa/IM3a Ha e€
OCHOBE MOXKET OBITh MCIIOJIb30BaHa JIJIs1 YIIPaB-
JIEHUST B aBTOMAaTU3UPOBAHHBIX M B TPAHCIIOPT-
HBIX KMOep-pusnyeckux cucreMax. [lo cymie-
CTBY, JaHHBII ITOIXOJ ABJISIETCS IPUMEHEHHEM
T03JIEMEHTHOTO (ONEePaLIMOHHOI0) CUCTEMHOTO
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aHajM3a MPUMEHUTENIEHO K 00JIaCTU BEPOSIT-
HOCTHOM JIoTMKH [ 19]. Oco6eHHOCTEIO TToaxoaa
B IaHHOI paboTe SIBJISIETCS] 3aMeHa TMOHSITHS
«aJITEpPHATUBa» TIOHSTHEM <«aJIbTepHATUBHBIC
MH(OPMAIIMOHHBIE CUTYalIN» , KOTOPOE 3aTEM
TpaHC(hOPMUPYETCS B «BEPOSITHOCTHBIE MH(DOP-
MallMOHHBIE CUTYaluW». AJTETEPHATUBHAST MH-
bopmanmoHHas cutyaius sBisieTcst 6oJee
CTPYKTYPHUPOBAaHHON MOJEJIBIO C PSIIOM Orpa-
HUYEHU1, KOTOPBIE TIPUBSI3BIBAIOT €€ K TpaHC-
MopTHO# cdepe. MHboOpMallMoHHasT TpaHC-
TIOPTHAs CUTYaIMsI UMEET TPUHUTAPHYIO CYIII-
HOCTb: TOOOYHBIE O0BEKTHI, 00BEKT yIIpaBIeHUS
1 CEMaHTUYECKOE OKPYKeHUE 00BEKTa yIpaB-
neHmst. CeMaHTHUECKOEe OKPYKEHME TTPOCTPaH-
CTBEHHOTO 00BEKTa 1 eTo 00pasa SIBJISIETCS Ka-
YeCTBEHHBIM OTJIMYMEM IaHHOTO MeToaa. OHO
O3HAYaeT MCITOJIb30BaHKe ITPOCTPAHCTBA TTapa-
METPOB U3 OMOIMOTEKM 00PA30B TSI COMTOCTAB-
JIEHUSI C TIPOCTPAHCTBEHHBIMUA 00pa3aMu, 3a-
(bUKCUPOBAHHBIMU C TTOMOIIBIO JATYNKOB.
BBeneHue BeposITHOCTHBIX ITApaMeTPOB B TTapa-
MeTpbl MHOOPMAIIMOHHON CUTyalluu JAET
BO3MOXXHOCTh ITPUMEHSITh Teoputo JleMrictepa—
[Tadepa 1 aBTOMaTUYECKN CTAHOBUTCSI COBE-
TYIOIIIM 3KCTIEPTHBIM METOJIOM, IPUMEHUMBIM
B TPaHCIOPTHBIX KUOEP-(hU3NYECKIX CUCTEMAX.
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ABSTRACT

The article describes application of models of information
probabilistic situations for solving problems of traffic control on
the railway. The content of situational control is revealed. The
difference between a visual and a «blind» situation during vehicle’s
movement is shown.

The information situation around a moving object can be
deterministic and stochastic. The concept of a stochastic
information control situation is introduced. The choice of
alternatives in stochastic control situations is characterized by
organizational, technological, and informational uncertainties.
This motivates development of control methods and algorithms
that consider uncertainty and multicriteria in control of moving
objects in such situations. Situational control can be used in
automated, cyber-physical and intelligent control.

The article proposes a model for controlling mobile objects
based on a probabilistic approach in a stochastic situation and on
the consideration of a number of stochastic factors. The model is

based on calculating the probability of existence of an obstacle in
the path of a vehicle. Such a model can be used under the
conditions of poor visibility and a probability of receiving erroneous
information from sensors. The article gives a systematics of the
probabilistic characteristics of a stochastic information situation
accompanying a moving object. The application of dichotomous
and oppositional analysis in studying obstacles on the route has
been substantiated. The model for detecting a foreign object on
a traffic route is based on the assumption of the presence of
reliable and erroneous information. The analysis is based on
Dempster-Schafer theory. The stochastic information situation
model uses the probabilistic characteristics of the presence of an
obstacle on the track. The probability of an object’s existence is
estimated using Bayes’ theorem. The proposed model considers
three factors of the stochastic situation: informational uncertainty
in the signal; false signals, sensor measurement error. The field
of application of this situational model comprises digital railway,
intelligent transport systems, transport cyber-physical systems.

Keywords: transport, detection of objects, stochastic information situation, probability of events, situation analysis, Dempster—Schafer
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Background.

Situational management in the field of
artificial intelligence is based on the use of
semiotic models. Situational management and
situation analysis in the field of information
management and practical transport
management technologies are based on the use
of models of information situations [1; 2]. The
information situation in the field of transport
describes the factors that influence the nature of
movement, including the appearance of other
objects. The information situation around a
moving object can be deterministic and
stochastic. Accordingly, the models of the
information situation can be deterministic and
stochastic. Transport management can be
analytical and stereotyped. Analytical control is
based on the analysis of parameters of the state
of an object and of parameters of the situation.
Based on the analysis of all parameters, a
solution is developed. Stereotypical control is
associated with the analysis of known
stereotypical situations for which the control
decision is known as a possible alternative.

The deterministic situation is characterized
by the presence of cause-and-effect
relationships. The stochastic situation is
characterized by the presence of uncertainty.
The choice of alternatives in stochastic
situations is characterized by organizational,
technological, and informational uncertainties.
This leads to development of methods and
control algorithms that consider uncertainty
and multi-criteria in decision-making.

Regarding organizational management and
automated control, it is appropriate to talk
about management methods. Regarding
transport cyber-physical control [3], it is
appropriate to speak, first, about algorithms
and, secondly, about control methods.
Regarding intelligent control [4], it is necessary
to talk about rules, algorithms, and control
methods. Information situation [5; 6] is a
model that combines the agent of control
(solver), the controlled object (vehicle) and the
environment of the controlled object that
affects its state.

Situational control is a link connecting
automated, cyber-physical and intelligent
control. This article presents algorithms for
calculating the probability of existence
(identification) of an obstacle (object), which
are used in organizing control of a vehicle
without a person but using «technical vision».

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 6—26 (2020)

An algorithm for calculating the probability of
existence at the level of sensors is presented.
The mechanism of merging the probabilities of
existence from several sensors is shown. At the
applied level, the probability of existence can
be used in interpretation algorithms [7] of a
situation to perform various functions to
support decision-making, for example, to help
a driver or when driving a driverless vehicle.
This paper shows an integrated approach to
considering various factors for modelling
discrete transport control problems.

Information stochastic situation

A model of the information situation is
necessarily used in an explicit or implicit form
for unmanned vehicle control (TS). In this
case, information situations of different scale
are used. Local information situation is a model
associated with the state and immediate
environment of a vehicle. Visual information
situation is determined by the visibility area out
of the vehicle. A «blind» information situation
is determined by an area that extends beyond
the line of sight and can affect the vehicle, and
the probability of visual detection of an object
in this area is close to zero. Besides, another
information situation arises, called stochastic.

To measure the parameters of a «blind»
information situation, special measuring
instruments are used that allow tracking
obstacles in the path of movement: radars, laser
scanners, cameras, infrared cameras, ultrasonic
sensors, unmanned aerial vehicles (UAV), and
others. All these tools allow building a
comprehensive system for technical monitoring
of the situation and identification of obstacles
in the vehicle’s path.

One of the main tasks of controlling speed
and high-speed railway transport is to recognize
objects that impede movement. Since obstacle
objects are not planned and arise randomly, this
leads to emergence of a stochastic information
situation. Stochastic information situation is
characterized by probabilistic and technological
factors. The probabilistic factors are as follows:

» probabilistic characteristics of the
presence of an obstacle on the track;

» probabilistic characteristics of the
absence of obstacles on the track;

+ probability of detecting obstacles on the
track;

+ probability of not detecting obstacles on
the track;
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+ probability of systematics of movement;

* probability of violation of systematics of
movement.

The dichotomy and oppositionality of
pairs of probabilistic assessments draws
attention to themselves. This gives rise to
application of oppositional and dichotomous
analysis for spatial analysis. The technological
characteristics of the stochastic information
situation are due to errors and failures of
monitoring means. In real conditions, data
from sensors of TV monitoring systems
contain uncertainty. False «echo» signals
from sensors are possible. Of course, the
measurement error must additionally be
considered. All these three factors also
characterize the information stochastic
situation.

False positives are subject to environmental
conditions. A false measurement is a
measurement that is interpreted by sensors
or information processing algorithms as a
measurement of a real object of an obstacle,
while in fact this object does not exist. The
more often false measurements occur, the
larger is the situation, that is, the larger is the
observation area. In a local situation, there
are few of them. There are few of them in the
visible information situation. There are more
of them in a blind informational situation.

The measurement of a real object is called
true measurement. In real practice, sensors and
gauges generate a lot of true and false alarms.
False positives also occur from side objects that
are not located on the traffic route, but nearby
and do not interfere with movement.

When driving a driverless vehicle, it is
necessary to filter the side objects that are
present near the vehicle’s path: pillars, posts,
traffic lights, fences. This is important while
controlling high-speed transport, during its
integral controlling [8].

The stochastic information situation includes
the probabilities of existence of the object and the
probabilities of false alarms of the sensor. The
stochastic information situation sets the
conditions for probabilistic analysis. In particular,
it analyzes whether the signal about an object is
real or false. In other words, a stochastic
information situation allows for the presence of
uncertainty and requires its disclosure.

The presence of probabilistic characteristics
and characteristics of uncertainty of the
situation gives ground to speak of probabilistic
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situational control. Such control is described
within the framework of Dempster—Schafer
theory (DST) [9].

Probabilistic situational control uses a
probabilistic metric for each signal of a detected
object. Using empirical probability of
accidentally detecting side objects, they can be
filtered by setting a threshold (dividing plane)
in the parameter space.

One more feature of the stochastic
information situation should be noted: visual
situation and blind information situation work
with parameters of the real space, as well as with
probabilistic parameters. If we use multiple
assessment of object recognition in real time,
then this improves quality of object detection
[10—12]. The reason for this is ergodicity of the
spatial measurement process. The use of a
stochastic information situation requires the
use of proven statistical methods that have
many implementations in software. Thus,
ergodicity and statistical methods are pillars in
the analysis of the stochastic information
situation.

Estimating the probability of detecting a real
object

The Bayesian approach is used to determine
the probability of many random and dynamic
processes. From the standpoint of logic, this is
due to the fact that the basis of the syllogism
modus ponens is the prototype of Bayes’
theorem. Bayes’ theorem in interpretation of
mathematical logic is an elementary conclusion,
which is called modus ponens [13]. Bayes’
theorem is:

 p(abe) p(x)
P(x|Z) = W . (1)

In expression (1), the x-quantity is the
quantity to be estimated, p(x) — preliminary
probability of the quantity, p(x|z) — next
quantity to be estimated after observing the
measurement, p(z]x) — measurement made
from the estimated values, and p(z) —
normalizing factor. To simplify the expression
p(z), itis often replaced by a normalizing factor
7 such that:
p(x2) = Np(ZX)P(Y). )

In expression (2), the value of n guarantees
that the result of evaluating the Bayes rules
among the value of x and its complement is 1.

For the probability of the existence of an
object, the true value is x, and its complement
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X isthe probability of the non-existence of the

object. The actual measurement or fact fixing
model is z. From (2) we get:

p(x|9) =npzl)p(x) = p(3x,|Z9), (3)
(X [2) =mp(z| X )p(X ) =p(Bx,|Z"). 4)

The method of detecting objects on the path
of movement in stochastic situations is based
on the analysis of probabilistic parameters of
the situation. These parameters are as follows:
probability of occurrence, probability of an
object being close to another, probability of
detection, probability of detection, probability
of disorder (noise or interference).

The probability (persistence) of detection, P,
(p-persistence) is an estimate of the probability
of existence of an object. It was used in
aerospace radar when IPDA and JIPDA were
introduced [14; 15]. It was interpreted as the
probability of stability of detecting an object
with a field of view of 360° in the Markov
process. With automotive sensors, the field of
view of a single sensor is more limited. In the
conditions of using sensors for a locomotive,
the field of view is even more limited and
therefore the probability of detection stability
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Pic. 1. Modelling the probability of stability of detection in polar coordinates of the sensor.
The model was obtained by the authors on the basis of experimental work.

in this case is higher. The idea of using the
sensor’s angle of view to simulate the probability
of detection stability was first introduced for
road vehicles and then for railway vehicles. This
probability is sometimes called the probability
of survival. The overall stability probability
consists of a combination of the stability
probability in polar coordinates:

mod

Py (r,0)=p,*(r)ep,(®). 4)

Pic. 1 shows an example of modelling the
probability of detection stability for a sensor
facing forward.

Practical data are as follows: the maximum
distance to the object » = 200 m, and the
maximum angle ¢ =+50°. The range and cutoff
angle were chosen as m_= 0,4 and m = 0,3,
respectively, and a.as 0,01, where (@) modelling
by distance r is shown, (b) modelling by angle
¢ is shown, and (c) the combined probability
of stability in the Cartesian coordinate system
is visualized.

The probability of occurrence (birth) pb(xklk_l),
(b-birth) is introduced to predict existence.
This probability is used to initialize the
probability of existence of a newly discovered
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object. The easiest way to model the likelihood
of an object emergence is to take a reasonable
constant value, for example, pb(xk|k-1) =0,1.
This constant must be above the threshold. The
choice of a constant probability of occurrence
is also the most typical approach used in
practice in combination with IPDA and general
probabilities of related data, JPDA [14; 15].

In [11], the knowledge about the sensor’s
field of view and other detected objects isused
to determine a more accurate probability of
occurrence. The probability of occurrence is
modelled based on the gradient such that the
probability of stability changes in proportion
to the higher probability of occurrence. This
leads to the fact that high probability of
occurrence is selected at the edges of the angle
of view of the sensor and visibility of the
object.

The probability of appearance of an object
that is close to another in [12] is estimated on
the assumption that new objects cannot be
created in the immediate vicinity of already
discovered objects with a high probability of
existence. The density function of the
hypothesis of probability (PHD — Probability
Hypothesis Density) [16] is used to obtain the
probability of existence of an object in a certain
area. The addition of this probability to all
objects in the environment results in the spatial
probability of any new hypothesis for
appearance of an object. There are many
options for modelling the probability of
occurrence. When choosing a probability
model, one should consider their simplicity or
complexity. The type of sensor used also
influences the selection. For example, the PHD
model presented in [12] works well for sensors
that can determine the size of an object. Other
sensors, such as the camera, may rely more on
a polar probability of occurrence model similar
to the model presented in [11].

Detection probability. The probability of
detection, p (k), (d-detection) is the probability
of detecting a valid dimension of the object.
The probability of detection affects the
probability of existence. There are many ways
to simulate this probability, and they vary
depending on sensitivity of the sensor.

In [12], the probability of detecting with a
laser scanner is modelled by the pitch of the
vehicle and the z coordinate of the object being
detected, which reduces the probability of
detection when the measuring beams of the
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laser scanner are above or below the object
being detected.

The probability of detecting with a camera
by the optical sensor is also modelled in [12]
using the camera’s angle of view, the position
of the detected object, length, width, and
orientation of the object.

The probability of detection can also be
obtained directly from the classifier, for
example, using the Adaptive Boosting machine
learning algorithms for the camera [11]. The
simplest solution for modelling the probability
of detection is to choose an appropriate
constant.

There is a general approach where the
probability of detection is a regarded as
combination of three values: the simulated
probability of detection p}*(x,.), the

(z,) and the

probability of signal reflection from the object

frack

P (X

meas

probability of measurement p;

meas track

Pq (k) =p™ (X ) 27 (2 g™ (o)

(6)
Ifthe measurement was not associated with

an object, then p/* (z,) and

simply ignored. The simulated detection

probability p;(x,.,) depends on the predicted

track

Py (xy) are

state of measurements, and information about
the measurements themselves is not considered.
The idea is to simulate the fact that any location
within the sensor’s field of view depends on the
likelihood that the sensor can actually make a
measurement at that location where the object
should be. The simplest method is based on the
assumption that the sensor can detect an object
wherever it exists. This results in a constant

value for p,*(x,.). This assumption may be

sufficient in many cases. A model, that
considers the sensor’s viewing angle sensitivity,
improves this model. Other properties of the
sensor, such as the prior spatial signal-to-noise
ratio, can also be considered, especially for
radar sensors. The combination of modelling,
measuring, and identifying an object increases
the likelihood of correct assessment.

The probability of disorder. The probability
of disorder (noise) is often modelled as a spatial

process based on the Poisson distribution for _

detection [11]. This is the probability that a
false measurement occurs in a given area or
within a given period of time. The Poisson
distribution is used to estimate the probability
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Pic. 2. Thresholds of existence for confirmation and deletion of objects. The model was obtained by the authors
based on theoretical research and the hypothesis of such a threshold ratio.

that m measurements are false measurements
at time k, denoted as the set of false
measurements Z,, and is the expression:

pellzt]=me )2

e ™

where A is rate parameter of the Poisson
process.

The rate parameter, depending on
application of the Poisson process, can be
defined as a single occurrence of an event in
case of a false measurement. The probability of
events that m false measurements have occurred

is given by the sum:
r L gme
p(Zcme)=3"P

®)

To apply expression (8), it is necessary to
estimate the number of potential false
measurements |Z” | and the level of intensity of 1.
Allthe considered parameters together determine
the probabilistic information situation, which is
characterized by expression (8).

When obstacles are detected, one of the
options for analyzing objects, which are
identified by sensors, is executed by discrete
enumeration of the probabilities of the existence
of an object. Three threshold levels can be
introduced to characterize an object: the object
confirmation threshold (t ), the object non-
confirmation threshold (t, ), and the object
deletion threshold (z).

If the probability of the existence of an
object reaches the confirmation threshold t_,
it is counted among the confirmed ones and is
included in the list of objects that the sensor
accurately identifies and detects. If the
probability of existence of an object falls below
the non-confirmation threshold t_, the object
is not considered a valid object, but is still stored
in the sensor’s internal objects’ list.

For practical purposes, the non-
confirmation threshold should be chosen such
thatt <t thatis, thereisan effect of detecting
objects ever checked over a long period of time
ifthey have already reached t_sometime in their
history. This is the ergodic factor.

m!

i
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If the probability of existence of an object
drops even below, it reaches the deletion
threshold t,, and will be completely deleted
from the list of objects detected by the sensor.
Pic. 2 shows the relationship between the
various thresholds of existence. Threshold
values should be selected in such a way that the
detection rate (true positive and false positive
values) at the threshold values guarantees a
certain desired level in a driving situation for a
given vehicle.

Due to this, it is possible to define several
confirmation thresholds, especially for vehicles
of different speed modes. Each threshold
corresponds to a different detection rate. As a
result, the probability of existence sets the
parameter of «logical reliability» of object
detection. This logical reliability can be used
as a driver assistance factor, for example, in an
intelligent safety system during emergency
braking with a delay. This is a case of reacting
only to objects that meet the highest threshold
values. In comparison, «soft» braking systems
[17] such as adaptive cruise control will react
earlier when detecting objects that meet the
lower confirmation threshold.

In a complex analysis of confluence
(merging) of situations, it is necessary to
combine the probability of the existence of an
object from several sensors into a common list
of objects using the strategy of integration of
sensors’ measurements with the general list.

The object model interface views the
probability of existence as a single probability,
usually derived from a Bayesian estimation
algorithm or from IPDA/JIPDA algorithm [14;
15]. However, to take advantage of the different
sensors and handle complex situations such as
opacity (occlusion), a single value alone is not
enough to model the probability of existence
at the merge level. Therefore, the probability
of existence is modelled using DST in the merge
module, as described below, and then converted
back to a single value of the probability of
existence at the output of the merge module.
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Value at the output (DST>Probability)

Existence forecast

Merge with DST combination rule

Basis for confident determination
(Probability>DST)

Merge level

Sensor level

Existence level

sensor

Pic. 3. Estimation of the probability of existence from multiple sensors using Dempster—Schafer theory of proof.
The scheme was compiled by the authors based on generalization of the above algorithm.

The processing flow for merging the probabilities
of existence is shown in Pic. 3.

Situational modelling using the Dempster—
Schafer theory

Simulation and integration with DST
theory is described in [18] for transforming
measurements from sensor to sensor. In this
case, the same probability analysis method is
used. A detailed survey of Dempster—Schafer
theory of proof (DS) and its many applications
is given in [9].

The DS theory defines an object recognition
system consisting of mutually exclusive
hypotheses or states of the system. To model
existence, the simplest set of mutually exclusive
hypotheses is that an object exists, 3, or does
not exist, A, such that:
©=1{3,2). ©)

Then DST defines a set of values 2°, which
is the set of all subsets of ®, including the empty
set @. To simulate existence, as defined in (9),
this leads to expression (10):

2°={g, {3},{2}, (3,2}}. (10)
The set of values contains all combinations
that allow assigning confidence values not only
for mutually exclusive hypotheses, but also for
their combinations. This can be used to

simulate ignorance or uncertainty in
measurements from multiple sensors that can
have different accuracy characteristics (optical
cameras, radars, lidars). Uncertainty modelling
is acceptable for inference for traditional
Bayesian methods. The set of values for the
existence of an object includes the subset {3,2},
which includes confidence values with
information about the existence of an object
that is ambiguous. For each set of values, a
BBA-Basic Belief Assignment is determined,
often also called a mass function, where:
m: 2°—[0,1]. (11)
The baseline value of BBA, or mass
function, is the number of dimensions, such
that each element of the 2 correct ones is
considered believable. If BBA is used only for
mutually exclusive hypotheses, then DST is
equivalent to traditional Bayesian methods.
The BBA assignment for a set of values should
be adjusted so that:

2 m(A4)=1. (12)
In addition, DST defines the function of
belief (confidence):
Bel(A)= "> m(B), 13)

B:BeA

which contains the baseline belief value (BBA)
for all subsets of A, and that value can be
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Pic. 4. Information situation of poor visibility requiring a probabilistic assessment.
[Electronic resource]: https://railvision.io/main-line-solution/.

interpreted as the lowerbound for the probability
of indications for A. The probability of the upper
bound for indications within the set of values
of A is defined as the likelihood:

PiA)= Y. m(B), (14)

BB ~A#D

where PI(A) contains all the sets in (2) that
support the measure of confidence in A. This
difference between confidence and likelihood
is the sum of uncertainty in the readings for 4.

Practical usage

To detect obstacles in practice, it has
become mandatory to use «technical» or
«machine vision» to help the driver, especially
in poor visibility conditions. The human eye is
unable to detect certain objects when visibility
is not good enough. So, in winter, when snow
covers tracks and hides obstacles, it isimportant
to determine exactly how to drive the train.
Various algorithms and mathematical models
come to the rescue to integrate the data that
comes from the sensors. The data has to be
filtered by the area of interest relative to the rail
track, objects are associated, new objects are
initialized, the state of existing objects is
updated, and stochastic objects are controlled
by modelling using DST, i.e. confirmed or
removed from the knowledge base. Pic. 4 shows
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the information situation of poor visibility,
which is between visible and «blind».

According to foreign data, the probabilistic
obstacle detection system when a train moves
on a railway line can operate at distances up to
2000 m at speeds up to 200 km/h, for example,
RODS — Rail Obstacle Detection System!.
This obstacle detection system on the railway
track detects the obstacle and transmits alarms
to the train driver in real time.

This autonomous system (Pic. 5) addresses
more than 80 % of weather-related obstacle
detection challenges by quadrupling the
operator’s visual range, thereby preventing
costly and hazardous events, avoiding accidents
and ensuring traffic safety.

RODS solution offers assistance to the
driver or operator (in case of remote control)
with full visual control using a freestanding
roof-mounted visualization Kit. For this,
modern electro-optical sensors (in the visible
and thermal ranges) are used (Pic. 6), with the
possibility of merging these data. Pic. 6 shows
object recognition based on probabilistic
models. Such recognition is beyond the power
of man. Recognition is based on probabilistic
analysis and the use of a library of images.

! [Electronic resource]: https://www.railvision.io/the-
platform/main-line-vision/. Last accessed 12.01.2020.
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Pic. 5. Obstacle sensing driving support system. [Electronic resource]: https://railvision.io/main-line-solution/.

Pic. 6. Obstacle detection system based on situational probabilistic analysis.
[Electronic resource]: https://railvision.io/main-line-solution/.

This technology allows the operator and
driver to receive real-time emergency alerts for
decision making while driving, reducing costs
associated with possible injury or loss of life.

Conclusion. The proposed model of an
information probabilistic situation and analysis

based on it can be used for control in automated
and transport cyber-physical systems. In
essence, this approach is application of
element-by-element (operational) system
analysis as applied to the field of probabilistic
logic [19]. A feature of the approach described
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in this work is replacement of the concept of
«alternative» by the concept of «alternative
information situations», which are then
transformed into probabilistic information
situations. An alternative information situation
is a more structured model with a number of
constraints that tie it to the transportation
sector. An information transportation situation
has a trinitarian essence: side objects, a
controlled object, and a semantic environment
of a controlled object. The semantic
environment of a spatial object and its image is
a qualitative feature of this method. It means
using the parameter space from the image
library to compare with spatial images captured
by sensors. The introduction of probabilistic
parameters into information situation
parameters makes it possible to apply
Dempster—Schafer theory and automatically
becomes an advisory expert method applicable
in transport cyber-physical systems.
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SKCINPECG-UH@ORPNMAUE
EXPRESS INFORMATION

NEPBbIA CMAPT-KOHTPAKT OAO «PXXJ»
HA COMNMPOBOXXAEHME TrPY30BOMN NEPEBO3KU

AO «PXI» peanusyet Ha OKTAOPbCKOM KeJie3-

HOI opore TMWJIOTHBII MPOEKT MO0 BHEAPEHUIO

CMapT-KOHTPAKTa, KOTOPBIA 00ECTIeYnBaET 10~
TOBOPHOE COMPOBOXIIEHNE TPAHCTTIOPTHO-JIOTHCTUYECKOMA
JeSITeIbHOCTH B paMKax HOpM LudpoBoro npasa. Takoit
KOHTPAKT CYUTAETCS] aBTOMATUYECKU UCTIOJTHEHHBIM,
KOTJIa BBITTOJTHEHBI BCETO €T0 YCJIOBHSI: TPY3 IMePeBe3EH,
NEHbI'M MEePEeYUCIIeHbI, a YYUaCTHUKU HE UMEIOT JIpYyT
K APYTY TPETeH3MIA.

o xoHiia 2020 roga KOMITaHUS IJIAHUPYET OCYIlIe-
CTBUTH MEPBYIO IPY30BYIO MEPEBO3KY C TOJIHOLIEHHBIM
TIPUMEHEHNEM 3TOI TEXHOJIIOTU Y.

C Hayasia 9KCriepMMeHTa Oblla MpoBeAeHa 0obLIast
paboTa 1o UcceJ0BaHUIO OTIEPAIMOHHOTO (hYHKITMOHA -
Jla CMapT-KOHTPaKTa, Pe3yIbTaThl KOTOPOW MO3BOJIST
B 9TOM IOy HE TOJIbKO MCITOJIb30BaTh €T0 OTepaliu Mpu
COMPOBOXKIECHUH TPY30B, HO U 3aKJIIOUUTD MIEPBbIii 1OT0-
BOp MepeBO3KU, GakT MCTIOTHEHUST 0053aTeIbCTB MO
KOTOPOMY OTIPEIETISIETCSI C TTOMOIIBIO AITOPUTMA «CMapT-
KOHTpaKT» Ha 6a3e TeXHOJIOTUH «BI0KUYEHH».

Ha mepBoM 3Tame mpoekTa, KOTOPBIN Havajcs
B 2018 romy, Uisi COCTaBJAEHUS CXEMBbI ACCTBUI U MOy~
YeHUsI TIePBUYHBIX JaHHBIX MPOBEJICHA MHTErpaIus
C KOPIOPaTUBHBIMU aBTOMATU3MPOBAHHBIMU CUCTEMAMU
OAO «PX]I».

B pamkax sKcrieprMeHTa 10 BHEAPEHHIO TEXHOTIOTHI
B 2019 roay 66110 ocBoeHO 6osiee 40 TEXHOTOTMYECKUX
orepariyii, CoBepIIaeMbIX B XOJIe TIepPeBO3KH, B TOM YUCIIE

peain30BaHO OJMHAKOBOE OTOOpakeHne MH(opManuu
0 Mpollecce A0CTaBKM Y BCEX YYaCTHUKOB CMapT-
KOHTpAaKTa.

11 wions 2019 roma ObLIa OCYIIECTBIEHA TECTOBAs
MepeBo3Ka ¢ UCIOJIb30BAHUEM OCBOCHHBIX OIEpaLIUii
CMapT-KOHTpaKTa MexXny ctaHuusiMu [IpenmnoproBas
u Hogwiit [Topt. KpoMe Toro, B MpoILIOM roay TakKum
00pa3oM ObIJI0 OPraHM30BaHO COMPOBOXKICHNE KOHTEN -
HEPHBIX MOe3/10B 1Mo HanpasieHusM [IpennoproBas—AB-
ToBO, Hurozepo—Hossiit [Topt, Hurozepo—Asroso
u [Mutksapanta—Hoserit [Topr.

B 3TOM roay TexHOJIOTHSI CMapT-KOHTPaKTa pac-
IAPUT CBOI (GDYHKITMOHAT, @ KOJTMYECTBO TEPMUHAJIOB,
MPUHUMAIOLINX yYacCTHe B IPOEKTe, yBeaInuuTcs. bynet
TOCTYITHA BO3MOKHOCTb JIOTOBOPHOTO COTIPOBOKICHMSI
MepeBo3KU, 10 63 BrIpACTET YUCIO TEXHOJOTHYECKHUX
ornepanuii, KOTOpble MOTYT OTOOpaXaTbCsl MO XOAY
MepeBo3KM Ha 1iaThopMe pacnpeneaéHHOTO peecTpa
naHHbIX (0J10KUeitH). Cpeau HUX Te, KOTOpbIe MPeAIo-
JIaraloT BO3HMKHOBeHUE (PUHAHCOBOU OTBETCTBEHHO-
CTH MEXJAy CTOpPOHAMU JUOO omnpeneasoT o0beEM
00513aTeTbCTB. DTO MO3BOJUT TIPU MCIIOJH30BAHUM
TEXHOJIOTMU CMapT-KOHTPAKTA OCYILECTBIISITh B3AaUMO-
pacuéThl.

ITo coobmenuto npecc-uenrpa OAO «P2KJI»:
https://company.rzd.ru/ru/9397/page/
104069?id=251785 ®

RUSSIAN RAILWAYS IMPLEMENTS FIRST
SMART FREIGHT TRANSPORT CONTRACT

at Oktyabrskaya Railway to introduce smart

contracts which will provide contractual support for
transportation and logistics activities within the framework
of digital law. Such contracts are to be automatically
executed after all their conditions are fulfilled, that is when
the cargo has been shipped, the money transferred, and
the participants have no claims against each other.

The Company plans to carry out the first cargo
shipment with the full application of this technology by
the end of 2020.

Since the beginning of the pilot project, a lot of work
has been done to assess and improve the operational
functionality of smart contracts. The results mean that this
year will not only see smart contract operations when
supporting cargo shipments, but also the first transportation
contract will be executed, the performance of obligations
under which is stipulated by a «<smart contract» algorithm
based on blockchain technology.

In the first phase of the project, which began in 2018,
the smart contract technology was integrated into the
automated corporate systems to form a scheme of actions
and obtain primary data.

In 2019, as part of the project to introduce smart
contracts, more than 40 technological operations carried

' SC Russian Railways is implementing a pilot project

out during transportation were mastered, including the
identical display of information about the delivery process
which was made available to all of the participants involved
in each smart contract.

On 11July 2019, atest shipment between Predportovaya
and Novyi Port stations was carried out using the operations
mastered as part of the smart contract. In addition,
accompanying container trains were organized in this way
last year on the routes between Predportovaya—Avtovo,
Nigozero—Novyi Port, Nigozero—Avtovo and Pitkyaranta—
Novyi Port.

This year, smart contract technology will get enhanced
functionality and an increase in the number of terminals
involved in the project. It will be possible to arrange
contractual support for shipments and the number of
technological transactions that can be displayed during
transportation on the platform of the distributed data
registry via blockchain will increase to 63. Among these
technological transactions are those that suggest
distribution financial responsibility between the parties or
that determine the scope of obligations. This will allow
settlements using smart contract technology.

Compiled based on the news of RZD press centre:
https://eng.rzd.ru/en/9517 /page/104070?id=4232. ®
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IMepBbi cmapT-koHTPakT OAO «PXK[1» Ha conpoBOXAEHMNe rPy30BOM NEPEeBO3KN
Russian Railways Implements First Smart Freight Transport Contract
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Wocudp CMUPUH

Lenb cTatbu — rnoay4yeHne 3aBUCUMOCTEM,
CBSI3bIBaKOLMX 3aTPATHI BDEMEHU Naccaxmpos Ha
noesaky TPaHCrnopToM 06LUero nosibL30BaHus
C OCHOBHbIMU (pakTopamu, GopMUPYIOLLINMU S71€-
MEHTbI 3Tux 3atpar. [py HanucaHun cTatby nUc-
0/1630BaHbl METOAbI aHAJINTNHECKOro MOAEN-
poOBaHVsi, MareMaTn4eckor n TPaHCNOPTHOM
CTaTncTuku, 0630PHO-aHASINTUYECKOIrO 1 JIOrnNye-
CKOro aHasnam3a, MeTof0s/10ruy TPaHCnOPTHbLIX
nccnenoBaHn.

PaccMmoTpeHbl maTtematndeckue mMosnenm
onpenaesieHns 3aTpar BPEMEHU Naccaxupos Ha
coBepLieHne noe3aok B ropogax ¢ Ncrosibs3osa-
Huem TpaHcrnopTa o6Luiero Mnoab30BaHUS.
O6palLeHO BHUMaHUe Ha OPMUPOBaHNE KaXI0-
ro n3 3JeMeHTOB 3arpar BPEMEHV Ha Moe3aKky
Y B3aMOCBSI31 3TUX SJ1IEMEHTOB APYr C APYIOM.

=1OrNHQOCEI TEOR X2

OnpepeneHue 3aTpat BpeMeHU
naccaxuposB Ha Noe3aKU B ropoaax

Cnupun Hocugp Bacuaveeuu — OAO «HUHAT>, Mockea, Poccus™.

TakymMmuy anemMeHTamu SIBAISIIOTCS: BPEMS reLuero
noaxoaa K 0CTaHOBOYHOMY IYHKTY OTrpaB/IEHNS
U rieLero oTxo4a OT OCTaHOBOYHOIO MyHKTA rpu-
ObITVS 40 LesIV Noe34Ku; BpeMs OXUaaHWs rnocas-
KV B TPAHCMOPTHOE CPELACTBO; BPEMSI CJIEA0BAHUS
B TPAHCMNOPTHOM CPEeACTBE M0 MapLlipyTy.
YcraHoBneHbl 3aBUCUMOCTY YKa3aHHbIX 3J1EMEH-
TOB OT (PaKkTOpPOB, POPMUPYIOLUNX 3aTpaThl BPE-
MeHu. ViccnenoBaHo yBenm4eHne 3aTpar Bpeme-
HUW Ha oxwuaaHue rnocankv B TPAHCMNOPTHOE
CpeAcTBO B 3@BUCUMOCTY OT COKPALLIEHWS M1aHO-
BOI0 YXC1a TPAHCMOPTHbIX CPEeACTB Ha MapLUpyTe
n3-3a CXoA40B C anHuu. [pyuBenéEHHbIE MogEeNN
MOryT UCIMO/1b30BaTbCs Mpv TPaHCNOPTHOM ri1a-
HUPOBAaHU 1 OLIEHKE Ka4yeCcTBa NepeBo30K ropo/-
CKVM TPaHCopTOM 10 rokasaresito 3arpar spe-
MEHU rnaccaxuvpamm Ha rnoe3aku.

KntoyeBble c/10Ba: ropoaCcKovi IaccaxnpCkui TpaHCrnopT, Moe3aka rnaccaxupa, BPeMs neLlexoaHbIX
rnepeaBuXeHNi, BDEMS OXUAAHWS, BPDEMS CJ1EA0BAHUS M0 MapLLPYTY, KAYECTBO NepeBO30K.

*MHdopmaums 06 aBTope:

OAO «HUWNAT», Mocksa, Poccus, ivspirin@yandex.ru.

For the English text of the article please see p. 36.

CnupuH Nocudp BacunbeBmny — JOKTOP TEXHUHECKUX HayK, NPOdECCOpP, MaBHbIA HAY4HbIN COTPYAHUK

Crtatbs noctynuna B pegakumio 15.04.2020, npuHaTa k nyénvkauum 26.06.2020.
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BBEOEHUE

Topoackoii maccaxXMpCcKuii TpaHCIOPT
(I'TIT) ob11ero moab30BaHUs BBITIOIHSIET OCHOB-
HYIO YacThb IIEPEBO30K MAaCCaKUPOB B HACEIEH-
HBIX IIyHKTaX TOPOCKOro TUina. J1oJist ropoacKo-
ro HacesieHust B Poccun nocrturia 74 % ot 00-
LIeT0 YMCIIa TpaxaaH cTpaHbl. B ropomax mpo-
U3BOAUTCA Hauboabmasa yacth BBII.
ABTOMOOMIM3aIMsI HACCICHUS HE MOXET
00€CIIeYUTh MOABUKHOCT OCHOBHOI YacTH
TOPOACKOTO HAceJIeHMS 10 SKOHOMUYECKUM,
3KOJIOTMYECKUM, TPATOCTPOUTEIbHBIM OTPaHMU -
yeHusiM. [ToaToMy nepeBosku naccaxupon I'TIT
B HacCTosiIlIee BpeMsl U Ha 0003pUMYIO ITepCIieK-
TUBY COXPaHSIT CBOIO BEAYIIYIO POJIb B obecrie-
YCHUU «MECTHOW» MOABMKHOCTU HaceJICHUS
ropoaoB. TpaHCIOPT OGIIEro MOJb30BaHMS
JOJIKEH IMPEAOCTaBISITh IaccaXupaM TaKoe
KayecTBO 00C/IyXXMBaHUSI, KOTOPOe OyIeT CTH-
MYJIMPOBATh IPaxIaH K UCIIOIb30BaHUIO B3aMEH
aBTOMOOMJICI alIbTepHATUBHOTO CIIocoba mnepe-
JIBIDKEHMST Ha TpaHcnopTHbIX cpeacTtBax I'TIT.
DT0 OyaeT cmocoOCTBOBATh CMATUEHUIO psla
3KOHOMUYECKUX, IPATOCTPOUTEIbHBIX U 3KOJIO-
TMYECKUX IIPOOJIEM.

3arpaThl BpeMEHU MacCaXkMPOB Ha MOE3IKU
OTHOCSTCS K Hau0boJiee 3HaYMMBIM pe3yJIbTaTaM
JeSITeIbHOCTH TPAaHCIIOpTa OOIIEro IOJb30Ba-
Hus. [ToaToMy yeavro HACTOSIIIEI CTAThU SIBJISI-
€TCsl YCTAaHOBJICHME KOJMYECTBEHHOM B3aUMO-
CBSI3M 3aTpaT BPEMEHM IMaccaxkupaMu Ha TI0e3/I-
KU U OTIEJIbHBIX 3JIEMEHTOB 3TUX 3aTpar ¢ 0C-
HOBHBIMU (aKTopaMu, HOPMUPYIOIIUMU
MPOAO/LKUTEIBHOCTD TOE3IKH.

Matepuajbl CTaTbU MOATOTOBJIECHBI C MC-
M0JIb30BaHKEM 0030PHO-aHAIUTUYECKOTO (1y0-
JIMKALMK OTEYECTBEHHBIX U 3apyOeKHBIX y4€-
HBIX) M JIOTHYECKOTO aHaIM3a, METOJOB aHaJIM-
TUYECKOTO MOAECIMPOBAHUS, MaTEeMAaTUUECKOM
M TPAHCIIOPTHOM CTaTHCTUKU, METONOJOTUU
TPaHCIOPTHBIX UCCIICTOBAHMIA.

BhinoHeHHBIE B pa3IMYHOE BPEMST UCCIIEI0-
BaHUsI TI0KA3bIBAIOT, YTO Haubojee 3HAYMMbIM
I0Ka3aTejIeM KauyeCTBa TPAaHCIIOPTHOTO O0CITYKHM -
BaHU$ BTOPOIax IS IACCAXMPOB SIBIISICTCS BpEMsl,
3aTpayMBacMoe Ha eXelIHEBHbIe moe3nku [1—4].
TonbKo 1151 MFHBaJIMIOB Y IIEHCOHEPOB (KX OKOJIO
20 % maccaxupoB) 0oJiee 3HAYMMBIM SIBJISICTCS
BO3MOXHOCTB 3aHSITh MECTO JUIst Iipoe3zia cuast. Ho
M 3TU TpaXkIaHe CYMTAIOT, YTO 3aTPaThl BpEMEHU
Ha IT0e3IKH1 OTHOCSITCS K OCHOBHBIM ITOKa3aTe IsIM
KayecTBa IepeBo3oK [5, c. 156].

ITo pe3ynbrataM KcclieI0BaHUI 3apy0eKHBIX
Y4YEHBIX 3aTPaThl BpeMEHU Ha IOE3IKY B TOPOJI-
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CKOM TpaHCTIOPTe OOILETO MOJTh30BaHUS TakkKe
SIBJISTIOTCSI BEAYIIMM TTOKa3aTejeM KavyecTBa
TPaHCIOPTHOTrO O0CIyXHUBaHuUs [6—8].

TakuM 00pa3oM, COBEpIIEHCTBOBAHUE Me-
TOJOJIOTYM OTIpEIeIEHUs 3aTpaT BpEMEHH T1ac-
CaXWpaMU Ha TIOE3IKMU SBJISIETCS aKTyaJbHOU
3a7laueil IPUKIANHONA TPAHCIIOPTHOU HayKu
Y TIpakTUKHU. JIocTOBEpHBIE OLIEHKM 3aTpaT Bpe-
MEHU Ha TIOe3IKM CITYXaT OCHOBOH 1J151 000CHO-
BaHud aHoB pa3putus ['TIT u onpenenenus
TIPUOPUTETHBIX HATIPABJICHUI (PMHAHCUPOBAHMS
COOTBETCTBYIONIMX TEXHOJOTMIECKUX PEIIEHU T
TTpY OPTaHU3AIMU TIEPEBO30K TACCAKMPOB B TO-
poJiax M COBEPIIEHCTBOBAHUS TPAHCIIOPTHOM
UHOPACTPYKTYPHI.

It maccaxupa TepBOCTENIEHHBIN NWHTEpeC
TIPE/ICTaBIISIET BOBMOXHOCTh 32 HAaMMEHEe BO3-
MOXHOE BpEMSI BBITIOJHUTh CETEBYIO MOE3IKY',
TO €CTh, TIOE3IKY OT MECTa €ro HaXOXAECHUS 10
e roe3nku. CeTeBast moe3nka MOXeT B TTpoc-
TeUIIeM CITyJae CBOIUTHCS K ITOE3MIKE TI0 OMTHOMY
MapipyTy. C pocTOM ropojia yBeIMInBaeTCsI €T0
TUTOIIATH ¥ YMCIIO TPAHCTIOPTHBIX MUKPOPAiOHOB
Ha 3TO TUIOIIAIH, YTO TPUBOIUT K YCKOPEHHOMY
YBEJTMYEHMIO TPAHCTIOPTHBIX CBSI3€H 3THX MUKPO-
paiioHoB. ObecrieunTh BCE 3TU CBSI3U becrepeca-
JIOYHBIM COOOIIeHNEM (DU3MIECKN CTAHOBUTCS
HEBO3MOXHBIM. [103TOMY, BO MHOTHUX CITydasix,
ceTeBas IOe3/1Ka BBITIOHSIETCSI C TepecarKaMm —
raccaxup TocjenoBaTeIbHO MONb3YeTCsl He-
CKOJIbKMMU MapIlipyTaMy, BBITTOTHSISI HA KaXKIOM
Y3 HUX MapIIPyTHYIO TTOE3IKY.

OBLLUUE 3ATPATbl BPEMEHU HA
NOE3OKY

DneMeHTaMu OOIMX 3aTpaT BPEMEHU Ha
TTOE3IKY SIBIISTIOTCSI:

* BpeMsl, 3aTpaunMBaeMoe Ha TeleX0oIHbIe
TIEPENBUKEHUST K OCTAHOBOYHOMY TTYHKTY TIO-
canku maccaxupa T’ M OT OCTAHOBOYHOTO
NYHKTa NpUOBITUSA A0 Leau moesaku T .
BepennemT =T, TOCKONBKY YHMCIIO MOE3TOK
«Tylla» U «00paTHO» B 11€JIOM 32 IEHb TPAKTUYe-
CKM paBHO Ipyr apyry. [Toatomy MoxHO Tona-
raTh, YTO CyMMa 3aTpaT BPEMEHU Ha TMeleXo/ -
Hble nepenBikerns papHa 2« T . [Tpu HeoOxo-
JIMMOCTH BPeMsI Ha TIEIIEXOIHBIE TTePeIBIKEHUS
Tiepen T0CaaKoii U TIOCie BHICAJIKM BCETIA BO3-
MOHO YYUTBIBAaTh B PACUETaX pasebHo;

* BpeMsl, 3aTpauMBaeMoe Ha OXUIaHUE T10-
CaJKu B TpaHCIopTHOe cpeactBo T, MuH;

! TloHsiTHE «ceTeBast MOe3IKa» MOAYEPKUBAET, UTO TTe-
penBUXEHUE OCYILIECTBIISIETCS] TI0 TPAHCIIOPTHOI CETH.

CnvpuH U. B. OnpepeneHne satpat BPEMEHU NacCaXUPOB Ha NOe3AKU B ropoaax
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u rnokasareJsiei Ka4ecTBa TPAHCMOPTHOro O6CNYXNBaHUS.

* BpeMsl, 3aTpayMBaeMoe Ha CleIOBaHUE
B TPAHCIIOPTHOM CPEICTBE IT0 MaPIIPYTy MEXKIY
OCTaHOBOYHBIMU ITYHKTaMM ITOCAIKH U BHICATKH
T, muH.

OO6uMe 3aTpaThl BpeMEHM Iaccaxupa Ha
MapuUIpyTHYIO Toe3aKy [1; 4]:

TMapm =2+T +T +T,_. (1)

OO6uMe 3aTpaThl BpeMEHM Iaccaxupa Ha
ceTeBylo moe3nKky [1; 4]:

T,=2+T +(T, +T)* K, )
rIe Kn — KO3 PUIMEHT TepecagoIHOCTH (Cpe-
Hee YKCJI0 TT0CAIOK IacCaXXnpa B TPAHCITOPTHRIE
CpeCTBa PA3TUIHBIX MApPIIPYTOB IPU CETEBOM
Ioe31IKe).

[Ipu mepecankax B MyTH CJICIOBaHUS TAKXKE
MMEIOTCSI 3aTpaThl BpEMEHHM Ha COBEpIICHUE
repecasok MeXAy MapuIpyTaMu Tnep. B 6071B-
IIMHCTBE CJIy9aeB Tepecaaka Ha TpPaHCIIOPTHOE
CPEeACTBO APYTOro MapIipyTa MPOU3BOAUTCS Ha
TOM X€ OCTAHOBOYHOM ITYHKTE, IO KOTOPOTO
Imaccaxup CIeIoBajl IpH TMPEIIIecTBOBABIICH
MapIIpyTHOM Mmoe3nke. B mpoTuBHOM ciydae
CIIeNyeT y9eCTh Tnep, KOTOPOE MOXXHO YCTaHOBUTH
[0 MacIITAaOHOMY IUIaHY COOTBETCTBYIOIIEH
TOPOJCKOI TEPPUTOPUHM C YUETOM CpeIHEH CKO-
pocTH meirero xoxmneHus 4 km/4. B cBs3u
C OTpaHUYEHHBIM 00BEMOM CTATHH MBI OCTaHO-
BUMCSI Ha PaCCMOTPEHUHU TOJBKO Iepecanok,
OCYIIECTBISIEMBIX HA OMHOM OCTAaHOBOYHOM
IyHKTE.

[Ipy pa3nuyHBIX BapHaHTaX OpraHU3AINU
IBIDKCHUS TPaHCIIOpTa OOILEro MOJb30BaHMS
B TOpoJIe CIeAyeT YYUTHIBATh, YTO HA (DOPMUPO-
BaHMe 3JIECMEHTOB 3aTpaT BPeMEHM Ha MOE3IKU
OKa3bIBAIOT BJWSIHME HAIIOJHSIEMOCTh CaJIOHOB
TPAHCIIOPTHBIX CPEACTB IMaccaxupaMu (Ipu
NEPETOIHEHNH CalloHOB yBeauunBaercs T
uT_ ), GecriepecalouHOCTb COOOLIEHMH (BIMAET
Ha K ), peryiapHOCTb ABUXKEHMS Ha MapIIPyTax
(TIp¥ BHEIIJIAHOBOM YBEJIWYCHUU MHTEPBAJIOB
JIBUKEHMS TPAHCIIOPTHBIX CPEICTB YBEIMUMBA-
erca T_ u T ). UHdopmupoBaHHOCTb Macca-
KHAPOB O TPAHCIIOPTHOM CETH W PACITMCAHUSIX
aBxeHus Bauser Ha K . [pu conocraBneHnu

MOPTA, Tom 1

BapUAHTOB OpPraHMU3alUU ABVXEHMS CIeayeT
YYUTHIBATh B3aMMHOE BJIMSHUE APYT Ha Apyra
Pa3IMIHBIX 3JIEMEHTOB 3aTpat BpeMeHH (puc. 1).
DTU B3aUMOCBS3U JIETATU3UPOBAHBI B MOCIIE-
OYIOIIMX 3aBUCUMOCTSIX. [IpyM TpaHCIOPTHOM
IUIAHUPOBAHUU YYET yKa3aHHBIX CBSI3€i CMOXET
OBITH OOeCreYeH UTePaTUBHBIM MPOIECCOM,
pear3yeMbIM Ha KOMITbIOTEPHOM MOJEIH.

[Maccaxuppl ICUXOJOTMYECKU TI0-Pa3HOMY
OLICHMBAIOT 3aTpaThl BpEMEHHU Ha OTHEJbHbIe
3JIEMEHTBI [TOE3[KU B COOTBETCTBUU C MX I10JIE3-
HOCThI0. BocmpusaTue maccaxupaMu 3aTpat
CBOEro BpeMeHU He BCerjga COBIAHaeT C ero
usnyeckuM TeueHneM. [1o JaHHBIM aMepUKaH-
CcKUX yu4€HbIX, 30-MUHYTHOE TNepeaBUKEHNE
CUASIIIMMU B aBTOOYCe maccaxupaMu ObLIO
BOCITPUHSITO KBUBAJECHTHBIM 18 MUHYyTaM.
[Maccaxupsl, Mpoe3xXaBlilde CTOSI, OLEHUIN
IIUTETbHOCTD 30-MUHYTHOM MOe30KK B 53 MU-
HyThI. [1p1 3TOM 3KCIIepUMEHTE HacCaXkKUphl He
I10JIb30BAIMCh YaCaMU, JAaBAJIM OLIEHKU BPEMEHU
«Ha TJ1a30K» [9].

IIpoBen€HHBIE aBTOPOM MCCIIEIOBAHMUS Ha
penpe3eHTaTUBHOI BHIOOPKE MMACCaXkUPOB T10-
3BOJIMJIU CAENATD BHIBOJL O TOM, YTO OTHOCUTE b~
Has (IICUXOJIOTYECKas ) OIIEHKA TTaccaXkupaMu
3aTpaT BpeMEHU Ha Moe3aKy AuddepeHImpyeT-
Cs1110 e€ BIeMEHTaM M MOKET ObITh ITPEACTaBIe-
Ha K03 PULIUEHTOM T0JIE3HOCTH — OTHOIIEHH -
€M KaxXylLIencs MPOI0JKUTEIbHOCTH 3JIEMEHTA
MOE3[KHU K PEAbHOIM €ro MPOIOKUTETbHOCTH.
TeyeHue BpeMeHH MIpU CIeIOBaHUU B aBTOOYCe
BOCIIPMHUMAETCSI PECIIOHAEHTAMU MTPAKTHYECKU
PaBHBIM «(PU3MYECKOMY» BPEMEHH, TIO3TOMY
KO3(P(UIMEHT MONe3HOCTH AJIA dJIEMEHTa Tm
OBLT MIPUHST 3a 0a3y ISl cCpaBHEHUS (PaBHBIM
enunuIe). CtaTucTUIecKasi 00padboTKa pe3yb-
TaTOB KCIIEPMMEHTA [T0KAa3aJia, YTO YCPEAHEH-
Hoe 3HaYeHue KO3 (PHUILMEeHTa ITOJIe3HOCTH 1T
onemenra T pasno 1,21, a uia T — 1,82.
[Icuxonoruyeckre OLEHKM MaccakupaMu 3a-
TpaT BpeMEHM Ha Moe3nKu (GOPMUPYIOTCS MO
BO3[EiCTBUEM TOTO, YTO B CBOEM CO3HAHUHU
MACCAXUP OTBOAUT ONPEAENEHHOE BPEMST UMEH -

, N23,C.28-43 (2020)
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HO JIJIS1 TIOE€3IKM, YTO OPTraHWYEeCKU CBSI3aHO
C OLIYIIIEHUEM NepEMEILEHUS B POCTPAHCTRBE.
[Mpu oxupaHum Mocanku MepeMelleHne He
ocymectBiasiercd. [loaTtoMy Guosoruyeckue
yachl Maccaxupa creniat BCJaeJCTBUE paccoria-
COBaHMS LIEJIEBOTO U (haKTUYECKOTO COCTOSTHUS
npoucxonsero npouecca. [lpu nemexogHoM
TepeMEILEHUU TAKOE PACCOTIACOBAHUE OIIIylIa-
€TCS1 B MEHBIIIEH CTEeTIeH!, TIOCKOJIbKY TIepeMe-
IEHWE B MPOCTPAHCTBE OCYIIECTBISETCS, HO
C TOpa3o MEHBIIeN CKOPOCTBIO, YeM TIPU BBI-
TIOJIHEHUM COOCTBEHHO MOE3/IKHU.

ITcuxonornyeckast oleHKa 3aTpaT BpeMeH!
MaccaxvpaMy Ha MOe3JKY B 1ieJoM (hopMUpYET
HX TPAHCIIOPTHYIO ycTanocTb. OTCIona cieayer,
YTO OIIEHKE BJIMSHYS 3aTPaT BpeMEHH Ha TI0e3] -
KM Ha Ka4€CTBO TPAHCTIOPTHOTO 00CTyKMBaHUS
U TPAHCTIIOPTHOE TIAHUPOBAaHKE HEOOXOIUMO
TIPUHUMATh BO BHUMaHKe He aCTPOHOMUYECKU
oTpe/ieIEHHbIE 3aTPaThl BPEMEHM, a X TICUXO0-
JIOTUYECKOE BOCTIPUATHE MAacCaXupamu (Kaxy-
muecsa uM 3atpatbl Bpemenu T ) ¢ yuérom
MOMNpPaBKU Ha KO3 HOUILIMEHTHI TOJE3HOCTU CO-
OTBETCTBYIOIIMX 3JIEMEHTOB:
T, =2(1,21+T )+ 1,82°T +T_. 3)

CornacHO pe3ynibTaTaM HalluX KUCCIIEI0Ba-
HUI, TPAHCIIOPTHAS YCTAJIOCTh MAcCaXUpPOB
TPOTIOPIIMOHAIbHA KaXKyIITUMCS 3aTpaTaM Bpe-
MEHU Ha MOEe3/IKY.

Paccmotpum nanee Mmonenu popMUpoBaHuUs
3aTpaT BPEMEHU ISl Pa3IMYHBIX 3JIEeMEHTOB
TOE3/IKH Maccaxupa.

BPEMS HA NELUEXOAHDbIE
NMEPEMELLEHUSA NACCAXUPA

CpemHsIsE CKOPOCTb MEIeXOTHOTO IepeMe-
1eHus B ropogax V. =4 xm/4 (11 roponos
HaceJEHHOCThIO | MJIH Xutenei u 6ojee —
V. .= Skm/4) [10]. [TosToMy 3aTpathl BpeMEHM
T onpenensaiorcs yian€HHOCTbIO MECT HaYasla
M OKOHYAHMS IMELIEXOAHBIX IepeIBUXeHU I
Maccaxupa OT COOTBETCTBYIOUINX OCTAHOBOY-
HbIX NYHKTOB. C y4éTOM IIAHMPOBKM YJIMUII
M BHYTPMKBApTaJbHBIX IPOXOI0B IyTh Iacca-
KUpa OyIeT OTKJIOHSThCS OT IMPSIMOM JIMHUU,
OIHAKO He3aBUCHMO OT peaibHOI KOH(UTYpa-
LMK TPACCHl TEIIEXOMHOTO OAX0Ia pacCcTosI-
HUeE, TTPE0I0JIeBAEMOE TTACCAXKIPOM TIEIIKOM,
TeOMETPHUYCCKY MOXHO Pa3JIOXKUTh Ha IBE CO-
CTaBJISIIOIINE:

* TepeMellleHre M3 TIyOMHBI KBapTaia
K YJIULIE, 10 KOTOPO# mpoxoauT MapuipyT (/);

* TIepeMeIleHIe BIOJIb VIIUIIBI K OJTvKaiIe-
MY OCTaHOBOYHOMY ITYHKTY MapIIpyTa (ly).
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B cpennem /[ = 1/(38), rne & — mioTHOCTH
TpaHCIOPTHOI cetu, KM™'. TTocie BEIXoga Ha
TPaHCIIOPTHYIO MaruCTpaIb MacCaXup CIenyeT
K OJTIKaiIeMy oCTaHOBOYHOMY ITyHKTY. Cpen-
Hee IepeMelleHre BAOJb YIULIbI ly =1/4, rne
[ — cpenHss IIMHA MEPEroHa MapuIpyTa, KM.
Ortciona 3aTpaThl BpeMEHU Ha MENIeX0IHOE TTe-
pensrxenne T (B OXMH KOHEII) COCTABIISAIOT
(60 — ko3 HULIMEHT 1151 TTEPEBOAA YACOB B MU~

HYTHI):

60 (1 [ 1 1
T =—| —+2 |15 —+2%
W=y (35+4) 5(35+4) MMH. 4)

neut

YacTtoTa pacnosoXeHUsI OCTAHOBOYHBIX
IMyHKTOB OTHOCUTCS K YMCITY IOKa3aTeseid, Tpe-
Oyromux pauroHanu3auuu. [1pu BeicoKoi yac-
TOTE PACIOJOXEHUSI OCTAHOBOYHBIX MTyHKTOB
COKPAIIIAKTCS 3aTPaThl BpEMEHU Ha MEIeX0. -
Hble MepeJBUXEHNS BIoJab MapuipyTa. Ho mpu
3TOM YMEHBILIAETCS] CKOPOCTh COOOILEHUS, YTO
TpeOyeT yBeIUYEHHUS YKUCIa TPAHCIOPTHBIX
CPEACTB WX MPOMOPLUMUOHATLHOTO MOBBILICHUS
HX TIACCAXUPOBMECTUMOCTH AJIS1 00ECIIEYEHUS
pacy€THO MPOBO3HOM CTOCOOHOCTH MapILIPyTA.
Bo BHyTpuTroponckom coobmenuu no 60 %
pacxofa HEpPTrUM Ha TATY CBA3aHO C Pa3TOHAMHU
U TOPMOXEHUSIMU MOJBUXKHOTO COCTaBa, 00-
YCJIOBJAEHHBIMUA YaCTBIMU OCTAaHOBOUYHBIMU
myHkTamu [11].

C yBenu4yeHUEM CpelHeil JUIMHBI TIeperoHa
MPU IPOYMX PABHBIX YCIOBUSX COKPALIAIOTCS
3aTpaThl BpEMEHU Ha OXWUAaHUE TIOCaIKU. DTO
MIPOUCXOANT BCJIEICTBUAE YMEHBLICHWS BDEMEHU
000poTHOrO peiica Ha Mapiupyte. [Ipu Hepery-
JISPHOM JABVXEHUU TPAHCHOPTHBIX CPEICTB 32
BpeMs 0OJIbIIMX UHTEPBATIOB MEXKIY COCEAHUMU
BBIXOJIaMU HA OCTAHOBOYHBIX MyHKTaX HaKar-
JIMBAETCS] YUCIIO MACCaXMPOB, MPEBBILIAOIIEE
pacy€THyIo BenuurHy. B pesynsrare yBenuumBa-
€TCsI BpeMsI Ha COBEPILIEHUE MACCAXUPOOOMEHa,
YTO MPUBOAMT K CHUXKEHUIO CKOPOCTHU COO0IIE-
HUS M YBEJIMYEHUIO 3aTPaT BpEMEHU Maccaxupa
Ha CJieJOBaHKEe IO MapUIPYTY.

Ucxons «u3 GayaHca MHTEPECOB», PALMO-
HaJbHas AJIMHA TEPErOHa B CPEAHEM IOJIKHA
ObITH TpuMepHO 500 M.

B Hacrosinee BpeMs CpemHsisl JJIMHA Tepe-
TOHA MEHbIIE 3TOro 3HaYeHus. [loaTomy akTy-
aJIbHa HOPMAJIA3ALIUS CPETHEN JUTMHBI MePero-
Ha — JJOBEJICHNE 3TOTO M0Ka3aTeNs 10 HOpMaTH -
Ba. YTOOBI HE YXYALIUTh KAYECTBO OOCTYXMBA-
HUS TTACCaXMPOB, CIENYET ONMPENETUTh, KaK
M3MEHUTCS PACCTOSTHUE MEUIEX0JHOTO MePeIBU-
KEHUS MacCaxupa Npyu HOPMaTU3alUu JIMHBI
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neperoHa. Tak, eciv cpeqHsIs ATMHA TTeperoHa
paBHa 330 M, maccaxup B CpeIHeM POXOIUT
BI0JIb Tpacchl Mapuipyta 330 M / 4 = 83 m. [le-
JieHre Ha 4 0OYCJIOBJIEHO TeM, UTO TacCaxup,
BBIILIEAIINI 13 TIIYOMHBI KBapTaia K yJauile, 1o
xotopoil mpoxonut Mapiupyt I'TIT, B cpenHeM
rnomnagaet 10O B MpaBylo, JIMOO B JIEBYIO MOJIO-
BUHY COOTBETCTBYIOIIETO NeperoHa. [lanee
maccaxup MOUaET B CTOPOHY OJuxaliero
K HEMY OCTaHOBOYHOTO IyHKTa. [1pOTsSKEH-
HOCTb TYTW TAaKOTO TepeMelIeHNs] B CPEIHEM
COCTaBUT ITOJIOBUHY OT ITOJIOBUHBI ITMHBI TTEpe-
TOHa, T.€. OHY YETBEPTYIO YaCTh [UTMHBI TTEpe-
roHa

I1pu yBennmueHnM cpeHel JUTMHbI TeperoHa
JI0O HOPMAaTUBHOTO 3HAYEHUSI MaccaXup CTaHeT
npoxoautb 500 M / 4 = 125 M. YBenuueHue
CPETHETO PACCTOSTHUSI TIEIIEXOIHOTO TTEPEeNBU -
JKEHUST COCTaBUT 42 M, UTO TIOBBICUT 3aTpaThl
BpEMEHH IMaccaxupa JAOMOJHUTEIbHO Ha
42 M+ 60/4000 Mm = 0,63 MuH ~ 36 ¢! [ToaTomy
HOPMaJIM3aLIus1 [UTMHBI TIEPETOHOB MPAKTUUECKH
He TTOBJIUSIET HAa YPOBEHb KauecTBa 00CTyK1Ba -
HMS TIaCCaXUPOB.

Bwmecte ¢ TeM, o011iee YMCIO0 OCTAHOBOYHBIX
TyHKTOB Ha MapIlpyTe YMEHBITUTCS IIPUMEPHO
Ha [100 — (330 M+ 100/500 Mm)] = 34 %. 3anepkku
Ha OCTAHOBOYHBIX ITYHKTaX B CTPYKTYpe BpEMEHU
petica 0koJ10 40...60 %. O1croga ob1as mpoaoI-
JKUTEJbHOCTh HaXOXIEeHUs aBToOYyca B petice (0e3
y4€Ta CTOSTHOK Ha KOHEYHBIX ITYyHKTaX MapIIpyTa)
B CBSI3U C HOpMaJIM3alueii (YMEHbIIIEHUEM ) YHC-
JIa OCTAHOBOYHBIX ITYHKTOB COKPATUTCS IIPUMEP-
Ho Ha [(0,4...0,6) * 0,34+ 100] = 13,6...20,5 %.
CoOTBETCTBEHHO, TTOBBICUTCSI CKOPOCTh CO00-
IeHUsI, 9TO 00ECTIEYUT MPOTOPIIMOHATBHOE
yMmeHbiueHue Bpemenn T . CHuXeHue 3aTpar
BpPEMEHH Ha CJieloBaHKe TI0 MapIIpyTy HAMHOTO
MepeKpoeT YBeJIMUeHUE 3aTpaT BpEeMEHU Ha
TIeIIeXONHbIe TTEPENBUXKEHNUS, YTO B UTOTE TI0-
BBICUT KaueCTBO TPAHCTIOPTHOTO OOCITYKMBAHUS
MaccaxupoB.

CokpatuTh 3aTpaThl BpEMEHM MAcCaXUpPOB
Ha TIeIIIeX0HbIE TIepeMelleHUSI BO3MOXHO TaK-
K€ 32 CUET MOBBIIEHUS IIIOTHOCTU TPAHCITOPT-
HOI CETH, YTO OTPAHMIEHO IIOTHOCTHIO IOPOXK-
HOIi ceTH B HaCeNEHHBIX MYHKTaX U HATMINEM
B CTapO#l YacTW TOPOACKOMW 3aCTPOUKHU YJIULL
C IOCTaTOYHOM IUPUHOM TTPOE3KeN YacTu.

BPEMSA HA OOKWOAHUE NOCAAKU
B TPAHCNOPTHOE CPELCTBO

3arparel BpeMeHM Ha oxXunanue nocanku T
SIBIISIIOTCS HanuboJjiee 3HAYMMBIM PE3EPBOM CO-

MOPTA, Tom 1

KpalleHus O0IKX 3aTpaT BPEMEHU Ha MOe3IKU
¥ OTIPENesIIoTCs TpeMs (haKTOpaMu:

* UHTEPBAJIOM JBMXEHUS TPAHCITOPTHBIX
CPEZICTB Ha MapIIpyTe;

* TOYHOCTBIO COONIONEHUS PAaCTTUCAHUS
TIBVDKEHUS;

* MTACCaXKMPOBMECTUMOCTBIO HCITOTb3yeMBIX
TPAHCIOPTHBIX CPECTB.

Bausanue mepsbix ABYX ¢dakropos Ha T
nmokasbiBaeT Gopmyna [1;4; 11; 12, c. 286]:

I o o?
T =—+2L=05|[+=L|=0,5],
Y ( 1] o ®)

K

rae / — IUIaHOBBI MHTEPBAJ ABMXKEHUS TPAHC-
MOPTHBIX CPEICTB Ha MapLIpyTe, MUH;

G, — CPEeIHEKBAIPATUYHOE OTKIOHEHUE OT
IUTAHOBOTO MHTEpBaa ABWKEHMs (XapaKTepu-
3yeT HEPEryISIPHOCTh IBUXKEHUS ), MUH;

I o 3(hheKTUBHBIN (KaXKyLIUICS ) HHTePBaI
JIBIXKeHUS Ha MapiupyTe [4; 11], MuH.

C yuéToM BO3MOXKHBIX OTKA30B B IOCAIKe
M3-32 OTCYTCTBUSI CBOOOMHEIX MeCT popMyiia
MpuoOpeTaeT BUI:

To-teZiip, -
221 (6)
=0,51,,+P, o1,=(0,5+P, )1,

omik

rae P — BeposATHOCTH OTKa3a maccaxupy B 110~
cazKe 13-3a OrpaHUICHHON ITacCaXKMPOBMECTH-
MOCTH TpaHCIIOPTHOTO cpencTia [11].
DPbheKTUBHBIN WHTEpPBAJ IBUXCHUS
1,,=1+0c} /1 y4nuTBIBAET yBEIMYCHHUE IUIAHOBO-

TO MHTEPBaAJia C TOYKU 3PpEHUA HAXOAAIIETOCA Ha
OCTaHOBOYHOM ITYHKTE€ ITacCaXupa C y‘{éTOM
HEPAaBHOMCPHOCTU ABUKECHMUSA TPAHCIIOPTHBIX
CpE€ACTB.

CpCI[HCKBaI[paTI/I‘IHOC OTKJIOHEHUE OT Ilj1a-
HOBOI'O MHTEpBaJia IBUXKCHUA!

o =+ /ZZI;(I—IW,.)Z /n, %)

e n — o0llee YUCII0 HAOIONEHU I 32 UHTEpBa-
JIOM JBWXEHUS B pacCMaTpUBAEMOM MeECTe
MapuipyTa,

I P (hakTyecKUil UHTEPBA JBUXKEHUS
B i-M HaOJIIOICHUY, MUH.

IIpu axcmyaray aBTOMaTU3MPOBAaHHBIX
CHUCTEM YTIPABJICHUS ABUKEHUEM U CUCTEM CITyT-
HUKOBOY HaBUTAIIMM CTATMCTUKA ITO PETyJsIp-
HOCTH JBIDKEHMSI HAKAIIMBAETCSI aBTOMAaTHYe-
CKM, M MOTYT MCIIOJIb30BAThCsI PE3YJIBTaThl MO-
HUTOPMHTA.

B GosbiHCTBE UCCen0BaHU pacnpee-
JIeHWE OTKJIOHEHUU (haKTUYEeCKOT0O MOMEHTA
MPUOBITUS TPAHCTIOPTHOTO CPECTBA HA OCTAHO-
BOYHBIH ITYHKT MapIlpyTa OT INIAHOBOTO MOMEH -

, N23,C.28-43 (2020)
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Ta 0 pacIMCAaHNIO0 IBMXEHUS IToJlaracTcs
MMOTYMHEHHBIM HOPMAaJTbHOMY 3aKOHY BEpPOSIT-
HocTtell. Ho oueBMIHO, 4TO IPpUOBITHS Ha OCTa-
HOBOYHBII ITYHKT CO 3HAYNTETEHBIMHU OTIepesKe-
HUSIMU PacIMCaHUs IBIKCHUS MeHee BepOsT-
HBI, YeM OIO3JaHUS Ha TaKoe Xe BpeMs.
B cBs3U ¢ 9TUM NMPUMEHEHUE CUMMETPIYHOTO
CTaTUCTUYECKOTO pacIpeeIeHHSI T XapaKTe-
PUCTHKY HePETYIIPHOCTH IBIKCHMSI ITPEICTaB-
JITETCST He BITOJTHE KOPPEKTHBIM BO BCEX CITyJasIX.
BrImmomHe HHBIE HAMM UCCIIEOBAHMST TTO3BOJIMIA
YCTaHOBUTH, YTO OOJIee TOYHBIEC PE3YIbTAaTHI
obecneunBaeT pyHkuus [pamma—IIapnbe [13]:

P(e)=£ ()29 (1) + 22 10 c), (8)

rae P(t) — BeposITHOCTb MOSIBJICHUST OTKJIOHEHUS
T,

f(t) — byHKIIMSI HOpMAJILHOTO pacIipeesie-
HUS BEPOATHOCTEMN T;

Fy M r, — TPETUI ¥ YETBEPTHIA OCHOBHBIE
MOMEHTBI COBOKYITHOCTH CTATUCTUIECKUX JaH-
HBIX 00 OTKJIOHEHUSIX;

S3(t) uf¥(t) — TpeThs U YeTBEPTAS MPOU3-
BOIHBIE PYHKINM f{T).

Bropoe u TpeThe ciaraeMble B (7) OTpaxaroT
COOTBETCTBEHHO KOCOCTb M KPYyTOCTh KPUBOM
pacnpeneneHus 1.

[Tpu mHTEpBaIaX IBYKEHWS , TPEBBIIAIOITIX
20 MUH, BO3HUKAET NMPUBBIKAHNE TIOCTOSTHHBIX
MaccaXXMpoB K PUTMY IBIKEHUS TPAHCTIOPTHBIX
CPEIICTB Yepe3 OCTaHOBOYHBIA IMyHKT. B TakoMm
cirydae hakTUYecKoe BpeMs OKMIaHUS TIOCaIKU
OyJeT 3aMEeTHO OTJIMYAThCs OT PACCUYMTAHHOTO
10 TIPUBENEHHBIM 3aBUCUMOCTSIM, TTOCKOJIBKY
He COO0JIIoIaeTCs PaBHOMEPHOCTh pacrpeaese-
HMS BPEMEHHU TOAXO0/a MACCaKUpPOB K OCTaHO-
BOYHBIM ITYHKTaM B TIpeiesiaX KaXIoro MHTep-
Bajia ABKeHUs. [103TOMy Mpy 3HAUNTETBHBIX
MHTepBajax ABWXXEHMS MOTOK MaccaxxuposB P(7)

OIIMCBLIBACTCA 3aBUCUMOCTDBIO!
M)

P(t)=r— )

.
e
0

rae M(7) — ¢pyHKLMS TOJe3HOCTH AJIS Iacca-
KUpa B 3aBUCUMOCTU OT BPpeMEHHU f ero dak-
TUYECKOTO MOAX0Aa Ha OCTAHOBOYHBIM MYHKT
0<r<.

MOHUTOPUHT PEryIsSIPHOCTU TBUXCHUS
MOJBMXHOTO COCTaBa Ha MapIIpyTax 00ecevn-
BaeT NIPMMEHEHHUE CITYTHUKOBBIX CCTEM HaBH-
raiuu. HaubGonee cepbE3Hble HapylIeHUs pac-
TMCAHUSI IBVKEHUS 1, BMECTE C TeM, YXY/IIICHIE
KayecTBa 00CIYXMBAaHUSI TACCAXUPOB IPOUC-
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XOMST MPU CPbIBE peiicoB, 00YCIOBIEHHOM He-
KOMIUIEKTOM YHMCJIa €AVHULL TOABUKHOTO COCTA-
Ba, HaXOMASIIUXCS B paboTe (paKTUYECKH.

ITpu OTCYTCTBMM YaCTH MOABUXKHOTO COCTA-
Ba Ha MapuLIpyTe CPeHKeE 3aTpaThl BpeMeHu T
3HAYUTEIbHO YBEIMYMBAIOTCS:

T =13"’0K

273 2 AU

(10)

rae K, — KoobduuneHt yperndeHuns satpar
BpPEMEHU,

An U — 91cio TpaHCTIOPTHBIX CPEICTB, CO-
OTBETCTBEHHO, TJIAHOBOE ¥ BHIOBIBIIICE W3 IBH-
KEHUST Ha MapIIpyTe, ei.

OTCYTCTBYIOIINE HAa MapIIPyTe eIMHUIIBI
ITOIBMKHOTO COCTaBa MOTYT ITO-pPa3HOMY pac-
ToJIarathbCs B IMOCIENOBATEIBHOCTH BHIXOIOB,
MIPEAYCMOTPEHHBIX PACIIUCAHUEM JBIKEHU 2,
Harmpumep, eciti Ha MapIIpyTe OTCYTCTBYIOT TPU
CIMHMIIBI TTIOIBMKHOTO COCTaBa, TO BO3MOXHEI
TPU CIIy4aiiHO (popMHpyeMbIe CUTYallu: Bce
OTCYTCTBYIOIINE TPAHCIIOPTHEIE CpeAcTBa (Ba-
KaHCHUW) PaCIOJIOKEHBI B TIOCTIEAOBATETbHOCTHI
BBIXOJIOB ITOMIPSIT; TBE BAKAHCUY PACIIONOXKEHEI
TOApPAL, & TPEThA — B IPYTOM MECTE; BCE BaKaH-
CHU pacIiooXeHbl B pa3TMIHBIX MecTaX. Bepo-
STHOCTH TIOSIBIICHUST 3TUX CUTYALIMIA 3aBUCST OT
001IeTo YKciIa BHIXOI0B, IIPEIYCMOTPEHHBIX
pacrniicaHuieM ABrxKeHus. Hanbosee cepbe3Hble
OTKJIOHEHHWSI BO3HMKAIOT TIPU KOHIICHTPALINT
BaKaHCHI B OMHOM MeCTe.

BrIMTOTHEHHBII aHAIN3 ¢ YIETOM BEPOSITHO-
CTM BO3HWUKHOBEHHUS Pa3IMUHBIX CUTYaIdil
ITOKAa3aJ1, 4YTO IPU BaKaHCHSIX, PACIIONOKEHHBIX

B pas3IMYHbIX MECTaX IMOCJIE€A0BATCIbHOCTH BbI-
A+2eU

XomoB, K,, = 1
CKOHIIEHTPUPOBAHBI B OTHOM MecCTe, TO
_A+U+U

AU A N

ITockonbky KOMOMHAIMS pa3MeLIeHUsT Ba-
KaHCH 3apaHee HeM3BECTHA, CJIeIyeT TOBOPUTh
0 MaTeMaTUYeCKOM OXMIaHUHU 3TOro Koadhu-
uuenra M{K, }:

A+2:U +Az'U <M{K,)} <

, €CJIN XK€ BCC BAKAHCUU

K

A+U’+U
—_—. (11)
A
[TonbITKa aHATUTUYECKOTO OTpeaeaecHuUs
sapucumocti K, = f (4, U) HatonkHynach Ha
3HAYUTEIbHbIE MATEMATUYECKUE TPYAHOCTH —

2 BeIxo — yCIIOBHAsI €IMHMIIA TIOABYKHOTO COCTaBa,
TSI KOTOPOU paciMCaHMeM JIBYKEHUST Ha MaplIpyTe
MpeaycMOTpeHa paboTa Ha IMHUK B JaHHBIA J€Hb.

B pasziiyHble meproabl paboThl BHIXOI MOXKET obectie-
YUBATHCS PA3INYHBIMU TPAHCIIOPTHBIMU CPEACTBAMK
U BOIAMTEIISIMU.
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CJIOXXHbIE KOMOMHATOPHbBIE COOTHOLIEHHUS yYETA
Pa3IMYHBIX BAPUAHTOB BaKaHCHl M BEPOSITHO-
CTeil MX TOSIBJIEHUS MPU Pa3IMIHOM UYHCIE
TPAHCIIOPTHEIX CPEICTB, «3aJ0XKEHHBIX» B pac-
nucanue nerxeHus. [loatoMy perreHue 3a1aun
ObLJIO MOJYYEHO MYTEM MpPSIMOro mepedopa Ha
KOMITbIOTEPE BapUAHTOB COYETAaHUSI BaKAHCUI
Y JIPYTUX UCXOMHBIX JaHHBIX. Pacu€Thl mpoBo-
JIUTUCH JIJISI BADMAHTOB, KOT/Ia YMCIIO aBTOOYCOB
MeHsIoch 0T A = 2 1o A = 50 ex., TIpu 9mcie
BakaHcuit or U= 110 U= (4 — 1). TouHocThb
pacuéroB +1,0~'°, Takast TO4HOCTB C OYEHb OOJTb-
IIUM HM30BITKOM 00eCreuyuBaeT JOMYCTUMYIO
MTOTPEITHOCTh, UCXOMSI U3 TEXHOJIOTMYECKH 00-
YCJIOBJIEHHBIX 3HAYEHUN MCXOMHBIX JaHHBIX
1 MCKOMBIX pe3yJbTaToB. [IpakTHyecKku 31O
03BOJISIET TOBOPUTH 00 a0COIIOTHOM TOYHOCTHU
pacuétoB. B pesynbTare Oblia ojyyeHa MaTpu-
2 YUCNEHHBIX 3HaYeHUi KoadpumenTa K,
TIpU pa3TMIHBIX coueTanussx A u U.

AHanM3 MaTPUILl TO3BOJIMII TTPEIJIOXKUTh
(bopmy:y, IO TOUHOCTH TIOTHOCTBIO MAEHTUYHYIO
yKa3aHHOW TOYHOCTH pe3yJibTaTa MOJeJIMpOBa-
HUs1. DTO TIO3BOJISIET CAENATh MPEATIONOXEHHE,
YTO HUKecenyionias ¢hopMysa SBIsIeTcs TOU-
HOI (BO BCSKOM cllydyae, €€ TOUHOCTh boJiee ueM
B MWITMOH Pa3 MPEBOCXOMUT PeabHO HabIIIO-
naemble Ha I'TIT morpentHOCTY JaHHBIX) AHATTU-
TUYECKOI MOJIENIBIO pacCMaTPUBAEMOTO MOKa-
3aTess:

A+U +1)
A-(U-1)
1 npu U=0,

O mpu U=A.

U

npu 0<U< A,
(12)

®opmyna (12) akTyaibHa B clydasix, Koraa
JMCTIETYED HEe U3MEHSIET PacTIMCaHUS IBIKEHUS
Ha MapIipyTe (He IPOM3BOIUT PA3IBIKKY UHTEP-
BaJIOB TIPY CXOJIC YACTH TTOJBMXHOTO COCTaBa).
Ecnu xe pacniucaHue ABUXKEHUS OTIEPaTUBHO
repecMaTpuBaeTCs U MHTEPBaJIbl ABVKEHUS
PaBHOMEPHO YBEIMUMBAIOTCS, CIICAYET UCTIONb-
30BaTh OOBIYHYIO 3aBUCHMOCTb, Y PACUETHI CJie-
JlyeT IPOM3BOANTH ITPY HOBOM TUIAHOBOM, YBEJTH-
YeHHOM MHTepBaJie IBMKEHUs Ha MapIpyTe.

OrKa3sbl B Iocaake BOSHUKAIOT, KOT/IA CBO-
00IHOE YHCIIO MECT B TPAHCIIOPTHOM CPEICTBE
MEHBIIIE YMCIIa TAcCakKMPOB, KENAIOIMX COBEP-
muTh Mocanky. [1py opraHu3anum mepeBo3oK
¥ AaHAJI3€ UX KaYeCTBA 00ECTIeYUBAETCs 00Cy-
KUBaHUE MACcCaKMPOB B YCIOBUSIX HATIOMHEHUS
cajloHa B COOTBETCTBUU C IOMTYCTUMBIM HOpMa-
TUBOM (He Oonee 5 macc./M?) [14].

MOPTA, Tom 1

ITon BeposITHOCTBIO OTKA3a ITacCaXxkupy B I10-
caake P TIOHMMAeTCs OTHOCUTENLHOE YHCIIO
(moJist) maccaxkupoB, HE CEBLIMX B TPAHCTIOPTHOE
CPE/ICTBO M3-32 eTO MePETIOHEHNS TTacCaXupa-
MU QU3HYECKH, IITIOC CBEPXHOPMATHBHOE YHC-
JIO TIACCaKMPOB, KOTOPHIE, XOTS M CYMEJTM BOUTH
B CaJIOH, HO OBLIM TTepPEeBE3EeHEBI B HEIOITYCTUMO
CTeCHEHHBIX YCIIOBUSIX.

AIleKBaTHas aHaJUTHYECKasg MOIETb IS
oTpeneseHs] BEPOSATHOCTH OTKa3a Maccaxupy
B ITOcajike pa3paboraHa 1 000CHOBaHAa aBTOPOM
B[4; 11]:

P, =1 /N2 [exp(~3* /2)dy |

npu x=(g+0,5-7TeA)/vIed moo<y<x, (13)

e ¢ — HOMUHAJIBHAS TIpeie/TbHas ITacCaXupo-
BMECTHMOCTh ¢IWHMUIIBI ITOABIKHOTO COCTaBa,
racc.;

A — CpeIHsISI HHTCHCUBHOCTB IMTACCAXKMPOIIO-
TOKa Ha COOTBETCTBYIOLIEM IIeperoHe MapIIIpyTa,
nacc./MUH.

OmmbKa BEIYUCICHUH TI0 TTPeICTaBIeHHOM
MOJIEJIH TTO Pe3yIbTaTaM HAaTyPHBIX SKCIIepUMEH-
TOB — He Oosee 5 %. C y4€ToM TOro, 4TO JAOTIOJ-
HUTENbHEBIC 3aTPaThl BPeMEHHM IacCakUpOB
B CBSI3M C OTKa3aMM B IOCAIKE COCTaBISIOT
00bI9HO He 6ojiee 15...20 % o061imx 3aTpat Bpe-
MEHHU Ha OXUIaHKE ITOCaIKH, TaKyI0 TOUHOCTh
cJIeAyeT MPU3HATH YIOBICTBOPUTEIBHOM (00ec-
neynBaeTcs obiast nmorpemHocts T He Gonee
1 %).

Ha npakTuke yacto He0OX0IUMO MTPOBECTU
3KCIIpeCcC-aHaJIN3 3aTpaT BpeMEeHU ITacCakpoB,
3aTpayeHHOro Ha OXXUIaHue ocanku. i aTo-
IO peKOMEHIYETCS TIPU OTCYTCTBUM KOHKPETHBIX
HMCXOTHBIX JAHHBIX IJIST pACYETOB IO TIPUBEIEH-
HBIM BBIILE 3aBUCUMOCTAM NpuHUMath T =
(0,7...0,75) 1. 3ameTM B 3TOI CBS3H, UTO B OOJTb-
IIUHCTBE MPaKTUIECKUX MPUJIOKEHMI NCTIONb-
3yeTcs CYIIeCTBEHHO 3aHIKEHHas OllcHKa 3a-
Tpar BpeMEHM Ha oxunanue nocanku — T =
0,51.

BPEMY CJIEOOBAHUYA
B TPAHCNOPTHOM CPEAOCTBE
Mo MAPLUPYTY

3arpaTsl BpeMEeHH Ha CJIeZIOBaHHE B TIOIBILK-
HOM cocTaBe, MUH [1; 4]:
T, = (lc,, /v,)* 60, (14)
i (s lcp — CpeIHSIS JaTbHOCTD ITOE3IKH ITacCaXKy-
pa Ha MapIIpyTe, KM;

v, — CKOPOCTb COOOINEHNS Ha Mapuipyre,
KM/4.
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CpenHI010 TaNbHOCTD MOE3IKHU MPU OTCYT-
CTBUU KOHKPETHBIX JaHHBIX OMPENeNSIoT Mo
MPUOTXEHHOM (hopMyJie, MpeToXeHHON B [ 1]
KaHJ. TexH. HayK A. X. 3unsbepraiem:

1,=13+n,F ~1,3+0,3JF, (15)

e n_ — SMIMPUYECKUIA KOIDDULMEHT ILTa-
HUPOBOYHOM CTPYKTYPhI TOPOACKOI Teppu-
TOPUHU;
F — cenureOHas mIoniaas ropona, KM2.
AzlekBaTHas MOJeJIb pacipeeeHHs 0e3-
JIOK MACCaXUPOB M0 JATBHOCTH (/_, KM) TTOJTyYa-

€TCs TP UCTIOJIb30BaHMM 3aKOHa Dpyanra [13]:
FU)=(k /1)1 e /1) / (k=D (16)

rae f(/ ) — GyHKIMS TIOTHOCTH PaCTIpeieIeHUS
MOE310K T10 JaTbHOCTH;

k — MopsAAOK pacrpeneneHus: DpaaHra.

ITo akcriepuMeHTAIbHBIM JaHHBIM, TIOPSIIOK
k pacnipeneneHus DpiaHra Ui paccMaTpuBae-
MOTO CJIy4asi COOTBETCTBYET KBaIpaTy OTHOIIIE-
HUS TAJIbHOCTH TIEPEIBUXEHN [ K €€ cpeHe-
KBaJpaTUYHOMY OTKJIOHEHUIO:

k=5 /1 )—1), 17)
rae [ — TMpOTAXEHHOCTb CAMOTO AJMHHOIO
MapIIpyTa B HACEJIEHHOM ITyHKTE, KM.

[MonyuyeHHOe 3HaueHUE K OKPYIJISIOT 10
mesoro yucna. [Ipy oTCyTCTBUM MAaHHBIX IS
pacyéra NpuHUMAIOT k = 3.

[pu cokpallieHuu TepecagoyHOCTH BCel-
CTBHE COBEPIIEHCTBOBAHUS MapIIPYTHOM CHC-
TEMbI MOXKET HECKOJIbKO YBEJTMUNTHCS CPETHSIS
JATbHOCTb MapIIpyTHOW TOE3IKK, HO ceTeBast
MO€3/IKa B CpeTHEM BCeria CTAHOBUTCS KOPOUE.

BbiBOAbl

PaccMoTpeHHBIC aHATUTUICCKUE MOIETN
IUTSL OTIpelieICHUS] YMCIICHHBIX 3HAYeHU 3a-
TpaT BpEMEHU IMACCaxXUpPOB Ha COBEpIICHHUE
MOe3J0K C MCIOJb30BAaHUEM TOPOJACKOTO
TpaHCIIOpTa OOIIETO TIOTH30BAHMSI OTTUPAIOTCS
Ha MCIIOJIb30BaHME UCXOMHBIX JaHHBIX, U3BJIC-
KaeMBIX U3 mMeromeiics oTuéTHocTr. [Ipak-
TUYECKOE UCITOJb30BaHWE ITUX MOJIENei
BO3MOXHO B CJICIYIOIINX CUTYaINsX:

* pa3zpaboTKa M COBEpIICHCTBOBaHME
TPaHCIIOPTHBIX IJIAHOB B COOTBETCTBHUU C TIPO-
rpaMMaMM W CTPATEeTUSIMU Pa3BUTHS TOPOII-
CKUX ITACCAXXKUPCKUX ITEPEBO30K TPAHCIIOPTOM
00111eTO MOJIb30BaHUS;

* OIICHKA W aHaJIN3 KaueCcTBa 00CITyXK1Ba-
HUS TIaCCaXXMPOB Ha MapIIpyTaxX TpaHCIIOpTa
001Iero Mmojabp30BaHMUs (0OIIME 3aTPaTHl Bpe-
MEHU Ha COBEpIICHHE MOEC3I0K 1 OTAEIbHEIC
3JIEMEHTHI 3THX 3aTPaT BPEMCHH);

® MWP TPAHCIIOPTA, Tom 18, N2 3, C. 28—43 (2020)

+ obecrneyeHre pacyeToOB SKCTEPHATbHBIX
pe3yJIbTaTOB MPU peann3aluy B ropogax Me-
POTIPUSITHIA 110 YCTOWYUBOMY Pa3BUTHIO FTOPOI -
CKOW Cpellbl U TPaHCIOPTHOU MH(pPACTPyK-
TyphI [15];

* OpraHM3alys NePEeBO30K MacCaKMPOB Ha
JEMCTBYIOLIENM MAPLIPYTHOM CETH.
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losif V. SPIRIN

ABSTRACT

The objective of the article is to obtain
dependencies linking time spent by
passengers on travel by public transport
with the main factors that form the elements
of this time spending. The research used
methods of analytical modelling,
mathematical and transport statistics,
survey, analytical and logical analysis,
methodology of transport research.

Mathematical models for estimating
passenger travel time in cities using public
transport are considered. Attention is
drawn to formation of each of the elements
of travel time and to the relationship of
these elements with each other. Such

Estimation of Travel Time Spending
by Urban Transport Passengers

Spirin, losif V., JSC NIIAT, Moscow, Russia*.

elements comprise time of walking to the
stopping point of departure and of walking
from the stopping point of arrival to the
destination of the trip; waiting time for
boarding a vehicle; travel time spent in a
vehicle along the route. The dependences
of these elements on the factors that form
time spending have been identified. The
increase in time spent waiting for boarding
a vehicle is investigated depending on
reduction in the planned number of
vehicles due to breakdowns. The above
models can be used in transport planning
and assessing quality of public
transportation in terms of passenger travel
time.

Keywords: urban passenger transport, passenger’s trip, passenger travel, passenger
travel time, walking time, waiting time, route travel time, transportation quality.
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Background.

Public urban passenger transport (PUPT)
performs the bulk of passenger transportation
in urban-type settlements in Russia, while the
share of the urban population has reached
74 % of the total population of the country.
Most of GDP is produced in cities.
Motorization of the population cannot ensure
mobility of the most of urban population due
to economic, environmental, and urban
planning constraints. Therefore, transportation
of passengers by PUPT will now and in the
foreseeable future retain its leading role in
ensuring the «local» mobility of population of
the cities. Public transport should provide
passengers with such a quality of service that
will stimulate citizens to use an alternative
mode of transportation instead of cars, using
PUPT vehicles. This will help mitigate
numerous economic, urban planning, and
environmental problems.

Passenger travel time is one of the most
significant results of public transport activity.
Therefore, the objective of this article is to
determine a quantitative relationship between
time spent by passengers on travel and
individual elements of time spending with the
main factors that form trip duration.

The research described in the article used
review and analytical analysis of publications of
domestic and foreign scientists, logical analysis,
methods of analytical modelling, mathematical
and transport statistics, methodology of transport
research.

Studies carried out at different times show
that time spent on daily travel is the most
significant indicator of quality of transport
services for passengers in cities [1—4]. Only
for people with limited mobility and senior
citizens (they constitute about 20 % of
passengers), the opportunity to travel seated
is more important than travel time. But even
for those people travel time is among main
indicators of transportation quality [5, p. 156].

According to the results of the studies by
foreign researchers, travel time in public
transport is also a leading indicator of quality
of transportation services [6—38].

Thus, improving the methodology for
estimating travel time spent by passengers is
an urgent task of applied transportation
science and practices. Reliable estimates of
travel time serve as the basis for substantiating
plans for development of PUPT systems and
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for identifying priority areas for funding most
relevant technology for urban passenger
transportation and improving transport
infrastructure.

For a passenger, primary interest is the
ability to complete a network trip! in the
shortest possible time, that is, a trip from his
location to the destination point. In the
simplest case, a network trip can be reduced
to a trip along a single route. With city growth,
its area and the number of transport micro-
districts in this area increase, which leads to
an accelerated increase in transportation links
between those micro-districts. It becomes
physically impossible to provide all these
connections with direct correspondence.
Therefore, in many cases, a network trip is
performed with transfers: a passenger
sequentially uses several routes, performing a
route trip on each of them.

Total travel time

The elements of total travel time are:

* time spent on walking to the passenger’s
stopover point Tpxl and from the arrival stop
point to the destination of the trip 7' o On
average, Tpxl = Tpxz, since the number of trips
«there» and «back» as a whole per day is
practically equal to each other. Therefore, we
can assume that the amount of time spent on
walking is equal to 2 Tpx. If necessary, the
walking time before boarding and after
disembarking can always be taken into account
in the calculations separately;

* time spent waiting for boarding a vehicle
T . min;

* time spent on travelling in a vehicle along
the route between stopping points of
embarkation and disembarkation 7, , min.

Total travel time of a passenger for a route
trip [1; 4]:

]—;oute = 2 : T;rx + Twait + Tvtr' (1)

Total travel time of a passenger for a
network trip [1; 4]:

T,=2+T +(T,,+T) R

net wait

ransjei (2)
where R, oor is transfer rate (a\;era{ge number
of passenger embarkations in vehicles of
various routes during a network trip).

When transferring along the route, there is
also a time spending for making transfers

between routes 7' In most cases, a transfer

transfer”

"' The term «network trip» emphasizes that movement is
carried out through a transportation network.
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Pic. 1. The relationship between elements of travel time and indicators of quality of transportation service.

to a vehicle of a different route is made at the
same stopping point at which the passenger
arrived during the previous route trip.
Otherwise, T, . . should be considered,
which can be established according to a large-
scale plan of the corresponding urban area,
considering the average walking speed of
4 km/h. Due to the limited volume of the
article, we will focus on considering only
transfers carried out at one stopping point.

With various options for organizing traffic
of public transport in the city, it should be
borne in mind that formation of elements of
travel time is influenced by occupancy of
passenger compartments of vehicles (with
overcrowding of compartments, 7' . and 7T,
increase), the continuous communication
(affects R, or)> regularity of traffic (with an
unplanned increase in the intervals between
the vehicles, T and T, , increase). Awareness
of passengers about the transport network and
timetables affects R . . When comparing the
options for traffic organization, one should
take into account the mutual influence of
various elements of time consumption on each
other (Pic. 1). These relationships are detailed
in the dependencies below. In transportation
planning, considering these links can be
provided by an iterative process implemented
using a computer model.

Passengers evaluate psychologically time
spent on certain elements of the trip in
different ways according to its usefulness.
Passengers’ perception of the expenditure of
their time does not always coincide with its
physical flow. According to American
scientists, a 30-minute journey by passengers
sitting in a bus was perceived as equivalent to
18 minutes. Standing passengers rated the
duration of the 30-minute trip as 53 minutes.
In this experiment, the passengers did not
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use the watch, they gave estimates of time «by
eye» [9].

The research carried out by the author on
a representative sample of passengers allowed
him to conclude that the relative (psycho-
logical) assessment of travel time by passengers
is differentiated by its elements and can be
represented by a utility coefficient: the ratio
of the apparent duration of a trip element to
its real duration. The flow of time while
travelling in the bus is perceived by the
respondents to be practically equal to
«physical» time. Therefore, utility coefficient
for T, element was taken as the basis for
comparison (equal to one). Statistical
processing of the experimental results showed
that the averaged value of the utility coefficient
for the element is equal to 1,21, and for 7,
isequal to 1,82. Psychological assessments by
passengers of travel time are formed under the
influence of the fact that in their minds the
passenger sets aside a certain time for the trip,
which is organically connected with the
feeling of movement in space. No movement
is performed while waiting for boarding.
Therefore, the passenger’s biological clock is
in a hurry due to the mismatch between the
target and the actual state of the ongoing
process. With walking, this misalignment is
felt to a lesser extent, since movement in space
is carried out, but at a much slower pace than
during the trip itself.

The psychological assessment of total
travel time by passengers forms their
transport fatigue. Hence, when assessing the
impact of travel time on quality of
transportation services and planning, one
should consider not the astronomically
determined time spending, but its psycho-
logical perception by passengers (seeming
time spending 7 ), considering the
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correction for the utility coefficients of the
corresponding elements:
T,,=2(121-T)+ 1,827 +T,. (3)

According to the results of the research,
passenger transport fatigue is proportional to
the seeming travel time.

Let us consider further the models of
formation of travel time for various elements

of the passenger trip.

Time for passenger walking

The average walking speed of a pedestrian
in cities is Vped = 4 km/h (for cities with a
population of 1 million inhabitants or more,
Viea =13 km/h) [10]. Therefore, time TpX is
determined by remoteness of places where the
passenger starts and ends walking from the
corresponding stopping points. Taking into
account the layout of streets and intra-block
passages, the passenger’s path will deviate
from a straight line, however, regardless of the
actual configuration of the pedestrian
approach route, the distance covered by the
passenger on foot can be geometrically
decomposed into two components:

» moving from the depths of the block to
the street along which the route passes (/);

* moving along the street to the nearest
stopping point of the route (/).

Onaverage / = 1/(35), where & is transport
network density, km'. After approaching of
the transport highway, the passenger walks to
the nearest stopping point. Average walked
distance the street is ly= /4, where [ is the
average length of the route haul, km. Hence,
time spent on walking 7' o (one way) is (60 is
the coefficient for converting hours into
minutes):

60 (1 1, 1LY .

T, :a(§+zjz15[§+zj min.

The frequency of location of stopping points
is among the indicators that require
rationalization. When stopping points are
frequently met, time of walking along the route
is reduced. But, at the same time, speed of
travelling decreases, which requires an increase
in the number of vehicles or a proportional
increase in their passenger capacity to ensure
the estimated carrying capacity of the route. In
intracity traffic, up to 60 % of the traction
power consumption is associated with
acceleration and deceleration of vehicles due
to frequent stopping points [11].

C))

With an increase in the average length of
the haul, other things being equal, time spent
waiting for boarding decreases. This is due to
a decrease in the turnaround time on the
route. In case of irregular movement of
vehicles during long intervals of arrival of
vehicles to neighboring stops, the number of
passengers accumulates at stopping points,
which exceeds the calculated value. As a
result, the time for making a passenger
exchange increases, which leads to a decrease
in travelling speed and to an increase in
passenger time spent on travelling along the
considered route.

Based on the balance of interests the
rational length of the haul should be about
500 m on average.

Currently, the average haul length is less
than this value. Therefore, normalization of
the average length of the haul is relevant by
bringing this indicator to the standard. In
order not to worsen quality of passenger
service, it is necessary to determine how the
walking distance of a passenger will change
when the length of the haul is normalized. So,
if the average length of the haul is 330 m, the
passenger on average walks along the route
330 m / 4 = 83 m. Dividing by 4 is since a
passenger leaving the internal part block and
going to the street along which the PUPT
route passes, on average gets either to the right
or to the left half of the corresponding haul.
Next, the passenger will go towards the nearest
stopping point. The walking distance in that
case, on average, will be half of the half of the
length of the haul, i.e., one-fourth of the haul.

With an increase in the average length of
the haul to the standard value, a passenger will
pass 500 m / 4 = 125 m. The increase in the
average walking distance will be 42 m, which
will increase the passenger’s travel time by an
additional 42 m « 60/4000 m = 0,63 min ~ 36 s!
Therefore, normalization of the length of
hauls will practically not affect the level of
quality of passenger service.

At the same time, the total number of
stopping points on the route will decrease
by approximately [100 — (330 m + 100/500 m)]
= 34 %. Delays at stopping points take about

40 ... 60 % of the time spent for each trip of :

a vehicle. Hence, the total duration of the
bus trip along the route (excluding parking
at the final points of the route) due to
normalization (decrease) in the number of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 28—43 (2020)

Spirin, losif V. Estimation of Travel Time Spending by Urban Transport Passengers




stopping points will be reduced by
approximately [(0,4 ... 0,6)+0,34+100] =
13,6 ... 20,5 %. Accordingly, the traffic speed
will increase, providing a proportional
decrease in time 7',. Reduction of time spent
on travelling through the route will be more
than sufficient to compensate for the
increase in walking time, and will ultimately
improve quality of transportation services
for passengers.

It is also possible to reduce time spent by
passengers on walking by increasing density
of the transport network, which is restrained
by density of the road network in settlements
and by deficiency of streets with a sufficient
width of the carriageway in the old part of the
city.

Waiting time for boarding a vehicle

Time spent waiting for boarding T is the
most significant reserve for reducing the total
travel time and is determined by three factors:

* time interval between vehicles [only
public urban transport vehicles that serve the
route are considered];

+ accuracy of respect of the timetable;

* passenger capacity of the vehicles used.

The influence of the first two factors on
T . is shown by the formula [1; 4; 11;

wait
0_2
0,5[1 +7'] =0,51,, (3)

12, p. 286]
where [ is planned time interval between the
vehicles on the route, min;

G, is root-mean-square deviation from the
planned interval (characterizes the irregularity
of traffic), min;

1, is effective (seeming) interval of
movement on the route [4; 11], min.

Considering possible cases of denied
boarding (impossibility to board due to lack
of free seats) the formula will be:

T, =1 ik + P o ly =
270

_051 +})den. ef=(0’5+ den).

Twail 1 + i
2 21

(6)

where P, is probability of a passenger being
denied boarding due to the limited passenger
capacity of the vehicle [11].

The effective time interval I,=1+o;/1
considers the increase in the planned interval
from the point of view of a passenger at the
stopping point, taking into account the uneven
arrival of vehicles.
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Root mean square deviation from the
planned interval:

o :+1/§(1 1)/, %)

where 7 is total number of observations of the
time interval in a considered place within the
route;

1, is actual time interval according to the
i-th observation, min.

During operation of automated traffic
control systems and satellite navigation
systems, statistics on regularity of traffic are
accumulated automatically and the monitoring
results can be used.

In most studies, distribution of deviations
of the actual moment of arrival of the vehicle
at the stopping point of the route from the
planned moment according to the traffic
timetable is assumed to be subject to the
normal law of probabilities. But it is obvious
that arrivals at a stopping point with significant
advances in the schedule are less likely than
those occurred late for the same time. In this
regard, the use of a symmetric statistical
distribution to characterize irregularity of
traffic seems to be not entirely correct in all
cases. Our studies allowed us to establish that
more accurate results are provided by the
Gram—Charlier function [13]:

P(e)=1(e) =4S (e)+ f“”() ®)

where P(1) is probablhty of occurrence of a
deviation t;

f(7) is function of normal distribution of
probabilities t;

r, and r, are third and fourth highlights of
the aggregate of variance statistics;

S¥(1) and f¥(t) are third and fourth
derivatives of the function f{t).

The second and third terms in (7) reflect
obliqueness and steepness of the distribution
curve 1, respectively.

At intervals of more than 20 minutes,
regular passengers get used to the rhythm of
movement of vehicles through the stopping
point. In this case, the actual waiting time for
boarding will differ markedly from that
calculated using the above dependencies, since
uniformity of distribution of time for
passengers’ approach to stopping points
within each interval is not observed. Therefore,
when intervals are greater, the flow of
passengers P(f) is described by the dependence:
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M)

P(1) , ®

= 1
e
0

where M(¥) is utility function for the passenger
depending on time 7 of his actual approach to
the stopping point (0 <¢< /).

Monitoring of regularity of fleet’s traffic
on routes is ensured using satellite navigation
systems. The most serious violations of the
traffic schedule and, at the same time,
deterioration of quality of passenger service
occur when trips are disrupted due to shortage
of vehicles currently in operation.

In the absence of a part of vehicles on the

route, the average time 7, . increases
significantly:

1
Twaiz=§f°KAl/’ (10)

where K is coefficient of increase in time
spending;

A and U signify number of vehicles, that,
respectively, was planned, and that left the
route, units.

Vehicles that are currently absent on the
route, may be differently listed in the sequence
of service time provided for by the traffic
schedule?. For example, if three vehicles are
missing on the route, then three randomly
generated situations are possible: all missing
vehicles (vacancies) are in a sequence to start
operation in a row; two vacancies are located
in a row, and the third — elsewhere; all vacancies
are located in different locations. The
probability of these situations depends on the
total number of units in service provided for by
the traffic schedule. The most serious deviations
occur when vacancies are concentrated in one
place.

The performed analysis, considering the
likelihood of various situations, showed that
with vacancies located in different places of
A+2eU

VR
if all vacancies are concentrated in one and
A+U*+U
—

the sequence of being in service K, =

the same place, then K,, =

2 [The author uses original Russian term that means
«exit», referring to the fact that a vehicle, e.g. a bus,
during its service hours exits vehicle park, and starts
operation on the assigned route — ed. note] — conditional
fleet unit, for which traffic schedule on the route
established operation on the line on this particular day.
In various work periods «exit» can be provided for to
various vehicles and drivers.

Since the combination of vacancy
placement is not known in advance, we
should talk about the mathematical
expectation of this coefficient M{K , }:
A+2:U A+U*+U

y R an

An attempt to analytically determine the
dependence K, = f (4, U) came across
significant mathematical difficulties: complex
combinatorial relations for accounting for
various options for vacancies and the
probabilities of their occurrence for a different
number of vehicles, included in the traffic
schedule. Therefore, the solution to the
problem was obtained by direct enumeration
on a computer of options for combining
vacancies and other initial data. The
calculations were carried out for the options
when the number of buses varied from 4 = 2
to A = 50 units, with the number of vacancies
from U= 1to U= (A — 1). The accuracy of
calculations is +£1,0-'°. This accuracy, with a
very large excess, provides an acceptable error
based on the technologically determined
values of the initial data and the desired
results. In practice, this allows us to talk about
the absolute accuracy of the calculations. As
a result, a matrix of numerical values of K,
coefficient was obtained for various
combinations of 4 and U.

The analysis of the matrix allowed us to
propose a formula that is completely identical
in accuracy to the specified accuracy of the
simulation result. This allows us to make the
assumption that the following formula is
accurate (in any case, its accuracy is more than
a million times higher than the data errors
actually observed on PUPT) analytical model
of the indicator under consideration:

<M{K,} <

A+U +1)
A-U-1)
1 if U=0,

0 if U=A

if 0<U<A,

K (12)

AU =

Formula (12) is relevant in cases where the
dispatcher does not change the traffic schedule
for the route (does not shift the intervals when
part of vehicles leaves the route). If the traffic
schedule is being promptly revised, and the
intervals are uniformly increasing, the usual
dependence should be used, and calculations
should be made with new planned increased
intervals for the route.
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Denied boarding occurs when the available
number of seats in a vehicle is less than the
number of passengers who wish to board.
When organizing transportation and analyzing
its quality, passenger service is provided in
conditions of filling the cabin in accordance
with the permissible standard (no more than
5 passengers/m?) [14].

The probability of a passenger being denied
boarding P, means the relative number
(proportion) of passengers who did not board
the vehicle due to its overcrowding with
passengers physically, plus the excess number of
passengers who, although they managed to enter
the cabin, were transported in unacceptably
cramped conditions.

Anadequate analytical model for determining
the probability of a passenger denied boarding
was developed and substantiated by the author
in[4; 11]:

P =1/«/ﬂTeXp(—y2/2)dy ,

if x=(¢+0,5-7e2)/JIei and o <y<x, (13)

where ¢ is nominal maximum passenger
capacity of a vehicle, pass.;

A is average intensity of passenger traffic
on the corresponding section of the route,
passengers/min.

The calculation error for the presented

model based on the results of field experiments
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is no more than 5 %. Considering the fact that
the additional time spent by passengers due to
denied boarding is usually no more than 15 ...
20 % of the total time spent waiting for
boarding, this accuracy should be considered
satisfactory (the overall error of T, . is not
more than 1 %).

In practice, it is often necessary to conduct
an express analysis of the time spent by
passengers waiting for boarding. For this, it is
recommended, in the absence of specific
initial data for calculations according to the
above dependences, totake 7' =(0,7...0,75) L.
Note in this regard that in most practical
applications a significantly underestimated
estimate of time spent waiting for boarding is
used: T, . =0,51.

Time spent in a vehicle while travelling along
the route

Travelling time spent in a vehicle, min
[1; 4]:

T=(,/m)"60, (14)
where [ is average distance of passenger trip
along the route, km;

v, is travel speed on the route, km/h.

The average trip distance in the absence of
specific data is determined by the approximate
formula proposed in [1] by Ph.D. (Eng)
A. H. Zilbertal:

1, =13+n,\F~13+0,3JF | (15)
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where n, is empirical coefficient of the urban
development structure of the city territory;

Fis residential area of the city, km?.

An adequate model for distribution of
passenger trips by distance (/, km) is obtained
using Erlang’s law [13]:

FUY=(Ck /1)1 e™ /1) / (k=) (16)

where f{1) is density function of distribution of
trips by distance;

k is Erlang’s positive integer, the «shape».

According to the experimental data, the k of
Erlang’s distribution for the case under
consideration corresponds to the square of the
ratio of the travel distance / to its standard
deviation:
k=((SL/1 ) — 1), a7
where /s length of the longest route in the
settlement, km.

The resulting value k is rounded to the
nearest whole number. In the absence of data
for the calculation, we take k = 3.

With a reduction in number of transfers and
interchanges, due to improvement of the route
system, the average distance of a route trip may
slightly increase, but a network trip on average
always becomes shorter.

Conclusions. The considered analytical
models for determining the numerical values of
travel time of passengers of public urban
transport are based on the use of initial data
extracted from the available reporting. The
practical use of these models is possible in the
following situations:

* development and improvement of
transportation development plans in accordance
with programs and strategies for development of
urban passenger transportation by public
transport;

« assessment and analysis of quality of
passenger service on public transport routes
(total travel time and individual elements of
travel time spending);

« ensuring the calculation of external results
when implementing measures towards
sustainable development of the urban
environment and transport infrastructure [15];

« organization of passenger transportation
on the existing route network.
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Bnapgumup TPEFYB0B

CoBpeMeHHbIe TEXHOI0rNmM YMHOV MOBW/Tb-
HOCTU [aloT BO3MOXHOCTb peLuaTth rpobiems|
ropoACcKoro TPaHCcnopTa, 4To ro3BOJISIET YIIyy-
LINTb KA4Y€CTBO rOPOACKUX NMePeMELLEeHUN,
r0oBbICUTb OCTYNHOCTL TPaHcropTa n obecrie-
4uTb ero a¢pekTnBHOCTb. Llenb nccnenoBaHusi
COCTOUT B TOM, YTOObI BbISIBUTb KJIIOYEBbIE
TPEeHAb! HAY4YHbIX UCC/I€A0BaHNI 110 TEME YMHOM
MOBUJILHOCTY B HaYy4YHOU nnTepartype 3a rno-
cnegHue roabl. ABTOPOM C MC0JIb30BaHNEM
nporpammbl VOS Viewer 6bi1 BbirosiHeH 6mnb-
JIMOMETPUYECKNI aHaMN3 NMyoavkaLmi, pasme-
wéHHbIX B 6azax naHHbix Web of Science
u Scopus n coaepxalymx K/o4eBble C0Ba,
CBSI3@HHbIE C YMHOU ropoAcKori MOOUIIbHO-
CTbIO.

Jlns Bcero maccmBa 0TO6paHHbIX nyosiKka-
uny 6blIn MPoaHaan3npPoBaHbl: COBMECTHOE
unTupoBaHue, nepekpECTHble CChIJIKU, CO-
BMECTHO UCI0/Ib3yeMbI€ KJIl0YEBbIe CJ10Ba,
COBMECTHOE aBTOPCTBO. B pesynbrare bbina
ocTpoeHa kapTa cBsi3el nybavkaLnii B cpepe

TPEHbl HayYHbIX UCCAEA0BaHWIA.

=IOMNHOCE TEQOMZ1Z)

NepcnekTuBHbIE HanNpaBneHusa
COBPEMEHHbIX Hay4HbIX UCccnepoBaHnmn
B cpepe YMHON MOOUIIbHOCTHU

Tpezybos Baadumup Huxoaaeeun — Capamogckuii 20cy0apcmeeHHblil MeXHu4eckuil
yrugepcumem umenu FO. A. [aeapuna, Capamos, Poccus*®.

YMHOVi MOBUIIbHOCTY C ONPEAESIEHNEM CYyLLEe-
CTBYIOLUNX OTHOLUEHUI MeXAy K/104€eBbIMU
cJioBaMu v aBTopamu B 3TOM coepe. Takxe
Oblsia 1oCTpoOeHa kapTa KiacTepoB, KoTopasi
oTobpaxaet 6/1M30CTb Ny Kaumi Apyr K ApYy-
ry. Knactep obpa3syeTt rpyrna TeCHO CBS3aHHbIX
o Temam, aBTopam 1 Kjlo4eBbIM C/I0BaM UC-
cnefoBaHui. bbina npoBeneHa knactepusaums
nyéavkaumi u BblA€J1EHO LLUECTb K/1aCTEPOB,
KaXAablvi N3 KOTOPbIX OTPaxaeT O4HO rnepcrek-
TUBHOE HarpasJ/IeHNE NCC/ien0BaHni B cpepe
YMHOU MOOUIbHOCTY. [Tos1yYeHHbIe pe3ybTaTsl
M03BOJISIIOT YCTAHOBUTL MEPCNEKTUBHbIE Ha-
rnpasJsieHus yMHOV MOBUIbHOCTY MyTEM aBTO-
mMaru3npoBaHHOVW 06paboTky BbiICOKOKaye-
CTBEHHOro maccusa rnybavkaumii. Pe3ynbtartsl
MOryT ObITb MCIMOJIb30BaHbl FOPOACKUMY Ba-
CTSIMW, TPAHCMOPTHbIM OU3HECOM Y HAYYHbIMU
ucecneposarensamuy assi o63opa u aHaam3a
epcrnekTUBHBIX TEXHOJIOMNIA YMHOU MOOWJIb-
HOCTU 1 060CHOBAaHWS peLleHnii B cepe ro-
POACKOro TPaHCNOPTHOIO MN1aHNPOBAHMUSI.

KnioyeBbie c/ioBa: TpaHcropT, yMHasi ropoackasi MOOUIILHOCTb, 6M6/7MOM6TDM'-IGCKMFI aHasing,

*NHdopmauma 06 aBTOpE:

For the English text of the article please see p. 49.
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BU3HEC-TeXHONOorni 1 TIorncTkm, CapaToBCKOro rocyAapcTBEHHOr0 TEXHNYECKOro YHUBEPCUTETA UMEHN
0. A. larapuHa, Caparos, Poccus, tregubovvn@outlook.com.
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BBEOAEHUE

AKTYaJIbHOCTb UCIIOJIb30BaHMSI TEXHOJI0-
TMii YMHOM MOOUJIBHOCTH O0YCIOBJICHA
HaJIM4YKMeM TPAaHCIIOPTHBIX IIPOGJIEM B TOPO-
Jax, K HUM OOBIYHO OTHOCST: HEraTUBHOE
BO3IEHCTBHUE TPAHCIIOPTA Ha OKPYKAIOIILYIO
cpeny, TPaHCIIOPTHBIE 3aTOPhI, U30BITOYHOE
MCIIOJIb30BaHUE JIMYHBIX TPAHCHOPTHHIX
CPEICTB, MePerpy>keHHOCTh TOPOACKON
MHGPACTPYKTYPHl U T.A. PazButue yMHOMI
MOOMJIBHOCTH 1aCT BO3MOXHOCTh MUHUMM -
31MpOBaTh YKa3aHHbIC MPOOJEMBbI, a B ep-
CIEKTHUBE IO3BOJIUT MTOBBICUTHh Kauye€CTBO
TOPOACKOM XXU3HU U YIYIIIUTh JOCTYITHOCTh
1 3(pHEKTUBHOCTH FOPOACKOTO TPAaHCIIOPTA.

B coBpeMeHHBIX UCCIICI0OBAHUSIX YMHBIA
ropoJ paccMaTpUBaeTCs Kak crenubude-
cKasl 3KOCHCTeMa, KOTopasi pa3BMBaeTCs 3a
CYET IIMPOKOTro UCII0Ib30BaHUs MH(pOPMa-
LIMOHHBIX ¥ JIOTUCTUYECKUX TEXHOJOIUIA,
peaiu3aiys KOTOPbIX HallpaBJieHa Ha yJIyd-
IIeHME KayecTBa XU3HU I'PaxiIaH yepes
MHTETpalUI0 Pa3IUYHBIX CUCTEM U YCIYL.
CaMu TepMUHBI «YMHBII TOPOA» U «yMHas
MOOWJIBHOCTb» B MYOIMKAIIMSIX UCIIOIb3Y-
IOTCsI JUISL OIIMCAHUS IEePCIEeKTUBHBIX Ha-
MpaBJieHU pa3BUTUSI MHHOBAIIMOHHBIX
TEXHOJIOTUI B IIOBCEIHEBHOM XNU3HU TOPO-
Jla, B YaCTHOCTHU, pa3BUTHE MHHOBALIMIA Ha
ropoJcKoM TpaHcropTe [1].

YMHasg ropoackass MOOMJIBHOCTh 00ec-
MeYyuBaeTCs 4yepe3 BHEAPEHME B ropoje
LM POKOI0 CIIEKTPa COBPEMEHHBIX NH(MOP-
MallMOHHBIX TEXHOJIOTUIA, CO3aH1e MHTEI -
JIEKTyaJbHBIX TPAHCIOPTHBIX CUCTEM,
NpUMEHEeHMEe CIelalu3upoBaHHbBIX 06a3
JIaHHBIX. MHTe UIeKTyaan3alnsi TOpoACKOM
TPAHCIOPTHOMN CUCTEMBI CIIOCOOCTBYET
YMEHBILIEHUIO JOPOXKHBIX 3aTOPOB, ITO3BO-
JISIeT IMOBBICUTDH 0€30MaCHOCTh TOPOACKOIO
IBHMKEHUS, 00eCIeYnTh MaKCUMaIbHYIO
CHMHXPOHMU3AIHI0 pabOThl TOPOJICKKMX BUIOB
TpaHcnopTa. CyliecTBYIOIIMe B TaHHBIN
MOMEHT T€XHOJIOTUH ITO3BOJISIFOT OTCJIEKM -
BaTh TPAHCIIOPT B peaJIbHOM BPEMEHU, UTO
JIaéT BO3MOXXHOCTb MOBBICUTh 3(P(PEKTUB-
HOCTb YIIPaBJIEHUSI TOPOJCKUM TPAHCIOP-
TOM, a XUTEJISIM — IUIAHUPOBATh CBOM IIC-
peMEILeHUs 110 TOPOY.

Ileab paboOTHI COCTOUT B TOM, UTOOBI
YCTaHOBUTH CYIIECTBYIOLINE TPEHIbI UCCIIC-
JNOBAaHUI MO TeMe YMHOM TOpOJACKON MO-
OMJIBHOCTH B Hay4YHOU JuTepartype. s
5TOr0 OBLJ BHINOJIHEH OMOIMOMETPUYECKUT
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aHaimM3 MyoaMKaImii B 6a3ax 1aHHBIX Web of
Science u Scopus 3a 2012—2017 roasl. Jdas
aHaM3a ObLI UCITOJIB30BaH Memod OUOINO-
METPUUECKOTO MCCICIOBAHUS C TTOMOIIBIO
nporpammbl VOS Viewer [2]. AHHOTauuu
cTaTeil MJisl aHaiu3a ObLIM B3SIThl U3 0a3bl
nyonukanuit https://app.dimensions.ai/
discover/publication.

PE3YJIbTATDbI

Hns vccnenoBaHusl ObLIM OTOOpPaHBI
MyOJIMKAIINY, KOTOPBIE UCTIOJIB3YIOT B 3aT0-
JIOBKE, aHHOTAIIM U VJIU B KJTFOYEBBIX CJIOBaX
TOHSTHUE «TOPOJICKast YMHAst MOOMJIBHOCTh»
(«urban smart mobility»). Cpean aTux my6-
JINKALUI TI0 KPUTEPUIO KOJIMIECTBA IIUTH -
poBaHUM OBLIM BHIOpAHBI HauMOoOJIEe BIUS-
TeJbHbIe. B mpoilecce aHanu3a OblIA pac-
cMmoTpeHbI 929 crareii. [lyist aTOr0 MaccuBa
MyOJUKAIMK ObUIN TTPOAHATU3UPOBAHBIL;
COBMECTHOE IIMTUPOBAaHUE, TTePeKPECTHDHIE
CCBIJIKW, COBMECTHO MCITOJTb3YeMbIe KITI0Ue-
BBIE CJIOBA, KJIACTEPHI CBSI3aHHBIX ITy0IMKa-
uuii. B pe3ynbpraTe ObLTa MOCTpOEHA KapTa
cBgI3eil mMyOoauKauuii B chepe YMHOM MO-
OMJILHOCTHU C OTIpeleIeHNEM CYIIEeCTBYIO-
IUX OTHOIIEHUUN MEXITy UCTOIb3yeMbIMU
TepMUHAMU U KIlo4eBbIMU cioBamu. [lo-
IOOHBIE UCCIIE0BAHUS B CMEXHBIX chepax
yXe IPOBOAMIINCH, OJHAKO NaHHAasI 00J1acTh
SIBJISIETCS] MMHAMWYHOM, N3MEHEHUST TPEH-
JIOB B HEW MPOMCXOIAT HETIPEPHIBHO |3; 4].

bubnuomerpudeckuii aHanau3 nyoanKa-
LW TTPOBOAMIICS B CIIEAYyIOIIeH mocienoBa-
TETbHOCTH.

Ha nepgom smane G611 BBINOJTHEH OTOOP
OoubIMoMeTpUIecKoil MHbOpMaIy U3 6a3bl
naHHbIXx Dimensions u mpoBeneHa IpeaBa-
puTeIbHas TPYNMIUPOBKA 3TO MHpOpMa-
uuu. MHpopmanus Obl1a npuBeaeHa K eAr-
HoMYy ¢dopMaTy, ouMIleHa OT MMOBTOPOB
" OomMOOK, YTO A0 BO3MOXHOCTDH MOBBI-
CUTh KAaYeCTBO MCIOJb3YEMBIX MaHHBIX.
3areM JaHHBIC OBUIM MIPEOOPA30BaHEI B CE-
MaHTUYECKYIO CETh CBSI3aHHBIX IyOJIMKa-
1IN, YTO TTO3BOJISIET OTPA3UTh UMEIOTITUECS
nH(GOpPMAIIMOHHBIE CBSI3U U COPMUPOBATH
ennHoe moJje nybaukauuii. [ToctpoeHHas
ceMaHTHYecKass CeTh HOPMaJIM3yeTCs IS
TOTO, YTOOBI KOJMUYECTBEHHO BBIPA3UTH
CXOJICTBO MEXXIY BXOJSIIIMMHU B HEE BJIEeMEH-
TaMu.

Bmopwvim smanom saBasercd obpaboTka
CEMaHTUYeCKOi ceTu ¢ ucnojibzoBaHueM VOS

Tperyooe B. H. [NepcnekTuBHbIE HAaNPaBNeHUs COBPEMEHHbIX Hay4YHbIX UCCNIEA0BaHUI B chepe YMHOMN
MOOUIILHOCTYN




250

221

- 200 203

5 187

g

=

= 150

z 183

g

S 100

=

% az

:?_ 50

0 e L g a7
2012 2013 2014 2015 2016 2017 2018 2019
Froa

MyGamkaumm sl DR AHEE YHCAD UATHPOBIHKA O0HOA NySaMHaumm

Puc. 1. Annamuka ny6nukaunii n LMTUPoOBaHuii (NOAroToB/IeH aBTOPOM).

Viewer mis1 rpadpuyeckoro npeacTaBieHUs
pe3yJjbraTta.

Ha mpembem, 3aKII0UUTEBHOM, 3Talle
BBITTOJIHSIETCS KCIIEPTHAsI OLIEHKA Pe3yJib-
TaTOB JJISI TOTO, YTOOBI YCTAHOBUTH TPEHIbI
HCCeI0BaHUM, onucaTh KJIacTephbl MyOJIM-
KallMil U BBISBUTH (haKTOPbl HAyYHO-TEX-
HUYECKOTO pa3BUTHUS B BHIOpaHHO 001aCcTH
ucciaegoBaHuii [5].

Ha puc. 1 oTpaxkeHa nMuHaMuKa U3MEHe-
HUS KOJMYecTBa MyOJIMKAIlMi MO rogam
ucciaenoBaHui. ABHO BBIAECASETCS TPEHI
pPE3KOro yBeJIUUEeHMSI KOJIMYecTBa MyOanKa-
LIMI 110 TeMe YMHOM MOOUWJIBbHOCTU 3a IO-
clielHue Tofbl, a paboThl, HAIIMCAaHHbIE A0
2014 roma, akTUBHO LUTUpYIOTCS. B cpen-
HeM Kaxjasl padoTa Tex jJeT umeet oosee 30
LHUTUPOBAHUM.

BaxxHbIM pesynbsraTaM UCCIeI0BaHUS SIB-
JISIETCsI KapTa KJIacTepoB, KOTOpasi OToOpaXka-
€T CBSI31 MEXIY KJIIOUeBBIMU CJIOBAMU U TEP-
MUHaMM, KOTOPbIe ObLIM MCITOJIb30BaHBI
B nyonukauusx. Kinactep obpasyert rpymnmna
TeMaTUYEeCKM CBSI3aHHBIX APYT C APYrOM HC-
cinenoBaHuit. Ha pesynbTupylolieii Kapte aT1
IPYNITBl BBIAEJEHBI pa3IMUYHbIMU IIBETAMU
U MIPOHYMEpPOBaHbI bbII0 BBISIBIIEHO pa3due-
HUE TyOJMKalMii Ha 1IeCTh KJIacTepoB, LIS
aHaJ13a ObLIO UCII0JIb30BaHO 49 MmyOIuKaIui,
Kaxaas U3 KOTOpbIX uMeeT He MeHee 30 1u-
TUPOBaHUM.
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B nepBhIil KilacTep BOLLIW IMyOJIMKALIU,
CBSI3aHHbIE C TEMOI YMHBIX METOIOB T'OPO/I-
CKOI'0 TPaHCIIOPTHOTO IUTAHUPOBaHUA [6; 7].
OnTuMu3alus TopoACKOro TpaHCIOPTHOTO
TUTAaHMPOBaHUS B HACTOSIIIIEE BPEMS SIBJISIETCS
KJII0YEBOM KOHIIETIIIUE YMHOTO Topoja, Io-
3TOMY YacTO pacCMaTpUBaeTCs B UCCIEeI0Ba-
HUSIX, CBSI3aHHBIX C Pa3BUTHMEM UHDPACTPYK-
TYypbl YMHOTO TOpPOJIa, ONTUMU3Ale TpaHC-
MOPTHBIX MOTOKOB U T.1I. [TpoGiaeMbl ropo-
CKOT0 TPaHCIIOPTHOTO IJIaHUPOBaHUS
SIBJISTIIOTCS XapaKTEPHBIMU JIJI1 MHOTMX TOPO-
JIOB, OJHAKO BHYTPEHHSIS CllelinpurKa Kax10-
IO U3 HUX IPUBOAUT K TOMY, YTO OTCYTCTBYET
eIMHOE YHUBEPCAIbHOE IIJIaHUPOBOYHOE pe-
1LIeHKe, 1 HEOOXOAUMO IIJIsI KaXIOoro ropojaa
pa3padaTbiBaTh MUHAMBUAYaIbHbIIA TPAHCTIOPT-
HBIH TUIaH.

Bropoii ki1actep 00pa3yioT MyoauKaluu,
CBSI3aHHBIE C TEMOI YMHOI'O TOPOACKOTr0 00-
1LIeCTBEHHOTO TpaHcnopTa [1; §8].

Wccnenoparenu u3yvyaroT TCHACHLIMU pa3-
BUTHSI TEXHOJIOTUM TSI pelIeHusT mpobieM
TOPONICKUX OOIIIECTBEHHBIX ITepeBo30K. B pa3-
BUTHUE COBPEMEHHBIX CUCTEM OOIIIECTBEHHOTO
TpaHCIIOPTa FOPOACKUE BJIACTA MHBECTUPYIOT
3HaYUTEJbHBIE CPENCTBA, B TOM YUCJIE B CO-
3n1aHe MHGOPMAaLlMOHHONR U JOPOXHOM
UH@pacTpyKTyphl. B 310l chepe akKTUBHO
pa3BUBAETCS UCIIOJIb30BAaHE UHTE/UIEKTYalb-
HBIX CEPBHMCOB, BHEJIPSIIOTCSI HOBBIE ITPAKTUKU
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Puc. 2. Bubnuorpaguyeckas kapTa KnacTtepoB nyonukauni (noaroToBseH asTopom).

WCTOJIb30BAHUSI TPAHCTIOPTHBIX CPEJCTB.
B myGnukanusix onmmMchIBalOTCSI METOIBI UC-
MOJIb30BAaHUSI MAIIMHHOTO OOYYEHWUS IS
yrIpaBlieHUs TIEpeBO3KaMU OOIIECTBEHHBIM
TPAHCIIOPTOM, METOJIbI BHENPEHUSI B TOPO/I -
CKYIO TIPaKTUKY CMapT-KapT, JOCTYM K pas-
JIMYHBIM BUIAM TPAHCTIOPTA IO €IMHOM KapTe,
obecrieueHre CoOI0AeHUS paCTIUCAaHUIA U T.11.

TpeTuii K1acTep COCTaBISAIOT MyOIMKALIUU
10 Te€M€ MCIIOJb30BAHUS MEPCTIEKTUBHBIX
WHHOBAIIMOHHBIX TEXHOJIOTUI B c(pepe ropot-
CKOTO TpaHCIOpTa (BKJTI0Uasi Ipy30BOil TpaHC-
TOPT ¥ TAKCH, B OTIMYKE OT BTOPOTO KJIacTe-
pa) [9; 10]. [laHHast TeMa aKTUBHO UCCIIEIyeT-
Cs1 B TOCJIEIHNE TOMbI, HAXOJSICh Ha TIepece-
YeHUU UH(POPMAIITMOHHBIX Y TPAHCTIOPTHBIX
texHojoruii. [Ipennaraembie penieHus Kap-
JTUHATBHO U3MEHSIOT CYIIECTBYIOIINE METOTBI
TropoJIcKoil MoOMITbHOCTH. Hammpumep, cyiie-
CTBEHHO M3MEHWJIACh CUCTEMA TOPOJCKOTO
TaKCU, MOSIBUJIMCHh HOBBIE CITOCOOBI apeH b
TPAHCIIOPTHHIX CPeACTB. B ropomax cchopmu-
POBAJTMCh HOBBIE PIHKY apEeH bl TPAHCTIOPT-
HBIX CPEJICTB (BEJIOCUTIENIOB, DJIEKTPOCAMOKA-
TOB).

YeTBEPTHIN KJIACTEP COCTABJISIOT MyOJIU-
KallMy 1O TeMe WHTEJUIEKTyaJbHbIX TPAHC-
MOpTHBIX cucteM [11]. D10 mocTtaToyHO pas-
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BUTOE HAaTpaBJieHUE UCCIIEAOBAHMUI, B KOTO-
poe BXOJISIT TEMbI, CBSI3aHHBIE C BHEIPEHUEM
WHTEJIEKTYaJIbHBIX TEXHOJIOTUI B cdepy
YIpaBJIEHUS JOPOXHBIM IBUKEHUEM, TOPO/I-
CKVMMM TPAHCTIOPTHBIMU MapIIpyTaMu U T.JI.
enbio TaHHBIX Pa3pabOTOK SIBJISIETCST TTOBBI-
eHue 3¢ @PEeKTUBHOCTUA PabOThl TOPOACKOMA
TPAHCIIOPTHOW CUCTEMBI, CHUKEHUE TOPO/I -
ckux 3aTopoB. CoBpeMeHHbIE MH(MOPMALIK-
OHHBIE TEXHOJOTUY MO3BOJISIIOT CO3/1aBaTh
CrenMaau3upOBaHHbIE UHTEJUIEKTyaIbHbIC
pEIIeHusT, KOTOPhIE 1at0T BOBMOXHOCTb IIEHT-
pPaTM30BaHHO YMPABISATH TOPOACKUM JBUKE-
HUEM, UTO BEAET K CHUXEHUIO TOPOJICKOTO
TpacduKa, yMEHbIIIAET 3arpsi3HEHNE BO3/IyXa,
obecrieyrBaeT 00Jiee TOYHYIO U MOJHYIO Ha-
BUTALIMIO TPAHCTIOPTA B PEXMME PEaTbHOTO
BpEMEHU.

[s1TRIi KJTaCTEp COCTABISIOT MyOIMKALIT
T10 pa3paboTKe UHTEJUIEKTYaTbHbIX PEIIIEHUH,
HarnpaBJIeHHbIX HA 00ecTieYeHe aBTOHOMHOM
MobmibeHOCTH [12; 13]. JlaHHasI TeMa SIBIsIeT-
Csl TIepCTIEKTUBHOM, UCTIOTb30BaHUE aBTO-
HOMHBIX TPAHCIIOPTHBIX CPEACTB B OyIyIleM
OyneT BaXXHOW TEXHOJIOTUEN, C €€ pa3BUTUEM
TPOTHO3UPYIOTCSI CYIIIECTBEHHbIE U3MEHEHMUST
Kak B cepe 00111eCTBEHHOTO, TaK U JIMYHOTO
rOpoJICKOro TpaHcnopTa. B Oyayuiem OyayT
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pa3BUBATHCS TEXHOJIOTMU YIIPABIECHUS TPaHC-
MMOPTOM, OCHOBaHHBIE Ha BHEAPEHUH pacIipe-
JEJIEHHBIX CUCTEM TPAHCITIOPTHOT'O PETYIUPO-
BaHWSI, CIIELMATU3NPOBAHHON WUHTEJIEKTY-
JIbHOU TOPOXKHOM MH(MPACTPYKTYPHI U aBTO-
HOMHBIX TPAHCIOPTHBIX CPEACTB. YXe
B HACTOSIILIEE BPEMSI OTMEUAETCS MOJIOKUTENb-
HbI 3(pDeKT OT BHEAPEHUS TOAOOHBIX pelle-
HU.

ITecroii kiacTep cOCTaBISAIOT MyOJIMKa-
LIMU, B KOTOPBIX OMMCAHbI METOIbI MOJEIUPO-
BaHUS TOPOJCKHUX TPAHCIIOPTHBIX CUCTEM
U TIOIXOMbl K (POPMUPOBAHUIO €MUHBIX CTaH-
JapToB UX co3nanus [ 14]. B naHHBIX my0nmmKa-
LIMSIX pacCMaTPUBAIOTCS BOMPOCHl MH(MOpMa-
LIMOHHOM TOJIEPKKU METOIOB MOAEIUPOBA-
HUSI TOPOJICKOTO TPAHCITOPTA, UCTIOJIb30BaHUS
Pa3IMYHBIX TEXHOJIOrUi cbopa nHbDOpMaIU
U3 TOPOJCKOM Cpeibl ISl TPAHCTIOPTHBIX MO-
neneil. BaxHol 4acThio TaHHOTO KJIacTepa
SIBJISTIOTCS MTyOJMKAllMU, CBSI3aHHBIE C pa3pa-
0OTKOU CrenUaIM3UPOBAHHBIX AJITOPUTMOB
MOJIEJTUPOBAHUSI HA OCHOBE MAIlIMHHOTO 00-
YYEHMUSI, UCKYCCTBEHHOI'O MHTEIJIEKTa, CUCTEM
KOMITBIOTEpHOTro 3peHus. B Oymymem 3tu
TEXHOJIOTMHU TMO3BOJISIT 00padaThiBaTh MHGMOP-
Mall1Io, COOPaHHYIO C UCITOJIb30BAHUEM CEH-
COPHBIX TaTYMKOB U BUIEOKAMeED, IS pele-
HUS 3a[1a4¥ YIIpaBJIeHUS TOPOACKUM JBIXE-
HUEM B PEATbHOM BPEMEHH.

bubnnomeTpruueckuil aHaau3 SIBJISETCS
OHUM U3 3(PHEKTUBHBIX METOIOB 00PaOOTKU
00BEMHOIT TEKCTOBOM MHGbOPMAIIMU, TTO3BO-
JISIIOIIMX MTOTYYUTh IITUPOKOE MPEACTABIEHUE
0 npobJsieMax, CTOSIIUX Mepe UccaeaoBaTe-
JISIMM, a TaKxKe€ O3HaKOMUTBCSI C HaIlpaBJie-
HUSMU Pa3BUTUS HAyYHOTO BOIMpoca MyTEM
ABTOMAaTU3UPOBAHHOI 0OPabOTKU BEICOKOKA-
YeCTBEHHOro MaccuBa nyoaukauuii. Pesyib-
TaThbl UCCJIEIOBAHUS MOTYT OBITh UCITOIb30Ba-
HbI TOPOJCKUMU BJIACTSIMU, TPAHCIIOPTHBIM
OM3HECOM U HAyYHBIMU MCCJIEIOBATENSIMU LTSI
BBISIBJIEHUS TIEPCTIEKTUBHBIX TPEHIOB YMHOM
MOOUJIBHOCTU U 000CHOBaHUS COOCTBEHHBIX
pelleHuil B cdepe TOpoACKOTo IMIaHUpOBa-
HUS.
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ABSTRACT

Contemporary smart mobility technology
makes it possible to solve the problems of urban
transport, improving quality of urban mobility,
increasing availability of transport, and ensuring
its efficiency. The objective of the study is to
identify key trends of research on smart mobility
in recent scientific sources. The author, using
VOS Viewer program, carried out a bibliometric
analysis of publications indexed in the Web of
Science and Scopus databases and containing
keywords related to smart urban mobility.

Co-citations, cross-references, shared
keywords, co-authorships have been analyzed
for the entire set of selected publications. As
a result, a map of links between publications
in the field of smart mobility was built, defining
existing relationships between keywords and
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authors in this area. Also, a map of clusters
was built, which displays proximity of
publications to each other. A cluster comprises
a group of research closely related via
research topics, authors, and keywords.
Clustering of publications was conducted
followed by identifying six clusters, each of
which reflects single promising research area
in the field of smart mobility. The results
obtained make it possible to identify promising
development trends for smart mobility
through automated processing of a high-
quality array of publications. The results can
be used by municipal officials, transportation
business and academia to review and analyze
emerging smart mobility technologies and to
make informed urban transport planning
decisions.
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Introduction.

The relevance of the use of smart mobility
technology is due to the persevering transport
problems in the world cities, usually comprising
negative impact of transport on the environment,
traffic congestion, excessive use of personal
vehicles, congestion of urban infrastructure, etc.
The development of smart mobility will make it
possible to minimize these problems, and in the
future will improve the quality of urban life,
availability, and efficiency of urban transportation.

Modern research considers smart city as a
specific ecosystem that develops through the
widespread use of information and logistics
technologies, which are implemented to improve
quality of life of citizens through integration of
various systems and services. The terms «smart
city» and «smart mobility» themselves are used in
publications to describe promising directions for
development of innovative technology in the daily
life of the city, for introducing innovations to urban
transport [1].

Smart urban mobility is provided for through
introduction of awide range of modern information
technologies into the city life, development of
intelligent transport systems, and the use of
specialized databases. Intellectualization of the
urban transport system helps to reduce traffic
congestion, improve safety of urban traffic, and
ensure maximum synchronization of urban
transport modes. Currently existing technologies
allow tracking transport in real time, making it
possible to improve efficiency of urban transport
management, and help residents to plan their
urban mobility.

The objective of the work is to identify existing
research trends referring to smart urban mobility
in the scientific publications. To do this, a
bibliometric analysis of publications indexed in the
Web of Science and Scopus databases for 2012—
2017 was carried out. For the analysis, the method
of bibliometric research with the help of VOS
Viewer program [2] was used. The articles’ abstracts
for analysis were compiled from the publication
database https://app.dimensions.ai/discover/
publication.

Results.

For the study, publications that use the concept
of «urban smart mobility» in the title, abstracts, or
keywords were first selected. Among those
publications, the publications with highest impact
factor were selected by the criterion of the number

of citations. During the analysis, 929 articles were
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reviewed. Co-citations, cross-references, shared
keywords, clusters of related publications were
analyzed for the selected array of publications. A
map of links between publications in the field of
smart mobility was built followed by identification
of the existing relationships between the terms and
keywords used. Similar studies in related areas have
already been carried out, but this field is rather
dynamic, which is proved by continuous changing
of the trends [3; 4].

Bibliometric analysis of publications was
carried out in the following sequence. At the first
stage, bibliometric information was selected from
Dimensions database and preliminary grouping of
this information was carried out. The information
was converted to a single format, cleared of
doubling, iterations, and errors, which made it
possible to improve quality of the data used. Then
the data was transformed into a semantic network
of related publications, which made it possible to
reveal the existing information links and to form a
single publication field. The constructed semantic
network was normalized to quantitatively express
similarity between the elements included. The
second stage was processing the semantic network
using VOS Viewer to graphically represent the
result. At the third and final stage, an expert
assessment of the results was carried out to identify
research trends, describe clusters of publications,
and identify factors of scientific and technological
development in the selected field of research [5].

Pic. 1 reflects the dynamics of changes in the
number of publications peryears of research. There
is a clear trend of a sharp increase in the number
of publications on the topic of smart mobility in
recent years, while works written before 2014 are
actively cited. On average, each work of those years
has got more than 30 citations.

An important research finding is the cluster
map, which displays the relationships between
keywords and terms that have been used in
publications. The cluster consists of a group of
thematically related studies. These groups are
highlighted in different colors and enumerated on
the resulting map. Division of publications into six
clusters was identified, 49 publications were used
for analysis, each of which had at least 30 citations.

The first cluster includes publications related
to the topic of smart methods of urban transport
planning [6; 7]. Optimization of urban transport
planning is currently a key concept of a smart city;
therefore it is often considered in studies related to
development of smart city infrastructure,
optimization of traffic flows, etc. The problems of
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Pic. 1. Dynamics of publications and citations (constructed by the author).

Pic. 2. Bibliographic map of clusters of publications (developed by the author).

urban transport planning are typical of many cities,
however, the internal specificity of cities leads to
the absence of a single universal planning solution
and it is necessary to develop an individual
transport plan for each city.

The second cluster is formed by publications
related to the topic of smart urban public
transport [1; 8]. Researchers are looking at
technology trends to address urban public
transportation challenges. The city authorities are
investing heavily in development of modern public
transport systems, including in creation of
information and road infrastructure. In this area,
the use of intelligent services is actively developing,
new practices of using vehicles are being introduced.
The publications describe methods of using
machine learning to manage public transportation,
methods of introducing smart cards into urban
practices, and of providing access to various modes
of transport using a single card, ensuring respect
of timetables, etc.

The third cluster consists of publications on the
use of promising innovative technologies in the

field of urban transport, (including freight transport
and taxis, in contrast to the second cluster) [9; 10].
This topic has been actively investigated in recent
years, being at the intersection of information and
transport technologies, the proposed solutions
radically change the existing methods of urban
mobility. For example, the city taxi system has
changed significantly, new ways of renting vehicles
have appeared, and new markets for rental of
vehicles (bicycles, electric scooters) have emerged
in the city.

The fourth cluster consists of publications on
the topic of intelligent transport systems [11]. This
is a developed area of research, which includes
topics related to introduction of intelligent
technologies in the field of traffic control, urban
transport routes management, etc. The purpose of
these developments is to improve efficiency of the
urban transport system, reduce urban congestion.
Modern information technologies make it possible
to create specialized intelligent solutions that make
it possible to centrally control city traffic, which
leads to a decrease in urban traffic, reduces air
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pollution, and provides more accurate and
complete navigation of vehicles in real time.

The fifth cluster consists of publications on
development of intelligent solutions aimed at
ensuring autonomous mobility [12; 13]. This
topic is promising, the use of autonomous vehicles
in the future will be an important technology,
followed by significant changes that have already
been predicted in both public and personal urban
transport. In the future, transport management
and control technologies will be developed based
onintroduction of distributed transport regulation
systems, specialized intelligent road infrastructure,
and autonomous vehicles, while already at
present, a positive effect from implementation of
such solutions is evident.

The sixth cluster consists of publications that
describe methods for modelling urban transport
systems and approaches to developing uniform
standards for them [14]. These publications
consider the issues of information and software
support for urban transport modelling methods,
the use of various technologies for collecting
information from the urban environment to
further build transport models. As its important
part this cluster contains publications related to
the development of specific simulation algorithms
based on machine learning, artificial intelligence,
and computer vision systems. In the future, these
technologies will make it possible to process
information, collected using sensors and video
cameras, to solve the problem of urban traffic
control in real time.

Brief conclusions. Bibliometric analysis is
among effective methods for processing
voluminous textual information, allowing to get
a broad understanding of the problems, which
the researchers are facing, as well as to get
acquainted with the directions of development
of aresearch topic through automated processing
of a high-quality array of publications. The
results of the study can be used by city authorities,
transportation business and researchers to
identify promising trends in smart mobility and
justify their own decisions in the field of urban
planning.
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Bnaaumwup BEJIbKOB | Feopruit FOTPUHNAHU

B cTatbe npoaHann3npoBaHbl Mexa-
HU3MbI Bbl/ieTa 1eOHS NPy BbICOKOCKO-
POCTHOM ABVXEHUU. Llesibio paboTbl SBJIs-
eTCcs UCC/Ie0BaHNe U BbisIBJIEHNE OCHOB-
HOro mMexaHu3ma BblieTta LebHs 3 6ai-
nactHov noctesn. OBOCHOBAHO, 4YTO UM
AB/IS€TCS BblAaBANBAHNE 4YACTUL U3
BEPXHEro CJios rpaHys v ux noagbémM Hana
Le6EHOYHOM MoCcTesibio B pe3ynbrare
AeicTBUS NpPoaosbHbIX U MONepPeYHbIX
HanpsixxeHuii B 6asinacte, a Hanbosiee
BEPOSATHbIM MECTOM UX BblieTa ABISETCS

SAYINAYIRIERG V] KA

dusmnyeckue mexaHmambl noabeéma
OannacTHbIX rpaHyJ NPV NPOXO0XAEeHUN
BbICOKOCKOPOCTHbIX N0e34,0B

beavkoe Baaoumup Maxcumosun — AO «BHUUXKT>,
Mockea, Poccus.

loepunuanu Ieopeuii Beneduxmosuv —

AO «BHUUKT», Mockea, Poccus*.

rpaHuLia KOHTaKTa LLUnasa v BEPXHEro cjios
L1e6EHOYHOV rnocTesnu.

lMpencrasneHa ¢puavika 3Toro rnPoLec-
ca, cocToslas B nogbéme basnacra Typ-
OYI@HTHBIMU BUXPSIMU, «B3BELUINBAHNN»
yacTtuu WwebHs Hazd MNocTesblo o Aevi-
cTBUEM BUbpaLmnm, B COyaapeHnn ABUXY-
LLMXCS HACTUL| U1 MPOLIECCE BblAaB/INBaHNS
v BbisieTa rpaHys b6asinacra.

lMoka3aHbi NPUYnUHbI BO3HUKHOBEHUS
rOPU30HTA/IbHBIX M MONEePeYHbIX Hanpsixe-
HWii B LLIe6EHOYHOM basinacTe.

Krno4eBsbie crioBa: XKersie3Has gopora, BbICOKOCKOPOCTHbIe rnoe3ja, noagbém rpaHyisi,
BblJieT LL[e6HFI, roOpn30HTAaJIbHbIe rpPoLaoJibHbIe U NoriepeYHble HaripsXXeHus, 6asinacTHasi
rocCTeJlb, Haﬂe,qeo6pasoBaHMe B rnogBaroHHOM ripocTpaHCcTBe.

*MHdopmaumsa 06 aBTopax:

For the English text of the article please see p. 63.
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BBEAEHUE

IIpu xjaccuyeckoM BEpXHEM CTPOCHUU
MyTU U3 11IeOHS 32 CYET pa3HOOOPA3HBIX BO3LH -
CTBUI, HalpuMep, 3UMOM, B pe3yjbTare Inaje-
HMS KPYITHBIX KYCKOB JIbJa, OTAEJIbHbIC 111e0¢-
HOYHBIE KAMHM MOTYT BbIOpaChIBaThCSI BBEPX U3
OajnacTHOM MmocTenu. 3aTeM IIeO0EHOYHBIE
YaCTUILIBI COYAAPSIIOTCS ¢ HAXOMSIIIUMUCS TOJ,
M0JIOM 000pYAOBaHUEM TPAHCIIOPTHOTO CpPeJl-
CTBa M, KaK IPaBUJIO, C BBICOKOI CKOPOCTbHIO
0TOpAachIBAIOTCS BIEpel B HAIlpaBJICHUU JBU-
xeHust. [Toce aToro 1me6eHOYHbIE KAMHM MOTYT
BHOBb YIapsIThCs 0 OAIJIACTHYIO TIOCTEJb U BbI-
3BaTh BBIOPOCHI APYTMX KaMHel. Takum obpa-
30M, MOXET BO3HUKATh BEPTUKAIbHO TOIIEP-
JKMBaeMasl MaCCUBHas «IIIEOEHOYHAs JTaBUHA»,
KOTOpasi IPUBOAUT K CUJIbHOMY IOBPEXICHUIO
PacIONIOXEHHBIX B [IOJBATOHHOM ITPOCTPAHCTBE
PEJIbCOBOIO TPAHCIIOPTHOTO CPEJCTBA CUCTEM-
HBIX KOMITOHEHTOB. [Ipobema BbuieTa rpaHya
1eOHs aKTyaJlbHa 11 BCEX BHICOKOCKOPOCTHBIX
MOEe3I0B TaM, Tli¢ UCIONb3YyeTCs OalJacTHBIN
MyTb.

B Poccuu npu skcmiayatauuu Moe3aoB
«CancaHn» 1 «JIacTouKa» CO CKOPOCTBIO ABUXKE-
Hus 200 kM/4yac u 6oJiee B MOABarOHHOM ITPO-
CTPAaHCTBE M Ha BHEIIHEH MOBEPXHOCTH MYTU
BOJIM3U PENbCOB HAOTIOAAETCS MOIBEM KPYITHBIX
M MEJIKMX TPaHyJI 1 MbUIEBaThIX YaCTUII OaJlia-
CTa, KOTOpble «0OMOApIUpPYIOT» MOJBAarOHHOE
000pyaI0oBaHME U BJIEKTPOKAOEaU, MPUBOISIT
K TI0pYe aMOPTU3aTOPOB M CUJIOBBIX Kadesei.
[IbineBaThie YacTUIIBI MOBPEXIa0T CTEKIA
OKOH, JIeJIal0T MX [IOBEPXHOCTh MEHEe IIpo3pay-
HOW U IOPUCTOM.

DKCILTyaTalys BBICOKOCKOPOCTHBIX IOE3I0B
(BCII) 3umoii compoBoxaaercs: 00pa3zoBaHUEM
CHEXHO-JICISIHBIX OTJIOXEHUI B ITOIBArOHHOM
yacTu noe3na. Ochinaroumecs IbIobl Jbaa, Co-
yaapsisich ¢ peJibcaMy U 111eOHeM, YaCTUIHO pa3-
PYLLIAIOTCS U Pa3ieTaloTcsl, OBpexXaas 00beKThI
MHOPaACTPYKTYphI, BHI3BIBAIOT BHIOPOCHI 1IE0OE-
HOUHBIX I'PaHy/ U 3HAYUTEIbHbBIC MTOBPEXICHUS
MOIBATOHHOI'O 00OPYIOBAHUSI.

Lleavro HacTOSIIEH pAOOTHI ABJISICTCS UCCIIE-
JIOBaHUE, U BBISIBJICHE OCHOBHOTO MEXaHM3Ma
BbUIETA 1IEOHS M3 OaJJIaCTHOM MOCTENU C UC-
MOJIb30BAaHUEM aHATUTUYECKUX METOIOB.

1. BAJJIACT NYTU U OETPAOALNSA
Ero NPOYHOCTHbIX CBONCTB

B Poccuu B cootBetctBuM ¢ 'OCT 7392-
2002 g 6annacTHOro ciios myteit 1—3 KitaccoB
MPUMEHSIETCS TOJIBKO MIeOeHb TBEPABIX TTOPOJ
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Mapku M20 ¢ ipeeioM poYHOCTH TP CXKATUX
B BOJOHACHIIIIEHHOM COCTOSIHMM HE MeHee
20 MITa. [1le6€HOoUHBII Oa/IaCT, TPUTOTOBIEH-
HBII U3 TTPOYHBIX MarMaTUIeCKUX Topo (Tpa-
HUTBI, rabOPO, AMOPUTHI, CAEHUTHI (ITyOMHHbIE
MopoJbl), nrMadasbl, 0a3aabThl (M3TUBIINECS
TIOPO/IBI) ), IBJISIETCS JIYIIITM M3 COBPEMEHHBIX
0aJTacCTHBIX MAaTEPUAIOB, OJ1aromapsi 10JroBey -
HOCTH, BBICOKOI COTIPOTHUBIISIEMOCTH OCaIKaM
IImaa ¥ UX CMENEHUSIM B TOPM30HTAJIbHOU
TJIOCKOCTH, XOPOIITMM IPEHUPYIOIINM, YIIPYTUM
U 3JIEKTPOU3OJSLIMOHHBIM CBOMCTBAM 11e0E-
HOYHOW NTPU3MBIL.

ITo Mepe HakomIeHWs 3acopuTenei oan-
JlacTa yXy/IIaloTcs eT0 IPEHUPYIOIIe CBOMCTBA
[1]. B mie6€HOYHOM OamacTHOM MpU3Me Hau-
Oosee CUITBHO 3acopsieTcsl 1eOeHb B BEpXHEN
YacTH IIMATbHBIX SIIUKOB, ¥ O0KOBBIX IpaHeii
Y TOPIIOB IITIaJT, a TAKXKe TIOJ1 IMOJI0IIBOM, HAuu -
Has OT Kpa€B LINaJ U Jajiee K e€ cepeaue. st
1eOHsT HaMOOIBIIUI JOTTYCTUMBIM TTPOIIEHT
3acopeHus (colepKaHre YacTULl MeJibue 25 MM)
o macce cocrasiser 30 %, U3 HUX Mejbye
0,1 Mmm — He 6osiee 5 %. B ounineHHOM IieGHe
cofepXaHue yacTull pazmepamu MeHee 20 MM
He JIOJIXXHO MPeBBIMAaTth 5 % OT Macchl MPOOHI.

B nepuro mpou3BoacTBa PEMOHTHBIX paboT
WJIM TIPY YKJTAZIKe TTYTH U YTUTOTHEHUIO OaiacTa
MOXET OBITh IOCTUTHYTA TIpe/IeTbHas ITIOTHOCTh
me6Hs 0,33—0,34. OOBIYHO OHAa HAXOZUTCS
B npenenax 0,36—0,40. ITo Mepe 3arps3HeHust
eOHST U pocTa MPOMYIIEHHOTO TI0 ITyTH TOH-
HaXka HacTyIaeT IeprojI HapacTaHWsI HepaBHO-
MEPHO pacpeneIEHHBIX 10 JUTMHE TTyTH Aedop-
Maluii, BOSHUKAOIINX W3-3a BHIMTUPAHUS
OastacTa M3-Tof ITajl, HaKarTMBaHUSI MEJTKUX
(pakuunii 3arpsi3HEHUIA B HUKHENH U BEpXHEU
YacTsax cjIos 0ajracta, a TakXe M3-3a BbITI-
JIECKOB. YPOBEHb IMHAMUYECKOTO BO3ICICTBUS
Ha MyTh U 3eMysiHoe ogoTHO oT BCII pactér
TIPSIMO TTPOTIOPIIMOHATIBHO KBaJIpaTy MX CKOPO-
CTU U C YYETOM BBICOKOUYACTOTHOM BMOpaluu
BBI3BIBAET PE3KMI POCT OCTATOYHBIX Aeopma-
LM, B TOM 4YKCJie UHTEHCUBHOE ApOOJeH1e
0aJU1aCTHOTO CJIOSI B TIYTU M UHTEHCUBHBIN 13-
HOC TIOJIBMXKHOTO COCTaBa.

BrimosiHeHHBIE MCCTieIOBaHUS TTPOYHOCT-
HBIX CBOWCTB 0anjacTHOTo Marepuaia [2]
ToKasajiu, 4YTo 3acopeHue IIeOHs mecKaMu
Y TIBLJIEBATHIMY YaCTUIIAMU TIPUBOJIUT K CHU -
KEHUIO0 TTPOYHOCTHBIX XapaKTePUCTUK KaK
TIpY EWCTBUM CTaTUYECKUX, TaK U BUOpAIIu-
OHHBIX Harpy3o0K. BenmnyuHa ynenpbHOTO cliemn-
JIEHUSI CHUXKAETCS TTPU CTaTUIeCKOI Harpy3Kke

BenbkoB B. M., lorpuunanm I'. B. ®u3nyeckune MexaHn3mbl NOAbEMA OannacTHbIX rpaHyn
MPU MPOX0XAEHUN BbICOKOCKOPOCTHBIX NOE3,0B




Puc. 1. lMoBpexxaeHns kopnyca BaroHa oT yaapoB YacTul we6Hs [6].

Ha 25 %, npu BubpaunoHHOM — Ha 29 %.
CHIMXeHHe yriia BHYTPEHHETO TPeHUS B pac-
CMaTpMBacMOM IMaIa30He 3aCOPEHMS MEOHS
TecKaMu TPy IEMCTBUU CTATUIECKO 1 BUOpa-
LMOHHOM Harpy3ku cocrtasiuser 12 u 19 %
COOTBETCTBeHHO. Bubpanuu, Kak mKMpoOKoO
HM3BECTHO, MCITOJB3YIOTCS B TEXHOJIOTUH
VIUIOTHEHUS U TPAHCIIOPTUPOBAHUS CHIITYINX
MaTepuayioB, Oaromapst 3HaYUTSIBHOMY CHU -
KEHUIO CTPYKTYPHOM BSI3KOCTU ITHCIIEPCHBIX
MatepuainoB. [1o 3akioueHNIO, caeTaHHOMY
B pabotax [3—5], BuOpaunm BBI3LIBAIOT pac-
CTPOICTBO HIKHETO CTPOCHUS MYyTH U O0JIee
MHTCHCUBHOE HAKOIUICHNE B HEM OCTAaTOYHBIX
nedopmalinii, a KpoMe TOro, CHUKAIOT IIPoY-
HOCTHBIC XapaKTePUCTUKHU IIeOHS.

TakuMm obOpa3zoM, BUOpAIUs CIIOCOOCTBYET
cemapalliy rpaHyI IIeOHs 110 pa3MepaM, 3aroi-
HEHHIO TIOPOBOTO IIPOCTPAHCTBA CJIOS IIeOHS
MBUICBUIHBIMA JaCTUIIAMM OT TEPEBO3MMBIX
Ipy30B, MEJIKOU (ppakmueit MeHee 1 MM IIpu
HMCTUpaHUU 0ajulacTa, peabcoB U KOJIEC, TOp-
MO3HBIX KOJIOIOK M a3p030JIsl, IIPU HCITONb30-
BaHWM ITECKa IS YITYIIICHUS CLIETUICHMSI KOJIEC
U PEbCOB; IIPUBOIUT K YIEPXaHUIO OCAIKOB
U Talloil Bjaru. bmonornueckoe 3acopeHue
0aJIJTaCTHOTO M TIECOYHOTO CJI0ST KOPHEBBIMU
CHCTEeMaMM TPaBSHOM PacTUTEIbHOCTH, KOTO-
pBIe OBICTPO MPOPACTAIOT BINIyOb, YCTPEMIISISICh
BHU3 K BOJi€ (SIBJIEHUE Te0TPOIIN3MA), O0YCIIOB-
JIMBAIOT TOSIBJICHNE HaOyXaHUsI KOPHEl 1 pac-
KJauHUBatomero napnenus 10—15 MIla [1].
Ipanyosl e6Hs, O1arogapst pacKJIMHIBAIOIIE-
MY TaBJICHUIO PACTYIINX KOPHE, pa3IBUTarOT-
Cs1, YBeIMYMBAETCsl Opo3HOCTh 10 60—70 %,
CHITXAETCS TIPOYHOCTD CICTUICHMS IIe0EHO0Y -
HbIX rpanyJl. [Ipy oTMHUpaHUM KOpHE BECHOM
MX MECTO 3aHMMAIOT TyMyc 1 Boma. M3-3a 3a-
IpsI3HEHUS He(PTEIIPOAYKTaMU 13-3a TIPOJTMBOB
Ha XeJIe3HOIOPOXHOE TOJIOTHO U OCTaTKAMU
CMa3KM OT JIyOpUKAIIMK KOJIEC U PEITbCOB CTHUB-
IIMe OCTaTKM PacTeHUM HAUYMHAIOT 00J1amaTh
CMAa3BIBAIOIINM IECHCTBUEM U MOTYT IIOHM3UTh
CTPYKTYPHYIO BSI3KOCTb CHIITYYMX MaTepPHaIoOB
B10...30pa3[1].
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2. ASPOOUHAMUYECKOE
BO3OEWUCTBUE HA BAJIJIACT

CrexTp a3poarHaMUIEeCKIX IIPo0JIeM, BO3-
HuKalomux mpu ke BCIT co ckopocts-
Mu 6otee 250 KM/9ac, Ipe3BHIYAHO pa3HOO0-
paseH. YacTullbl Win TpaHyIbl OajiacTa, Kak
CUMTACTCS, IO AeiiCTBHEM TYpPOYJICHTHBIX
BUXpEHl BBIJICTAIOT U3 0aUIACTHOI IMOCTEIU
M TIPUBOMISIT K TTOBPEXKICHUIO TTOABUKHOTO CO-
CTaBa, IyTeBOM MHPPACTPYKTYPHI ¥ IPUIOPOXK-
HBIX COOPYXXEHUI B TTOJIOCE OTBOAA KEJIE3HON
Joporu [6]. DTo sBIeHME ABISETCS CEPbE3HOIM
YIpO30ii IJisi 6€30MaCHOCTU 3KCIUTyaTalluu
rmoesa 1 maccaxupos (puc. 1 [6]).

ITo maHHBIM aMepPUKAHCKUX HCCIIeIOBaTE eI
[7], ckopocth BCIT 260 KM/4 MOXeET OBITD I10-
POTOBBIM 3HaYe€HUEM ISl MOoAbEéMa U IOJIETa
rpaHys Oajjacta, a IpU CHEXHBIX 3aHOCAX
W CWJIBHOM IOXIE IMOIBhEM TpaHysl OalacTta
MOXET Ha4aThCsI IIpH 00Jiee HU3KHUX CKOPOCTSIX
IBVKCHUS, 9TO CBSI3aHO C TIOHIDKEHUEM CTPYK-
TypHO# BSI3KOCTH 11eOHs. B Poccum mombeém
eOEHOYHBIX TPaHYJI, IO JaHHBIM TeXHUTIEeCKO-
ro otmena OKTSIOPBCKOM XeJle3HOM TOPOTH,
HabJIomaeTcs, HadrmHast co ckopoctr 210 km/Jac.

[Ipobaema BeUTETa IpaHysT MICOHS U3 Oaj-
JIACTHOM ITOCTEJI OOBIYHO PEIIaeTCS METOIOM
pacuéTra pucKoB [7], TEOpETUYECKH C IKCIIePU-
MEHTAJIBHOW MPOBEPKOU U KOMIIBIOTEPHBIM
MonenpoBaHueM [§; 9]. C ImoMoIIbIo SKCIepT-
HBIX OLIEHOK PacCUMTBIBACTCS TIOCTICI0BATE b~
HBI PUCK HACTYIJICHWS COOBITUS BBIIETa
meOHS 1 60MOapAMPOBKHM UM Ky30Ba WU
MHGPACTPYKTYPHOTO 00BEKTa ¢ pacIETOM II0-
clenymuXx (MHAHCOBBIX MTOTEPh. XapaKTep
CTPYKTYPH TTOTOKA BO3IyXa BOKPYT Ioe3da
4acTo BOOOIIEe He yunuThiBaeTcs. B moxmane [7]
MIPUBOAATCS TIATh (PAKTOPOB BOSHUKHOBEHMS
MorbEMa IeOHS: SKCIUTyaTallOHHAs CKOPOCTb,
KOHCTPYKIIHS T10€311a 1 COOTBETCTBEHHO 00Te-
KaHMe W TypOyIM3allysl BO3MYIIHOIO IOTOKA,
BeJIMYMHA TMHAMUYECKOM HATPYy3KH, KAYeCTBO
00CITyXXUBaHUS TIYTU U CUJIBHBIN OOKOBOII Be-
tep. [logbém rpanyn 0amnacTa [7] Takke MOXKeET
HaOII0OAaThCSA W TIPU MEHBIIIEH CKOPOCTH IBU-
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Puc. 2. 3aBucumocTb nogbEmMa 4acTul OT UX pa3mepa U CKOPOCTU NMOTOKa v AaBsieHUs1 B HEM [9].

JKeHUs Ioe3aa B ToHHeJs1x. HakorieHue cHera
BIOJIb ITyTH, TTpoxoxaeHre BCIT Bo BcTpeuHoOM
HamnpaBJIeHUU TakxkKe CIIOCOOCTBYET MOIBEMY
rpaHyn 6annacta. beljio oTMe4eHo, 4To B TOH-
HeJsX, TJ¢ BbIBEIIEHbI 3HAKW OTpaHMYEHUS
B cKopocTu «He 0onee 140 km/9ac», BEICOKO-
CKOPOCTHBIE [10€3[a TaKXKe UMeJIM 3HAYMTEIIb-
HBI yIIep0 OT yIapoB rpaHys1 0ajuiacra.

B paborte [8] mpoBeneHO onTHUECKOe AeTEK-
TUPOBaHUeE BblLIeTa IIEOHS B adpoguHaMuUye-
ckoii Tpyo6e. ITo pesyabratam yabopaTOpHBIX
HCCIeq0oBaHUi pa3paboTaHa a3poarHaMUYe-
cKast MOJIe/b IJISI pacuéTa BbIJIeTa TpaHyJI 1eo-
Hsl, @ TAKXXE TIPOBEICHBI TMHAMUYECKUE Pacyé-
Tbl MHEPLIMOHHOM MAaCChI IEOHSI, OIpeae/IeHbI
KOJIMYECTBO «IIOIBMKHOTO» IIeOHS Ha 111e0e-
HOYHOI IOCTEIM 111 OTAEIbHBIX TPAHYJI ILIEOHS
U BEPOSTHOCTD IOMAIAHKS LEOHS B 03/ U €TI0
noBpexaeHust. Kpome Toro, bl pacCUMTaHbBI
a’poJAMHAMUYECKHE CUJIbl, CKOPOCTh Hayalia
BO3HMKHOBEHUSI TYpOYJEHTHBIX TOTOKOB OT
TeJIeXeK M IPYIrMX KOHCTPYKLIUI BaroHa.

B pa6orte [9] mpu MomeIMpPOBaHUM YUTCHBI
a’poAMHAMUYECKUE XapaKTePUCTUKU TPaHyl
EeOHs: UX paclpeiesieHue Mo pa3mepam, 10
TUTOIIAIN TIOBepXHOCTH, Macce U (popMme. C 1mo-
MoUIbi0 MporpamMmmHoro obecrieuenuss CFD
MPOBEAEHO MOIEIMPOBAaHUE TIOBEACHNUS OTIE/b-
HbIX 0AJITACTHBIX YACTULL B BO3AYLIHOM ITOTOKE
A3pOAMHAMUYECKOM TPYOBI 1 SKCIIEPUMEHTAIb-
HO HaliIeHbl 3aBUCMMOCTH IIOABEMA YACTHULL OT
HX pa3Mepa U CKOPOCTU IOTOKA U JaBJICHUS
B HEM, KpMBU3HBI TUTOLIAIKH, T/Ie ObUIA pa3Me-
IIEHBI TPaHyJHI meOHs (puc. 2). B padore Tak-
Ke MpuBeeHa MUHUMaJIbHasl CKOPOCTb BETpa,
IpY KOTOPOIi HAYMHAIOTCS HeOOJIbIINE Mepe-
MEIIeHUS OTICIbHBIX TPpaHyJI meoHs, — 8§ M/C.
ITpu ckopocTu BeTpa 25 M/C OOJBIIMHCTBO
rpaHyJl HAYMHAET AUCKPETHO MePEMEIAThCS.
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B pexxume aKcIuTyaTaly B ICTHHI IIEPHO,
KaK CYMTAIOT aBTOpHI pador [9; 10], ckopocTu
BCII V > 340 xm/4ac pa3yMHBI TOJIbKO IIPU
ycJI0BUM 0e30autacTHoro myTH. [{71st ckopocTeit
moe3na V > 280 km/4 TpedyeTcs ocobast popma
1 OonbllIe pa3Mephl MEeOEHOUYHBIX IpaHyJl Ha
MOBEPXHOCTH TTocTenu. DkcrtyaTauust BCIT
B 3UMHMI TIEpHO, KOTIa IMyTh TIOKPBIBACTCS
JIBIOM M CHETOM, IIPU CKOPOCTU IBIKCHUS
VMax > 250 KM/4 1O/KHA ITPOXOIUTH TOJIBKO Ha
oe36amnactHoM rmytu. Kommanusg SNCF pexo-
MeHIyeT cKkopocThb aBrkeHnst BCII B mnana3zo-
He KpUTUYECKUX TeMIlepaTyp 1 Havajia CHEeTro-
nana He Bbiine 200 km/4ac. st @paHimy Takue
yCJI0BUS HaOM0AaI0TCS B TeueHue nopsiaka 20
nHei B ropy (mist Poccun — 90 nHeit).

B coobmenuu [ 10] BriepBhIe onucaH ek
n3bsA3BNIeHUS TiepeaHeit Tenexxkn BCIT u3-3a
«0OMOapIMPOBKM» YaCTULAMU ILEOHS U TIPO-
IyKTaMU €ro u3MejbueHus. B paMkax atoro
HCCIIeOBaHUS OBUIM M3MEPEHBI C TTOMOIIIBIO
TEH30IaTYMKOB BHOpaIuy B Oayacte, co3ma-
Baemble BCII. Kak mokasan aHanu3, Hanpstke-
HUA B I€OEHOYHON IMOCTENUN HE CBI3aHBI
¢ asponuHammyeckumu pakropamu. [Toaromy
aBTOPHI IPEIMOJOXIUIN, YTO MEXaHMIECKUE
BUOpaALMM 3eMJISIHOTO T10JIOTHA CIIOCOOCTBYIOT
«IOABELIMBAHUIO» YACTHUL, U B COYCTAHUU
C BEPTUKAJIBHBIMU TypOYJICHTHBIMU ITOTOKAMU
BO3/IyXa BO3HUKAET «00JIAKO» C HanOOJbIICH
KOHIIEHTpAIIMe YacTHIl Tepell TIepPBBIM Baro-
HOM U C IIOHXKEHHOM KOHIIEHTPALMEH y XBO-
CTOBOTO. DTH YaCTHUIIBI, COYAAPSISICH C KOPITYCOM
BCII, npobsTcs v pa3ieTaoTcs 1o 00e CTOPOHbI
moesna. s 060CHOBaHUS MPEAJIOKEHHOTO
BUOPALIMOHHOTO MeXaHM3Ma BbIJIeTa IIeOHS,
aBTOPBI CCHIIAOTCS HA MHCIIEKITMOHHBIE OCMOT-
pb1 ioBpexaennit BCIT u cBugeTenncTBa pe-
MOHTHUKOB. [Iy1s Ooee meTaabHOM MPOBEPKU
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Puc. 3. 30HbI BICOKOro n HU3KOro AaBJsieHusi, BO3HuKalowme npu gsmxeHun BCI1 [10].

3TOM TEOPUH, IO MHEHUIO aBTOPOB, TPEOYIOTCS
JOTOTHUTEIbHBIE McclienoBaHus. Ha puc. 3,
B34TOM M3 oTuéTa [10], cxemMaTUYHO TOKa3aHa
CTPYKTYpa TypOYyIEHTHOTO IIOTOKA, BO3HUKAIO-
1asg B HocoBoi 1 xBocTtoBoi 3oHax BCII. Uu-
TEHCUBHOCTH I[B€Ta B 30HaX COOTBETCTBYET
oonbliemy naBineHuto. I[lepeaHss o6iaacTb Uan
(bpOHT BBICOKOTO AaBJICHMS, TaK Ha3bIBaEMbIiA
Slipstream, WJIM CKOJB3SIINI MTOTOK, B BUIE
«I3bIKa» MOXET ITOTHUMATh YACTHUIIBI IEOHS.
JaBneHus B yKa3aHHBIX 00J1aCTSIX ITyIbCUPYIOT
BO BpeMeHU U1 A pasnuuHbix BCIT moryT 3a-
METHO OTJIMYaThCSI.

B pa6orte [11] akcniepMeHTaIbHO UCCIIeI0-
BaHbI CKOPOCTH Y JABJICHUS B a3pOAMHaAMUYC-
CKOM IT0JI¢ ITOABAarOHHOT'O ITPOCTPAHCTBA C 110~
Molbio Tpyook ITuTo v TeH30maTYMKOB. BOINM-
31 0aJTACTHOM TMOCTENIM CPEIHSISI CKOPOCTh
COCTaBJISAET Beero 1/3 oT CKOpOCTH 1oe3/1a, B TO
K€ BpeMsI CTAaHIapTHOE OTKJIOHEHUE KoJleOaHUi
CKOPOCTH IIOTOKA BO3/IyXa COCTaBIISICT ITOPSIAKA
1/10 ckopoctu noe3na. CpenHsisi CKOPOCTh
MOTOKA BO3AyXa M3MEHSIETCS TOJ BIMSHUEM
JieTajieil B MOJABarOHHOM ITPOCTPAHCTBE U UX
(bopMBbI, BKITIOYAST OCH TEJIEXKEK, TIEPEXOIbI MEXK-
JIy BarOHaM{ M BCIIOMOTaTeJIbHOe 000pyIoBa-
Hue. BepTukanbHbiit mpoduiab GayKTyauuii
CKOPOCTH IPUOJM3UTEIBHO PaBHOMEPHBIN.
VY 111e6€HOYHOI TOCTEIN CKOPOCTh MOTOKA CO-
crasiusger 0,06 ckopoctu noesna. Beicokas
CKOPOCTb BUIC03aIIMCH ABMKECHMSI Oa/TaCTHBIX
YaCTHII TOMOIJIA POSICHUTh HEKOTOPHIC MeXa-
HU3MBI, OIpeAeIsIIOne UX MepeMeeHus.
[pornecc mepemMeleHUsT TpaHy.1 MeOHST BKITIO-
YyaeT B ce0s CTaAMIo Havyajla ABUXKCHUS WU
TPOraHUs C MeCTa OTACJbHBIX HEOOIBIINX
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rpaHyJ. 3aTeM HaYMHAETCs TPOI0JIbHAS MUTPa-
LM TTO «IIIEPOXOBATOM» IIOBEPXHOCTH Oa/LIACT-
HOI ITOCTENIM HEOOIBIIUX TPAHYJI U COYIapEHUS
C COCETHUMU YacTULIAMU,, UMEIOIIIMMMU 00JTbIIIIE
pa3Mephl.

JBuXKyIiei cuioi rpouecca, Mo Haiiemy
MHEHUIO, MOIJIM Obl OBITh 3HAKOIEPEMEHHbIE
a3pOoJMHAMUYECKUE CUIIbI TYPOYJIEHTHBIX BUX-
peit, CTabMIM3UPOBAHHbBIX IbLJIEBATHIMU MUHE-
paJibHBIMM YaCTULAMU, CHEToM (B 3UMHUI
TepUo/I) U 3aCOPUTENISIMU OajlacTa U 4acTUY-
KaMM Jbja pazmepamiu 1 ... 10 mm.

ABTOpHI [11] cUMTAIOT, YTO KOHTAaKTHbIE
B3aMMOJCCTBUS IBUKYIIMXCS TPaHYJI C 11e0¢-
HOYHBIMM YacTULIAMU OoJIBIIMX Pa3MEPOB UT-
paloT LIEHTpaJIbHYI0 poJjib. Korma Masble yacTu-
1Bl JOCTUTAIOT JOCTATOYHOTO MPOAOJbHOTO
HUMITyJIbCa, KOHTAKTHbIE B3aUMOJCCTBUS MOTYT
TPUBECTH K TOMY, YTO OOJIbIlIasi FpaHy/ia HaOu-
paeT A0CTaTOYHbII TOPU3OHTATIbHBIM UMITYJIbC,
YTOOBI IPY COYIAPEHUHU C COCETHEN MPOU3OLIENT
MOIBEM YaCTHUILIBI B BO3IYX.

ChopMUPOBaHHBIN CKOJB3SIIUNA MOTOK
Boicokoro napneHus nepea BCIT (puc. 3 [10])
MOIXBaThIBAET BHIJICTEBIINE IPAHYJIbl U TOTHU-
MaeT MX Ha OOJIbIIYIO BBICOTY. BepTuKanbHble
BUOpAIIMY 3eMJISTHOTO MOJIOTHA CITIOCOOCTBYIOT
CHIXEHHUIO CTPYKTYPHOI BSI3KOCTH B BEpXHEM
cJioe eOHs1, obJieryas rmpoiecc noabéMa 00J1b-
1IUX TpaHyJI edHs. [TpouuTupoBaHHbIE B 1aH-
HOM pasjejie pe3yJbTaThl HayyHO-HUCCIIE-
JIOBaTeJIbCKUX padOT M BBIBOIBI, CIACIaHHbIE
B 9TUX paboTax, 0COOEHHO Ha OCHOBaHMU MO-
JEeJTbHBIX 9KCIIEPUMEHTOB C MajibiM YUCJIOM
rpaHy’a u 0e3 yuéTta BUOpalLIMOHHOTO BO3MEii-
CTBUSI, a TAKXKE YMCJIEHHbIE SKCIIEPUMEHTHI Ha
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OCHOBE JJADOPAaTOPHBIX SKCIEPUMEHTOB MOTYT
HeaJleKBaTHO OIUCBIBATh IPOLIECC BbLIETa I'pa-
HYJI LIeOHST.

3. AHAJIU3 METO40B BbIJIETA
LLEBEHO4YHbIX FTPAHYJ1 U3
BAJUJIACTHOM NOCTENN

Ha ocHoBaHMU paccMOTpeHUSI HAyYHBIX
nyoaukanuii [6—11] MOXHO cUCTeMaTU3nUpo-
BaTh OITMCAHHbIE B HUX BO3MOXKHBIE MEXaHU3MBI
BbUIETa OAJUTACTHBIX YaCTHIL;

1. ITogbéM GalIacTHBIX TpaHyJ TYpOYyJIeHT-
HBIMU BUXPSIMU [6—9], KOTOpBIE, IO MHEHMIO
aBTOPOB [6; 7], BOBHUKAIOT IIPY BHICOKOI CKOPO-
CTU ABWXKEHMS noe3na. BouieTy 1mebHs crnocoo-
CTBYIOT KOHCTPYKIIMOHHBIE HEIOCTATKH BaTOHOB,
VXYIIIaIoIe o0TeKaHue M IPUBOJISIIIE K BO3-
pacTaHuIo TypOyIM3alMK MOToKa Bo3ayxa. [Lio-
X0€ COCTOSTHME BEPXHEro CJIosl HeOEHOYHOU
TIPU3MBI 1 MAJTbIE Pa3Mephl TPaHyJT Ha e€ TIOBePX-
HOCTH; CUJIbHBI! O0KOBOI BeTep; ABMXKEHUE
rmoe3aa B TOHHEJSIX, B KOTOPBIX TypOy/In3aIust
TOTOKA BO3[yXa HACTYMaeT MPU 3HAYUTETHHO
MEHBIINX CKOPOCTSIX; TIPOXOXKIEHUE BCTPEUHOTO
BCII u HakoruileHUM CHera BIOJIb MyTeil — BOT
TIPUYUHBI, TIO MHEHHMIO aBTOPOB, KOTOPHIE YBe-
JINYMBAIOT MOIBEM OAIaCTHBIX TPaHYII.

2. «[logBemmBaHue» 4acTUIl IIEOHST HAI
TTOCTEJTBIO TTOJI IEICTBMEM MEXaHUIeCKMX BUO-
panuit 3emusiHoro noJjiotHa [10], koTopeie
CIIOCOOCTBYIOT B COYETAHUM C BEPTUKATLHBIMU
TypOyJIEHTHBIMM ITOTOKaMU BO3IyXa U (DPOHTOM
BbIcoKoro AasjieHus Brepenu BCII noabémy
YacTUIL HIeOHS.

3. KoHTaKkTHBIE cOynapeHusT IBVXKYIIUXCS
MaJIbIX YaCTHII C TPaHyJIaMu OOJIBIIINX pa3MePOB
1 HAaKOTLJICHHWE TOCTaTOYHOTO TOPU3OHTATBHOTO
HUMITYJIbCa TAKMM 00pa3oM, YTOOBI TIPU Coyaa-
PEHUU C COCETHEN YACTULIECH TPOU3OLIEN TOb-
€M OOJIBIIION TpaHyJIbl B BO3ayX [11].

J71s peanu3aluy NepBOro MexaHu3Mma —
MnoabéMa 0aJTaCTHBIX TPaHyJ TypOYJIEHTHBIMU
BUXPSIMU TPeOYETCST BEICOKAst CKOPOCTD IBUXKeE-
Hus BCII, okomo 300 kM/4gac. HeymosneTBopu-
TeJIbHasi a3poJMHaMUKa TMOABAaTOHHOM YacTu
BCII npuBenét K CHUIXEHUI0 CKOPOCTHU BOJIU3U
OajmacTHOI TocTen HUXe 1/3 cKopocTu 1mo-
e3na [11]. 3arpsi3HeHre BEpXHETO CJ10sI TPU3MBbI
TOJIBKO YJTyYIITUT O0TeKaHWE M3-3a yMEHBIICHUS
«IIIEPOXOBATOCTU» OAJTACTHOM MOCTENU U CHU-
3UT KOHIEHTPALUIO TypOYJIeHTHHIX TPYyOOK.
CunbHbI O0KOBOI BETEp TOJBKO CMeEIlaeT
(bpOHT BBICOKOTO TaBJIEHMS ¥ TPAHUYHBIN TIOTOK
Bokpyr BCII.
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TypOysieHTHbIE BUXPU B BO3YXE, IO HAILIUM
uccaenoBaHusaM [12], npeacTtaBasiioT coboii
«TpyoKkm» muameTpoM 30 ... 40 MM C HEBBICOKUM
paspstkeHueM BHYTpH. [{j1s1 Habopa MOIITHOCTH
«TOPHan0» TypOYJIEHTHbIE BUXPU JOKHBI Ha-
OpaTh 3HAUYUTEIBbHYIO MacCcy MUHEpPaJTbHOU
MbUTA, HO TIpU cKopocTu aBuxkeHust BCII atot
Mpoliecc He ycreeT ocyiecTBUThes. Cienopa-
TeJIbHO, TIEPBBI MEXaHU3M BbLIETA TPAHYJ
1eOHS MaJOBEPOSITEH.

OueHUM BO3MOXHOCTh peaiu3aliy BTOPO-
o MEXaHUu3Ma — <«IOABEIIUBAHUS» YaCTHUIL
meOHs Hal MOCTeJbIo MoJ AeCTBUEM BEPTHU-
KaJIbHBIX MEXaHUYECKUX BUOPALIVI 3eMISTHOTO
MoJIoTHa. BepTuKanbHast cocTaBisIoNIas Kojie-
0aHMi1 6aIIaCTHOTO CJI0SI U3 TPAHUTHOTO 11E0-
HSI UIMEET CIOXHBIN XapaKTep ¢ pe3KMMMU BCILIe-
CKaMU 3aMyCU U 3HAYUTEJIbHBIMU Pa3INIUSIMU
B K0OJie0aTeIbHOM IPOLIECCE MPU MTPOXOJIE Baro-
HoB [13].

ITepBas rapMoHMKa — HM3KOYaCTOTHas,
JIEXHUT B quana3oHe oT 1,13 (55 km/4) no 1,48 Iix
(125 xm/9) 1 umeeT amrmutymy 130 ... 450 Mxm
COOTBETCTBEHHO B CEUYEHUH Y MOMAOIIBBI TOPLA
mmmai. [Tpu ckopoctu nerzkerns BCIT 250 km/4
nepBasi rapMOHUKa cocTaBuT ~3 Ii1, a ammuiu-
tyaa ~1 ... 1,2 mm. Ilepuon KonebaHUt HU3KO-
YaCTOTHOM rapMOHMKHU MPAKTUIYECKU COOTBET-
CTBYET BpEMEHM, HEOOXOAUMOMY IS TTpoxoaa
9KUITaXeM PACCTOSHUS MeXIy KpalHUMU
OCSIMU TEJIEXKKH.

Bropast rapMoHUKa — cpeaHevYacTOTHas,
¢ vyactoroit 3 ... 13,5 Tt u ammurynoit 30 ...
220 MKM, 3aBUCUT OT CKOPOCTHU T10€3/1a U BO3-
HUKAaeT MpU NPSIMOM CUJIOBOM BO3ACUCTBUU
OTIEJBHBIX OCE BATOHOB Ha PEJIbChI U OAJLIACT.
Ipu ckopoctu nuxenus BCIT 250 km/4 BTO-
past rapMoHuKa coctaBut ~27 Ii1, a ammutyna
~0,4 MMm.

TpeTbsl BBICOKOYACTOTHAsI TApMOHUKA aM-
muTyaoii ot 0 1o 21 MKM IIpU CKOPOCTU JBU-
KEHUS BaroHOB OT 55 10 125 KM/4 HaxomuTCs
B YaCTOTHOM JuanazoHe ot 125 mo 250 Ii.
Bricoko4yacToTHast BEpTUKAIbHASI COCTABJISIO-
1as AJ1si CKOpOCTH cocTaBuT nmpumepHo 500 Tix
1 3-32 UHEPLIMOHHOCTH IIEOEHOYHOM TPU3MBL
MPaKTUYECKU TTOJTHOCTBIO TOTJIOIIAETCS.

MaxkcumanbHasi CKOPOCTh, Moaydyaemas
YacTUllel MpU TAPMOHUYECKUX KOJIeOaHUIX
OastacTa, paBHa Vv = Aw, TI€ A — aMILTUTYyaa
U ® — KPYroBas 4aCcTOTa KOMIIOHEHTbI BUOpa-
uuu. J171st rpaHysibl pa3MepoM 60 MM KMHETHYe-
cKast Heprus Oymet paBHa ~3 1077 JIx. [Tpu
YIIPYTOM COyIapeHUU YACTULL BEPXHETO U HUXK-
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HEro cJ10€B 6e3 yuéTa TPEHUS YaCTULIbI O COCEI-
HMe TPaHyJIbl TOTCHIIMATEHAST SHEPIHS BepXHEi
YACTUIIBI YBEJIMIMUTCS, 1 MAKCUMAJTbHAS BBICO-
Ta mogbéMa coctaBuT ~0,5 MkM. C yI€TOM co-
yIapeHUs ¢ TpeMs COCEIHUMU YacTUIIaMU
B HIDKHEM CJIO€ BBICOTA TIOOBEMA HE TIPEBBICUT
~1 MKM.

JI71s1 cpeqHeYacTOTHBIX KOJIEOaHU A U TOM e
rpaHyJBl BEICOTA TToabéMa Oymer ~0,23 MM,
a TIpY COyIapeHNH ¢ TpeMs HIDKeIeKaIIUMK
cocemHUMU YacTuliamu coctaBut ~0,5 M. Ta-
KOTO IOJTbEMA TPaHYJIbI OT IIE0EHOYHOI ITOCTe-
JIA, BOJIM3W KOTOPOI CKOPOCTh IOTOKA, KaK
Imoka3zaHo B pabote [11], 6mm3ka K 15 km/4,
HemocTaTouHo. Kpome Toro, TypOyJIeHTHBIE
BHUXPH Y CTEHBI IBIKYTCSI B TPOTUBOIIOIOKHOM
HarpasieHun. [To3ToMy 3aXBaT JIETKUX IPaHyI
(pOHTOM BBICOKOTO JaBJICHHUS TaKXKe MajoBe-
pOSITEH.

Tpemuii mexanuzm — KOHTAaKTHbIE B3aMMO-
JEHCTBYS IBVIKYIIUXCS MAJIBIX YACTHII C TPaHy-
JTaMHu OoJIBIIUX pa3MepoB IS MOAbEMa Hal
eOEHOYHOM TTOCTEIBIO TAKKE MAJIOBEPOSITEH,
TaK KaK TPaHyJIbl IUIOTHO YITaKOBAaHBI Jaxke
B BepXHEM CJIO€ M He MOTYT HEe3aBUCHUMO JIBU-
raTbCs IO JIEMCTBMEM BO3IYIIHOTO ITOTOKA,
1, TIPUHAMAas BO BHUMaHUE €TO HU3KYIO CKO-
pPOCTh Ha IpaHMIE pa3fena «BO3AYUIHBIN MOo-
TOK—IIe0EHOYHAs MOCTeNb», MOoJydyaeMble
YaCTUIIAMM UMITYJIBCHI M3-3a COYIAapeHUI ¢ CO-
celsIMU OYIYT paccenBaThCs B IOBEPXHOCTHOM
cJ10€ B 00BEM 1IEOHSI.

4. HOBbIA MEXAHU3M -
BblIAABJINBAHUE TPAHYJ1 U3
BAJIIACTHOW NOCTENU

Hawubonee BeposTHBIM MEXAaHU3MOM BbLIETA
1eOHS, IO HAaIlleMy MHEHMIO, SIBISIETCS BbIAAB-
JINBaHUE U BBHIOPOC TPaHyN U3 BEPXHETO CIOS
EeOEHOYHOW MOCTENU MPU BOZHUKHOBEHUU
TIPOMOJIBHBIX W TIOTIEPEYHBIX TOPUZOHTATBHBIX
U OTPAKEHHBIX OT BHYTPEHHUX CJIOEB HIEOEHOY-
HOU NPU3MBbl BEPTUKAJBbHBIX HANPSIXKEHUN
B 1me0¢HOUHOM Oannacte. [opu3oHTaNIbHBIE
TIPOMIOJTHHBIE Y TIOTIEPEYHbIE HATIPSDKEHUSI B II1E-
OEHOYHOM Oasutacte MeXIy HITajaMu BO3HU-
KalOT MPU YTOHE PEIbCOB B Pe3yJbTaTe TOPMO-
sxxeHust BCIT mpu 601X CKOPOCTSIX IBUKE-
HUSI ¥ TEMITEPATYPHBIX TPATUEHTaX BAOJb MYTH
¥ KOHILIEHTPUPYIOTCS BOJIM3U OOKOBBIX TIOBEPX-
Hocteil mnan. KpyyeHue mmnan npu Haesne Ha
HUX KOJIEC TAKKE CMIOCOOCTBYET BBIIABIMBAHUIO
11e6EHOYHBIX TpaHyJ. [TpoaosibHbIE CUIIBI BO3-
HUKAIOT TaKXKe MPU MPOCKAIb3bIBAHUU KOJIEC
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T10 peTbcaM B KPUBBIX M PEKYIIEPAaTUBHOM TOP-
MOXEHUH MOE3I0B.

JlJ1s1 MOTOPHOTO BaroHa, UMEIONIETO JIBE
TOPMO3HBIE OCH, KO3 bULIEHTa TPEHUS KOJIEC
o perbehl 0,24, Harpy3Ky OT KOJIECHO# Taphl Ha
penbenl 80 kH, nonm cuiermHoro Beca, UCTIONb-
3yeMOro JJ1s1 TOpMOXeHMSsI, paBHo# 0,5, cuna
yroHa OT TOpMOXeHust 6yner paBHa F =
2/2+0,24+0,5+80=9,6 kH. [IpumeM Koahdu-
LIMEHT TIepeiauy CUJTBI yTOHA Ha IITTaTy, PABHBIM
40 % [14; 15], Toraa cuia, AeiCTBYOLIAS CO
CTOPOHBI IIMaJbl Ha BEPXHUI CJIoi OastacTa,
oyznert paBHa 3,8 KH. Hanbo:pIme HarmpsosKeHAsS
OTMEYaloTCsT BOJIM3Y IITIAJ MO, PeTbcaMu, T10-
3TOMY JUISI T€OMETPUYECKOM IO OOKOBOM
MOBEPXHOCTH ILMAJIbl, PaBHOK S = 0,154 + 2,7 =
0,416 M2, ICTMHHAS IIOINAIb KOHTAKTA TPaHYJT
TTOBEPXHOCTHOTO CJIOSI TPaHyJ1 Oy/IeT B 1Ba pa3a
MeHblie, To ecthb 0,208 M2, o TuIoniaam mo-
JOLIBBI IIMAJIbI B C rpaHyJIaMU MO HArPy3KOM
80 xH, KoHTaKTHpYIOIIEH CO MEeOEHOUHBIMU
rpaHyn1amu, cocrapnser B =8 % [16]. Tak kak
(akTHUeckas Mmiaomanb ynpyroro KOHTakTa
TIPSIMO MTPOTIOPIIMOHAIbHA HOPMaJTbHOM Harpy3-
ke [17], To mos rromaay 60KOBOI MOBEPXHO-
CTH IIITIAJIBI TIOJ HATPY3KOi cuibl yroHa 3,8 kH
C MTOBEPXHOCTHBIMU I'paHyaMu baiacta Oyaer
B aBaauarhk pa3 Menslie (0,4 %). C 6okoBoi
TTOBEPXHOCTbIO IITTAJTbl KOHTAKTUPYET MPUOIIN -
3UTEBHO 7 ~ 50 rpaHyJj, TO3TOMY Ha TPaHUILY
KOHTaKTa KaXIOoi TpaHyJIbl CO IIMajon OyneT
JeiCTBOBaTh HANPSIKEHUE, BEKTOP KOTOPOTO
HarmpaBJieH HOpMaJIbHO K 00KOBO ITOBEPXHOCTH
INENISS
1, =(04F /(B *S;en)=(0,4" 9,6+10% /
(0,004 + 0,208 + 50) ~ 91,3 xIIa. (1)

Yrous HaksToHa GOKOBOI MOBEPXHOCTH IITIA-
JIBI K TOPU30HTY paBeH o~ 72°. [opn3oHTaIbHbBIE
peaxiy Kacalolencs naibl TpaHyJibl OyayT
CKOMIIEHCUPOBAaHBI IBYMSI COCETHUMU, HaXO-
JSIIMMUCS B OMHOM TIJIOCKOCTH C OCHOBHOM
rpaHyJjoi (Hauxyauuii ciydaii). Eciu cocenHue
TpaHyJIbl PacIioIaraloTcsl HECKOJIbKO HIKE OC-
HOBHOI1 rpaHyJibl, HarpuMep, Ha 30° Hike, TO
TMOSIBUTCS IOTIOJIHUTEJIbHOE BePTUKATbHOE
HarpsDKeHue:

Ty ¥ 27, * €08307 + 0s30° + sin30” = 0,76t. (2)

BepTuKanbHbBIA UMITYJIbC CUIIBI YTOHA, Teii-
CTBYIOLLIMIA Ha OJIM>KAMIIYIO K LLTTAJIe OKPYTIYIO,
pa3mepoM 60 MM 1 BecoM 0,07 KT TpaHy.1y, GyaeT
paBeH:
7.+ SKk*At*[cosa + 0,76 +
2¢0s30° * cos30° *sin30°] =
1,81t *Sk *At=m *V, 3)
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rae S_— miomaab KOHTaKTa OIHO rPaHyJibl CO
manoii, paHa f S /n=1,7+107

o = 72° — yroy HaKJIOHa KOHTaKTHOM T10-
1IAAKU K TOBEPXHOCTU 1IeOEHOUHO MOCTENH;

BpeMsI ISHCTBUS UMITYJIbCa paBHO At = [/V ;

[/ — TIOJIOBMHA PACCTOSTHUST MEXITY IITIAIaMU
(=273 Mmm);

V' — ckopoctb noesna (250 km/4).

KoadbunmeHT TpeHus cyxoro 6eToHa mo
cyxoMmy 6eToHy coctapisieT 0,7, a 17151 YaCTUYHO
3arpsI3HEHHOTO HE(DTETTPONLYKTAMU 1 TIOKPBITO-
ro 0OBOIHEHHBIMU TBLUIEBATBIMUA YaCTULIAMU
K03 GUILIMEHT TPEeHUs B IBa—TpPU pa3a HUXe
(0,35). Cuna tpeHus, neicTBYOIIAs BIOJb 00-
KOBOIf IMOBEPXHOCTU HITIAJIBI U C COCETHUMU
rpaHyJlaMy, paBHa:
FTp = kTp *7.*S *(cos72° + 2c0s30°) =
2,1k *7.*S,. 4)

Ho6aBuM B JIEBYIO YacTh ypaBHEeHUS (3)
BEPTUKAIbHYIO OTPUIIATEIHHYIO TIPOEKIINIO
MMITyJIbca Cutbl TpeHnst F At, 1, perms ypas-
HEeHUE OTHOCUTEJNbHO HaYaJbHOUW CKOPOCTHU
BBIJIETEBINEI M3 TIOCTEIM YaCTUIIBI EeOHS,
B OKOHYATEJILHOM BUIIE TIOJTYUUM:

_ (18107315,

A% =
r mr'VH r
Y ; (%)
1,08¢1,73¢107 0,273+91,3+10
= ~0,94 m/c.
0,07+69,4

Hns rpaHysibl pa3MepoM 25 MM CKOPOCTb
BbUTeTa paBHa 2,2 M/c. [Ipu BeIaBIUBaHUU
rpaHyJ eOHs U3 0alIacTHOM MOCTEIU Mbl He
YUJIN UMITYJIBC CUJIBI, HATTPABJICHHBIN BHU3, IPU
Haes[ie KoJjieca Ha IInajy U 00paTHYIO YIIPYTYIO
peakuuio 3eMJISTHOTO MoJioTHA. B pa3aene 3
HAcCTOSIIeH cTaThbU MPU OLIEHKE BO3MOXHOCTH
peanu3aly BTOPOTo MEXaHU3Ma «I0/IBEIlIBa-
HUE» YaCTUIl IEOHS B CEYEHUM Y MOMOIIBHI
TOPLIA LUTTAJ OCYUIECTBJISIETCS] SHEPTUEH BTOPO
TapMOHMKM € 9acToToil ~27 Ii1 U aMILIUTyaoM
~0,23 mMm. CpeHsig BepTUKaIbHAs TApMOHUYE-
cKag cuja, mpuiaraeMasi K rpaHyie BOJIU3U
1naa B TeYeHUE MoJayrnepuoaa Jjis mepBoi
TrapMOHUKHU, OyIeT paBHa:

m

—= AW’ (7, 2Am,®
Fropu = ’7]‘0 sinot dt = L
T

=3,9+107H.(6)

His1 BTOpO¥i TapMOHUKU FrapMz = 1,24 xH.
MMty ThC CUITBI TSI TTOJTYBOJTHBI BTOPOIA rapMO-
HMKU paBeH 5,5« 1072 H ¢+ ¢, a JonoiHuTeIbHAs
CKOPOCTb TPaHyJNbl pa3MepoM 60 MM COCTaBUT
0,8 M/c, msg rpaHyJdBl pa3MepoM 25 MM —
0,34 m/c.

YToJ1 moBopoTa IITNaJIbl HE BXOIUT B HOPMU--
pyeMble ITapaMeTphl XKeJIe3HOJOPOXKHOM KOJIeH,
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paccunTaeM ero OTHOCUTETbHO CKPETIIEHUST TSI
PaBHOMEPHOTO Mporuda peibca Ha 3 MM B Cpefl-
Hell ero 4acTu MexXmy mmanamu. st COOTHO-
HIEHUST PeJTbcOBOTO T1eva (546:2 MM) Y BBICOTBI
mimansl (183 MMm) yrox o paeH 6,4°. Ho, mo-
CKOJIBKY MBI HE y4YJIW HEJMHEHHBIN Mporud
peJjibca, MPUMEM YToj ToBOpoTa o~ 6°. C yuéToM
BepyYeHUs MIajbl Ha 6° ypaBHeHME (3) MpuMeT
BUIL;

T *SK*At*cos(a—6°)=m *V, (7)
U CKOPOCTbh, HalileHHas1 U3 ypaBHeHUs (4),
yBeamuutes B 1,1 1 cocraBut 1,03 M/c mumioc
0,8 m/c.

N3 paBeHCTBAa KWHETMUYECKOM M TIOTEHITN-
AJIHOM SHEPTUH IIeOEHOYHOI YaCTUIIBI pa3Me-
poM 60 MM HaXOIMM BBICOTY MOIBEMA CaMOi
KpYTMHOIA rpaHybl mebHs ~0,17 m.

CKOpOCTb pacTipoCTpaHEHNsT BOJTHBI HATIPSI-
KEHUM CXaThs B CTaIu MPU YTOHE PEbCOB
coctapisieT ~10 KM/C, TO3TOMY BO3IYIIHBIN
(bpOHT BBICOKOTO 1aBJIEHUSI CITOCOOEH TIOAHSTh
BBUIETAIOIIME TPAHYJIbI Ha OOJBIIYIO BBICOTY,
onacHy1o a5t BCIT u ungpactpyktypsl. [opas-
0 OoJbIIE 3HAYEHUST UMEIOT MPOAOJIbHBIE
CUJIBI B pejibcax OT U3MEHEHMs TeMIlepaTyphl
Y TIPY 3KCTPEHHOM TopMoxkeHuu. Hampumep,
JUIS HOBBIX pesibcoB TUIOB P65 cuma yroHa,
JeMCTByOIIasl Ha LIMaNy MPU MOBBIIEHUN
Temrepatypsl Ha 1°C, paBHa COOTBETCTBEHHO
20,7 kH, u nmoabEém yacTull yBeauyuTcs B 2,2
pasa.

ITo Mepe uctupaHus 1eO6EHOYHOTO CIOS
OKPYIJIbIX YaCTHULL OYIET BCE OOJIbILIE, TOPO3HOCTD
TTOBEPXHOCTHOTO CJIOST BBIIIIE, 1, CIEOBATEIHHO,
MeHbIIIe TPeHUe, U Jallle OyIeT MPOUCXOIUTh
BBUIET rpaHyJ 1eOHs. Hanbosee BepoSTHHIMU
MecTaMU BbIJIETa TpaHyJT IIeOHS SIBIISTIOTCS Tiepe-
TOHBI BOJIM3Y HACEIEHHBIX ITyHKTOB, TJIE TPOMC-
XOJISIT U3MEHEHMSI PEXUMOB JIBMXKEHUS (Habop
CKOPOCTU IBIIKEHUST M TOPMOXKEHUE), a TakkKe
o0JieieHeHMe TIOBEPXHOCTH YacTHIl eOHst. [Toxm-
HSIBIIVECS JIETKIE TPAaHYJTbI, COYAApSISICh C TIOBA-
TOHHBIM O0OPYIOBaHUEM U OTJIETast C BHICOKOM
CKOPOCTBIO, MOTYT BBI3bIBATh JJABMHHBIH ITPOIIECC
MOAbEMA IEOEHOUHBIX YaCTHIL.

BbiBObl

1. Ha ocHOBaHUHU OLIEHOYHBIX PACUYETOB
TTOKa3aHO, YTO OCHOBHBIM MEXaHN3MOM BBLIETA
eOHST PU BBICOKOCKOPOCTHOM JIBVDKEHUU
SIBJISIETCSI BBIIABIMBAHUE YAaCTHIl U3 BEPXHETO
CJI0S1 TPaHyJ U UX MOABEM Haj 11eOEHOYHOM
TTOCTEJBIO B PE3YJIBTaTe NEMCTBUS TPOIOIBLHBIX
Y TIOTIEpEYHbIX HaTpsKeHMit B 0astacte. Hau-
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0oJiee BEpOSITHBIM MECTOM BbLIETA IIEOEHOUHBIX
YaCTHUIL SIBJISIETCS TpaHWIla KOHTAKTa IHTal
U BEPXHUX CJIOEB IEOEHOUHOM TTOCTEIH.

2. ®usnyecKkre MeXaHU3MBI — TIOTBEM 0ajl-
J1acTa TypOy/IEHTHBIMU BUXPSIMU, «IIOJABEIIMBA-
HUME» YaCTUll 1IeOHS Haj MOCTENbI0 MO Aeii-
CTBUEM MEXaHWYECKMX BUOpAIUil 3eMJITHOTO
TTOJIOTHA, KOHTAKTHBIE COYTapEeHNsT IBVDKYIIINX -
CS1 MaJIbIX YaCTUII C TpaHyJIaMU OOJIBIINX pa3-
MEPOB — CITOCOOCTBYIOT YBEJTMUEHUIO TIOPUCTO-
CTH 1IEOEHOYHOTO CJIOST, CHYDXEHUIO CTPYKTYP-
HOI BSI3KOCTH,, U3BMEHEHW IO OPUEHTALINY YaCTHUI]
1, CJIeNoBaTeIbHO, 00JIeTYalOT BhIIaBIMBaHNE
Y BbUIET TpaHy OajaacTa.

3. Obpa3yrolmecs B ITOABaTOHHOM IIPOCTPaH-
ctee BCIT nipu orpeiené HHBIX TOTOHBIX YCJIOBU -
SIX TJIBIOBI JTbIA OCHITIAIOTCST, COYIAPSISICH C Pesibca-
MU 1 IEOHEM 1 Pa3pylIasiCh, M TAKXKE SIBIISIFOTCS
MEXaHW3MOM BbLIeTa 11IeOEHOUHBIX YACTHIL.

4. B pabore chopMyIMpoBaH HOBBII Mexa-
HM3M MOABEMA TPaHyJI Haf IeOEHOYHOM TOCTe-
JIbIO B pe3yJabTaTe NeCTBUS MPOTOTbHBIX
Y TTOTIEPEYHBIX HATIPSKEHMI B IIOBEPXHOCTHOM
cinoe 6atacta. 1J1g UCKITIOYEHUS BbUIETA 1lie-
OEHOYHBIX TPaHyJI U MPeaOTBpallleHNs yiepoa
BCII 1 undpacTpyKType MOTYT OBITH pa3pado-
TaHBl KOMITJIEKCHBIE CITOCOOBI PE3KOTO CHUXE-
HMS TIPOIOJIBHBIX U ITOTIEPEYHBIX HATIPSDKEHMI
B ITOBEPXHOCTHOM CJioe Dajutacta u Hajieneo0-
pa3oBaHMUsI B IOIBATOHHOM ITPOCTPAHCTBE.
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Physical Mechanisms of Ballast
Granules Flying during Passage
of High-Speed Trains

Vladimir M. BELKOV Georgy V. GOGRICHIANI

ABSTRACT

The article analyzes the mechanisms of
crushed stone flying on high-speed
railways. The objective of the work was to
study and identify main mechanisms
entailing flight of crushed stone from the
ballast bed. Itis substantiated that the main
mechanism consists in squeezing of
crushed stone particles from the upper
layer of granules and their rise above the
crushed stone bed following the action of
longitudinal and transverse stresses in
ballast, and that the most probable places
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of gjection of crushed stone particles is the
border of contact between sleepers and
the upper layer of the crushed stone bed.

The physics of this process is presented,
which consists in lifting ballast by turbulent
vortices, suspension of crushed stone
particles over the bed under the influence
ofvibration, in collision of moving particles
and the process of squeezing and ejection
of ballast granules. The reasons for the
occurrence of horizontal and lateral
stresses in crushed stone ballast are
shown.
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flying of crushed stone, horizontal longitudinal and transverse stresses, ballast bed, ice

formation in the undercar space.
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Background. Once the classic track
superstructure is made of crushed stone,
individual crushed stones can be ejected
upwards from the ballast bed due to various
influences, for example, falling of large pieces
of ice in winter. The crushed stone particles
then collide with the equipment situated under
vehicle’s floor and are usually thrown forward
at high speed in the direction of travel.
Thereafter, the crushed stone can hit the ballast
bed again and cause ejection of other stones.
Thus, a vertically supported massive «crushed
stone avalanche» can occur, which can severely
damage the system components located in the
undercar space of a rail vehicle. The problem
of ejection of crushed stone granules is relevant
for all high-speed trains there where the ballast
track is used.

In Russia when operating Sapsan and
Lastochka trains at a speed of 200 km/h and
more a flying of large and small granules and
dusty ballast particles can be observed in the
undercar space and on the outer surface of the
track near rails. Those granules and particles
«bombard» the undercar equipment and
electrical cables, cause damage to shock
absorbers and power cables. Dusty particles
damage glass windows, making their surface
porous and less transparent.

The operation of high-speed trains (HST)
in winter is accompanied by formation of snow-
ice deposits in the undercar space of the train.
Blocks of ice, when crumbling collide with rails
and crushed stone, partially collapse and
scatter, damaging infrastructure facilities,
causing ejection of crushed stone granules and
significant damage to undercar equipment.

The objective of this work is to study and
identify the main mechanism entailing flight
of crushed stone from the ballast bed using
analytical methods.

1. Track ballast and degradation of its
strength properties

In Russia in accordance with GOST [State
Standard] 7392—2002, only hard rock crushed
stone of grade 120 with a compressive strength
in a water-saturated state of at least 20 MPa is
used for the ballast layer of tracks of 1—3 classes.
Crushed stone ballast, made from solid igneous
rocks (granites, gabbro, diorites, syenites (deep
rocks), diabase, basalts (erupted rocks)) is the
best modern ballast material due to its durability,

high resistance to settlement of sleepers and

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 54-71 (2020)

their displacement in the horizontal plane,
good drainage, and possibility to provide
crushed stone prism with elastic and electrical
insulating properties.

‘With accumulation of ballast impurities, its
drainage properties deteriorate [1]. In the
crushed stone ballast prism, crushed stone is
most heavily contaminated in the upper part of
sleeper cribs, at the side edges and ends of
sleepers, as well as under the sole, starting from
the edges of sleepers and further to the middle.
For crushed stone, the maximum permissible
percentage of clogging (content of particles
finer than 25 mm) by weight is 30 %, of which
not more than 5 % can be less than 0,1 mm.
The contents particles less than 20 mm in size
should not exceed 5 % of the sample mass for
cleaned crushed stone.

During maintenance works, laying of track
or compaction of ballast, the maximum density
of crushed stone of 0,33—0,34 should be
reached. Usually, it is in the range of 0,36—0,40.
As crushed stone becomes dirty and the total
tonnage transported along the track grows,
there comes a period of increasing deformations
unevenly distributed along the length of the
track, arising from bulging of ballast from under
sleepers, accumulation of fine fractions of
contaminating agents in lower and upper parts
of the ballast layer, and due to splashes. The
level of dynamic impact on the track and
roadbed from HST grows in direct proportion
to the square of their speed and, considering
high-frequency vibration, causes a sharp
increase in residual deformations, including
intensive crushing of the ballast layer on the
track and intensive wear of rolling stock.

The performed studies on strength
properties of ballast material [2] showed that
clogging of crushed stone with sands and dusty
particles leads to a decrease in strength
characteristics under the action of both static
and vibration loads. The value of specific
adhesion decreases under static load by 25 %,
under vibration load by 29 %. The decrease in
the angle of internal friction in the considered
range of clogging of crushed stone by sands
under the action of static and vibration loads is
12 and 19 %, respectively. Vibrations, as is
widely known, are used in the technology of
compaction and transportation of bulk
materials, due to a significant decrease in
structural viscosity of dispersed materials.
According to the conclusion in works [3—3],
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Pic. 1. Damage to the car body from impacts of crushed stone particles [6].

vibrations cause deterioration of the lower
structure of the track, more intensive
accumulation of residual deformations in it,
and, in addition, reduce strength characteristics
of crushed stone.

Thus, vibration contributes to the separation
of crushed stone granules by size, to filling the
pore space of the crushed stone layer with dust
particles from the transported goods and by fine
fractions of less than 1 mm when ballast, rails
and wheels, brake shoes and aerosol are
abraded, as well as when sand is used to improve
adhesion of wheels and rails; leads to retention
of precipitation and melt moisture. Biological
clogging of the ballast and sandy layer by root
systems of herbal vegetation, which quickly
grow inward, rushing down to water (the
phenomenon of geotropism), causes swelling
of roots and a wedging pressure of 10—15 MPa
[1]. Crushed stone granules, due to wedging
pressure of growing roots, move apart, porosity
increases to 60—70 %, the adhesion strength of
crushed stone granules decreases. When the
roots die off in spring, humus and water take
their place. Due to oil pollution caused by spills
on the railway bed or by grease residues from
lubrication of wheels and rails, decayed plant
residues begin to have a lubricating effect and
can reduce structural viscosity of bulk materials
by 10 ... 30 times [1].

2. Aerodynamic effect on ballast

The spectrum of aerodynamic problems
arising when HST moves at speeds over
250 km/h is extremely diverse. Ballast particles
or granules are believed to fly from the ballast
bed under the action of turbulent vortices and
damage rolling stock, track infrastructure and
roadside structures in the railway right-of-

way [6]. This phenomenon is a serious threat
to safety of train and passenger operation
(Pic. 1 [6]).

According to the date of American
researchers [7], HST speed of 260 km/h can be
a threshold value for rise and flight of ballast
granules, and in case of snow drifts and heavy
rain, the ballast granules can begin to rise at
lower speeds, which is associated with a
decrease in structural viscosity of crushed
stone. In Russia, rise of crushed stone granules,
according to the technical department of
Oktyabrskaya railway, is observed starting at a
speed of 210 km/h.

The problem of crushed stone granules
flight from the ballast bed is usually solved by
the method of theoretically calculating risks [7]
followed by experimental verification and
computer simulation [8; 9]. Expert assessments
help to evaluate risk sequence of occurrence of
the event of flight of crushed stone and of
bombardment of the body or infrastructure
facility followed by calculation of subsequent
financial losses. The nature of the air flow
pattern around the train is often not considered
at all. In the report [7], five factors of the rise
of crushed stone are given: operating speed,
train design and structure and, accordingly, air
flow and turbulence, the value of dynamic load,
quality of track maintenance, and a strong side
wind. The rise of ballast granules [7] can also
be observed at a lower train speed in tunnels.
The accumulation of snow along the track, the
passage of HST in the opposite direction also
contributes to lifting of ballast granules. It was
noted that in tunnels where speed limit signs
«no more than 140 km/h» were posted, high-
speed trains also suffered significant damage
from impacts of ballast granules.
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Pic. 2. Dependence of the rise of particles on their size, flow rate and its pressure [9].

In [8], optical detection of flight of crushed
stone in a wind tunnel was carried out. Based
on the results of laboratory studies, an
aerodynamic model was developed for
calculating flight of crushed stone granules.
This made it possible to proceed with dynamic
calculations of the inertial mass of crushed
stone, of the amount of «mobile» crushed stone
on the crushed stone bed for individual crushed
stone granules, and to calculate probability of
crushed stone getting into the train and the
consequent damage. In addition, aerodynamic
forces, speed of the onset of turbulent flows
from bogies and other car structures were
computed.

In [9], when modelling, the aerodynamic
characteristics of crushed stone granules were
considered: their distribution by size, surface
area, mass, and shape. Using CFD software,
the behavior of individual ballast particles in
the air flow of a wind tunnel was simulated, and
the dependences of the rise of particles on their
size and flow rate and pressure, curvature of the
site where the crushed stone granules were
placed, were identified (Pic. 2). The paper has
also suggested the minimum wind speed at
which small movements of individual crushed
stone granules start, that speed is of 8 m/s. At
a wind speed of 25 m/s, most of the granules
begin to move discretely.

In the operating mode in summer, according
to the authors of works [9; 10], HST speeds V >
340 km/h are reasonable only under the
condition of a ballastless track. For train speeds
V> 280 km/h, a special shape and larger sizes
of crushed stone granules on the bed surface
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are required. Operation of HST in winter, when
the track is covered with ice and snow, at a speed
of V__>250km/h, should only be carried out
on a ballastless track. SNCF recommends that
the speed of HST in the range of critical
temperatures and at the beginning of snowfall
should be no more than 200 km/h. In France,
such conditions are observed for about 20 days
a year (in Russia for 90 days).

The report [10] describes for the first time
the effect of ulceration of HST front bogie due
to «<bombardment» by rushed stone particles
and by the products of their crushing. As part
of this study, the vibrations in ballast generated
by HST were measured using strain gauges.
Analysis has shown that stresses in the crushed
stone bed are not related to aerodynamic
factors. Therefore, the authors assumed that
mechanical vibrations of the roadbed
contribute to suspension of particles, and due
also to vertical turbulent air flows, a «cloud»
appears where the highest concentration of
particles is situated in front of the first car and
a reduced concentration is at the tail car.
These particles, colliding with HST body, are
crushed and fly away from both sides of the
train. To substantiate the proposed vibration
mechanism for flight of crushed stone, the
authors refer to inspections of HST damage
and the testimony of repairmen. For a more
detailed verification of this theory, according
to the authors, additional research is required.
Pic. 3, taken from the report [10], schematically
shows the structure of the turbulent flow
arising in the nose and tail zones of HST. The
intensity of color in the zones corresponds to
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Pic. 3. Zones of high pressure and low pressure, arising during HST movement [10].

the higher pressure. The front area or high
pressure front, called Slipstream or sliding
stream, in the form of a «tongue» can lift
particles of crushed stone. The pressures in
the indicated areas pulsate in time and may
differ markedly for different HST.

The work [11] experimentally investigates
speeds and pressures in the aerodynamic field
of the undercar space using Pitot tubes and
strain gauges. Near the ballast bed, the average
speed is only 1/3 of the train speed, while the
standard deviation of fluctuations in the air flow
rate is about 1/10 of the train speed. The
average air flow rate changes under the
influence of parts in the undercar space and
their shape, including the axles of bogies,
transitions between cars and auxiliary
equipment. The vertical profile of speed
fluctuations is approximately uniform. At a
crushed stone bed, the flow rate is 0,06 of the
train’s velocity. High speed video recording of
motion of ballast particles helped to clarify
some of the mechanisms that determine their
movement. The process of motion of crushed
stone granules includes the stage of starting
movement or starting movement of individual
small granules. Then, longitudinal migration
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of small granules begins along the «rough»
surface of the ballast bed followed by collisions
with neighboring larger particles.

The driving force of the process, in our
opinion, could be associated with the alternating
aerodynamic forces of turbulent vortices
stabilized by silty mineral particles, snow
(in winter), ballast contaminants, and ice
particles of 1 ... 10 mm.

The authors of [11] believe that the
contact interactions of moving granules with
crushed stone particles of larger sizes play a
central role. When small particles reach a
sufficient longitudinal momentum, contact
interactions can provoke a large granule to
gain sufficient horizontal momentum to
make the neighbouring particle rise into the
air upon the collision.

The Slipstream s in front of HST (Pic. 3
[10]) picks up the escaped granules and raises
them to a great height. Vertical vibrations of the
roadbed help to reduce the structural viscosity
in the upper layer of crushed stone, facilitating
the process of lifting large granules of crushed
stone. The results of research works cited in this
section and the conclusions made in these
works, especially based on model experiments
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with a small number of granules and without
considering vibration exposure, as well as
numerical experiments based on laboratory
experiments, may inadequately describe the
process of crushed stone granules ejection.

3. Analysis of the methods for flight of
crushed stone granules from the ballast bed

Based on the consideration of research
publications [6—11], it is possible to
systematize the possible mechanisms of
ejection of ballast particles described
there-in.

1. Lifting of ballast granules by turbulent
vortices [6—9], which, according to the
authors [6; 7], arise at a high train speed.
Ejection of crushed stone is facilitated by the
design flaws of the cars, which worsen the
flow around, and lead to an increase in the
turbulence of the air flow. The reasons,
according to the authors, that increase the
lifting of ballast granules are: poor condition
of the upper layer of crushed stone prism and
small size of granules on its surface; strong
side wind; train movement in tunnels, in
which air flow turbulization occurs at much
lower speeds; the passage of the oncoming
HST, and accumulation of snow along the
tracks.

2. Suspension of crushed stone particles
over the bed under the action of mechanical
vibrations of the roadbed [10], which, in
combination with vertical turbulent air flows
and a slipstream in front of HST contributes
to the flight of crushed stone particles.

3. Contact collisions of moving small
particles with granules of larger sizes and
accumulation of sufficient horizontal
momentum happening in such a way that,
upon collision with a neighboring particle, a
large granule rises into the air [11].

To implement the first mechanism (lifting
of ballast granules by turbulent vortices), a
high speed of HST is required, that is about
300 km/h. Unsatisfactory aerodynamics of
the undercar space of HST will lead to a
decrease in speed near the ballast bed below
1/3 of the train speed [11]. Contamination
of the upper layer of the prism will only
improve the flow due to a decrease in
roughness of the ballast bed and reduce
concentration of turbulent tubes. The strong
crosswind only displaces the slipstream and

boundary flow around HST.
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Turbulent vortices in the air, according to
our research [12], are «tubes» with a diameter
of 30 ... 40 mm with a low vacuum inside. To
gain power of «tornado», turbulent vortices
must accumulate a significant mass of
mineral dust, but at the speed of HST, this
process will not have time to be realized.
Consequently, the first mechanism of crushed
stone granules ejection is unlikely.

Let us evaluate the possibility of
implementing the second mechanism
(suspension» of crushed stone particles over
the bed under the action of vertical
mechanical vibrations of the roadbed). The
vertical component of vibrations of the ballast
layer of crushed granite has a complex
character with sharp bursts of recording and
significant differences in the oscillatory
process during the passage of wagons [13].

The first harmonic is a low-frequency one,
and it lies in the range from 1,13 (55 km/h) to
1,48 Hz (125 km/h), and has the amplitude of
130 ... 450 microns, respectively, in the cross-
section at the foot of the end of sleepers. At
HST speed of 250 km/h, the first harmonic will
be ~3 Hz, and the amplitude ~1 ... 1,2 mm.
The oscillation period of the low-frequency
harmonic practically corresponds to the time
required for the carriage to travel the distance
between the extreme axes of the bogie.

The second harmonic is a medium-
frequency one, with a frequency of 3 ...
13,5 Hz and an amplitude of 30 ... 220 um.
It depends on speed of the train and arises
under the direct force of individual axles of
the cars applied to rails and ballast. At HST
speed of 250 km/h, the second harmonic will
be ~ 27 Hz, and the amplitude ~ 0,4 mm.

The third high-frequency harmonic with
an amplitude from 0 to 21 um at a car speed
from 55 to 125 km/h is in the frequency range
from 125 to 250 Hz. The high-frequency
vertical component for speed will be
approximately 500 Hz and, due to the inertia
of the crushed stone prism, is almost
completely absorbed.

The maximum speed obtained by a
particle during its harmonic vibrations of the
ballastisv_ = Aw, where A is the amplitude
and o is the circular frequency of the
vibration component. For a granule with a
size of 60 mm, the kinetic energy will be
~3+1077 J. In case of elastic collision of
particles of the upper and lower layers,
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without considering friction of a particle
against neighbouring granules, the potential
energy of the upper particle will increase, and
the maximum rise height will be ~0,5 pm.
Considering the collision with three
neighbouring particles in the lower layer, the
ascent height will not exceed ~ 1 pm.

For medium-frequency vibrations and the
same granule, the lift height will be ~ 0,23
mm, and when colliding with three underlying
neighbouring particles, the lift height will be
~ 0,5 mm. Such a rise of the granule from the
crushed stone bed, near which the flow speed,
as shown in [11], is close to 15 km/h, is not
enough. Besides, the turbulent vortices near
the wall move in the opposite direction.
Therefore, capture of light granules by
slipstream is also unlikely.

The third mechanism is associated with
contact interactions of moving small particles
with granules of larger sizes resulting in flight
above the crushed stone bed, and it is also
unlikely, since the granules are densely
packed even in the upper layer and cannot
independently move under the action of the
air flow, and, considering its low speed at the
boundary section of air flow and crushed
stone bed, impulses received by particles due
to collisions with neighbours will be scattered
in the surface layer of the crushed stone.

4. New mechanism: squeezing of granules
from the ballast bed

In ouropinion, the most probable mechanism
of crushed stone ejection is squeezing out and
flight of granules from the upper layer of the
crushed stone bed when longitudinal and
transverse horizontal and vertical stresses
reflected from the inner layers of the crushed
stone prism occur in the crushed stone ballast.
Horizontal longitudinal and transverse stresses
in the crushed stone ballast between the sleepers
arise during the stealing of rails as a result of HSP
braking from high speeds and at high temperature
gradients along the track, and then they are
concentrated near the lateral surfaces of the
sleepers. The twisting of sleepers when wheels
hit them also contributes to squeezing out of
crushed stone granules. Longitudinal forces also
arise during wheel slip on rails in curves and
regenerative braking of trains.

For a motor powered car with two brake
axles, friction rate of wheels against rails of
0,24, the load from the wheel set on rails 80 kN,

fraction of the total weight used in braking of
0,5, the thrust force from braking will be equal
toF,=2:2+0,24+0,5+80=9,6 kN. Let us take
the coefficient of transfer of thrust force to the
sleeper, equal to 40 % [14; 15], then the force
acting from the sleeper on the top layer of
ballast will be 3,8 kN. The highest stresses are
observed near the sleepers under the rails,
therefore, for the geometric area of the lateral
surface of the sleeperequal to S = 0,154+ 2,7 =
0,416 m?, the true contact area of granules of
the surface layer of granules will be half as
much, that is, 0,208 m?. The proportion of the
area of the foot of the sleeper B, with granules
under the load of 80 kN in contact with crushed
stone granulesis B, =8 % [16]. Since the actual
area of elastic contact is directly proportional
to the normal load [17], fraction of the lateral
surface area of the sleeper under the load of
thrust force of 3,8 kN with surface ballast
granules will be twenty times less (0,4 %).
Approximately n ~ 50 granules are in contact
with the lateral surface of the sleeper; therefore,
astress force will act on the boundary of contact
of each granule with the sleeper, the vector of
which is directed normally to the lateral surface
of the sleeper:
1, =(0,4<F, /(B,*S,*n)=(0,4-9,6-10°) /
(0,004 + 0,208 « 50) ~ 91,3 kPa. (1)

The angle of inclination of the lateral
surface of the sleeper to the horizon is o = 72°.
The horizontal reactions of a granule touching
the sleeper will be compensated by two adjacent
granules in the same plane as that of the main
granule (worst case). If neighbouring granules
are located slightly below the main granule, for
example 30° lower, then additional vertical
stress will appear:

~ 2t *c0s30° * cos30° + sin30" =0, 76r 2)

The Vemcal impulse of thrust force actlng
on the round granule closest to the sleeper,
60 mm in size and weighing 0,07 kg, will be
equal to:
t,*Sc* At [cosa + 0, 76 +
200530 *c0s30° +sin30°] =
1,81t ,*Sc «At=m_*V,, 3)
where S_is area of contact of a granule with the
sleeper, equal to Bg *S/mn=17+10"%

o= 72'is angle of inclination of the contact
area to the surface of the crushed stone bed;

time of the pulse is equal to A7 = [/V, ;

[ is half of the distance between sleepers
(=273 mm);

V. is train speed (250 km/h).
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The friction rate of dry concrete against dry
concrete is 0,7, and for concrete, partially
contaminated with oil products and covered
with watered dust particles, the friction rate is
two to three times lower (0,35). The friction
force acting along the lateral surface of the
sleeper and with adjacent granules is:
F.=k,*1,° S, * (cos72° + 2c0s30°) =
2,1k, 7, S,. 4)

We add to the left side of equation (3) a
vertical negative projection of the impulse of
the friction force F, At, and, having solved the
equation with respect to the initial speed of the
crushed stone particle that flew out of the bed,

in the final form we obtain:
_(A81-0.73)05,

\Y -
¢ mg.I/tr ¢
-4 3 (5)
1,08¢1,73+107+0,273¢91,310
- ~0,94 m/s.
0,07+69,4

For a 25 mm granule, ejection speed is
2,2 m/s. When evaluating squeezing of crushed
stone granules out of the ballast bed, we did not
take into account the downward force impulse
when the wheel hits the sleeper and the reverse
elastic reaction of the roadbed. In section 3 of
this article, when assessing the possibility of
realizing the second mechanism suspension of
crushed stone particles in the cross section at
the foot of the end of sleepers is carried out by
the second harmonic energy with a frequency
of ~27 Hz and an amplitude of ~0,23 mm. The
average vertical harmonic force applied to the
granule near the sleepers during the half-period
for the first harmonic will be:

Am,w

_ o A 2z 2
P20 [sinotdi = 4 = 3,94107 N, (6)
0 T

harml =

T

For the second harmonic F, = 1,24 k.
The force impulse for a half-wave of the second
harmonicis5,5¢ 102N - s, and the additional
speed of a 60 mm granule will be 0,8 m/s, and
for a 25 mm granule the velocity will be
0,34 m/s.

The sleeper rotation angle is not included
in the standardized parameters of the railway
track, we calculate it relative to the fastening
for a uniform rail deflection by 3 mm in its
middle part between sleepers. For the ratio of
the rail shoulder (546: 2 mm) and height of the
sleeper (183 mm), the angle o is 6,4°. But, since
we did not consider the nonlinear deflection of
the rail, we take the angle of rotation a ~ 6°.
Considering the rotation of the sleeper by 6°,
equation (3) takes the form:
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T,* Sc e+ Atecos(a. — 6°) = mV, )
and speed, found from equation (4), will
increase by 1,1 and will be 1,03 m/s plus
0,8 m/s.

From the equality of the kinetic and
potential energy of a crushed stone particle with
asize of 60 mm, we find the lifting height of the
largest crushed stone granule ~ 0,17 m.

The speed of propagation of a wave of
compressive stresses in steel during thrust of
rails is ~ 10 km/s; therefore, a slipstream is able
to lift outgoing granules to a great height, which
is dangerous for HST and infrastructure.
Longitudinal forces in rails due to temperature
changes and during emergency braking have
much greater values. For example, for new rails
of R65 type, thrust force acting on the sleeper
when the temperature rises by 1°C is,
respectively, 20,7 kN, and the rise of particles
will increase by 2,2 times.

As the crushed stone layer abrades, there
will be more and more rounded particles,
porosity of the surface layer will be higher and,
therefore, there will be less friction, and more
crushed stone granules will eject. The most
probable places of ejection of crushed stone
granules are hauls near settlements, where there
are changes in the modes of movement
(acceleration of movement and braking), as
well as icing of the surface of crushed stone
particles. Raised light granules, hitting the
undercar equipment and flying off at high
speed, can cause an avalanche process of lifting
of crushed stone particles.

Conclusions.

1. Based on estimates, it is shown that the
main mechanism of crushed stone ejection
during high-speed movement is squeezing of
particles from the upper layer of granules and
their rise above the crushed stone bed as a result
of action of longitudinal and transverse stresses
in the ballast. The most probable place of
ejection of crushed stone particles is the
boundary of contact between sleepers and the
upper layers of the crushed stone bed.

2. Physical mechanisms (lifting of ballast by
turbulent vortices, suspension of crushed stone
particles over the bed under the action of
mechanical vibrations of the roadbed, contact
collisions of moving small particles with larger
granules) contribute to an increase in porosity
of the crushed stone layer, a decrease in
structural viscosity, a change in orientation of
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particles and, consequently, facilitate squeezing
and flight of ballast granules.

3. The blocks of ice formed in the undercar
space of HST under certain weather conditions
crumble, colliding with rails and crushed stone
and collapsing; they are also part of the
mechanism of the ejection of crushed stone
particles.

4. The paper formulates a new mechanism
for lifting granules over the crushed stone bed
as a result of action of longitudinal and
transverse stresses in the surface layer of ballast.
To exclude ejection of crushed stone granules
and prevent damage to HST and infrastructure,
complex methods should be developed to
dramatically reduce longitudinal and lateral
stresses in the surface layer of ballast and ice
formation in the undercar space.
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S AYKAWIRIEXE] V] KA

NMoBbilLeHUe 4YacToTHON 3P DPEKTUBHOCTU
CcUrHanos ¢ abconioTHON (pa3oBOM
MaHunynsauuein Ha 180°

AnaTtonuii BOJIKOB Makcum MOPO30B

CBsi3b C NOABWXHbLIMU 0ObEKTAMU Ha Xe-
J1I€3HO0POXHOM TPAHCIOPTE OCYLLIECTBJISIETCS
TOJILKO 110 PaAN0, NO3ITOMY NMPELCTaBASET UH-
Tepec BOMpoc mMakcumm3aumm eé 4acToTHOM
3P PEeKTUBHOCTU U MOMEXOYCTONYNBOCTH.
3T0ro MOXHO 4OBUTLCS, NCIMOJIb3YS ABYKPAT-
Hyto abconmoTHytlo PMH (4DPMH) Ha 180°, oa-
Hako Ha npakTyKe OHa [0 CUX 0P He UCIO0JIb-
3yercs u3-3a obparHori paboTel oboux Kore-
PEHTHbIX IETEKTOPOB €€ CUrHAaIOB.

Llenbto naHHoV cTaTbm ABAsieTcs pa3paboT-
Ka KorepeHTHoro getekropa 6e3 obparHoi
paboThbl, 4TO r103BOJISIET MUCIMOJ/1L30BaTb €ro Ha
rpakTuke 6e3 CHYXXEHWs TOMEXOYCTOMYMBOCTY,
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3BecTHO [1, c. 181—187], uTo ABY-

KpaTHasg abGconmoTHasgs OMHu

(I®MH) Ha 180° obecreunBaet He
TOJIBKO MaKCHUMaJbHO BO3MOXHYIO TTIOMeE-
XOYCTOWUYMBOCTD PaOCBS3U, HO U YBEJIH -
YUBaeT 4YaCTOTHYIO 3 (PEeKTUBHOCTh B 2
pa3a [2] mo cpaBHEHMIO C OOJHOKPATHOM,
MMOCKOJIBKY B OTHOM KaHajie MOXHO Tiepe-
JlaBaTh JBa KBaApaTypHBIX CUTHaNA. DTO
9KBUBAJEHTHO OMHOTIOJOCHOI abCoMIOT-
Holt ®MH Ha 180°. [ToBEIIIeHNE YACTOTHOM
3(bGEKTUBHOCTY CHUXKAET OCHOBHYIO TPO0-
JIeMy paJiuocBsI3u — AeUIIUT YaCTOTHOTO
pecypca. CBSI13b ¢ TOABUXKHBIMU 00bEKTaMU
OCYIIIECTBIISIETCS TOJIBKO 1Mo paauno. [ToaTto-
MY MaKCUMHU3alMUs MOMEXO0yCTONUYMBOCTHU
PagroCBsI3U CITIOCOOCTBYET IMOBBIIIIEHUTO UX
0€30ITaCHOCTH, B YaCTHOCTU TOBBIIICHUIO
0e30TMaCHOCTY ABMXKEHMS TT0e310B. OIHaKO
abcomotHasa JJ®MHu Ha 180° Ha mpakTuKe
He UCTIOJIb3YETCS M3-3a TOTO, YTO MOJIOXM -
TeJIbHBIE TUCKPETHBIE UMITYJIbChl BOCTIPH -
HUMAaTCS KaK OTpuIllaTeJIbHbIe U HA000-
port. JlaHHOe siBJIeHUe Ha3bIBaeTCs «00paT-
HOIl pabOTON KOTEPEHTHBIX NETEKTOPOB»
[2]. dnst e€ ycTpaHeHUs pa3padaTbiBaluCh
HOBBIE CXEMBbI KOTEPEHTHBIX JIETEKTOPOB,
dopmupywmux KonebaHue Hecyluei
YacTOTHI U3 BXOAHOTO curHazia. [lepBboIM
KOTEPEHTHBIM IETEKTOPOM OBLI NETEKTOD
A. A. Tluctonaskopca, pazpaboTaHHBINI

B 1933 1., Ha KOoTOpOM OblLIa OOHapyXKeHa
ero obparHasg pa6ora. B 1937 r. mosiBuics
KorepeHTHbIN aetekTop B.M. Cudoposna,
a B 1945 . — merextop JI. B. Areena.
B 1954 1. cTan UCITOAb30BaThCS KOTEPEHT-
HbIlt getexkTop Kocraca — aMepuKaHCKOTO
y4€Horo B obsacTu paauocBsa3u. Hu onuH
W3 BBINIEYKa3aHHBIX JETEKTOPOB HE yCTpa-
HsIJT 00paTHYI0 paboTy, UTO MOATBEPXKAAIOT
MpUBENEHHBIE B JAHHOW CTAaThe COOTBET-
CTBYIOIIUE TUTEPATypHbIE UCTOYHUKHU [1—
8]. IToaTOMY OBLI cAeslaH BBIBOJ, YTO 00-
paTHas pabora — HeycTpaHuma [10]. B cBs-
31 ¢ 3TUM B 1954 1. poccuiickuii y4€HbIN
H. T. IlerpoBuy npeanoxui [1] oTHocu-
tenbHylo @MHu (ODPMH) Ha 180° [2; 10],
npakTuyecku [1; 9] ycrpaHstonlyto odpar-
HYI0 pabOTYy KOrepeHTHOTO aeTeKTopa [9].
OpnHako oTHOCUTENbHAs pa3oBast MAHUTTY-
JISIUST, ¢ TOYKUA 3PEHUS, TTOMEX0YCTONM -
YOBCTHU YCTYIaeT abCONIIOTHOM.

enbio vicciienoBaHUS SIBJISIETCS yCTpa-
HeHMe 00paTHOI paboThI C TOMOIIBIO pa3-
JIMYHBIX METOJIOB:

1) npenyoxeH NeTEeKTOp CUTHAJIOB 0e3
obpaTHOI paboTH ¢ adbcomoTHO PMH Ha
180°;

2) dunabTpo-da3zoBblit MeToa HOPMUPO-
BaHUS OJHOW OOKOBOW MOJOCH 4aCTOT
¢ dazoBoit manunyasuueir Ha 180° (OBII
OMHn).
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Puc. 1. CTpyKTypHasi cxema KOrepeHTHOro geTexkropa.
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Ta0muna 1

BapuanTsl pasHuibl pynkumii y(t)

Bapuanter (y,(t) —v,(t))*n/2 Curaraemsre sin [(y,(t) —v,(t))n/2]
(+1 = (+1)n/2=0 sin0 =0
(+Hl=(1))em2=7 sinm=0
-1+ (+1))n/2=0 sin0=0
(-1 +(-1))n2=-n sin (-) =0

Ta0amua 2

BapnanTsl cymmb! ynknmii y(t)

BapuanTst [,(t) + v,(t) — 2] Cuaraemsie sin {2 t+[y,(0+ v,(t) — 2]*n/2}
1+ 1-2)*n/2=0 sin2wt
(I-1-2)m/2=—m -sin2aot
(-1 +12)n2=-7 -sin2aot
(-1-1-2)mn/2="2n sin2wt

1. CTPYKTYPHASA CXEMA
PA3BPABOTAHHOIO KOFrEPEHTHOIO
AOETEKTOPA

CtpykTypHas cxema pa3paboTaHHOTO KO-
TePEeHTHOTO NeTeKTopa [3] mpeacraBneHa Ha
puc. 1.

Ha sTom pucynke o6o3naueHo [14]: ® —
unsTpst rapmonuk; KB — kBanparop; 114 —
JIeJIUTe b 4acToTel Ha 4; @B — (azoBpamma-
teb Ha 90°; ®HY — buiibTpbl HUKHUX Yac-
toT; 1 — mepemMHoOXUTEM CUTHANIOB; P — pe-
reHepaTopbl UMITyJIbcoB; YJI — gacToTHBIE
nmetekTophl; TT — tpurrepsl. Biaoku KB1, @2,
KB2, ®4, 14, @1 o6pa3yioT hopMupoBareib
omopHoro konebanus (POK), xoTopsiit
ycrpansier ®MH Ha 180°.

Bxonnoit curnan u (1) ¢ abcoaoTHOR
J®PMHu Ha 180° mocTymaeT Ha OOHU BXOJIEI
0001X KOTEPEHTHBIX JAETEKTOPOB HETIOCPE-
CTBEHHO U MMapaJuleIbHO Ha IPYTHE X BXOIbI
yepe3 @OK. DTOT BXOXHON CUTHAI COCTOUT
M3 CYMMBI IBYX KBaJIpaTypHBIX CUTHAJIOB
¢ abcomoTHO# ogHOKpaTHOM PMH Ha 180°.
KaxkmpIii Takoli CMTHAII ¢ OMHOKpaTHO PMH
U, (1) paBeH pasHHULe aMIUIMTYIHO-MaHN-
IyJIMPOBAHHOIO CUTHANA U, (1) 1 ero KoJieba-
HMsl HECYLIEH 4acTOThI u (1), aMILTUTYya KO-
TOPOTO B 2 pa3a MEHbIIIE aMITUTYIbI CUTHAIA
u_ (1) [3], 10 ecTh:

Uy (1) = 4, (1) = 0,5 01, (1) =

=U, (t)su(t)ssin(w, *t +¢,)—0,5U,, *sin(w, *t + ¢,) =
=U, *sin(@, 1 +@,) *[u(t) - 0,5] =

=0,5+(t)* U, *sin(w, * 1 +@,),

TJie MAHUITYJTMPYIOIIME CUTHAITBI:

(1) Inpu0 <t <z,
u =
Onpu—r, <t <0,

(1)= +lnpul <t <z,;
"\ =1npu—z, <t <0.

DTO 3HAYUT, YTO CUTHAILI ¢ AMH 1 OMHu
[13] paBHBI TPOM3BEACHUIO KOJIEOAHUS HECY-
el YyacToThl U (1) HA MAaHUIYJIUPYIOLINE
CHTHAaJIBI COOTBETCTBEHHO u(t) u y(t) [16].
B aTom cirygae:

Uy (t) =7 (t) U, sin(a)ot + goo) =

=2U,sin(ayt +¢,) :Umsin[w0t+(y] (t)—l)'%];

Uy, (1)=1,(1)U, sin(a)ot +0, +§j =1U, sin[m0t+ o +%J =

=U,sinf oyt +(y, (t)—1)°%+%]= U, cos[ myt +(7, (z)—1)-%].

To ecTb BXOOHOU CUTHAI C aDCOJIOTHOU
JADdMH Ha 180°:
Uy (1) =ty (1) F 0 (1) =

=U, {sin[my +(7, (t)—l)-%]+ cos[ayt + (7, (t)—l)-%]}.

DTOT BXOAHOI CUTHAJI BO3BOJAUTCS B KBaJl -
pat B 6;10ke KB 1. O603HauMB mepBoe crnarae-
Moe 9epe3 sina., a BTopoe — gepes cosf, uMeeM
Ha BbIxoJie 0;10ka KB curnana:

Uy, (1) =ty (1) + 1, (1) =U,* (cosd +cosB)

=U,’ (sinzé +2sina « cos B + coszﬂ),

2

rae
. 5, 1-cos2a
sin“a = =
2
1—cos| 2wyt 1)-1)+
_ cos[ W, +(71() ) ”le_lcos%oot;
2 2 2
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ba(t) Un2(t) OBbII
MY > TI1 1o > >
D—» 0A KJIL 2 S tont
/ A
us(t
® i(t) Uz(t)
r1 2 HBIT \ BBII
v 90°
®B1 ©®B2| 90° | U
A
Ua(t)
A ~ A\
ba(t n
- K12 (1)) I3 Uns(t) .
Puc. 2. Cxema ¢punbrpo-gasosoro metoga POC.
2y, l+cos2p aMIUIMTYOBI Ha ero Bxoge. C IIpsMOro BeIXoaa
cosh= 2 nepBoro I-tpurrepa noaa€rcs KojebaHue
1+cos[2a;0t+(;/2 (t)—l)-;zJ 11 ' u(t) = U cosw f 4epe3 pe30HAHCHbIA KOHTYP
= 2 =55 cos2a; MepBOii TApMOHMKU ¢ HYJEBOI HayajlbHOIl

2sing ecos f=sin(B—a)+sin(f-a)=
=sin[7,(1)-7 ()] -%+Sin{2wgt + (1) +7, (1) - 2]-%}.

B pesynsrare Ha Beixoge KB1 nmonyyaem
KoJsiebaHue:

u, (1)=U, {% - %cos2a)0t + % + % cos2ayt +sin[y, (1) -

-7 (t)]% +sin{2ayt +[7, (1) +7,(1)-2] o%}} =

= L+sin[y, (1)-7 (t)]%+sin{2w0t+[y2 (1) +7, (t)—2]-%}.

Xora y, (1) =+l uy, (1) ==I, HO UX cymMa
¥ Pa3HOCTb MOTYT OBITh pa3HbiMU. [ToaTOMY
COCTaBUM TaOJIUIIBI C YYETOM CYyMM UM pa3HO-
creit y (1) ny (7).

CornacHo Ta61. 1 cuHyc pasHuLbI (Y,(7) —
(1) * /2 paBen 0, a coriacHo TabJ1. 2 cyMma
[y (D+y 1) — 2] * /2 ne ycrpanser ®MHu Ha
180° (BTopoit cronber Tabn. 2). [Toatomy
BBeIEH BTOpoii KBaaparop KB2, Ha Bxoxd Ko-
TOPOTro NocTynaet curHai ¢ Beixoaa KB1 uepes
KOHZIeHCAaTOp U (UJIBTP BTOPO TapMOHUKU
®2. Ha Beixonge KB2 nmeeT MecTo curHai:
u,,(t)= (J_rUmzsin(Za)Oz‘))2 =U, *sin’ 2wyt =
_y ¢ LS v 0,50 Ycosdany.

Bunno, uro curnan ¢ KB2 He comepxXut
MaHUITYJTUPYIOLIMX CUTHAIIOB Y ,(2) U v (1),
¥ TIO3TOMY OH MOAAETCS Ha JEJTUTENTh YaCTOTHI
B 4 pa3a, B KauecTBe KOTOPOTO BBIOpaH JBO¥ -
Hoti [[-Tpurrep ¢ ycusmteneM-orpaHuIUTe IeM
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¢dazoit Ha BTOpOIi BXoA mepeMHoxuTens 111
KOTE€PEHTHOTO JeTeKTopa CMH(a3HOro KaHa-
JIa, a ¢ IPSIMOT0 BbIxomaa BToporo Jl-Tpurrepa
rnoaaércst KBaapaTypHOe KojiebaHue

uy (t)=U,, cos(a,t + %)

4yepe3 pe30HAHCHBINA KOHTYpP MEPBOM rapMo-
HUKM Ha BTOPOIl BXOM IMepeMHOXUTENsT 112
KOTE€pEHTHOTO JETEKTOpa KBaapaTypHOTO
KaHanma. Ha Beixome mepemHoxkutenein 111
u [12 momygaiorcs KoiaeoaHUs:

u, (£)=u,, (t)*u,(1)=U,{cos [a}ot +(7(1)-1)e %} i

+cos[w0t +(r,(1)- 1)%+ %}}Umcosmot =
=0, 5U,,,2{cos(;/1 (1)- 1)% +cos[(y, (1)-1) o%+ %]} +

+64.=0,5U, 7 [£1+0]+ 6.5

u, (1) =u,, () u, (1) = 0,50, [sin (7, (t)—l)%+
. T T

+sin(7, (t)—1)°5+5] =0,5U,’[0£1]+6.u.

®HY na Beixone I11 u I12 ycrpansier BU
KoJIeOaHusI, OCTaBJIsIsl TOJIbLKO MepelaHHbIe
uUGpOBbIE CUTHAIBL Y (1) =1 'y (1) ==*1.

Ho nng abcomoTHoit J®MH Ha 180°
OMOpHOE KoneGaHue u,(1)=+iu’ (1) . 3Haku +

PaBHOBEPOSATHBI, U ITO3TOMY ITOMeXa UK
IIpyTHe MPOIeCcChl B TPUEMHUKE MOTYT BbI-
3BaTh U3MeHEeHUe (a3bl curHaga Ha 180°
y u (1), 9TO ABNAETCA UCTOYHUKOM OOPaTHOA
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paboThl KOTEPEHTHBIX NETEKTOPOB, TO-
CKOJIbKY TIPOJIETEeKTUPOBAHHBIE UMITYIbCHI
cuHdasHel ¢ u (1). OnopHoe KojaebaHue u (1)
TIPOXOJIUT Yepe3 pe30HaHCHBIE KOHTYphI D2,
@4, @1, 1 TOATOMY OKa3bIBaeTCST IPAKTU-
yecku 0e3 IToMeX, a KOTepEeHTHO TPOAeTeK -
TUPOBAaHHBIE UMITYJILCHI HE COEPXKAT KBaI -
paTypHoli cocTaBaswolleit momexu. MUx
MOXHO pereHepupoBaTh MYTEM YCUICHUSI-
OTpaHUYEHUS TI0 aMIUIUTYIIE U TEM CaMbIM
JIOTIOJTHUTEJIBHO TTOJaBUTh TTIOMEXH, UX CO-
npoBoxaamiiue. [TocKoJIbKYy OITOpHOE KO-
nebanue u (t) ¥ IPOAETEKTUPOBAHHbIE UM-
MyJIbChl CUH(A3HBI, TO UX TIEPEMHOXEHME
MeXy co00li UCKITI0UaeT u3MeHeHue da3bl
curHasa Ha 180°, Kak 1 Mpu ITepeMHOXEHU U
rapMOHUYECKUX KOJIeOaHWIA:

(1) =b(r)ou, (1) =

=U, cos(Qf +180°)U, cos(ar +180°) =

=0,5U,U, [ cos(@w—Q)1+cos(w+Q)t].

[lepeMHOXeHMe 3HAKOMEepEeMEeHHBIX
MMITYJIbCOB C KoJieGaHUEeM HecyIlei yacTo-
ThI, KaK ObLIO TTOKa3aHO B Havaje CTaThU,
ecTb abcomtorHast onHokpaTtHas OMH Ha
180°, xoTOpasi B JaHHOM cJlydae mpaKTh4ie-
cku 6e3 moMex U uckaxeHuit. [TockoibKy
curHanel JJ®MH yxe pasmgefeHbl MeXIy
CO00¥i, TO MOXHO EPEMHOXATD Y (1) 1 Y ()
TOJIBKO C U, (1) KaK 1MOKa3aHo Ha puc. 1.
Taxkoit curHajg MOXHO IeTeKTUPOBATh He-
KOTE€PEHTHO, HEe M3MEHSIST TOMEX0YCTOMY M-
BOCTU PaAUOCBSI3U B BULY OTCYTCTBUS IO-
MeX. B maHHOM ciyyae MpeaioXeHO MC-
MOJIb30BaTh TPUTTEP U YACTOTHBIN TETEKTOP
Ha BBIXOJle, TaK Kak (asza ¢(¢) u Kpyronas
yacToTa ®(#) CBSI3aHBI COOTHOIICHUEM:
o(t) =do/dt, a obpaTHas pabora y HETO He
ycTpaHWMa B TIPUHIIUIIE.

Takoii IeTeKTOop yKe mpeaiarajics BMeCTo
KOTrepeHTHOro aeTekTopa [Tucronbkopca ewig
B 1951 . [2], omHaKo 13-3a TOMEX Ha eT0 BXO-
JIe OH He HaIIE) MPaKTHYEeCKOTO MPUMEHEHMS.
B paccMoTpeHHOM cilyyae TTOMeXHM Ha ero
BXO[le TPAKTUYECKU OTCYTCTBYIOT, U TO3TOMY
€r0 MOXHO MCIOJTh30BaTh.

2.00HOKPATHAY OAHOMNOJIOCHA4A
ABCOJIIOTHAAA ®MH HA 180°,
OKBUBAJIEHTHAS MO YACTOTHOM
9DDOEKTUBHOCTU ABYKPATHOM
®dMH HA 180°

JaHHasi OQHOMOJOCHAsI OMHOKpAaTHas
abcomorHass ®MH (OBI1 ®MH) Ha 180°

pa3pabotaHa aBTopamiu [17], e€ cTpykTypHas
cxeMa Tipe/icTaBjIeHa Ha puc. 2.

Ha cxeme [18] o6o3Haueno: [1® — moso-
coBoi puikTp; Y. — cymmarop; IT1, 112, T13 —
nepeMHoxuTeau curHaos; I'l, I'2 — rexnepa-
Topsl; KII 1, K/12 — KorepeHTHBIE IETEKTOPHI;
®BI1, ®B2 — ¢azoBpamareau Ha 90°; OA —
orpaHnuuTeNb aMrutynsl; ®U — dazoun-
BEPTOP.

Ha Beixone KJ11 — knunmupoBaHHbIi [12]
peudeBoii curHan b (1), a Ha Bbixone KIA2 —
KBaJpaTypHbIA peueBoii curHai b,(r) . B takom

cirydgac € y‘IéTOM TOI'0 YTO CUT'HAJIbl IEPUOAM -

YeCKHE, UMEEM:
2 sinkUt

Ha Boixone I12 popmupyetcst GyHKIIUS:
2 sinkUt

Un2<r>=b1(t)-u,,z(r)=[; >

k=135...

U, sinwt =

U cos(a)—kU)t_g =, cos(w+kU)r
T Z k 2, k ’

T k=135...

A na Beixope I13 xonebanue:
2

N~ z kUt
U, (t) =b, (t) U, (t) = [;kf%:s cosk ]cosa)t =

cos(w-kU)t

k=135... k

U cos(w+kU)t
T 135 k .

B cymmarope . curHai:
W & cos w-kU)t
o (1) =, (1) + 1, (1) = cos(0=—kU)t

T k=135... k
rae HKHss 6okoBast mojoca (OBI1 ®MH Ha
180°).
ITpu BerYMTaHMM (Koraa b,(t) mpoxomur
yepe3 610k DU):
cos(w+kU)z

(1) =t (1)1, (1) =20 3 SO,

k=135...
roe BepxHsist 0okoBas mmosioca (OBIT ®MH Ha
180°).

ITpu OBIT ®MH momex B 2 paza MEHBbIIIE,
YeM IpU IBYX OOKOBBIX ITOJIOCAX, Y TTO3TOMY ITPH
PAaBHBIX UX aMIUTATYIAX ITOMEXOYCTOMIMBOCTD
pamuocBsizu ¢ OBIT ®MH Ha 180° Gynet 60:1b-
111€, YeM TIpyY ABYyX OOKOBBIX 10 aHAJIOTUM C [7].

5

BbiBO4bl

1. IlpennoxeHa [11] cxeMa KOrepeHTHOTO
JIETeKTOpa CUTHAJIOB, C UCKIIOUYEHUEM €ro
00paTHOIT pabOTHI, TTO3BOJISIIOIIETO PEATN30-
BeIBaTh JJP®MH Ha 180° Ha mpakTiKe. HoBM3-
Ha TIpelJIOKEeHUs TIOATBEPXKIeHa TaTeHTOM
P® Ha n3ob6perenue [11].
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2. ITokazaHo, 9TO 111 GOPMUPOBAHUS
OnopHoro Kosedanus u (1) = U cosof 110
BXOJHOMY CUTHany ¢ abcomtotHoit JJOMH
Ha 180° HeoOxoauM BTOpPOIi KBagpaTop KB2
W IeJTUTEeNIb YaCTOTHI He Ha 2, a Ha 4.

3. IokazaHo [5], YTO UCTOYHUKOM 00-
paTHOI paGoOThl KOT€PEHTHOI'O AETEKTOpa
¢ abcommorHoi JIPMH, korma +1 mpeobpa-
3yeTcs B -1 1 HAOOOPOT, SABJISIIOTCS CIy4Yail-
Hble U HEyCTpaHUMBbIE CKauyKM (pa3bl OmoOp-
HOT'0 KOJIeOaHMs, TTOJIyIaeMOTO 13 BXOIHO-
ro curHana [14] ¢ adbcomorHoit JMPMH Ha
180°, koTopble cMH(pa3HBI C KOTEPEHTHO
MPOACTEKTUPOBAHHBIMU UMITYJIBCAMMU.

4. [IpennoxeHO YCTPaHATDb CKa9KU (ha3bl
Ha 180° y u (1) n y NpOaeTEKTUPOBAHHBIX
3HAKOMEePEMEHHBIX MMITYJIBCOB IIYTEM HX
TePEMHOXEHUS MeXKIy CO00, 9TO (popMu-
pyeT abconotHyo @®MH Ha 180° nmpakTuye-
cku 0e3 moMex U uckaxeHuit. [Tomexu ot-
CYTCTBYIOT Y U,(1) 3a CYET €ro (pUIbTpaLun
PEe30HAHCHBIMU KOHTYPaMU BTOPOIi, 4eTBEP-
TOW Y TIEPBOU TAPMOHUK U Y TPOJAETEKTUPO-
BaHHBIX UMIIYJIbCOB 3a CYET KOTEPEHTHOIO
JeTEeKTUPOBAHUS U UX peTeHepalun IyTeM
YCUJICHUSI-OTPAHUICHMUSI.

5. IIpenyioxkeHO B KayecTBe AeTeKTOopa
TEePEMHOXECHHBIX CUTHAJIOB, COIJIACHO 1I. 4,
HCITOJIb30BaTh YaCTOTHBIN AETEKTOP C TPUT-
repoM (MHTErpaTopoM) Ha €To BBHIXOJE,
MOCKOJIbKY haza ¢(f) 1 KpyroBasi 4acToTa
o(?) cBsI3aHa cooTHOLIeHUEeM: w(t) = do/dt.
Takoit neTekTop yXe rpenjaraics [19] B ka-
YyecTBEe OCHOBHOTIO (BMecTo aeTekropa Iluc-
ToJbpKopca) emé B 1951 1., HO He HaAIIEN
MpUMEeHEeHUs] U3-3a IIOMEeX Ha €ro BXOJE.
B Hairem ciyyae moMexu M MCKaxXKe€HUs Ha
€ro BXOJe MPaKTUYECKH OTCYTCTBYIOT.

6. Jlyist yBeIMYeHMST YaCTOTHOM 3 deK-
TUBHOCTHU B 2 pa3a aBTOpaMHM IpPeIioXeHa
oxgHoIoxocHaa abcomorHaga @PMu Ha 180°
10 GmIBTPO-(ha30BOMY CIIOCO0Y ¢ KIIUTIIIH -
poBaHKMEM, KOTOpast 9KBUBAJCHTHA I10 3TO-
My mokaszatenito abcomotHoit JIPMH Ha
180°.

Ha paspa6oTky nonyded nateHT P® Ha
unzobpereHue [17].
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Improving Frequency Efficiency
of Signals with Absolute Phase Shift
Keying by 180°

Anatoly A. VOLKOV Maksim S. MOROZOV

ABSTRACT

Communication with mobile objects in
railway transport is carried out only by radio,
therefore, itis of interest to maximize frequency
efficiency and noise immunity of radio
communication. This can be achieved using a
double absolute phase-shift keying (DPSK) at
180°, but in practice it is still not used due to
reverse operation of both coherent detectors
of its signals.

The objective of this article is to develop a
coherent detector without reverse operation,
which allows to use it in practice without
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reducing its noise immunity. A filter-phase
method of forming single-sideband with phase
shift keying at 180° (SSB PSK) is proposed,
which is equivalent to DPSK in frequency
efficiency.

The proposed coherent detector of DPSK
signals includes a reference waveform shaper
(RWS) shaping the waveform from the input
signal, two coherent detectors and introduced
post-detector units that eliminate reverse
operation of these coherent detectors. Single-
lane PSK is formed using clipped speech signal
and its quadrature.
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Background.

It is known [1, p. 181—187] that a double
absolute phase-shift keying (PSK) (DPSK) by
180° provides not only the maximum possible
noise immunity of radio communication, but
also increases the frequency efficiency by 2
times [2] compared to a single one, since two
quadrature signals can be transmitted through
a single channel. This is equivalent to single-
lane absolute PSK at 180°. An increase in
frequency efficiency reduces the main problem
of radio communication: the shortage of
frequency resources. Communication with
mobile objects is carried out only by radio.
Therefore, maximizing the immunity of radio
communications contributes to improving their
safety, in particular, increases train traffic safety.
However, absolute DPSK at 180° is not used in
practice due to the fact that positive discrete
pulses are perceived as negative and vice versa.
This phenomenon is called «reverse operation
of coherent detectors» [2]. To eliminate it, new
circuits of coherent detectors were developed
that generate the carrier frequency oscillation
from the input signal. The first coherent
detector was A. A. Pistolkors’s detector,
developed in 1933, on which its reverse
operation was discovered. In 1937 the coherent
detector of V. 1. Siforov was invented followed
in 1945 by D. V. Ageev’s detector. In 1954, the
coherent detector of Costas, an American
scientist in the field of radio communications,

began to be used. None of the above detectors
eliminated reverse operation, which is
confirmed by the corresponding research
sources quoted in this article [ 1—8]. Therefore,
it was concluded that reverse operation is
unavoidable [10]. In this regard, in 1954 the
Russian scientist N. T. Petrovich proposed [1]
a relative PSK (RPSK) at 180° [2; 10], which
practically [1; 9] eliminated reverse operation
of the coherent detector [9]. However, relative
phase shift keying, from the point of view of
noise immunity, is inferior to the absolute one.

The objective of the study is to eliminate
reverse operation using various methods.

1. a detector of signals without reverse
operation with absolute PSK at 180° is
proposed;

2. filter-phase method of forming single
sideband with phase shift keying at 180° (SSB
PSK).

1. Block diagram of the developed coherent
detector

The block diagram of the developed
coherent detector [3] is shown in Pic. 1.

In this picture it is indicated [14]: F —
harmonic filters; KV — quadrator; D4 —
frequency divider by 4; PS — phase shifter by
90°; LFF — low frequency filters; M — signal
multipliers; R — pulse regenerators; FD —
frequency detectors; TG — triggers. Blocks
KV1, F2, KV2, F4, D4, F1 form a reference

r--r-r———T""7"7"77—777 77777777~ A
| |

abg, DPSK M1 LLFI || R1 M3 FD1}— TG1H-1k .
| |
L ___ _

KV1

F2

r—I1-——17

| -l : 0

|

lkve| || F1 PS

| |

T | e

|

|| F4 —| D4 |

SR J B S ,
| |

L M2 LLF2{——{ R2 M4 FD2 TG2f—2K

| |

Pic. 1. Block diagram of a coherent detector.
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Table 1
Variants of the difference of functions y(t)
Variants (y,(t) —y,(t))*n/2 Terms sin [(y,(t) —y,(t)*n/2]
(+1 - (+1))n/2=0 sin0 =0
(+l1—(-1))nl2=m sint=0
1+ (F))n/2=0 sin0 = 0
1+ (1))n2=-n sin (-1) =0
Table 2

Variants of the sum of functions y(t)

Variants [y,(t) + v,(t) — 2]

Terms sin {20.t+y,()+ v,(t) — 2]*n/2}

(1 + 1-2)*n/2=0 sin2am t
(1-1-2)n/2=—m -sin2am,t
(-1 +12)n/2=-7 -sin2amt
(~1-1-2)m/2=-2x sin2ot

waveform shaper (RWS), which eliminates
PSK by 180°.

The input signal u,(z) with an absolute
DPSK at 180° is fed to some inputs of both
coherent detectors directly and in parallel to
their other inputs through RWS. This input
signal consists of the sum of two quadrature
signals with 180° absolute single PSK. Each
such signal with a single PSK ”,,sk( 1) is equal to
the difference between the amplitude-
manipulated signal u_(7) and its oscillation of
the carrier frequency u (7), the amplitude of
which is 2 times less than the amplitude of the
signal u_ (1) [5], that is:

u, (t)=u,,(1)=0,5+u,(1)=
=U, (1)ou(t)esin(w,*1+p,)—0,5U,, *sin(wy ot +¢,) =
=U, *sin(a, -t+¢0)~[u(t)—0,5] =
=0,5-7(t)-Um -Sin(a)(, °t+(p0),

where manipulating signals are:

u(t):{ 1.1'f0<t<z-0, ‘
0if =, <t <0,

| +lif0<r <z
7(0)= {—lif—ro <1<0.

This means that the signals from ASK and
PSK [13] are equal to the product of the
oscillation of the carrier frequency u (z) and of
the manipulating signals, respectively, u(?) and
v(?) [16]. In this case:

Uy (1)=7,(t)* U, sin(oyt + ¢, ) =

=+U, sin(w,t +@,)=U,sin[ o +(, (t)—l)-%] ;
. v . V4
U ()=7, (t)'UmSll’l[alot+ ? +E] = tUmsm(coot ++ 5] =

= Umsin[a)ﬂt +(r, (1) —1)°%+ %]z U, cos| a,f + (}/2 (1 —1)-%].
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That is, input signal with absolute DPSK at
180 is described as follows:
i, (t) = ”p:kl (t) + upskl (t) =

=U, {sin[a)ot +(7(1)-1) -%]+cos[a)0t +(7,(1)-1) -%}}

This input signal is squared in KV 1 block.
Denoting the first term as sino, and the second
as cosp, we have at the output of KV signal
block:

U, (1) =, (1) +u,, (1) =U,* (cosé + cosp)’ =
=U,’ (sinzé +2sind * cos B+ coszﬂ),

where:
. 5, l—cos2a
sind =——=
1-cos| 2w, 1)-1)e
_ cos[ @, +(}’1() ) ”}:l_lcoﬂ(oot;
) 2 2
cos2ﬂ=%:
1 20, H)-1)
_ +COS|: @, +2(72() ) ”:I:%+%C032m0t;

2sinaecos f=sin(B-a)+sin(f-a)=

=sin[7,(1)-7 (t)]-%+ sinf2m,1 +[7, (t)+y2(t)—2]°§}.

As a result at the output KV 1 we get an
oscillation:

u,, ()= Umz{% - %cos2a)0t + % + %cosZa)Ot +sinly, (1)-

-7 (t)]% + sin{Za)Ot +[;f2 ()+7(1)- 2] .%}} _
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Pic. 2. Circuit of filter-phase method of RWS.

Althoughy (1) =+l andy (7)) =+1, but their
sum and difference may be different. Therefore,
we will compile tables considering the sums and
differences y,(2) and y (7).

According to Table 1 sine of the difference
(y(t) — y,(1)*m/2 is 0, and according to
Table 2, the sum [y (2)+y (1) — 2] * n/2 does not
eliminate PSK by 180° (second column of
Table 2). Therefore, the second quadrator KV2
is introduced, at the input of which the signal
from the output of KV1 comes through a
capacitor and a second harmonic filter F2. At
the output of KV2 there is a signal:

U, (1)= (iUmzsin (2wot))2 =U, *sin’ 2ot =

= Um4 .I_Ls“w(]t =0, 5Um4 -0, 5Um4cos4a)0t.

It can be seen that the signal from KV2 does
not contain the manipulating signals y(?) and
v,(1), and therefore it is fed to the frequency
divider by a factor of 4, which is a double
D-trigger with an amplitude-limiting amplifier
at its input. From the direct output of the first
D-trigger, an oscillation u (1) = U coso f is fed
through the resonant circuit of the first
harmonic with a zero initial phase to the second
input of the multiplier M1 of the coherent
detector of the in-phase channel, and from the
direct output of the second D-trigger, a
quadrature oscillation

uy (1) =U,, cos(ayt + %)

is supplied through the resonant circuit of the
first harmonic to the second input of the
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multiplier M2 of the coherent detector of the
quadrature channel. At the output of the
multipliers M1 and M2, oscillations are
obtained:
;)
o— |+
2

+cos [wot +(r,(1)- 1)% + z}}Umcoscoot =

2
~0,50, {cos(;/l (,)_1)§+co{(yz(,)_1).%+ﬂ}+

+high frequency =0, 5Um2 [il + 0] + high frequency;

u (1) =u, (t)u,(t)= Um{cos[a)ot +(r(2)-1)

LFF (low frequency filter) at the output M1
and M2 eliminates high frequency oscillations,
leaving only transmitted digital signals y () =
1 and y, (1) =+1.

But for absolute DPSK by 180 we get the
reference oscillation «, () = it/m . The +signs

are equally probable and, therefore, interference
or other processes in the receiver can cause a
change in the signal phase by 180° for u (1),
which is the source of the reverse operation of
coherent detectors, since the detected pulses
are in phase with u (7). The reference oscillation
u (1) passes through the resonant circuits F2,
F4, F1, and therefore turns out to be practically
free of interference, and the coherently
detected pulses do not contain the quadrature
component of the interference. They can be
regenerated by amplification-limiting in
amplitude and thereby additionally suppress
the noise accompanying them. Since the
reference oscillatiou (#) and the detected pulses
are in phase, their multiplication by each other
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excludes a change in the signal phase by 180°,

asin the multiplication of harmonic oscillations:

u, (1)=b(t)*u,(1)=Uq cos(Q1 +180°)U, cos(wr +180°)-
=0,5U,U,[ cos(w—Q)1+cos(w+Q)t .

The multiplication of alternating pulses
with oscillation of the carrier frequency, as
shown at the beginning of the article, is an
absolute one-time PSK by 180°, which in
this case is practically free of noise and
distortion. Since DPSK signals are already
separated from each other, it is possible to
multiply y,(#) and y,(#) only with u(7) as
shown in Pic. 1. Such a signal can be
detected incoherently without changing the
noise immunity of radio communication due
to the absence of interference. In this case,
it is proposed to use a trigger and a frequency
detector at the output, since the phase (%)
and the angular frequency w(?) are related
by the ratio: o(?) = do/dt, and its reverse
operation cannot be eliminated in principle.

Such a detector had already been
proposed instead of the coherent Pistolkors
detector back in 1951 [2], however, due to
interference at its input, it did not find
practical application. In the considered
case, interference at its input is practically
absent and therefore it can be used.

2. One single-sideband absolute PSK at
180°, equivalent in frequency efficiency to
double PSK at 180°

This single-sideband absolute PSK (SSB
PSK) at 180° was developed by the authors
[17], its structural diagram is shown in
Pic. 2.

The indices in the diagram [18] are:
BF — band-pass filter; >, — adder; M1, M2,
M3 — signal multipliers; G1, G2 —
generators; KD1, KD2 — coherent detectors;
PS1, PS2-90° phase shifters; AL —
amplitude limiter; PI — phase inverter.

At the output of KDI1 there is a clipped
[12] speech signal b (7), and at the output of
KD2 there is a quadrature speech signal. In
this case, taking into account the fact that
the signals are periodic, we have:

2 & sinkUt
b _< .
=&

bz(t):% 2”: coskUt ‘
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At the output M2 the function is formed:

U, (1) =5 (1) u, ()= (g i Sinl;Ut}chinwt =

T k35,
U & cos(o—kU)r
T k -
And at the output of M3 there is the
oscillation:

U & cos(w+kU)z
7T k135 k '

Un}(t):l;;(t)‘l;;(t):[% i COSI]:Uthoswt:

cos(w— kU)

which lower sideband (SSB PSK at 180°).
When subtracting (when b,(t) passes
through PI block):

W cos(w+kU)t
7T k=135... k

U ()=, (t)—u, (1) =

3

There is higher sideband (SSB PSK at
180°).

With SSB PSK, the interference is 2
times less than with two sidebands, and
therefore, with their equal amplitudes, the
noise immunity of radio communication
with SSB PSK will be 180° greater than with
two side bands [7].

Conclusions.

1. A circuit of a coherent signal detector
was proposed [11], with the exclusion of its
reverse operation, which makes it possible
to implement DPSK at 180° in practice. The
novelty of the proposal is confirmed by the
Russian invention patent [11].

2. It is shown that for formation of the
reference oscillation u (1) = U coswt
according to the input signal with absolute
DPSK at 180°, the second quadrator KV2 is
required, and a frequency divider should
need to divide frequency not by 2, but by 4.

3. It is shown [5] that the sources of
reverse operation of a coherent detector with
absolute DPSK, when +1 is converted to -1
and vice versa, are random and unremovable
jumps in the phase of the reference
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oscillation obtained from the input signal
[14] with absolute DPSK at 180°, which are
in phase with coherently detected pulses.

4. Itis proposed to eliminate phase jumps
by 180° for u (#) and for detected alternating
pulses by multiplying them by each other,
which forms an absolute PSK by 180°
practically without noise and distortion.
There is no interference for u (7) due to its
filtering by resonant circuits of the second,
fourth and first harmonics. There is no
interference for detected pulses either due
to coherent detection and their regeneration
by amplification-limiting.

5. It is proposed to use a frequency
detector with a trigger (integrator) at its
output as a detector of multiplied signals
according to clause 4, since the phase ¢(?)
and the angular frequency w(?) are related
by the ratio: o(?) = do/dt. Such a detector
had already been proposed [19] as the main
one (instead of the Pistolkors detector) back
in 1951, but did not find application due to
interference at its input. In our case, there
is practically no interference and distortion
at its input.

6. To increase the frequency efficiency
by 2 times, the authors proposed single-band
absolute PSK at 180° operated with filter-
phase method with clipping, which is
equivalent by this indicator to absolute
DPSK at 180°. The Russian invention patent
was obtained [17].
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S AYRKAWIRIEXE V] KA

OueHka notepb 6yHkepHoro CIMIr
OT ncrnapeHus

Oner TAPOBUK Anekcanap PEYLIKUIA

AHam3 3¢ eKTMBHOCTY TPAHCMOPTHBIX CUCTEM, UCIOTb-
3YIOLLMX CXVKEHHbIV npupogHbivi ra3 (Crlilh) B kadecTse Ton-
JIMBa, HEBO3MOXEH 6e3 KOMIMIeKCHOro NoHMMaHus 06bEMOB
notepb TonavsHoro ClI oT ucnapeHusi B Xxoae OCHOBHbIX
TEXHOIOrNYECKMX OrepaLmii: nepeBo3ku (XpaHeHusl), OyHke-
POBKY 11 3aX0NaXNBaHUS TOMJIMBHbIX EMKOCTEN. HecMoTpsi Ha
akTUBHOE pa3BuUTNe BOAHOIO M HA3€MHOIo ra3oMOTOPHOIO
TPaHCnopTa, npakTu4ecKmne noaxosabl AJs1 MoJy4eHns CooT-
BETCTBYIOLLMX OL€HOK B LLIMPOKOM AINarna3oHe XapakTEPUCTIK
rpy30Bbix EMKOCTeV paHee He rybIMKOBavCh.

Lenbio HacTosLeri paboTbl SIBIIETCS aHa/M3 MoTepb
CIII" B aBTOMOGW/IbHbIX, XE1€3HOAO0POXHbIX U CY0BbIX -
cTepHax (BMeCTUMOCTbI0 0 5600 M?), a Takxe B TaHK-KOH-
TeviHepax npwm ycaoBum xpaHeHus: CI1I" ¢ n36bITOYHbIM naB-
JieHneM 0KoJ10 5-7 atmocgep.

B paborTe B kayecTse MeToaa UCrosib30BaHO YANCIIEHHOE
mogenuposaxme. lNpouecc ncnapenvs CIII onvuceiBaeTcs
C MoMoLLbIO MoAenel Ter/I00bMeHa Mexay Xuakov pas3oi
CIII, ero napamu, a Takxe rpy30BbiM TAHKOM W BHELLUHE

perpeccuoHHbIV aHann3.

Anekcanap TOMAX
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cpenovi. 3To No3BOISET MOAEMPOBATL N0OBEAEHNE U hpa30-
Bble npespatlyeHns ClI npu ero xpaHeHun B EMKOCTH,
a Takxe B Xo4€ OCHOBHbIX TEXHOJIOrNYECKUX ornepaLunii.
YucneHnHoe monenpoBaHne TePMOLANHAMNYECKUX MPOLEC-
coB npu xpaHeHun Cl1I" npon3BoanTCsi C MOMOLLbIO KOMIbHO-
TEPHOV UMUTALMOHHOV MOAEN, peann3oBaHHO B cpeae
AnyLogic. KonnyectBeHHble oueHku notepb ClI npu 6yHke-
POBKE 1 3axonaxviBaHUn TOMINBHbIX TAHKOB MOJIy4eHbl Ha
OCHOBE aHaINTNYECKMX PACHETOB.

AHanm3 4yBCTBUTENIbHOCTY CO34aHHbIX MOAEeel K pas-
JINYHBIM rapameTpam, a TakkXe MacCOBbIE YNC/IEHHbIE pac-
4ETbl 103BOJININ MOCTPOUTL PErPECCUOHHBIE 3aBUCUMOCTN
ans onpeaenenvs notepb ClII B xoge paccMmarpuBaeMbix
onepauwii. [osy4eHHbIe 3aBUCUMOCTY MOTYT ObITb UCMO/Tb-
30BaHbl A4J151 oncka Hambonee 3¢PEKTNBHbBIX KOHPUrypaLmii
cucTeMbl MasloTOHHaxHoW nepeso3ku CII, a Takxe ans
BbIMOJIHEHUSI 9KOHOMUYECKUX OLIEHOK Lies1ecoobpasHoCTn
ucnonb3doBaHus Cl B ka4ecTBe TornamBa Ha BOAHOM v Ha-
3EeMHOM TpaHcropTe.

KnioyeBble cnoBa: MOPCKOW TPaHCNOPT, CXUXEHHbI npupoaHbii rad (Crilr), notepu ClIIT oT ucnapeHus, cyaHo-
6yHkepoBLumk CI1I, 6yHkeposka CII, 3axonaxviBaHvue TOMNINBHOMO TaHKa, UMUTALMOHHAs TepMOANHAMUYecKasi MoAesb,
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BBEOAEHUE

CxxmxeHHbIM ipupoaHbiii ra3 (CIIT) Bcé
yalle MCIOJIb3yeTCsl B KaUueCTBe TOILIMBA Ha
pa3IMYHbIX BUIax TpaHcrnopTa. OmQHAKO psi
ACITEKTOB MCII0JIb30BaHMSI 3TOT0 HETUITUYHO-
ro BUJIa TOILIMBA B HACTOSIIIICE BPEMsI SIBJISICT-
s ¢71a00 U3yYeHHBIM. B yacTHOCTH, aKTyaslb-
HOI IPaKTUYEeCKOM 3a1a4eil SIBJISIETCS KCClIe-
noBaHue BorpocoB noTepb CIITT B xone ero
TPaHCIIOPTUPOBKY U BBIITOJTHEHMS Psijia TEX-
HOJIOTUYECKMX OIlepallnii, TAKUX, KaK 3aX0-
JlaXXMBaHUe (CHIDKEHME TeMIIEpaTyphl IPY30-
Boii émkoctu a0 -130°C mepen Hermocpen-
cTtBeHHOI mogayveii B He€ CIIIN) 1 6yHKepoBKa
rpy3oBbIX TaHKOB (nepememienue CIIT u3
€MKOCTH-HMCTOYHMKA B EMKOCTh-T10JIy4aTe b
¢ 3axonaxuBaHueM octatkoB CIII' B émko-
CTU-TIONTyYaTene).

s pelieHUsT 3aa4 TEXHUKO-3KOHO-
MHMYECKOro 000CHOBAaHUS U ONTUMU3ALINU
cucteM TpaHcroptupoBku CIII" HeoOxomumo
MMETb IOCTaTOYHO ITPOCThIC PACUETHBIC 3aBH -
CHMOCTH, MIO3BOJISIONINE OLICHUBATh OObEMBI
MOTePh I'py3a IPU TPAHCIIOPTUPOBKE B BUIE
(byHKILIMIT OT IJIMTETLHOCTH pelica, XapaKTe-
PUCTUK M30JISIIIUU, TEMIIEPATyphl OKpYKalo-
el cpedbl U Ipyrux (pakTopoB, KOTOpHIE
OKa3bIBalOT BIMSHUE HA MHTEHCUBHOCTh MC-
napeHusi. AHaJIOTMYHbIC 3aBUCUMOCTH HEOO0-
XoauMbl 151 onpeneneHust noteps CIIT mpu
3axX0JIaKUBAaHUU U OYHKEPOBKE TPY30BBIX
€MKocTeil. Hanmuuume Takux 3aBUCUMOCTEI
MO3BOJUT O0OCHOBAHHO IOAXOIUTH KakK
K BOIIPOCY IIPOEKTUPOBAHUS TPAHCIIOPTHBIX
cpencts o goctaBke CIIT (BbIOOp mpoeKTHOI
CKOPOCTH JOCTAaBKH, COOTHOIIEHUE CTOM-
MOCTb/3(h(GEKTUBHOCTD TPUMEHSIEMOTO U30-
JIAIIMOHHOIO MaTepyaJjia 1 T.I1.), TaK 1 K IIpOT-
Hosy norepb CIII" npu perieHuu 3agay ore-
PaTMBHOTO ILUIAHUPOBAHMUS pabOTHI TPAHC-
MOPTHBIX CPEACTB (COCTABJICHUE PACIIMCAHUIA
IBUXEHMSI, IPOTHO3 IMapaMeTpOB rpy3a
B TOYKE NOCTaBKM M Apyrue). Paspaborka
TaKUX 3aBUCHMOCTE SIBIISICTCS Ye/1bi0 HACTOS -
ILIEr0 UCCIICA0OBAHMS.

Heo6xoamMo OTMETUTD, YTO aBTOPaM He
yIaJoCh HAMTU MOZOOHBIX MCCIeA0BAHUMI
HU B OTCYECTBEHHOM, HU B 3apy0exXHOM
revaTu, 4YTO, OYEBUIHO, OOYCIOBIEHO HO-
BU3HOI 3TOI TeMaTUKHU B 1ieJJoM. MHOXe-
CTBO 3apy0eKHBIX UCCAEIOBAHUIT COCPEN0-
TOYEHBI HA TEPMOIMHAMUYECKOM MOJICIIM -
poBaHuu npouecca xpaneHuss CIII' npu
atMocgepHoM aaBiaeHuu [1; 2]. Drot cnocod
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xpaHeHus u TpaHcroptupoku CIII aBus-
eTcsd npeobiaagaliluM C TOYKU 3pEHUSI
00BEMOB MEPEBO30K, MO3TOMY BOIIPOC aHa-
JIM3a U MPOTHO3UPOBAHUS MOTEPh OT MCIA-
peHUS TT0 BCel 1ieroyKe MocTaBok [3] aBisi-
eTCsl AOCTaTOYHO BaXHbIM. OQHAaKO MpU
3TOM, KaK MPaBUJIO, UCTIOJb3YIOTCS CaMble
MPOCTHhIE CTIOCOOBI OMpeAeIEHUS CYTOYHBIX
notepb CIII, ocHOBaHHBIE HAa CTATUCTUYE-
ckux naHHbix. Hanpumep, motepu CIIT ipu
TPAHCIIOPTUPOBKE MOPCKUMU CYIAaMHU-
razopo3zamu cocrtasiagoT 0,10—-0,15 % or
BMECTUMOCTH CYJHA IIPU IBVXKEHUU B TPY3y
n 0,06—0,10 % mpu IBUXEHNU B Gajuracre
[4]. Te HemHOTHE UCCIIeNOBAHUS, KOTOPBIE
3aTrparuBaiot Bonpoc notepb CIIT mpu ero
XpaHEHUHU B YCIOBUSIX U30BITOYHOTO TaBJe-
Hus 5—7 aTMocdep, COCpe0TOYEHBI B OC-
HOBHOM Ha OTEepallMOHHOM acIleKTe, Ha-
MpUMep, Ha paboTe CyA0B-OyHKEPOBIIUKOB
[5]. Takum 06pa3oM, BbITTOJTHEHUE HACTOSI -
1IETO UCCIIEOBAHUS SIBISIETCS AKTyaIbHBIM.

1. PACYETHBIE MOAENN 01K
ONPEAENIEHNYA NOTEPDL CNIr

Jlns1 perieHus1 MOCTaBIEHHOM 3a1a4u Obl-
JIU CO3MIaHBI CIEUATTU3UPOBAHHBIE TEPMONIN -
HaMUYeCKHEe MOJENU, MO3BOJISIOIINE OTTACHI-
Bathb nipotiecchl xpaneHust CI1T, 6yHkepoBKku
U 3aXO0JIAXXUBAHUSI EMKOCTEN, a TAKXe pa3pa-
0oTaHa cTOXacThuyeckass MOJe/b TUHAMUKUA
TeMIlepaTyp BO3ayXxa B TedeHue peiica. [e-
TaJIbHOE OMUCAHUE PACUETHBIX COOTHOIIEHUI
TEPMOJAMHAMUYECKUX MOJEJel, a TaKxKe
(yHKIIMOHATHHBIE 3aBUCUMOCTH MTAPAMETPOB
MPUPOTHOTO ra3a OT TEMIIEPATyPhI U JaBJICHUS
npuBeaeHbl B MoHorpaduu [6]. 3mech xe
OTMETUM TOJIbKO 0a30BblE€ PACUETHBIE COOT-
HOIIIEHUS Y TIPUHSITHIE TOITYIIIEHUSI.

1.1. TepmouHaMI9IeCKasi MOZIEJTb [ISI OLIEH-
ku norepb CIIT" mpu xpanennu

TeriooOMeH MexX Ty cofepKallleiicst B TaH-
Ke nByx(a3Hol cpenoil B COCTOSIHUM HAChI-
LIeHUs ¢ TemnepaTypoii 7' U oKpyxXawouei
cpeoit ¢ TeMreparypoi T, onmuchiBaeTcs
YpaBHEHUEM TEIIONEPENAYN:
dQ/dt=k+(T,~ T)*F,
rae 0 — mocTynatomias TeruioTa, JIx;

t — Bpem4, C;

k — Ko3dDdUOMEHT Teljonepenadyu
Br/m?+ K;

F — ruroimaab MoBepXHOCTH TETUIOOOMeE -
Ha, M.

M
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ITpu ucnons3oBanuu dhopmyisl (1) ot-
JENBHO YYUTHIBAIOTCS TEIJIOBbIE MOTOKM Q,
1 Q, 0T BHELIHEH Cpe/Ibl B XUIKYIO ¥ ra3000-
pa3Hyio (Ga3bl COOTBETCTBEHHO. DTH ITOTOKHU
OMpeNeIIOTCS TIOIAAIMU TerioooMeHa
MEXIY XKMAKOCTbIO U BHEIIHEe cpegoil F P
M MEXIy TTapoM U BHELIHEH cpenoii F,. Tem-
nepaTypa OKpyxaroleii cpenbt T, paccMaTpy-
BaeTCd KaK BHEIIHWI JUHAMUYECKUI Tapa-
MeTp. KoaddunmeHT Teruonepenadnt k s
CTE€HKU, COCTOSIIIEH U3 CIOEB CTAJIA U TEILIO-
U30JISIIAU, ONpPeNessseTcss N0 CTaHIAPTHBIM
3aBUCHUMOCTSIM [6, c. 69].

TertooOMeH MeXITy HaXOASIIUMUCS TIPU
pa3HoOUl TeMIiepaType XUIKOCThIO U Ta30M
yepe3 rpaHully pasaesna MOAYUHSIETCS ypaB-
HeHuto HboloTroHa—Puxmana:

Q=a(T,—T)*F, 2)
rae O — KOJIU4eCTBO TeTUIOTHI, BT;

o — KOo3(p(pUUMEeHT TemjooTaauu,
Br/m?+ K;

T, n T,— TeMniepaTypbl XXUIKOM 1 Ta30BOiA
¢a3 COOTBETCTBEHHO;

F,— nutoraas MoBepXHOCTH paszena ¢as,
M2,

DazoBbIe TTEPEXOIbI MEXITY arperaTHBIMU
COCTOSIHUSIMU (MCIapeHUEe XUAKOCTU U KOH-
JIeHcallus ra3a) OpUBOAIT K U3MEHEHUIO
MaBJICHUS Ta30BOM MOAYIIKU Had XWUIKOW
MOBEPXHOCTHIO 1, COOTBETCTBEHHO, K U3Me-
HEHUIO TEPMOAMHAMUYECKUX IoKa3aTeaen
(Temmepartypa KAMEeHUs,, TEIJIOEMKOCTb U IpY-
rue). [Ipu nmocTyrieHny TeTUIOTHI K XKUAKOMU
da3ze 11 epexona B HOBOE COCTOSIHUE HACHI-
IIEHUS TTPOUCXOAUT UCHApEHUE KUIKOCTH,
y He€ oTOUpaeTcs TerioTa. DTOT Mpolece
HUCTIAPEHUST B MOJIEJIA OMUCHIBAETCS COOTHO-
IIEHUEM:

dM = dQ/r, (3)
rne dM — TipupaliieHue Macchl (KT) mapoBoi
dasbl IpU MOCTYIUIEHUH TEIUTIOTH dQ (J1X)
K XXMIIKOW (pa3e B COCTOSTHUU HACBIIICHUS

r — Terurota mapoo6pasosanus CIIT, ko-
Topas gaBjsgercs GYHKIUEN TeMmepaTyphl
HachlleHUs (U, TEM CaMbIM, — JaBJIEeHUS
HachIIeHns), JIK /KL

ITpu nocTymieHur TemI0Thl K MapoBOi
(aze Wau HATMYUY HEOTPETOM KUIKOCTU JJTSI
JIOCTVKEHU S COCTOSIHUST HACBIIIEHUS IIPOUC-
XOOUT KOHJEHCAlUsd MapoB — XUAKOCTh
BOCIIPMHUMAET TETUIOTY ra30Boit (aszbl. DTOT
MPOLIECC OMUCHIBAETCS YpaBHEHUEM TETLIOBO-
ro 6ajmaHca Mexay mepelaHHOW OT mapa
U BOCIIPUHSTON XUIKOCTBIO TEIJIOTOM:
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a*(T,—T)F,~dt=G-di, 4)
rne G — Macca BBITIaBIIIero KOHIeHcaTa, KT;

di — pa3HOCTb BHTAJBIIUI TEPETPETOTO
napa u XUAKOCTU B COCTOSIHUM HACBIIICHMUS,
Jx/KT.

Hcnonb3oBaHre MPUBEAEHHBIX 3aBUCUMO-
CTell TO3BOJISIET PEATU30BATh AJITOPUTM MOCIIE-
JIOBaTEJIbHOTO TMEPEeCcUETa XapaKTepUCTUK CO-
CTOSIHUS KUAKOCTU Y ra3a BHYTPU EMKOCTH.
B HacTosieit pabote Takoil airOpUTM ObLI
peai30BaH C MOMOIIbIO MOIU(UKALIUY pa3pa-
OoTaHHOI paHee B cpefie Any Logic KOMITBIOTEp-
HO UMUTALIMOHHOU MOZIEJIA CUCTEMHOM IMHA-
MUKH [7], B KOTOpYIO TaKXe UHTETpUPOBaH
CTOXaCTUYECKUI TeHEPaTop TEMIIepaTyphl
okpyxatonieir cpensl. OTMETUM HECKOJIBKO
ACMEKTOB peai3allii UMUATALIMOHHOM MOZIETIU.

HaByiieHre mapoB BHYTPU pe3epByapa He
MOXET MPEBBIIIATh HEKOETO MAKCUMAJIbHOTO
JlaBJIEHUS, JOMYCKAeMOTr0 KOHCTPYKIMEH
€MKOCTH, U JAaBJIE€HUEM PETyJIUPOBOYHOTO
knarnaHa. [ToaToMy npu MOBBIIIEHUU JaBJIe-
HUS BbIIIE MAKCUMAJIbHOTO MPOU3BOIUTCS
cbpoc HeKOoTopoit Majoit Macchl mapoB CIIT,
KOTOPBIN TpaKTyeTcs Kak 0e3BO3BpaTHas Io-
Teps. [Ipu yncieHHOU peanu3aluyi MOAEIU
rnojaraeTcs €AIMHOBPEMEHHBI cOpoc 5 Kr
mapa, 4yTto Ha 3—4 mopsiaKa MeHbIIIe MacChl
CIIT" B EMKOCTH U TTO3BOJISIET CUUTATh CTPAB-
JIMBaHWE MU30BITKOB MapoB MPaKTUYECKU
paBHOMEPHBIM. YKa3zaHHas MOTeps MacChl
napoB MO3BOJISIET COXPAHUTh PAaBHOBECHOE
COCTOSTHUE CUCTEMBI «KUIKOCTb—TIap» BHYT-
PpY Ipy30BOTO pe3epByapa, HO IPU 3TOM MpPo-
HWICXOJIUT CKAYKO0Opa3HOe U3MEHEHE TEMITE-
paTypbl U MaccChl MapoBOW W XUIKOU (az.
MojaenupoBaHUE TAKOTO COOBITUSI TTPOU3BO-
JIUATCS HA OCHOBE AOMYIIEHUS O JUHAMUYE-
CKOW XECTKOCTU cucTeMbl. COrIacHO 3TOMY
JOMYLIEHUIO, BpeMsI IPOTEKaHUSI TePEXOTHBIX
MPOLIECCOB BbIPaBHUBAHUS TEMITEPATYP B CJIO-
X KUAKOW (pa3bl U BO3BpAIIEHUST CUCTEMBI
K PaBHOBECHOMY HACBIIIEHHOMY COCTOSTHUIO
MpU CKaYKOOOPa3HOM U3MEHEHUU YCIOBUM
TOJIaraeTcs MaJIbIM [0 CPAaBHEHUIO C TUHAMU -
KOo#l (poHOBOTO mpoliecca TermiooOMeHa
C OKpYXXarollen Cpeno.

ITpakTrueckuie pacy€Thl 0a3MPOBATUCH HA
KOHKPETHBIX TUITaX KPUOTEHHBIX EMKOCTEIA:
aBrouucrepHa GT7 IIIIIT-60, BaroH-
muctepHa 15—5106 u tank-koHTeliHep CIIT
trma KIIM 40/0,7. Takke OBUTH pacCMOTPEHEI
cynoseie TaHku CIIT Tuma C munwHapuye-
cKoi1 (hopmbl BMecTUMOCTBIO 1700 M3, 2800 Mm?
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Puc. 1. OnpeneneHne OCHOBHbIX XapaKTepPUCTUK KPUOreHHbIX EMKocTeli B cpeae SolidWorks.

Ta6smna 1

OcHOBHbIE XapAKTEPHCTHKH PACCMaTPUBAEMbIX EMKOCTEI,
MOJIyYeHHbIe HA OCHOBE aHAJIN3A OTKPBIThIX MATEPHAJIOB

Tun émkoctu — > =
E |§ &
a S 45 © S
5] o =
“ o2 £52 |8 = g
= o =|= s = 2 A & 15}
- S5l = g E 5 9] = =)
= = = sEE | B = 2
0 EQIE = S5 5 5 5
& 5|0 3 l 8 & = 2 £
1) E0| s m /A g (o]
~ SE|% g |SLT [Byx | e
© = e
= 8BS |f |E8= B |E |
g 5ElE g |gE535 |g= S g
= 2k b ZZ S E 2 S
= gz|32 Z |85 |25 g 3
g |BE|E | |ZBE |®E |3 |®v
o < 2 o = -
S S 8| T |EER |92 |€ 2%
Asronucrepra GT7 CIIT IITLT-60 60,0 7 54,0 23,2 |9B 0,00145 0,12 0,012
Baron-uucrepHa 15-5106 65,4 5 58,2 25,0 |BB 0,002 0,14 0,014
Kownreitnep KIIM-40 39,2 7 34,9 15,0 |9B 0,00145 (0,10 0,015
CynoBoii Tank 1700 m? 1685 5 1500 645 11 0,024 0,60 0,040
CynoBoii Tank 2800 M3 2809 5 2500 1075 |11 0,024 0,60 0,040
CynoBoii Tadk 5600 M3 5618 5 5000 2150 |IT 0,024 0,60 0,040

u 5600 M>. TToCcKOJIBKY B OTKPBITOM JOCTYIIE
HMMEIOTCS He Bce He0OXOMMMbIe TEXHUYECKIE
napaMeTphl 3TUX EMKoCTel, B cpene SolidWorks
OBbLIM CO3IaHbl UX TPEXMEpPHBbIE MOAEIHN
(puc. 1), KOTOpBIE MO3BOJIMIN TTIOJIYYUTh BCE
HEOOXOAMMBbIE FeOMETPUYECKHE U MaCCOBbBIE
napamMeTpsl (Taour. 1).

ITomumo sToro, Ha ocHoBe 3D-mopeneit
€MKOCTel OBbLIM TaKKe IMOCTPOSHBI 3aBUCH-
MOCTH Oe3pa3MepHBIX 3HAUSHU I XapaKTEPHBIX
wowmaneit F . F2 " F3 B BUJe (PyHKUMU OT
YPOBHSI HAITOJIHEHUSI. DTU 3aBUCUMOCTH Jajiee
HCIOJIb30BAIUCh ITPY BHITIOJTHEHUM PACUYETOB.

1.2. TepMoauHamMuuecKre MOJIEJTH /1151 OLIEH-
ku norepb CIIT npu 3axonakuBanum u OyHKe-
POBKe TOILTMBHBIX Pe3epByapoB

3axoakuBaHUE TOTLTMBHOTO TaHKA MPeI-
rmoJlaraeT ero OXJIaXJIeHHWe OT HEeKOTOpOW
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temmneparypbl 7, > 143 K (= -130°C) mo Tem-
neparypbl T | = 143 K nyTém nogauun Masibix
nopuuit CIII. PaBHOMepHOCTD 3aX0JIaK1Ba-
HUS obecrieunBaeTcst paboTOM pacIbIIUTEb-
HBIX (DOPCYHOK BHYTpHU TaHKa. [Torygaemble
B pe3ynbrare pacnbuieHns Karum CIIT ncma-
pSIOTCs, 3a0Mpasi TeIJIOTY Y METaJJIOKOH-
CTPYKLIMI 1 N30JISIIINY TaHKA, TI03TOMY 3aX0-
JIaXXWBaHUE COIPOBOXIACTCSI MHTEHCUBHBIM
napooOpa3oBaHUEM.

JIns1 cHU>KeHUSI TeMIlepaTyphbl TaHKa HE00-
xonuMmo ucnaputhb CIII" Maccoii:
MU: (M, =c)* AT/r, %)
rae M — MacCHhI XKUJIKOM 1 Ta3000pa3Hoii (a3
CIIT B TaHKe B Havajie mpolecca 3axoaaxmu-
BaHMSI, a TAKXKE MacChl CTCHOK M TEIJIOBOM
W30JISIIIUYA KPUOTEHHOTO TaHKa, KT;

¢, — TEMIOEMKOCTH OXJIAXKIAEMBIX Macc,
Tx/kr * K;
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AT =(T,— T, — rpalueHt TemMIeparyp,
MPeNCTaBISIONUN CO00M Pa3HOCTh MEXIY
TeMIIepaTypoil EMKOCTH B Hayajie 7,1 B KOH-
ue T, saxonaxusaHus, K.

Temn 3axoaXuBaHKs L, ONPEEIAETCA
JTOITYCTUMBIMH TePMUIECKIMU HAITPSTKEHUS -
MU KOHCTPYKIIMIf TPy30BOTO pe3epByapa
M COCTaBJISIET, KakK mpaBuiio, 5...10 K/gac [8].
Bpemsi 3axonaxuBaHusi £, MOXHO OIIPEIENUTh
10 COOTHOIIIEHUIO:
t=AT/o. 6)

3a3To BpeMs B pe3epByap 4epes U30JISIIIUI0
MOCTYITaeT TeIjoTa, KOTOPYIO TaKXke Halo
KOMIIEHCHPOBATh BITPHICKUBAHWEM KUIKOTO
CIII maccoit M, ,. OnipenieieHne KOJaM4ecTBa
CIIT, HeoO6X0aMMOTO 111 KOMIIEHCALIUHY TeTT-
Jia, TIOCTYIUBILETO 3a BPEMS / , BHITIOIHAETCS
Ha ocHOBaHMU hopmy (1)—(4).

Takum o6pazom, Macca CIII, pacxomyemo-
T'O Ha 3aX0JlaXXMBaHUE EMKOCTH, OTTpENEIsieT-
Cs1 TI0 COOTHOIIIEHUIO:

3.1 3.2 (7)
ITotepu CIII mipu 6yHKepOBKe pe3epBya-
pa, MpeaBapUTETHbHO OXJIAXIEHHOTO 10 TEM-
nepatypbl 1) < T CKMXEHHBIM IPUPOIHBIM
razom, nogaém npu remneparype T, =
110 K, MOTyT OBITH pacCUMTaHBl AHAJIOTUYHO,
TO €CTh KaK CyMMa I0Tepb, 00YCIOBIEHHBIX
JIByMsI TIPOLIECCAMMU:

* OXJIaXJIEHWE METaJUIOKOHCTPYKIIUM,
JKMIKOCTH Y TTapa BHYTPH TPY30BOTO TaHKA OT
Temrepatypsl T, 1o Temreparypsl T

* TIOCTYTUIEHUE TETUTOTHI Yepe3 N3OSN0
Ipy30BOTO TaHKA.

OmnucaHue CooTBETCTBYIOIIEeTO Audde-
PEHIIMAJILHOTO YpaBHEHUSI, TTO3BOJISIIONIETO
OTpEIeNIUTh TeMIIepaTypy TPy30BOrO TaHKa
U €r0 CONEPXKMMOTO B KaXKIIbIi MOMEHT OTIe-
pauuu OYHKEPOBKHU, IIpUBEAEHO B [6, c. 84].
AHaM3 3T0I pacYETHOM MOIENIM TTOKA3aJl, 4TO
coctapstonneii moreps CIIT, 00ycioBiIeHHOM
MOCTYIUICHUEM TETIJIOTHl MU3BHE TPY30BOTO
TaHKa, MOXHO TpeHeOpeyb, MOCKOJIbKY IS
XapaKTepHBIX 3HAYEHUI TETJIOTIPOBOIHOCTU
mzossiuuu (k= 0,01...0,04 Br/m? « K) u mm-
TeTHbHOCTH OYHKepoBKHU (2...4 4aca) e€ moms
B 001X NOTepsix He npeBbimaeT 1 %. OTMme-
THM, YTO B CJTydae 3aX0JIa’XkMBaHUS IPy30BOTO
pe3epByapa, 3TOl COCTaBJISIONIeH TTpeHeope-
raTh HEXeNaTeIbHO, T.K. JUTMTEILHOCTD OTIe-
panuu MoXxeT gocturath 30 4acoB, a OTHOCH -
TeJIbHas J0JISl IOTePh M3-3a TEIIOOOMeHa
C BHEIIHEW CPeJO MPU 3TOM COCTABIISIET
7...10 %.
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HTak, c 1ocTaTOYHOM IJ1s1 pelleHUs MpaK-
TUYECKUX 3a1a4 TOYHOCTBIO MOXHO OIpesie-
Jatb notepu CIIT mpu 6yHKepOBKe 1O COOT-
HolleHU1O (5), B KOTOPOM 3HAYE€HUE TPaueH-
Ta TeMIIepaTyp MPpUHUMAETCS paBHbIM AT =
Ts - T CIIr.

1.3. CroxacTuyecKuii reHepaTop IHHAMUKHI
3a00pTHOIi TEMMIepaTypbl

MonenupoBaHue yCIOBHOTO pelica TpaHC-
MMOPTHOTO cpencTtBa, nepesossiiero CIIT,
MPOU3BOIUTCS B MPEIITOJIOXEHUN O CTOXa-
CTUYECKM M3MEHSIONIecs TeMIlepaType
oKpyXamwluieit cpenbl. IIpu a3TOM NpUMeEHSI-
€TCSI TIOAXO/I, TTO3BOJISTIOIIN I CMOJIETMPOBATh
IVMHAMUKY KOoJIeOaHWI TeMIlepaTyphl Kak
CJIy4aiHBIN MpoLecC ¢ 3aJaHHBIMU aBTOKOP-
peSIMOHHBIMU cBoicTBaMu. [l 3TOTO
B YCJIOBHBIX TOYKAX OTIIPaBJIeHUs M HA3HaUe-
HUS B KaXIbIi TAKT MOJEJIBHOTO BpEMEHU
pacCUMTBIBAETCSl TEKylllee 3HaYeHUE TeMIle-
paTypsl BO3yXa, KOTOPOE OIpeaessieTcs Kak
BeJIMYMHA IETEPMUHUPOBAHHOTO BPEMEHHO-
ro TpeHa IJIIoC cilyvyaiiHasi fobaBKa, Moje-
JIMpyeMasi ¢ IIOMOIIBIO CKaJISIpPHOTO (hOpMU-
pyroiiero (puisTpa rmepBoro nopsiika (0agHo-
MEPHBI CTOXaCTUUYECKMI1 TeHEPATOP TTOTOTHI)
[9]. BpeMeHHOi1 TpeH I TeMITepaTyphl B 00enX
TOYKaX ONMMCHIBAETCS KaK CYNEePITO3UITUST ABYX
TapMOHWYECKUX (PYHKITU, TTPEICTABIISIONINX
00011 TOI0BOM X0 CPETHECYTOUHOM TeMITe-
paTypsl M CYyTOUYHBIN X0 TEMIIEPATYyPhI.

TakuM oOpa3oM, TeKylllee 3HaUeHNE TEM -
repaTtypsl Bo3nyxa 7 B TOUKaxX OTIPABICHUS
(T dep) 1 HazHavyenus (T, ) pacCYMTHIBAETCS
JUTSL KaXKITOTO Yaca MOJIEJIbHOTO BPEMEHH  T10
COOTHOIIIEHUIO:

T=T,+0,5*R,*cos(2n/24 +(h—14)) +
D-x, ®)
rae R, — 3agaHHas aMILIMTyJda CYTOYHOTO
XOza TeMITepaTyphl;

h — Texyiee BpeMs cyTok B yacax (0...24);

D — cpenHeKkBaIpaTUYHOE OTKJIOHEHUE
TEKYIIel TeMIlepaTypbl OT CPeTHEeTO TPEeH A,
YUUTHIBAIOIIETO TOJIOBOM U CYTOYHBIN XOJI;

T, — cpenHeCcyTOUHOE 3HaYEHME TEMITEPA-
Typbl B TaHHOU reorpadguyeckoil ToukKe ISt
TTAHHOTO JTHST KaJIEHIapHOTO TO/1a;

X, — Clly4aiiHas LIeHTPMPOBAaHHAsA HOPMU-
poBaHHasl TobaBKa K TeMIlepaType (CTOXacTH -
YeCcKoe BO3MYIIIEHUE CPETHEeTO TPEHIA).

M3MeHeHue CpeTHeCyTOUHBIX TEMITepaTyp
T, B TOYKE OTIPABJIEHUSA WA Ha3HAYEHUS
MOJIETMPYETCS] COOTHOLIIEHUEM:
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Puc. 2. OcHOBHOE OKHO UMUTaLMOHHOIO 3KCIepuMeHTa (cs1ieBa) n TepmMoanHaMmnyeckasi Mogesib UCNapeHns
CIIr (cnpaBa) B cpeae AnyLogic.

T=T,+0,5 ‘R *cos(2m/365 « (d — 200)), (9)
rIe R — aMIUINTy/Ia FOI0BOTO X0/a CPeHeCy-
TOYHOM TEMIICPATYPHI;

T, — cpenHeronoBas TeMIeparypa;

d — HOMEp TEKYIIEeTo JTHS B TOMY, OTCUM-
ThIBaeMbIii OT 1 stHBapsi.

BenmuunHa x, BRIYUCIIAETCS C TIOMOILBIO
CKaJISIpPHOTO (hOPMUPYIOIIETO (hHIIETpa Tep-
BOTO TOPSIIKA, YTO TTO3BOJISCT OTPA3UTh aBTO-
KOPPEISIIIMOHHBIC CBOMCTBA TMHAMUKHI aHO-
MaJIM TeMIIEpaTypbl KaK CIy4YalHOTO Mpo-
mecca:

X, =P X, +(1—p?) *¢;

X, = P, 1= p’es | (10)

rae € — cilyvyailHas cTaHAApTU3UpPOBaHHas
HOpMaJIbHasl BeJIMYMHA.
BemmyuHbL Tm, Ry nR ,3aIIAI0TCS OTIENb-
HO TSI reoTpapUIeCcKUX TOUEK OTIIPABICHUS
¥ Ha3HAYeHUsI, a p U D cYUTAIOTCST OOIIUMU
napaMeTpaMM reHepaTopa MOroibl.
Temmeparypa T,3a 60pTOM TPaHCIIOPTHO-
ro CpeACTBa OMPEAESIeTCS C MOMOILBIO JIU-
HEWHOM armpoKCUMAaILIUU MEXIY MOJIEJINPYE-
MBbIMM 3HAYEHUSIMU TEMITIEPATYP MEXIY TOU-
Kamu oTmpaieHust T uep V1 HA3HAYCHUS T,
MCXOMs1 U3 U3BECTHOM IJIUTEILHOCTU pefica.

T0=Tdep_(]—t/tv)+ T, (), ({1)
riae t — BpeMsl, Npollie/iliee OT Havalla peiica;

t — obuiee Bpems peiica.

[nsa noeHTUPUKALINY TTapaMeTPOB T'eHe-
paropa TeMnepaTtyp Bo3ayxa UCIOJb30BAJIUCH
JTaHHbIE MHOTOJIETHUX UCTOPUYECKUX HAOJIIO-
neHuii Ha tepputopun Poccunm [10]. Paccmar-
pUBaJICS HEKOTOPBIMA YCIIOBHBIN pelic TpaHC-
MOPTHOTO CPEeACTBa MeXIy ropogamu Mo-
ckBa, Cankr-IlerepOypr, PocroB-Ha-/lony,
Bouarorpan, Kazanb. B pesynbrate 0bL10
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npunsato: T, =4...8~6°C, R= 24..28=26°C,
R,=5.. 12 7°C. HapaMeTpLI p u D Obin
oIpeelieHbl 10 pe3yJbTaTaM 00paboTKHU
MHOTOJIETHUX JAHHBIX (DaKTUYECKUX N3Mepe-
HUI TeMIIepaTypPbl 111 OTIOPHBIX METEOCTaH-
muii benoropka (JleHmHrpaackast 00J1aCcTh)
n Caparos. B 11e;10M, MOKHO 3aKJTIOYUTD, YTO
XapaKTepHbIE 3HAYEHUS ITUX ITapaMeTPOB Ha
TepPUTOPHMH LieHTpaabHOI Poccun okaspiBa-
I0TCSI OCTATOYHO cTabwibHBIMU: p ~ 0,98
(npu wacoBOM IIare reHeparopa), D =
3,1...7,8=5°C.

2. NPOrPAMMHAY PEAJIN3ALIUA
PACYETHbIX MOLEJIEN

Mognenb TepMOAMHAMMYECKIX ITPOIIECCOB,
npoucxongmux npu xpaHeuuu CIII, umeer
IMHAMMWYECKMI XapaKTep, IO3TOMY OHa Obla
peanu3oBaHa B cpene AnylLogic COBMECTHO CO
CTOXaCTUYECKOI MOJEIIbIO 3a00PTHOM TeMITe-
paTypbsl. Momesu Xe IS olpeneaeHs IIoTeph
CIIT npu OyHKepOBKe M 3axojlaXKMBaHUU
CTaTUYHBI, TO3TOMY OHM OBUTM BBITIOJTHEHBI
B BUJI€ CTAaHIAPTHBIX IIPOrPAMMHBIX ITPUIIO-
XKEHUN, MOAACPXKUBAOIINX (DYHKIIMU Pa3o-
BOTO WJIM MHOXKECTBEHHOT'O pac4€éTa Ha OCHO-
Be HaOOpa BXOMHBIX ITapaMeTPOB.

B rpacduueckom nHTepdeiice MUMUTALIMOH-
HOTO 3KCIIeprMMeHTa (puc. 2) 3agaloTcs Iapa-
METpPBI TEKYIIIETO BapraHTa pacuyéTa (IJIUTe b-
HOCTbB peiica, XapaKTepUCTUKU TPY30BOI0
TaHKa, TMHAMUKa U3MEHEHUsS TeMIlepaTyp
B peiice), OTCIEeXMBAIOTCS OCHOBHBIE PE3YJIb-
TaThl, a TAKXKE OTOOPAXKAETCSI XOI MCITOTHEHUS
[11].

ITporpaMMHBbIe IPUIOXKEHUS AJISI BBITIOJ-
HeHus pacuyéToB nmorepb CIIT mpu 3axonaxu-
BaHUM M OYHKEPOBKE TOIJIMBHOIO TaHKa
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Tabauna 2
Pacuérsi moreps CIIT mis aBronucTepnsl Tuna GT7 IITIIT-60
Ne | lara Hauana peiica | JnurtenbHoCTh, cyT | Cymma rpamyco- CpenHsst Torepsinnbiii CITT,
nHeit, °C (otcuér TeMIepaTypa KT
ot -40°C) B peiice, °C
ITocTostHHast JIIUTEIIBHOCTD peﬁca, IIOCTOAHHBIC I'pagyCo-AHN
1 11 staB 4,17 156,0 -2,55 320,2
2 22 map 4,17 156,2 -2,52 320,4
3 2 amp 4,17 156,8 -2,36 320,6
4 1 HOst 4,17 156,5 -2,43 320,5
5 19 Host 4,17 156,4 -2,45 320,4
TlepemMeHHast ITUTENBHOCTD peiica, TOCTOSTHHBIE TPaIyCcO-THA
6 10 stB 4,83 156,3 -7,61 356,5
7 26 stHB 5,03 156,2 -8,94 367,7
8 4 e 5,37 156,6 -10,83 386,1
9 9 des 5,09 156,1 -9,34 370,8
10 |8cen 2,83 156,4 15,21 247,8

CXOXHU MeXIy cobol mo (pyHKUIMOHATY
U MPEACTABISIOT COOON pacYETHBIE MOIEIIH,
peanu3oBaHHBIC cpeacTBamMu Embarcadero
Delphi (puc. 3). Ipadbuueckuit nHTepdeiic
ITO3BOJISIET KOH(MUTYPUPOBATH TUIT EMKOCTEH
1 HavYaJTbHBIE YCIOBYS TSI BRITIOJTHEHUS pac-
YE€TOB.

3. PEFTPECCUOHHAYA MOAENDb
AN OUEHKU NOTEPbL CIr NPU
XPAHEHUU

Jlts TTosTydeHusT ICKOMBIX PErpecCHOH -
HBIX 3aBUCHUMOCTEH, MO3BOJISIOINX OIpe-
nenath nmotepu CIIIN oT ucnapeHus B xone
peiica ra3oTOIMJIMBHBIX TPAHCIMOPTHBIX
CpeICTB, Oblja BRITTOJHEHA CEPUS MaCCOBBIX
YUCJIEHHBIX 9KCIepuMeHTOB. HavanpHasg
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Puc. 3. lMonb3oBarenbckunii MHTEePgeic NPorpamMmmMHbIX NPUIOXKEHWI AJ1s1 pac4ETOB 3axonaxuBaHus (cnesa)
un 6yHkepoBku (cnpaBa) EémkocTeii CII.

TeMIiepaTypa rpy30BOTO TaHKa M €T0 COIep-
KUMOTO Troaraiachk paBHoir 7= 110 K,
a maBJIcHHWE B TaHKE B HavaJe UMHUTAIIMOH-
HOT'O 3KCTIIEpUMEHTa IPUHUMAIOCH PABHBIM
aTMochepHOMY.

B xome cepnn UMUTALIMOHHBIX SKCITEPU-
MEHTOB Ha OCHOBE MPUBEAEHHOTO B Ta0I. 1
TUTIOPAa3MEPHOTO pPsla TOIJIUBHBIX EMKO-
CTeil aHATM3UPOBAJIOCH BIMSHIAE Ha KOHEY -
Heie morepu CIIT takux ¢gakTopoB, Kak
00BEM TaHKa, KOA(DOUIUEHT TeIIoepeaa-
YW U3OJISALNU, IJINTEJIbHOCTD pelica, cpel-
HepeucoBasg TeMIlepaTypa OKpYyXarIlleun
cpensl U npyrue. Becero 6pu10 paccMOTpeHO
6osee 50 pacy€THBIX CITydacB, IS KaxKIOTO
M3 KOTOPHIX BHEIMONHSIOCH He MeHee 3000
YCJIIOBHBIX PEMCOB TPAHCIIOPTHBIX CPEICTB,
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YTO MO3BOJUIO AJOOUTHCI CTATUCTUYECKOM
penpe3eHTaTUBHOCTU PE3YIbTaTOB MO -
pOBaHMSI.

B nepByto ouepens ObUT BBIMIOJHEH aHATA3
BJIMSTHUSI TMHAMUKY U3MEHEHUS TEMIIepaTy-
DHI B XOZIe peiiCOB pa3IMYHON JJTUTETHHOCTH
Ha pesyasrupytomue norepu CIIT. ITpumepst
TaKMX pacuy€ToB NMPUBENEHBI B TalOJ. 2, TIe
oToOpaxeHa BbIOOpKa U3 pe3yJabTaTOB MOJE-
JIMpOBaHUs peiicoB aBronrcTepHbl TUa GT7
TILT-60 npu GIM3KOM 3HAYEHUU CYMMBI
rpamyco-aHeu (Mpu pacu€Te CyMMBbI Tpaayco-
JTHE 32 TOUKY OTCUETa TPUHUMAETCS TEMITe-
patypa -40°C).

B nmepBom Oji0Ke pacy€TOB MOCTOSTHHO
BpeMs peiica U mpubJIM3UTETBHO OMUHAKO-
Ba CyMMa Tpafyco-aHeil (M CpeTHsIst TeM-
nepatypa B Te4yeHUe peiica), U3MEHSIETCs
TOJIBKO JaTa Hayajla peiica U CBSI3aHHBINA
C HEI XapakTep U3MEHEHUs TeMmepaTyp.
Hecmotps Ha pa3Hble 1aThl M HA OYEBUIHO
pPa3IMYHYI0 TUHAMUKY TeMITepaTyp B Teue-
HuUe peiica, Macca notepsitHHoro CIIT mpak-
TUYECKU OJMHAKOBA U KOJIEOJIeTCS B IIpeae-
nax 320,2...320,6 kr. Bropoii 6J10K pacuéToB
MpeACTaBIsIeT COOO BEIOOPKY PE3YJIBTaTOB
pacy€TOB IJIST TOM e aBTOIIMCTEPHBI, HO ITpU
TMepeEMEHHOU IIUTEbHOCTH petica. Y3 aTux
JMaHHBIX BUJIHA MPaKTUYECKU abCOIOTHAS
Koppeasuus notepb CIITN ¢ 1IUTETbHOCTBIO
perica pu yCJIOBUM MPUOIMU3UTETBHO OIU-
HAKOBBIX 3HAYEHUI CYMMBI TPagyco-IHE.
YeM mpoaoSKUTENIbHEE PEWC, TeM BHIIIE
MOTEPU, TIPU 3TOM CPEIHsSST TeMIlepaTypa
B peiice Bappupyetcsa oT -11°C go +15°C.
DTu pe3yabTaThl TOBOPST O TOM, YTO TMHA-
MUKa TeMIlepaTyp B peiice oKa3bIBaeT mpe-
HEOPEeXXMMO Majioe BIUSHUE Ha BEJIMIUHBI
pesyabTupyomux notepsb CIII, a onpene-
JISIOUYI0 pOJib UTPAeT UMEHHO CyMMa Tpa-
NyCO-THEN U NJIUTEJbHOCTh MEPEBO3OK.
Hdpyrumu ciioBaMu, TPU TPOTHO3MPOBAHUM
kosunuectBa notepb CIII" mocTaTouHO 3HATH
IJIUTEIbHOCTh peiica U OCPEAHEHHYIO TEM-
nepaTtypy Bo3ayxa. DTo oOyCIOBIEHO JU-
HEWHBIM M aJIMTUBHBIM XapaKTepOM pac-
CMAaTPUBAEMOTO TEPMOAUHAMUYECKOTO
npouecca ucnapenus CIIT.

Ha ocHoBaHMM 3THX BBIBOJOB, a TakXKe
B pe3ysbrate 00paboOTKM JaHHBIX MacCOBBIX
pacy€ToB ObLIa MpeaIoXeHa perpecCuOHHast
3aBUCUMOCTD ISl ONTPENESIEHUS MACChl CXXU-
JKEHHOTO TIPUPOIHOTO rasa M , TepsemMoro
B XOJi¢ peiica (Win Npu CTallMOHAPHOM Xpa-

® MWP TPAHCIOPTA, Tom 18, N2 3, C. 84-106 (2020)

HEHWM), KaK (GDYHKIIMU OT YETHIPEX TapaMeT-
pOB: IJUTEJbHOCTU pelica, TeMmepaTyphl
B pelice, koadduumeHTa Tenaonepeaayu
u Maccol nepeBo3umoro CIII. 3aBUCMMOCTb
MMEET CEAYIOIINN BUII;
A[x=A.k.Tx0.884.thB, KT, (12)
rae k — K03 GUIMEHT TeTuToTepeavy Teria
B CIII" ot okpyxXatomieit cpensi, Br/m?« K;

T — nmarenbHoCTh Xpanenus CIIT, vac;

1., — CPEIHSIs TeMIIepaTypa BO3/yxa, pac-
CUUThIBaeMasi MyTEM YCPeIHEHUS TEMIIEpaTyp
B xoJe peiica, K;

A= A(M_,) — perpecCuoHHbIi K03(hhu-
LIMEHT, 3aBUCIILIMIA OT HayajabHO# Macchl CITT
B IPY30BOM TaHKE;

B = B(k) — perpeccuoHHBI KO3 bUIII-
€HT, 3aBUCAIIMI OT XapaKTEPUCTUK TETLJIOU30-
JISIIIAW TaHKa.

Oka3zanoce, 4TO IsI EMKOCTE pa3HOTO
TUIA XapaKTePHO OJHO 3HAYEHUE PEeTrpeccu-
OHHOTO K03(hhUIIMEHTA, CTOSIILIETO B KAUYECTBE
noKasartess cTerneHu napamerpa 7. 910, Be-
POSITHO, 00YCIOBJIEHO OJMHAKOBBIM XapaKTe-
poM DU3NYECKUX TTPOLIECCOB, MPOTEKAIOIIINX
npu ucnapeHuu CIIT B pa3nuyHbIX EMKOCTSIX.
Takxe ObUIO YyCTAHOBJIEHO, YTO 3HAYECHUE
ko3 duimeHTa A MOXeT OBITh CBSI3aHO C KO-
suyectBoM nepeBo3umoro CIII. B kayecTse
ToKa3aTeJisl, XapaKTepU3yIoIIero KOJTUIeCTBO
CIII, MOXHO MpUHUMATh TUO0 00BEM EMKO-
cTU, 1ub0o Maccy rnepeBo3umoro B Heir CIII.
IMocnenHuit mapaMeTp SBISIETCS MPEATIOYTH -
TEJbHBIM, MTOCKOJIbKY IMO3BOJISIET YyYECTh
OrpaHUYEHMS 110 YPOBHIO HATTOJTHEHUS TAaHKA.
3aBUCUMOCTH 11 onpeaeaeHus: Koadphum-
eHTa A UMeeT BUJ:
A=27610"M_ *% R2=0,999, (13)
rae M., — Macca XpaHALIUXCS B EMKOCTH
XUIKOM 1 razoobpasHoii (a3 CIIT, kr;

R? — K03 PULIMEHT AeTepMUHALIIY.

Crienyet UMeTb B BUIY, YTO 3HaYeHUE M
COOTBETCTBYET MAKCUMAJIbHOMY YPOBHIO Ha-
MOJHEHWS TaHKa, COCTABJSIONIETO OKOJIO
90 % ot reoMeTpuyeckoro oobéMa. [Ipume-
HeHue 3aBucuMocTu (12) mpu MEeHbIIUX
YPOBHSIX HATTOJIHEHUSI IPUBEIET K HEMOOTICH-
ke 00beémoB notepsb CIII. CreneHb 3TOM He-
JTOOLIEHKM YBEJIMUMBAETCS 10 MEPE YMEHbIIIE-
HUST YPOBHST HATTOJTHEHUS.

3aBucumMoctb B = B(k) Oblna HaiineHa my-
TEM BBITTOJTHEHUSI YMCIIEHHBIX 9KCTIEPUMEHTOB
¢ émkocthio Tuma KIIM-40/0,7 mpu nameHe-
Huu k B uamnasoHe ot 0,002 10 0,150 Br/m? K.
ITonyyeHHass 3aBUCUMOCTh OKa3ajach cIpa-
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Puc. 4. Pacyétbi notepsb CII ans pa3nnyHbix EMKOCTeN B 3aBUCUMOCTHU OT AJINTEe/IbHOCTU pelica, cpeaHei
Temneparypsl B peiice u koaguLmneHTa Tennonepesayn.

BEIJTMBOI U 11 EMKOCTE! IPYTUX TUIIOB:
B=1,98-0,253+k, R?=0,9. (14)

ToyHOCTB anmMpOKCUMAIIMK PE3yJIFTaTOB
MOJIEIBbHBIX pacuyéTOB 3aBUCUMOCTBIO (12)
oKazaJlach BeChMa BBICOKOM, CpeaHEKBaIpa-
Tn4eckoe oTkioHeHue notepsb CIIT cocTaBu-
10 0,007 %...0,018 % oT HayajbHOI MacChl
IJIT €MKOCTEil BCEX pacCMOTPEHHBIX TUTIOB.
Hau6obIime oTHOCUTETbHBIC ITOTPEIITHOCTH
HaOJIOMAI0TCS TIPU MaIOM IJIUTEIbHOCTH
peiica. UnmocTtpauums 3HaueHuii noteps CIIT,
IMOJIy9aeMbIX Ha OCHOBE 3aBUCUMOCTH (12)
IIPY Pa3TUIHBIX 3HAYSCHUSIX CPEIHEPEHCOBBIX
TeMmIrepatyp 1 Koo GUiIreHTa k, TToKkazaHa Ha
puc. 4.

J71s TToATBE pXKICHUST TOYHOCTH TTOJTyIeH-
HBIX OIIEHOK OBLIO BEHITIOJTHEHO COIOCTaBJIC-
Hue pacu€tHbix motepb CIII co ceundurka-
IIMOHHBIMU JAHHBIMU TaHK-KOHTEHHepa
KIIM-40, corimacHO KOTOpPLIM HanOOJIbIIAas
BO3MOXKHasl CyTOYHAsI ITOTePsT OT UCITApEHUS
IIPY CTAllMOHAPHOM XpaHEHUU COCTABIISCT
0,28 % npu TeMIiepaType Hapy>KHOI'O BO3ayXa
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306 K (33°C) u naBjieHUM BHYTPU EMKOCTU
0,1 MITa. PacuétHoe 3HaueHMEe KOA(PDUIIM-
€HTa TEIMJONPOBOAHOCTU IJSI IIUCTEPHBI
aroro Tuna cocrapister k = 0,015 Br/m?2+ K
(Trosry4eHO aBTOpaMy HA OCHOBAaHU Y KOCBEH-
HbIX JaHHbIX). CornacHo 3aBucumoctu (12)
3a nepBble cyTKU XxpaHeHus CIII mpu remrie-
parype 33°C ucmapurca 32,1 kr CIII, gto
cocrasisteT 0,21 % or 0o06ILIero KoJmyecrna
CIII. ITony4eHHBII pe3yabTaT HEIJI0X0 CO-
IJIacyeTCsI C HaTypHBIMU JaHHBIMU, OCOOEHHO
€CJIU y4eCTb, UTO CIeln(UKAITMOHHbBIE TaH-
Hble OOBIYHO YKA3bIBAIOTCS C HEKOTOPBIM 3a-
acoMm, a Takxe To, 4To (haKTUIeCcKoe 3Haye-
HIE KO3 hUIIMEeHTa TeTUIOPOBOIHOCTH TSI
IIMCTEPH 3TOTO TUIIA MOXET OTJIMYAThCS OT
MPUHSITOTO B pacyéTax.

4. PETPECCUOHHASAA MOAEJ1b
AN OLEHKU NOTEPbL CIr
NMPUN 3AXOJIAXXUBAHUN
IIpu uccien0BaHNU TPOLIECCA 3aXO0JIAXKU -
BaHUs TOIJIMBHOM €MKOCTHU yYUTBHIBATUCH
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Taommma 3

Pacuérsi moreps CIII' npu 3axonakuBanum Konreiinepa KITM-40

No Temnepatypa Temn 3axonaxuanus, | Koaddument Torepsinnbiit CIIT, kT
€MKOCTH B HavaJie K/uac repeiayy Teria,
saxonaxupanus, T , K Br/M?+ K
TTocrosiHHBII KO3 (UIMEHT Mepeaayu Teria
1 293,15 5,0 0,01 516
2 293,15 7,0 0,01 509
3 293,15 9,0 0,01 505
TTOCTOSIHHBIN TEMIT 3aX0TAXKMUBAHUS
4 293,15 5,0 0,01 516
5 293,15 5,0 0,03 566
6 293,15 5,0 0,05 617
KoHTeliHep KMLU-40 CynoBow TaHk 5600 m3
(McT+Muns =13.7 1) (McT+Mus =534 )
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Puc. 5. PacyétHble 3Hayenns norepb CII npu 3axonaxuBaHun.

Takue (aKTOphl, KaK MepBOHAYATbHAS TEM-
nepatypa BHYTpU €MKOCTH T, €10 COOCTBEH-
Has Macca, TeILUIONPOBOAHOCTb U30JSILUU
¥ TeMI 3axXojaxkuBaHus. Pe3ynbraTsl pacué-
TOB CBUIETEILCTBYIOT O TOM, YTO ITOCJIEIHUIA
nmapameTp AOCTaTOYHO €j1a00 BIMSIET HA KO-
mmuectBo Tepssemoro CIIIN. B kauecTBe mipu-
Mepa B TabJj1. 3 mpuBeIeHbI pe3yabTaThl pac-
YETOB 3aX0JIAXKUBaHUsI KOHTeHEP-LIUCTEPHbI
KIIM-40 nmpu mNOCTOSHHOM 3HAaY€HUU TEM-
reparyp TOILUIMBHOIO pe3epByapa B Haudalie
M B KOHIIE 3TOro Ipolecca. BugHo, 4yto He-
CMOTpSI Ha U3MEHEHME TeMIla 3aX0JiaXKuBa-
HUS B auaraszoHe oT 5 mo 9 K/gac, macca
notepssHHoro CIII' mpu mocTossHHOM k M3-
MeHsieTcst nuinb Ha 2 %. Takxke B Ta6a. 3
MpUBEAEHBI Pe3yJIbTaThl PaCYE€TOB IPU IIepe-
MEHHOM Ko3(p(pUIIMEeHTEe nepeaadyn Teruia
M MOCTOSIHHOM TeMIle 3axOoJlaXkMBaHMS.
B aTOM ci1ydae cylecTByeT CHIbHAsI KOppe-
gy norepb CIIT ¢ koadduneHTOM Ie-
penauu Teria.
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B pesynbraTe OblIa IpemIokeHa ciaeaylo-
111as1 PerpeCCUOHHAsT 3aBUCUMOCTb JIJIS OIIpe-
JeJIEHNSI MACChI CKIKEHHOro raza M, Tepsie-
MO [TPY 3aX0IaKMBaHUN EMKOCTHU [0 TEMIIE-
patypel T, = 143 K:

M =C-kP~(M_+ M), xr, (15)
rae M —macca craiu KpMOTeHHOM EMKOCTH,
KT;

M, — macca u30/1AUMK EMKOCTH, KT

C = C(T, — perpeccroHHblii KO DU-
LUMEHT, 3aBUCALIMIA OT TeMnepartypbl T, EM-
KOCTU B Havajie 3aX0JIaXXUBaHMSI,

D=D(M_+ M, )— perpecCHOHHBII KO-
3D OULIMEHT, 3aBUCSIIINI OT MACChl EMKOCTH.

B xome uncieHHBIX 3KCIIepUMEHTOB ObLTH
MOJIyYEeHBbI CJIenyIolinue 3aBUCMMOCTH MJIst
onpeneneHust koapouuneHtoB C u D:
C=0,00131+7,-0,187, R*= 0,999,
D=0,0046In(M_+ M )+0,02,
R?=10,978. 17)

JIts TprOIMKe HHBIX OLIEHOK CYMMBI Macc
MCTI/I MM3 CYJIOBBIX UMJIMHAPUYECKNX TAHKOB

(16)
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Tabsmua 4
Pacuérsl moreps CIIT npu 6yHKepoBKe cya0Boro Tanka oonémom 1000 m3
Ne Temneparypa émxoctu | [IpousBonutensHocTh | Koaddunuent IMotepu CIIT, kr
B HavaJsie OyHKEPOBKH, | HACOCOB, KI/4ac nepenayu Temia, Bt/
T, K M2 K
TMocTosiHHBII KO3 HOULIMEHT TTepeIavn Tera
1 143,15 20,0 0,01 13065
2 143,15 75,5 0,01 13055
3 143,15 130,0 0,01 13053
TocTostHHAsI IPOU3BOIUTELHOCT HACOCA
4 143,15 20,0 0,01 13065
5 143,15 20,0 0,03 13091
6 143,15 20,0 0,05 13118

P U3BECTHOM T'€OMETPUUECKOM 00BEME
V' (M%) OblTa TIoJTydeHa cieayrolnas mpuoIm-
JKEHHAasI 3aBUCUMOCTD, CIIpaBeIJinBas IIpu
OTHOIIICHUH JJTMHBI TAHKA K AUAMETPY B IUa-
nasoHe 4,2...5,0, pacC4éTHOM MU30LITOUHOM
IaBIICHUHN 4,5 aTM. 1 U30JISIIINKM TaHKA U3 TIe-
HOIIOJIMypeTaHa ToauHom 0,6 M.
(M_)+ (M, )= (60-V+2900) +
(620 « P766) kL. (18)
ITpuMeps! pe3yabTaToOB PacUETOB MO 3TOU
3aBUCMMOCTHM TMOKa3aHbl Ha puc. 5. Macca
KIIM-40 mpuHSTa COMIACHO CIIeIM(UKAIIH-
OHHBEIM JaHHBIM paBHO# 13,7 T. U3 pucyHKa
BUIHO, UTO 3HaUYE€HUE KOA(PPULIMEeHTa TEeTI0-
TPOBOIHOCTH k CJTa00 BIMSIET Ha PE3yJIbIarT,
T.K. nojst moreps CIII, 00ycIOBIeHHBIX ITO-
CTYIIJICHVEM TeTlla U3BHE, HEeBeTMKa.
CpenHekBasipaTUIeCKOe OTKIOHEHWE Be-
quauHbl otepb CIIT, paccunTaHHOI IO
dbopmyne (15), oT pe3ysbTaToB pacyéToB Ha
OCHOBaHWM TOYHBIX aJITOPUTMOB COCTAaBJISIET
0k0J10 3 % ... 4 % OT CyMMapHBIX ITOTEPD Ha
oxXJIakIeHNe EMKOCTH, YTO TOBOPUT O JIOCTa-
TOYHOU TOUHOCTHU MPUOIMKEHHON (DOPMYJIbI.

5. PETPECCUOHHASY MOAEJb
Aangd OUEHKU NOTEPbL CIr
NMPU BYHKEPOBKE

ITpu MmogenupoBaHuu npouecca OyHKe-
POBKU pe3epByapa, peaBapUTEIbHO OXJIaX-
HOE€HHOTrOo 10 Temneparypbl T, < T, , IpUHK-
MaJoCh HECKOJBKO TOMYIIEHUI, COOTBET-
CTBYIOIIIUX HanOOJIee BEPOSITHOMY JKCILTya-
TallMOHHOMY clieHapuio. CYUTanoch, 4To
B Hayvajie OyHKEPOBKU TOTJIMBHBINA TaHK
3aMOJHEH 0 MUHUMAJIBHO JAOMYCTUMOTO
ypoBHs (0T 10 % 10 50 % 1o 06BEMY), a TeM-
rmeparypa momaBaeMmoro oyakepHoro CIIT
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pana T = -161°C, npuyém B KOHIIE MPO-
mecca OYHKEpPOBKH COAEpPXMMOE TaHKa
nmeer temrepartypy T . Kpome Toro, mo-
JIarajioch, 4TO paboTa HaCOCHOTO 000PYIO-
BaHus He BiauseTr Ha HarpeB CIII m He
OKa3bIBaeT 3HAYMMOTO BIIMSTHHS Ha TIap0o00-
pa3oBaHUE.

[1Ipu aHanmM3e pe3yIsTaTOB PACIETOB OBLIO
YCTaHOBJICHO, YTO JITUTSIBHOCTD BBITTOTHEHMS
OYHKEpOBOYHBIX OTIepallnii (T.e. TPOU3BOIM-
TEJIBHOCTh TPY30BBIX HACOCOB) MPAKTUIECKHI
HE BIMSIET HAa KOJUYECTBO 00pa3yIomerocs
OTITApHOTO Ta3a. XapaKTePUCTUKH TETUIOBO
M30JISIIIUA M Macca EMKOCTU TakKxXe cJiabo
CKa3BIBAIOTCS Ha MOTepsIX rasza. Jrs mimo-
CTpalliy 3TUX BHIBOAOB B Ta0JI. 4 MpUBEIeHBI
pe3yJIbTaThl Pac4€TOB OYHKEPOBKHU CYAOBOTO
TaHka o0béMom 1000 M? Ipy MOCTOSTHHOM
3HaYCHUHU TeMIIepaTyphl TOIUIMBHOTO pe3ep-
Byapa B Hauajie OyHKEpOBKH.

OCHOBHOE BIMSHHE Ha Maccy TepsieMOro
raza OKas3bIBalOT IIepBOHAYAIbHAS TeMIIepa-
Typa BHYTPHY TOILIMBHOTO TaHKA M Macca Co-
nepxkatmxcs B HéEM octatkoB CIIIL Yem Himke
temmneparypa octatkoB CIII, Tem MeHbIIe
TOTepHU IIpU OYHKEepOBKE. AHAJIIOTUIHO, IeM
6oupire 00béM octatounoro CIII, Tpebyro-
IIIEeTo OXJIaXIeHMUS 00 TeMItepatypbl T | Tem
BBIIIIE TIOTEPH.

DTU pe3yJIBTaThl MO3BOJIN CHOPMHUPO-
BaTh CJICAYIOUTYIO (DOPMYJTY IS OTIPEACICHS
notepb CIII B xome OyHKEPOBKU:
M.=E-M, F K, (19)
TIe MCrlro — macca octatkoB CIII, comepxa-
muxcsl B €EMKOCTH B Hadalie OYHKEPOBKH
(ot 10 % no 50 % 3amosHeHus1), KT;

T <143 K — temrnieparypa npeaBapure/ib-
HO 3aX0JIOKEHHOI EéMKoCTH, K;

crr?
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Mo6u/bHble LMCTEPHbI
(HauanbHoe HanonHeHue 10 %)

=15 -
E —— KoHrTeiiHep KLM-40 E
o =}
=12  ——Baron 15-5106 =
& &
',8_0,9 ~——— AsToumcT. MMNLUT-60 'g

0,6

0,3

0,0
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TemnepaTypa LMCTepHbI B Havyane
6yHKepoBKK, °C
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Puc. 6. PacyétHble 3Ha4enns norepsb CII npu 6yHkepoBKe MOOGUIIbHbIX UUCTEPH.

E=EKT), F= KT) — xoobduuueHThI,
3aBUCSIIME OT TEMITEPATYPhl EMKOCTH B Haya-
Jie OYHKEPOBKH, TTOJTyYEHHbBIE B XOJIE YNCIICH-
HBIX 9KCIIEPUMEHTOB.

E=00116-T7,—1,248, R=0999;  (20)
F: 1,895 * 10_5 . ]’;2— 3’91 . 10—3 . 7‘; +
+1,133, R?=0,999. 1)

CpeaHeKBaIpaTUYECKOe OTKIIOHEHHE pe-
TPECCUOHHBIX 3HAYEHUI OT MOJIEJIbHBIX PACYE-
ToB coctasiser 0,2 %...0,94 % ot KonuuecTBa
oynkepHoro CIII. Mnmoctpaliusa pac4€THBIX
niotepsb CI1T, moryyaeMbix Ha OCHOBE PacU€TOB
o opmy:ie (19), npuBeneHa Ha puc. 6.

SAKJTIOMEHUE

B HacTos1IE# CTaThe IPEUTOXKEHBI TTPOCTHIC
pPEeTrpecCUOHHbIC 3aBUCUMOCTU JJISI OLIEHKU
noteps CIII' B xome mmepeBO3KM (XpaHEHU),
OYHKEPOBKHU M 3aXOJIAXKMBAHUS TOIIMBHBIX
TaHKOB Pa3JIMYHOTrO TUIIa. 3aBUCUMOCTH I10-
Jly4eHBI IyTEM OOPaOOTKU PE3YIBTATOB CEPUU
KOMITbIOTEPHBIX AKCIIEPUMEHTOB C UMUTAII-
OHHOM MOJEJIbIO ¥ aHATUTUYECKUX PACUETOB.
OHM IPUMEHNMBI 15T EMKOCTE ¢ MaKCHMAaITb-
HBIM JIOITYCTUMBIM JaBJICHUEM 110 7 aTMochep
TIPH IIPOM3BOJILHBIX 3HAYCHUSIX BMECTUMOCTH.
Hecmotpst Ha To, YTO M3HAYAIBHO B paMKax
HCCIeIOBaHNsI pacCMaTPUBaIMCh KOHKPETHBIE
THUIIBI TPY30BBIX TAHKOB, aHAJIN3 PE3Y/IETaTOB
PacYETOB MO3BOJIWII IMPEJIOXUTh YHUBEPCATb-
Hble (popmynbl 17151 otieHKH Ttotephb CIIT, ko-
TOPBIEC MOTYT OBITh UCTIOJTb30BAHbI JIJIST BEITION-
HEHUS OLIEHOYHBIX PacY€TOB ISl BCEX TUIIOB
KPUOTEHHBIX EMKOCTe. [ToydeHHbIE pe3yib-
TaThl MOTYT IIPUMEHSITBCS TIPU ONITUMM3ALINH
cucTeM MajaoToHHaxHo# mepeBo3ku CIII,
MPOEKTUPOBAHNN COOTBETCTBYIOIINX TPaHC-
TIOPTHBIX CPEACTB, a TAKXKE MPY BBHITTOTHEHUU
Pa3TMYHBIX TEXHUKO-3KOHOMUYIECKIX OLICHOK.
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Estimation of Evaporation Losses
of Bunker LNG

Oleg V. TAROVIK Alexander S. REUTSKY

ABSTRACT

Analysis of efficiency of transport systems using liquefied
natural gas(LNG) as fuel is impossible without a comprehensive
understanding of the volumes of fuel LNG losses from
evaporation during main technological operations:
transportation (storage), bunkering, and cool-down of fuel
tanks. Despite active development of water and land natural
gas vehicles, practical approaches for obtaining appropriate
estimates in a wide range of characteristics of cargo tanks have
not been previously published.

The objective of this work is to analyze LNG losses in road,
rail and ship tanks (with a capacity of up to 5600 m?), as well
as in tank containers, provided that LNG is stored with an
overpressure of about 5-7 atmospheres.

In the work, numerical modelling was used as a method.
The evaporation process of LNG is described using models of
heat exchange between the liquid phase of LNG, its vapours,
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as well as a cargo tank and the external environment. This
makes it possible to simulate the behaviour and phase
transformations of LNG during its storage in a tank, as well as
during main technological operations. Numerical modelling of
thermodynamic processes during storage of LNG is performed
using a computer simulation model implemented in AnyLogic
environment. Quantitative estimates of LNG losses during
bunkering and cool-down of fuel tanks were obtained based
on analytical calculations.

An analysis of sensitivity of the created models to various
parameters, as well as massive numerical calculations, made
it possible to construct regression relationships to determine
LNG losses during operations under consideration. The
obtained dependencies can be used to search for the most
effective configurations of the system for low-tonnage LNG
transportation, as well as to perform economic assessments
of feasibility of using LNG as fuel for water and land transport.
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Background.

Liquefied natural gas (LNG) is increasingly
being used as fuel for vehicles of various modes
of transport. However, a number of aspects of use
of this atypical type of fuel are currently poorly
studied. In particular, an urgent practical task is
to study the issues of LNG losses during its
transportation and performing a number of
technological operations, such as cooling down
(lowering the temperature of the cargo tank
to -130°C before direct supply of LNG to it) and
bunkering of cargo tanks (moving LNG from the
tank-source into the tank-recipient with cool-
down of LNG residues in the receiving tank).

To solve the tasks of a feasibility study and
optimization of LNG transportation systems, it
is necessary to get fairly simple calculated
dependencies that allow one to estimate the
volume of cargo losses during transportation in
the form of functions of trip’s duration, insulation
characteristics, ambient temperature and other
factors that affect the evaporation rate. Similar
dependencies are required to determine LNG
losses during cool-down and bunkering of cargo
tanks. The presence of such dependencies will
make it possible to reasonably approach both the
issue of designing vehicles for delivery of LNG
(the choice of design delivery speed, cost/
efficiency ratio of the used insulation material,
etc.), and for forecasting LNG losses when
solving planning problems of operation of vehicles
(scheduling of movement, forecast of cargo
parameters at the point of delivery, and others).
The development of such dependencies is the
objective of this study.

It should be noted that the authors were
unable to find such studies either among the
domestic or foreign publications, which is
obviously due to novelty of this topic as a whole.
Many foreign studies are focused on
thermodynamic modelling of LNG storage
process at atmospheric pressure [1; 2]. This
method of storing and transporting LNG is
predominant in terms of traffic volumes, therefore
the issue of analyzing and predicting losses from
evaporation along the entire supply chain [3] is
quite important. However, in this case, as a rule,
the simplest methods of determining daily LNG
losses, based on statistical data, are used. For
example, LNG losses during transportation by
sea-going gas carriers amount to 0,10—0,15 % of
the vessel’s capacity when moving in cargo, and
0,06—0,10 % when moving in ballast [4]. The few
studies that address the issue of LNG losses during
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storage under conditions of an excess pressure of
5—7 atmospheres are mainly focused on the
operational aspect, for example, on operation of
bunkering vessels [5]. Thus, implementation of
this study is relevant.

1. Design models for determining LNG
losses

Tosolve the problem, special thermodynamic
models were created that allow describing the
processes of LNG storage, bunkering and
cooling of tanks, and a stochastic model of the
dynamics of air temperatures during the voyage
was developed as well. A detailed description
ofthe calculated relationships of thermodynamic
models, as well as functional dependences of
natural gas parameters on temperature and
pressure are given in the monograph [6]. Here,
we note only the basic design ratios and the
accepted assumptions.

1.1. Thermodynamic model for estimating
LNG storage losses

The heat exchange between the two-phase
medium contained in the tank in a state of
saturation with temperature T and the
environment with temperature 7, is described
by the heat transfer equation:
do/dt=k+(T,— D+ F,
where Q is incoming heat, J;

tis time, s;

k is heat transfer coefficient W/m?+ K;

Fis heat exchange surface area, m?.

When using formula (1), heat flows Q, and
Q, from the external environment to the liquid
and gaseous phases, respectively, are considered.
These flows are determined by the areas of heat
exchange between liquid and the external
environment F,, and between vapour and the
external environment F,. The ambient
temperature 7, is considered as an external
dynamic parameter. The heat transfer
coefficient k for a wall consisting of layers of
steel and thermal insulation is determined by
standard dependencies [6, p. 69].

Heat transfer between liquid and gas at
different temperatures across the interface
obeys the Newton—Richmann equation:
OQ=a(T,—T)*F,
where Q is amount of heat, W,

o is heat transfer coefficient, W/m?* K;

T',and T,are temperatures of liquid and gas
phases, respectively;

F,is surface area of the interface, m?.

o))

(2)
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Pic: 1. Determination of the main characteristics of cryogenic containers in SolidWorks environment.
View of the screen when implementing SolidWorks software.

Phase transitions between states of
aggregation (liquid evaporation and gas
condensation) lead to a change in the pressure
of the gas cushion above the liquid surface and,
accordingly, to a change in thermodynamic
parameters (boiling point, heat capacity, and
others). When heat is supplied to the liquid
phase for transition to a new saturation state,
the liquid evaporates, and heat is taken from it.
This evaporation process in the model is
described by the ratio:

dM = dQyr, (3)
where dM is increment in mass (kg) of the
vapour phase when heat dQ (J) is supplied to
the liquid phase in a state of saturation;

r is heat of vaporization of LNG, which is
afunction of saturation temperature (and, thus,
saturation pressure), J/kg.

When heat is supplied to the vapour phase
or in the presence of a subcooled liquid and to
reach the saturation state, vapour condensation
occurs: the liquid perceives heat of the gas
phase. This process is described by the heat
balance equation describing the balance
between the heat transferred from vapour and
received by the liquid:

o (T,—T)F,~dt=G-di, 4)
where G is mass of the precipitated condensate,
kg;

di is difference between the enthalpies of
superheated vapour and liquid in a state of
saturation, J/kg.

The use of the given dependences makes it
possible to implement an algorithm for
sequential recalculation of the characteristics
of the state of liquid and gas inside the tank. In
this work, such an algorithm was implemented
using a modification of the computer simulation
model of system dynamics developed earlier in
AnyLogic environment [7], which also integrates
astochastic generator of ambient temperature.

Let us note several aspects of implementation
of the simulation model.

The vapour pressure inside the tank cannot
exceed a certain maximum pressure allowed by
design of the tank and the pressure of the control
valve. Therefore, when the pressure rises above
the maximum, some small mass of LNG vapour
isreleased, whichisinterpreted asanirrecoverable
loss. In numerical implementation of the model,
a one-time discharge of 5 kg of vapour is
assumed, which is by 3—4 orders of magnitude
less than the mass of LNG in the tank and allows
us to consider release of excess vapours almost
uniform. The indicated vapour mass loss allows
maintaining the equilibrium state of the «liquid—
vapour» system inside the cargo tank, but at the
same time there is an abrupt change in
temperature and mass of the vapour and liquid
phases. Modelling of such an event is based on
the assumption of dynamic rigidity of the system.
According to this assumption, time of transient
processes of temperature equalization in the
layers of the liquid phase and return of the system
to the equilibrium saturated state with an abrupt
change in conditions is assumed to be small in
comparison with the dynamics of the background
process of heat exchange with the environment.

Practical calculations were based on specific
types of cryogenic containers: tank truck GT7
PPCT-60, tank car 15-5106 and LNG tank
container of type KCM 40/0,7. Cylindrical type
C LNG ships with a capacity of 1700 m?, 2800 m?
and 5600 m? were also considered. Since not all
the necessary technical parameters of these
containers are available in the public domain, their
three-dimensional models were created in
SolidWorks environment (Pic. 1), which made it
possible to obtain all the necessary geometric and
mass parameters (Table 1).

In addition, on the basis of 3D models of
tanks, the dependences of the dimensionless
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Table 1

Main characteristics of the containers under consideration, obtained based
on the analysis of open access materials

Tank type ]
=} >
i= B I i M
) (-3 = )
2 g |3 £ §
O @ B =) o
. & | I 3 S g g
(5] —_—
SO s |- |B2i.|% 2 3
E £ |E |g |gé&§ |z g |5
= E -3 < 9 = o 5 = o
S 8 =3 E =13 |5 S b
> 25 |0 0 Els s [e = 8
2 ES |Z Zz |8%E |5 £ Z
g |24 |2 |2 |5E% |38 2 |E
E |E5|z | |Ss2E|Ex |E |2
g |22 |2 |£ |2E2|%% |E |3
G} =5 |5 = £S8 |08 | =
Tank truck GT7 LNG PPCT-60 60,0 |7 54,0 (23,2 |SV 0,00145 (0,12 0,012
Tank car 15-5106 654 |5 582 250 |FV 0,002 |0,14 |0,014
Container KCM-40 39,2 |7 34,9 15,0 [SV 0,00145 | 0,10 {0,015
Ship tank 1700 m? 1685 |5 1500 | 645 P 0,024 0,60 |0,040
Ship tank 2800 m? 2809 |5 2500 | 1075 |P 0,024 0,60 |0,040
Ship tank 5600 m? 5618 |5 5000 (2150 |P 0,024 0,60 |0,040

values of the characteristic areas F' . F,and F,
were also plotted as a function of the filling
level. These dependencies were further used
when performing calculations.

1.2. Thermodynamic models for assessing
LNG losses during cooling and bunkering of fuel
tanks

Cooling down a fuel tank assumes its
cooling from a certain temperature 7, > 143 K
(= -130°C) to a temperature T = 143 K by
supplying small portions of LNG. The
uniformity of cooling is ensured by operation
of spray nozzles inside the tank. The LNG
droplets obtained as a result of spraying
evaporate, taking heat away from the metal
structures and insulation of the tank; therefore,
cooling isaccompanied by intense vaporization.

To reduce the tank temperature, it is
necessary to evaporate LNG mass:

M, ,=(EM,+c)AT/r, )
where M,is mass of the liquid and gas phases of
LNG in the tank at the beginning of the cooling
process, as well as mass of walls and thermal
insulation of the cryogenic tank, kg;

¢,is heat capacity of cooled masses, J/kg * K;

AT = (T, — T, is temperature gradient,
which is the difference between the tank
temperature at the beginning of 7, and at the
end of 7', of cooling down, K.

The cool-down rate v_is determined by the
permissible thermal stresses of the cargo tank
structures and is, asarule, 5... 10 K/h [8]. The

cool-down time #_can be determined by the
ratio:
T =AT/o, (6)

During this time, heat enters the tank
through the insulation, which must also be
compensated for by injecting liquid LNG with
a mass of M_,. Determining the amount of
LNG required to compensate for the heat
supplied during time ¢, is performed on the basis
of formulas (1)—(4).

Thus, the mass of LNG consumed for
cooling the tank is determined by the ratio:
M=M +M @)

z Z_ 7

LNG losses during bunkering of a tank,
pre-cooled to a temperature 7, < T, with
liquefied natural gas supplied at a temperature
of T,,,= 110 K, can be calculated in a similar
way, that is, as the sum of losses caused by two
processes:

* cooling of metal structures, liquid and
vapour inside the cargo tank from the
temperature 7 to the temperature 7, .

* heat input through the cargo tank
insulation.

The description of the corresponding
differential equation, which makes it possible
to determine temperature of the cargo tank
and its contents at each moment of the
bunkering operation, is given in [6, p. 84]. The
analysis of this calculation model showed that
the component of LNG losses due to heat
input from outside the cargo tank can be
neglected, since for the characteristic values
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of thermal conductivity of insulation (k =
0,01... 0,04 W/m? « K) and bunkering duration
(2 ... 4 hours), its share in total losses does not
exceed 1 %. Note that in case of a cargo tank
cooling, it is undesirable to neglect this
component, because duration of the operation
can reach 30 hours, and the relative share of
losses due to heat exchange with the external
environment is 7 ... 10 %.

So, with an accuracy sufficient for solving
practical problems, it is possible to determine
LNG losses during bunkering by relation (5),
in which the value of the temperature gradient
istakenequalto AT=T7 —T, .

1.3. Stochastic outboard temperature
dynamics generator

Simulation of a fictitious voyage of a vehicle
carrying LNG is carried out on the assumption
ofastochastically varying ambient temperature.
In this case, an approach is used that allows one
to simulate the dynamics of temperature
fluctuations as a random process with given
autocorrelation properties. To do this, at the
conditional points of departure and destination,
at each step of model time, the current value
of air temperature is calculated, which is
determined as the value of the deterministic
time trend plus a random addition, modeled
using a scalar shaping filter of the first order
(one-dimensional stochastic weather generator)
[9]. The time trend of temperature at both
points is described as a superposition of two
harmonic functions, which represent the
annual variation of average daily temperature
and daily variation of temperature.

Thus, the current ambient temperature 7'
at the points of departure (7 dep) and destination
(T,,) is calculated for each hour of model time
t by the ratio:

T=T,+0,5°R,*cos(2n/24 +(h —14)) +
D-x, 8)
where R, is given amplitude of the daily
temperature variation;

h is current time of day in hours (0 ... 24);

D is standard deviation of the current
temperature from the average trend, taking into
account the annual and daily variations;

T, is average daily temperature at a given
geographic point for a given day of the calendar
year;

x, is random centered normalized addition
to temperature (stochastic disturbance of the
mean trend).

The change in average daily temperatures
T, at the point of departure or destination is
modeled by the ratio:
=T, +0,5 ‘R, *cos(2r/365 + (d — 200)), (9)
where Ry is theamplitude of the annual variation
of the average daily temperature;

T is averaged annual temperature;

d is number of the current day in the year,
counted from January 1.

The value x, is calculated using a first-order
scalar shaping filter, which makes it possible to
reflect the autocorrelation properties of the
dynamics of temperature anomalies as a
random process:

X, =p x,, (1= p?) *g;

xh:p'xh—l-'—\/ﬁ.g’ 10)
where ¢ is random standardized normal value.

The values T, , Ry and R, are set separately
for the geographic points of departure and
destination, while p and D are considered
common parameters of the weather generator.

The temperature 7, outside the vehicle is
determined by a linear approximation between
the simulated temperatures between departure
Tdep and destination 7, , based on the known
voyage time.

T,=T,,.(1—t/t)+T, (1), (11)
where 7 is time from the start of the voyage;

t is total voyage time.

To identify the parameters of the air
temperature generator, we used data of long-
term historical observations in the territory of
Russia [10]. A certain conditional voyage of a
vehicle between the cities of Moscow,
St. Petersburg, Rostov-on-Don, Volgograd,
Kazan was considered. As a result, it was
acceptedthat 7, =4...8~6°C, R = 24...28~
26°C, R,=5... 12~ 7°C. The parameters p and
Dwere determined from the results of processing
long-term data of actual temperature
measurements for the reference meteorological
stations Belogorka (Leningrad region) and
Saratov. In general, we can conclude that the
characteristic values of these parameters in the
territory of central Russia are quite stable:
p ~ 0,98 (at the hourly step of the generator),
D=3,1..7,8~5°C.

2. Program implementation of computational
models

The model of thermodynamic processes
occurring during LNG storage has a dynamic
character, so it was implemented in AnyLogic
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Pic. 2. Main window of the simulation experiment (left) and thermodynamic model of LNG
evapouration (right) in AnyLogic environment. View of the screen of AnyLogic program.

Pic. 3. User interface of software applications for calculating cooling (left) and bunkering (right) of LNG tanks.
View of the screen of Embarcadero Delphi program.

environment together with a stochastic
outboard temperature model. The models for
determining LNG losses during bunkering and
cooling are static, therefore they were
implemented in the form of standard software
applications that support the functions of a
single or multiple calculation based on a set of
input parameters.

In the graphical interface of the simulation
experiment (Pic. 2), the parameters of the
current calculation option are set (duration of
the voyage, characteristics of the cargo tank,
dynamics of temperature changes during the
voyage), the main results are tracked, and the
progress of execution is displayed [11].

Software applications for calculating LNG
losses during cooling and bunkering of a fuel
tank are similar in functionality and represent
computational models implemented by
Embarcadero Delphi tools (Pic. 3). The
graphical interface allows us to configure the
type of containers and the initial conditions for
performing calculations.

3. Regression model for estimating LNG
storage losses

A series of massive numerical experiments
was performed to obtain the desired regression
dependences that allow determining the
evaporation losses of LNG during the voyage
of gas-fuel vehicles. The initial temperature of
the cargo tank and its contents was set equal to
T = 110 K, and pressure in the tank at the
beginning of the simulation experiment was
assumed to be equal to atmospheric.

In the course of a series of simulation
experiments based on Table 1 of the standard-
size range of fuel tanks, the influence on final
LNG losses of such factors as tank volume, heat
transfer coefficient of insulation, voyage
duration, average-trip ambient temperature
and others was analyzed. In total, more than
50 design cases were considered, for each of
which at least 3000 conditional vehicle voyages
were performed, which made it possible to
achieve statistical representativeness of
modelling results.
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Table 2
Calculations of LNG losses for the tanker type GT7 PPCT-60 vehicle
No. | Voyage start date Duration, days Sum of degree- Average Lost LNG, kg
days, °C (counting temperature per
from -40°C) voyage, °C
Constant voyage duration, constant degree-days
1 Jan 11 4,17 156,0 -2,55 320,2
2 March 22 4,17 156,2 -2,52 320,4
3 Apr 2 4,17 156,8 -2,36 320,6
4 Nov 1 4,17 156,5 -2,43 320,5
5 Nov 19 4,17 156,4 -2,45 3204
Variable voyage duration, constant degree-days
6 Jan 10 4,83 156,3 -7,61 356,5
7 Jan 26 5,03 156,2 -8,94 367,7
8 Feb 4 5,37 156,6 -10,83 386,1
9 Feb 9 5,09 156,1 -9,34 370,8
10 Feb 8 2,83 156,4 15,21 247,8

First of all, an analysis was made of influence
of dynamics of temperature changes during
voyages of different duration on the resulting
LNG losses. Examples of such calculations
are given in Table 2, which displays a sample
from the simulation results of the runs of the
tanker type vehicle of GT7 PPCT-60 type
with a close value of the sum of degree-days
(when calculating the sum of degree-days, a
temperature of -40°C is taken as the reference
point).

In the first block of calculations, voyage
time is constant and the sum of degree-days
(or the average temperature during the voyage)
isapproximately the same, only the voyage start
date and the associated temperature pattern
changes. Despite different dates and obviously
different temperature dynamics during the
voyage, the mass of the lost LNG is practically
the same and ranges from 320,2 to 320,6 kg.
The second block of calculations is a sample of
the results of calculations for the same tank
truck, but with a variable duration of the
voyage. From these data, an almost absolute
correlation of LNG losses with duration of the
voyage is visible, provided that the sum of
degree-days is approximately the same. The
longer is the voyage, the higher are the losses,
with the average voyage temperature varying
from -11°C to +15°C. These results indicate
that the dynamics of temperatures during the
voyage has a negligible effect on the values of
resulting LNG losses, and it is the sum of degree
days and duration of transportation that play a
decisive role. In other words, when predicting
the amount of LNG losses, it is sufficient to

know voyage duration and average air
temperature. This is due to the linear and
additive nature of the considered thermo-
dynamic process of LNG evaporation.

Based on these conclusions, as well as on
the result of processing data of mass calculations,
a regression dependence was proposed to
determine mass of liquefied natural gas M lost
during the voyage (or during stationary storage)
as a function of four parameters: voyage
duration, temperature during the voyage, heat
transfer coefficient and mass of transported
LNG. The dependence is as follows:

M =A-k-T" -t 5 kg, (12)
where k is heat transfer coefficient of heat in
LNG from the environment, W/m?« K;

T is duration of LNG storage, hour;

t, is average ambient air temperature,
calculated by averaging temperatures during
the voyage, K;

A= A(M,,,) is regression coefficient
depending on the initial mass of LNG in the
cargo tank;

B= B(k) isregression coefficient depending
on the features of the tank thermal insulation.

It turned out that containers of different
types are characterized by the same value of the
regression coefficient, which stands as an
exponent of the parameter 7, . This is probably
due to the identical nature of physical processes
occurring during evaporation of LNG in
different containers. It was also found that the
value of the coefficient A may be related to the
amount of LNG transported. Either the volume
of the container or mass of LNG transported
in it can be taken as an indicator characterizing
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Pic. 4. Calculation of LNG losses for various containers depending on voyage duration, average temperature
during voyage and heat transfer coefficient.

the amount of LNG. The latter parameter is
preferable because it allows to consider the
constraints regarding the level of filling of the
tank. The dependence for determining the
coefficient A has the form:
A=276+10"M, 0% R2=0,999, (13)
where M, . is mass of LNG liquid and gas
phases stored in the tank, kg;

R?is determination coefficient.

It should be borne in mind that the value
M, . corresponds to the maximum filling level
of the tank, which is about 90 % of the
geometric volume. Application of dependence
(12) at lower filling levels will lead to
underestimation of the volume of LNG losses.
The degree of this underestimation increases
as the filling level decreases.

The dependence B = B(k) was found by
performing numerical experiments with a
KCM-40/0,7 capacity with a change in k in the
range from 0,002 to 0,150 W/m?+ K. The
resulting dependence turned out to be true for
containers of other types:

B=1,98-0,253 k, R?=0,9. (14)

The accuracy of approximation of the
results of model calculations by dependence
(12) turned out to be very high, the standard
deviation of LNG losses was 0,007... 0,018 %
of the initial mass for containers of all types
considered. The largest relative errors are
observed with a short voyage duration. An
illustration of the values of LNG losses
obtained on the basis of dependence (12) at
various values of average trip temperatures and
coefficient k is shown in Pic. 4.

To confirm accuracy of the estimates
obtained, the calculated LNG losses were
compared with the specification data of the
KCM-40 tank container, according to which
the maximum possible daily evaporation loss
during stationary storage is 0,28 % at an outside
temperature of 306 K (33°C) and with internal

pressure of 0,1 MPa. The calculated value of

the thermal conductivity coefficient for a tank
of this type is k = 0,015 W/m? * K (obtained by
the authors based on indirect data). According
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Table 3
Calculations of LNG losses during cooling of KCM-40 container
No. Tank temperature Cooling rate, K/h Heat transfer Lost LNG, kg
at the beginning of coefficient, W/m?« K
cooling down, T, K
Constant heat transfer coefficient
1 293,15 5,0 0,01 516
2 293,15 7,0 0,01 509
3 293,15 9,0 0,01 505
Constant cooling rate
4 293,15 5,0 0,01 516
5 293,15 5,0 0,03 566
6 293,15 5,0 0,05 617

to dependence (12), during the first day of LNG
storage at a temperature of 33°C, 32,1 kg of
LNG will evaporate, which makes 0,21 % of
the total amount of LNG. The result obtained
isin good agreement with field data, especially
if we take into account that specification data
are usually indicated with a certain margin, and
also that the actual value of the thermal
conductivity coefficient for tanks of this type
may differ from that accepted in the calculations.

4. Regression model for estimating LNG
losses during cooling

When studying the process of cooling down
the fuel tank, we took into account such factors
asinitial temperature inside the tank 7, its own
weight, thermal conductivity of insulation and
the rate of cooling. The results of calculations
indicate that the last parameter has a rather
weak effect on the amount of LNG lost. As an
example, Table 3 shows the results of calculating
cooling of KCM-40 tank container at a
constant temperature of the fuel tank at the
beginning and at the end of this process. It can
be seen that despite the change in the cooling
rate in the range from 5 to 9 K/h, the mass of
the lost LNG at constant & changes by only
2 %. Also, Table 3 shows the results of
calculations for a variable heat transfer
coefficient and a constant cool-down rate. In
this case, there is a strong correlation between
LNG losses and heat transfer coefficient.

As a result, the following regression
dependence was proposed to determine the
mass of liquefied gas M, lost when the tank
cools down to a temperature of 7, = 143 K:
M, =C-k?- (M + M), kg, (15)
where M is mass of the cryogenic container
steel, kg;

M. is mass of container insulation, kg;

C = C(T)) is regression coefficient
depending on the temperature T of the tank at
the beginning of cooling;

D= D (M, + M) is regression coefficient
depending on mass of the container.

In the course of numerical experiments, the
following dependences were obtained to
determine the coefficients C and D:
C=0,00131+T7,-0,187, R®?=0,999;  (16)
D =0,0046 * In(M_ + M) + 0,02,

R?=10,978. 17)

For approximate estimates of the sum of
masses M_and M, of ship cylindrical tanks with
aknown geometric volume V' (m?), the following
approximate dependence was obtained, valid for
the ratio of the length of the tank to the diameter
in the range of 4,2 ... 5,0, the calculated
overpressure of 4,5 atm and tank insulation made
of 0,6 m thick polyurethane foam.

(M) + (M) = (60 V+2900) +
(620 « 17%) kg, (18)

Examples of calculation results for this
dependence are shown in Pic. 5. The mass of
KCM-40 is taken according to the specification
data equal to 13,7 tons. It can be seen from the
picture that the value of the thermal conductivity
coefficient & has little effect on the result, since
the proportion of LNG losses due to external
heat input is small.

The standard deviation of LNG loss
calculated by formula (15) from the results of
calculations based on exact algorithms is about
3% ... 4 % of the total losses for cooling the
tank, which indicates the sufficient accuracy
of the approximate formula.

5. Regression model for estimating LNG
losses during bunkering
When simulating the bunkering process of

a tank precooled to a temperature 7, < T,
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Pic. 5. Estimated values of LNG losses during cooling.
Table 4
Calculations of LNG losses during bunkering of a 1000 m? ship tank
No. Tank temperature at the | Performance of pumps, | Heat transfer coefficient, | LNG losses, kg
beginning of bunkering, | kg/h W/m?+ K
T, K
Constant heat transfer coefficient
1 143,15 20,0 0,01 13065
2 143,15 75,5 0,01 13055
3 143,15 130,0 0,01 13053
Constant performance of pumps
4 143,15 20,0 0,01 13065
5 143,15 20,0 0,03 13091
6 143,15 20,0 0,05 13118

several assumptions were made that correspond
to the most probable operational scenario. It
was believed that at the beginning of bunkering
the fuel tank was filled to the minimum
permissible level (from 10 to 50 % by volume),
and temperature of the supplied bunker LNG
was equal to T, = -161°C, and at the end of
the bunkering process the contents of the tank
had a temperature T, . In addition, it was
assumed that operation of the pumping
equipment does not affect heating of LNG and
does not significantly affect vaporization.
When analyzing the results of the calculations,
it was found that duration of bunkering
operations (i.e. performance of cargo pumps)
practically does not affect the amount of the
generated boil-off gas. The characteristics of
thermal insulation and weight of the container
also have little effect on gas losses. To illustrate
these findings Table 4 shows the results of
bunkering calculations for a ship’s tank with a

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 1

Tarovik, Oleg V., Reutsky, Alexander S., Topazh, Alexander G

volume of 1000 m? at a constant temperature of
the fuel tank at the beginning of bunkering.

The main influence on mass of lost gas is
exerted by initial temperature inside the fuel
tank and the mass of LNG residues contained
in it. The lower is temperature of LNG residue,
the lower are bunkering losses. Likewise, the
larger is the amount of residual LNG that needs
to be cooled down to temperature T he
higher are losses.

These results allowed us to form the
following formula for determining LNG losses
during bunkering;:
M,=E*M,/ ke, (19)
where M, , .. is mass of LNG residues contained
in the tank at the beginning of bunkering (from
10 to 50 % of filling), kg;

T < 143 K is temperature of the previously
cooled tank, K;

E = E(T), F= F(T) are coefficients,
depending on tank temperature at the beginning

LNG? t

8, Iss. 3, pp. 84—106 (2020)
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Pic. 6. Estimated values of LNG losses during bunkering of mobile tank-cars.

of bunkering, obtained in the course of
numerical experiments:
E=0,01167 — 1,248, R?=0,999;
F=1895+107°+T2-391107+T +
+1,133, R2=10,999. (21)
The root-mean-square deviation of
regression values from model calculations is
0,2... 0,94 % of the amount of bunker LNG.
An illustration of the calculated LNG losses
obtained on the basis of calculations using
formula (19) is shown in Pic. 6.

(20)

Conclusion. This article proposes simple
regression relationships to estimate LNG losses
during transportation (storage), bunkering, and
cooling of various types of fuel tanks. The
dependences were obtained by processing the
results of a series of computer experiments with
asimulation model and analytical calculations.
They are applicable for containers with a
maximum allowable pressure of up to 7
atmospheres at arbitrary values of the capacity.
Despite the fact that initially, within the
framework of the study, specific types of cargo
tanks were considered, the analysis of the
calculation results made it possible to propose
universal formulas for estimating LNG losses,
which can be used to perform estimated
calculations for all types of cryogenic tanks.
The results obtained can be used to optimize
systems for low-tonnage LNG transportation,
to design appropriate vehicles, as well as to
perform various technical and economic
assessments.
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maga 2020 roma cocTtosiicsd
¢uHanbHbIM 3Tan [IgToro
Bcepoccuiickoro KoHkypca

HCCIIeI0BATEILCKIX U TIPOCKTHBIX pabOT
«TpaHcnopT Oyay1Iero».

DuHay TIpeaIecTBOBAIA PeTMOHAIb-
HBIE 3TaIlbl, KOTOPbIE ITPOBOMMINCH B Poc-
CHIICKOM YHUBepcHuTeTe TpaHcmopra, Mp-
KYTCKOM M YpaJIbCKOM TOCYIapCTBEHHBIX
YHUBepcUTeTax ITyTeil coobieHus1, Tocy-
JTAPCTBEHHOM YHMBEPCHUTETE MOPCKOTO U
peanoro ¢aota uM. anmupaina C. O. Maka-
poBa, MopCcKOM rocyaapcTBEHHOM YHUBEP-
cutete uM. agmupana I. . Hesenbckoro.

K yyactuio B ¢puHae 66110 0TOOpaHO
120 pabot, npeacTaBiieHHbIX ouTtu 180
yJacTHUKAMU B Bo3pacte 10 19 net u3 12
POCCUICKIX peTUOHOB. B 3TOM romy mpo-
eKThI TaKXKe TIPEeICTaBUIN CTyICHTH be-
JIOPYCCKOTO TOCYIapCTBEHHOTO YHUBEP-
CHUTETa TPaHCIIOPTA.
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DuHaNBHBIN 3Tall KOHKYpCca IMPOBO-
JINJICS B 3TOM Toay B hopMaTe KOH(pepeH-
it Ha TIaTopMme «Zoomy. JIucraHim-
OHHBIN (popMaT KOHdepeHIMIT, OpraHu-
30BaHHBIX C¢ romanku [nmvuasum PYT
(MUUT), He cTall TOMEX0l aKTUBHOMY
00CYXJI€HUIO IMPOEKTOB, OblJIa MOJIHAS
BO3MOXHOCTh HE TOJIBKO paccKasaThb
0 CBOMX HapabOTKax, HO ¥ IT03HAKOMUTh-
Cd ¢ MPOEKTAMU APYTUX YYaCTHUKOB,
BBICJTYIIIATh MTOJIE3HBIE COBETHI, 2 MHOTAA
¥ BCTYIIUTH B TUCKYCCHUIO C 9KCIIEPTaMU,
OLIEHUBABIIMMU PAOOTHI.

ITo pe3ynsraTam prHama onpeneacHbI
Jyqinue pabotsl B 11 HomuHanusx. Ilo-
OeauTeNIsSIMU B HUX C YYETOM IBYX BO3-
PACTHBIX KaTeropuii cTaiu 35 IPOEKTOB,
BTOpBIE MecTa 3aHsaau 28 pabort, a Tpe-
TbUM — 27. BbIn oTMedYeHbI TaksKe 9 padoT,
MpeaCTaBICHHBIX MIAAIIMMM IITKOJIbHY-
KaMH.
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B uucno nobeguteneii U nNpu3epon
BOIIUIM MPEACTABUTEN PA3JIMUHBIX TOPO-
JoB U3 10 poccuiicKux pernoHOB U yJacT-
HUKU U3 benapycu.

Cpenu opraHuzanuii, MpeacTaBsiB-
mux padotel cBoux yvyamuxcs: PYT
(MUUT), YpI'VIIC, netckue xene3Hbie
JIOPOTU — CTPYKTYpPHbBIE TIOIpa3Ie/ICHUS
MockoBckoit, [TpuBokckoit, CBepaioB-
ckoit, CeBepHoii, BoctouHo-Cubupckoit
XKeJie3HbIX nopor — dunuanos OAO
«PKI», KBantopuym OAO «PK» Boc-
TOYHO-CuUOUPCKON NeTCKOU Xene3HOu
noporu. [HInpoko ObLIM MpeacTaBIeHbBI
IIKOJbl U WKOJbI-UHTepHaTHT OAO
«PXK]I».

Bce yyacTHUKM KOHKypca 0e3 uc-
KJTIOUEeHUST TIPEJCTaBWIN aKTyaJbHbIE,
WHHOBAIMOHHBIE TeMBbI. B nx 4ucie
Takue, Kak co3laHue TPEXMEPHOU MO-
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JleJI cTaHLUi ¢ momolibio BIM-TexHo-
JIOTUiA, IPOJIETHBIE CTPOEHUS U3 yTJie-
riacTuka, ¢puaepbl KOHTAKTHOI CeTH,
1M POBOI JOKOMOTUB OyAYILIEro, cxe-
MbI YIIpaBJIEHUS CTPEJTOYHBIMU 3JIEKTPO-
MPUBOJAMM, CUTHAIM3ALIUU JTSI 31U ThI
OoMacHbIX 30H Ha TjaTgopMmax, Ha He-
OXpaHsieMbIX Mepee3aax, bopbbda ¢ «3a-
LEMUHTOM», BbISIBJIeHUE AePEeKTOB
B OOKOBBIX paMax TejeXeK I'PY30BbIX
BaroHoB. OueHb MHOTHE pabOThI OBLIU
MOCBSIIEHbl MPUMEHEHUIO aJibTepHa-
THUBHBIX UICTOYHUKOB 9HEPTUM Ha TPaHC-
MOPTE, UCIOJb30BAHUIO IJEKTPOHHBIX
TEXHOJOTUI JJIS1 TTOTMYAsIpU3aluu JAesl-
TEJbHOCTHU XeJIE3HbIX JOPOT U TOpOJ-
ckoro TpaHcnopTa (QR-aTiac xene3Hbix
nopor Poccuu, kBecT «Bok3zanbl Mo-
CKBbI»), MOBBIIIEHUIO KOM(POPTHOCTU
MEPEeBO30K MacCa>KMpoB. °
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he final competition of the Fifth
I Transport of the Future Contest of
youth research and projects took

place on May 29, 2020.

The final was preceded by regional
stage, the projects were reviewed at Russian
University of Transport (Moscow), Irkutsk
and Ural State Universities of Railway
Engineering (Ekaterinburg), Admiral
Makarov State University of Maritime and
Inland Shipping (St. Petersburg), and
Maritime State University named after
admiral G. I. Nevelskoy (Vladivostok).

120 works submitted by almost 180
participants under 19 years from 12
Russian regions were accepted for the final.
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The projects were also presented by the
students at the Belarusian State University
of Transport.

The final contest was held this year in the
format of video ZOOM conference organized
by Russian University of Transport. The
remote format of the contest was not an
obstacle to active discussion of projects, the
contestants enjoyed opportunity not only to
present their developments, but also to get
acquainted with the projects of other teams,
to listen to useful advice, and sometimes to
enter into a discussion with experts who
evaluated the projects.

Based on the results of the final contest,
the best works in 11 nominations have been

. 18, Iss. 3 (2020)



selected. Considering two separate age
groups and sharing of awards, 35 projects
were declared winners, the second place
was awarded to 28 works, and the third to
27. Best nine works submitted by junior
schoolchildren were also noted.

Winners and prize-winners comprise
students from various cities and settlements
of 10 Russian regions and from Belarus.

Several projects were supported by
organizations, namely by Russian
University of Transport, Ural State
University of Railway Engineering,
children’s railways, which are structural
units of the Moscow, Volga, Sverdlovsk,
Northern, East Siberian Railways,
branches of the Russian Railways, the
Kvantorium of the East Siberian children’s
railway, Russian Railways schools and
boarding schools.

® MWP TPAHCIOPTA, Tom 18, N2 3 (2020)

All the participants to the contest, with
no exception, presented topical, innovative
projects, particularly, regarding three-
dimensional model of stations developed
with the help of BIM-technology, bridge
span structures from carbon fibre, feeders
of the contact network, digital locomotive
of the future, circuits of control of switch
electric drives, alarming systems to make
safer dangerous zones on platforms and at
unguarded crossings, identifying defects in
the side frame of wagons. A lot of works
were dedicated to alternative energy
sources for transport, to the use of digital
technology to popularize the activities of
the railways and of urban transport
(QR-map of national railways, the
«Moscow Stations» quest, etc.), to
improve the comfort of passenger
transportation. °
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MBean KOSEJIbCKUIA

YcTosiunsoe passutue nioboii N3 cUCTEM
HEeBO3MOXHO 6€3 [10/Ir0CPOYHOIrO MNJ1aHUPOBAHUS.
MexaHn3amom peannsaumm 4OJArOCPOYHOro naa-
HUPOBaHWNSI B 4aCTy TPAHCMOPTHOIro obcnyxuBa-
HUS HaceJsieHus aBJsieTcsl pa3paboTka COOTBET-
CTBYIOLUNX AOKYMEHTOB TPAHCMOPTHOIrO MaaHu-
poBaHns, @ UMEHHO: NPorpaMmMm KOMIJIE€KCHOro
pas3BUTUS TPAHCINOPTHON MHPPACTPYKTYPHI,
KOMIJIEKCHbIX CXEM OpraHn3auny JOPOXHOIo
ABUXEHWNS, KOMMJIEKCHbIX CXeM opraHun3aumm
TPAHCMOPTHOIro 06CayXmBaHus HaceseHus o06-
L{eCTBEHHbIM TPAHCMOPTOM.

HacTosiwas ctatest nocssileHa paccCMOTPEHUIO
XapakTepHbIX OLLIMOOK, KOTOPbIE MOryT ObiTb 4OMYy-
LLeHbI Pa3paboTyrKamy COOTBETCTBYIOLUMX JOKYMEH-
TOB. Llenibio cTarby IBASIETCS OCBELLEHUE KITI0HEBbIX
omnbOK, HanpPaB/eHHOE Ha CHUXEHUE UX KOJInYe-
CcTBa, U, COOTBETCTBEHHO, MOBbILIEHNE Ka4ecTBa
pa3spabartbiBaeMbixX JOKYMEHTOB.

TPaHCropTomMm.

WEOBIEVIBIVIIEABSTIERVA

KniouyeBbie oLLMOKHU
npuv paspadoTke A,OKYMEHTOB
TPaAHCMNOPTHOro NJIaHMPOBaHUSA

Koseavcrkuii Hean FOpveeun — Poccuiickuii 00posicHblil Hay4HO-UCCAe008aMeNbCKUlL
uncmumym, Mockea, Poccus*.

lpy NO4roToBKe CTaTbv UCIMOJ/1b30BasICs CPaBHU-
TeJIbHbIV aHan3 Pa3paboTaHHbIX U YTBEPXAEHHbIX
opraHamu BJ1acTv KPYIHbIX U KPYMHeRLX ropoaos
JOKYMEHTOB TPaHCMNOPTHOIO iaHnpoBaHus n Tpe-
60BaHWIi K X COAEPXaHUIO, YCTaHOBIEHHbIX HOPMa-
TUBHbLIMW JOKYMEHTAMMU.

B crarbe, Ha 0CHOBE UCM0J1b30BaHNSI POCCUMCKO-
ro oneiTa, npuBeaeHa pa3buBka rno Kio4eBbiM 005 -
3aresibHbIM pasaenam JOKYMEHTOB TPAaHCMNOPTHOIo
naaHNPOBaHWS, W 4J1s1 KaX40ro n3 HUX BblAes1eHb!
xapakTepHble oLmnbKku npu noaroToBke. B koHue
cTartby NPUBEAEHbI KITIOYEBbIE HAMPAaBIEHUS CHUXE-
HUSI PUCKOB 1Py pa3paboTKke v YTBEPXKAEHUMN [OKY-
MEHTOB TPaHCNOPTHOro naaHuposaHus. Obune
noAxoAbl, BbISIBJIEHHbIE B PE3Y/IbTATE NCC/IEA0BAHUS,
HOCSIT B 3HaYUTE/IbHOV MEepe YHUBEPCalbHbIV Xapak-
TEP U MOryT ObITb IPUMEHEHbI HE TOJIbKO B OTHOLLIE-
HUW npoaHain3npoBaHHOro ceoga 4OKYMEHTOB,
a TaKkxe v B Apyrux CTpaHax.

KnioyeBbie cioBa: AOKYMEHTbI TPAHCMIOPTHOIrO MaaHUpoBaHus, OLLINOKM npy paspaboTke, nporpaMmma
KOMIT/IEKCHOIO Pa3BUTUSI TPAHCMOPTHOM NMHGPACTPYKTYPbl, KOMIIEKCHAasi cCXxeMa OpraHu3aLmnmn JOPOXHOro
JABVXEHUSI, KOMIJIEKCHAasi CXemMa opraHn3aumy TPaHCnopTHOro 06CIyXNBaHUSI HACEIeHUs1 06LLEeCTBEHHbIM

*MHdopmaums 06 aBTope:

KozelskylY@rosdornii.ru.

Kosenbckuit UBaH FOpbeBUY — 3aMeCTUTENb HaYallbHMKA 0TAEe1a MeTOAMYECKOro obecneveHns
TPaHCNOPTHOrO MAaHNPOBAHUS yNpaBaeHNs TPAHCNOPTHOrO MNaHNPOBaHUsA POCCUNCKOro
[OPOXHOro Hay4yHO-1ccneaoBaTensckoro uHeTutyTa (PAY «POCOOPHUW»), Mockea, Poccus,

Crtatbsa noctynuna B pegakumio 07.04.2020, npuHaTa k nyénvkauum 21.06.2020.

For the English text of the article please see p. 114.
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BBEOAEHUE

B Hacrosiee BpeMsi B chepe TpaHCIIOPT-
HOTO IJIAHMPOBAHUSI OTCYECTBEHHBIMM U 3a-
PYOEXKHBIMM aBTOPAMMU BBINYILIEH 3HAYNTE/Ib-
HBI 00BEM JIMTEpaTyphl, MOCBSIIEHHOM
Pa3BUTUIO TPAHCIIOPTHBIX CUCTEM TOPOJIOB.
K takum aBTOpaMm MoxxHo otHecTd E. M. Jlo-
6anona[1], I . Knuukosiureiina, M. b. Aga-
HacbeBa [2], B. Byunka [3] 1 npyrux. JJaHHbIE
TPYAbI MOTYEPKUBAIOT BAXKHOCTH CUCTEMHOTO
MoJX0Aa MPU BBIIOJHEHUU TPAHCIIOPTHBIX
MPOEKTOB, (DYHKIHUIO KOTOPHIX UCIIOJHSIOT
JIOKYMEHTBI TPAHCIIOPTHOTO TUIAHUPOBAHUSI.
I1pu ux pazpaboTke TpebyeTcsa ymeHue pado-
TaThb C OOJILIIUM OOBEMOM MH(pOPMaALUU
M 00J1a1aTh Pa3HOCTOPOHHUMU ITO3HAHUSIMU
Kak B cdhepe MPOeKTUPOBAHUSI aBTOMOOUIIb-
HBIX JIOPOT, OPraHM3alMK JOPOXKHOTO IBIKE-
HUSI ¥ TACCaXXUPCKUX MEPEBO30K, TAK U B OT-
JIEJIbHBIX 00JIaCTSIX COLIMOJIOTUY Y SKOHOMMU -
ku. [Ipu aToM B Ipolecce AJaHHOU paboThI
HEeU30eXXHO BO3HUKAIOT OIIMOKM, CTaBSIIUC
IOJ COMHEHMST KOPPEKTHOCTh PE3YJIbTaTOB
pabot. B HacTosI1Iei cTaThe OyayT paccMOTpe-
HbI KJIIOUEBbIE OLIMOKU, JOITyCKaeMbIe 3aKa3-
YUKaMU ¥ MCIIOJHUTEISIMU IIpU pa3paboTKe
JIOKYMEHTOB TPaHCIIOPTHOT'O TUIAHUPOBAHMS,
BJIEKYIIIME 32 COOOI CHIDKEHME KauecTBa pa3-
paboTaHHOI JOKYMEHTALIMU.

IIpu moAroTOBKE CTaThbU MCITOIb30BAICS
CpPaBHUTEJIbHBIA aHaau3 pa3paboTaHHBIX
M YTBEPKIEHHBIX OPraHaMU BJIaCTH KPYITHBIX
M KPYITHEHUIINX roponoB Poccuu 10KyMeHTOB
TPAaHCIOPTHOTO IUIAHUPOBAaHUSI U TpeboBa-
HUI K UX COAEPXKAHUIO, YCTAHOBICHHBIX
HOPMAaTUBHBIMU TOKYMEHTAMU, B YaCTHOCTHU:
ITocranosnenuem IlpaButenbcTBa Poccuii-
ckoit Depepaunu ot 25 nekabps 2020 roma
Ne 1440, ITpukazom MuHHMCTEpCTBa TPaHC-
niopta Poccuiickoit @enepaiinu ot 26 n1eKadps
2018 roma Ne 480, MeTonMYeCKMMU pEKOMEH -
JALMSIMU 110 pa3paboTKe JOKYMEHTOB TPaHC-
MOPTHOTI'O IUIAaHMPOBaHUs CyObeKTOB Poccuii-
ckoit @egepannm.

Ileavio cTaTbu sBNISIETCS COOP U cUCTEMa-
THU3aLMsT XapaKTEePHBIX OIIMOOK, JOIycKae-
MBIX Pa3paboTYMKaMU IIPU ITOATOTOBKE JOKY-
MEHTOB TPaHCIIOPTHOTO ILIAHMPOBAHUS.
MMeHHO 3HaHME XapaKTepPHBIX OIIMOOK
CITOCOOCTBYET ITOBBIILICHUIO KAYECTBA BBIIIO-
HSIEMBIX pa0OT U CITOCOOCTBYET COOTIOAECHUIO
MPUHIIMIIOB YCTOMYMBOIO Pa3BUTUS.

IToaroroBka MaTepuaioB IPOU3BOIUIACH
IyTéM CPaBHMTEILHOIO aHaIM3a JACUCTBYIO-
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IIMX HOPMATUBHBIX MPABOBBIX TOKYMEHTOB
U METOANYECKON 0a3bl, ONpenessitolleii co-
CTaB IOKYMEHTOB, U HEMOCPEACTBEHHO CAMMX
JTOKYMEHTOB. BmecTe ¢ TeM mpoBoauacs
aHaJu3 COIepKaHMUSI pacCMaTpUBaeMbIX J0-
KYMEHTOB Ha TpeaMeT COOTBETCTBUS Aeii-
CTBYIOLLIUM HOPMaTUBHO-TEXHUYECKUM JOKY-
MEHTaM, [JIyOUHBI TPOPaOOTKU, UCTIOJIb30Ba-
HUS MepeIoBOT0 OTEYECTBEHHOTO U 3apy0ex-
HOrO OIbITa. BhIsIBIEHHBIE B XOA€ aHaliu3a
OlIMOKM cOOMpaInuCh U CUCTEMATU3UPOBA-
JIMCh, COIJIaCHO OIpenesIEHHbIM HOpMAaTUB-
HBbIM TIPaBOBBIM U METOIMYECKHUM JTOKYMEH-
TaM, pa3zaesiaM padoT.

BaxxHO OTMETUTB, UTO YUYTEHHBIE JIJIsI CTa-
ThbU JOKYMEHTHI pa3paboTaHbl pa3aUYHbIMU
IOPUANYECKUMU JIMLIAMU, COOTBETCTBEHHO
HEBEPHO YTBEPKIATh O HAJIMYMMU B KaXKIOM U3
JIOKYMEHTOB IMOJIHOTO TepevyHsl YKa3aHHbBIX
B cTaTbe olMboK. TeM He MeHee, Kaxaas U3
OLIMOOK CHMXAET KaueCTBO pa3paboTaHHBIX
JTOKYMEHTOB, a TakKXe MOXET MPUBECTU
K YXYILLIEHUIO YCIOBUMA ABMxKeHus. Y, Hampo-
TUB, BO3MOXKHOCTb BBISIBJIEHUSI M YCTPAHEHU S
HauboJiee XxapaKTEPHBIX OIIUOOK, OTpaXKEH-
HBIX B CTaThe, IOCIIOCOOCTBYET COKpPAILIEHUIO
PUCKOB IIpU pa3paboOTKe U YyTBEPXKAECHUH,
a IpMMEeHUTENIbHO K Poccun — Takke 10CTU-
KEHUI0 1ieJiell HallMOHAJIbHOI'O MpOoeKTa
«be3omnacHble ¥ KaueCTBEHHbIE aBTOMOOUIb-
HbIE TOPOTU».

PE3YJIbTATbI

B pamkax HacTosIIIe# cTaThy paccMaTpu-
BaOTCS CJIEAYIONINE JOKYMEHTHI TPAHCTIOPT-
HOTO TUTAaHUPOBAHUS:

1. [TporpamMma KOMIUIEKCHOTO Pa3BUTHUS
TpaHcropTHOU nHbpacTpykTypsl ([TKPTH).

2. KoMmekcHasi cxema opraHuW3alnu
nopoxHoro aswkenust (KCOI).

3. KoMmekcHasi cxema opraHuW3alnu
TPAHCTIOPTHOTO OOCITy>XMBAaHUST HACEJEHMS
obmectBeHHBIM TpaHciopToM (KCOT).

BaxxHO OTMETHUTB, UTO BOZHUKHOBEHUE
OIIMOOK MPU pa3pabdOTKe JOKYMEHTOB 3aBU-
CHUT KaK OT 3aKa34MKa, Tak ¥ OT UCTIOJTHUTEJIS.

3aBucsiue OT 3aKa3umKa:

1. Yemanoeaenue cocamoix cpokos paspa-
oomku.

B HacTosiiiee BpeMst OTBETCTBEHHBIE OpP-
TaHBI BJIACTH CYOBEKTOB PA3bITPHIBAIOT KOH-
KypCHl Ha pa3paboTKy MJOKYMEHTOB TpaHC-
TMMOPTHOTO TUIAHWPOBAHUS HAa OCHOBaHWUM
TpeOOBaHUI HAIIMOHAJILHOTO TIpoeKTa «be3-

Ko3enbckuu U. 10. Knioyeebie oLIMGKU Npu pa3paboTKe AOKYMEHTOB TPaHCMOPTHOIO NIaHUPOBaHUS




OITacHBIC M Ka4eCTBEHHBIC aBTOMOOMIILHBIC
Joporu» [4].

HannoHanbHBIM IIPOEKTOM KOHTPOJIb-
Hble TOYKU OBIIU OOO3HAUYEHBI JIETOM
2019 roma, BMecTe ¢ TeM OOJILIION OOBEM
paboT, HeOOXOAUMBI 711 TPOBENEHUS KOH-
KYPCHBIX TIPOLEAYp, IPUBEN K 3HAUUTEITh-
HOMY COKpallleHHI0 CPOKOB pa3paboOTKu
caMUX JOKYMEHTOB. B cBOIo ouepesb, cxa-
TBIE CPOKM SIBJISIOTCSI CYIIIECTBEHHOM TIpH-
YMHOW CHUXEHUS KauyecTBa JOKYMEHTOB
TPaHCIIOPTHOTO IJIAHUPOBAHMSI, YTO TIPOSIB-
JIsieTCsl B HEJJOCTAaTOYHOM TJIyOuHE Tpopa-
OOTKU MMEIOIINXCS JaHHBIX U OIIMOKAX TP
BBITTOJTHEHU Y padOoT.

2. Yacmuunoe omcymcmeue ucxoo0Hou
uHgopmayuu y 3aKazuuKa.

HemnonnoTa mpenocraBieHHONW MHGDOP-
Mall1 MOXKET CJIeOBaTh KaK M3 OTCYTCTBUSA
MOHHMTOPHWHTA TOPOXHEIX YCIIOBUIA, TaK U U3
HEIOCTAaTOYHOIO BHUMAaHUS K HeMy. TeM He
MeHee, HEJOCTaTOYHOCTh opuiimaibHOI
nHGOpMaIIMM 3HAYUTEIILHO YBEJINYNBAET
TpyZOo3aTpaThl UCIIOJHUTEISI M BBIHYXIAeT
€ro JIN00 UTHOPUPOBATh COOTBETCTBYIOIIE
YaCTH pa3iesioB TOKYMEHTOB, INOO UCTIONb-
30BaTh HHGOPMAIIUIO U3 OTKPBITHIX UCTOY-
HUKOB. [Ipn 3TOM MHpOpMaIIN, TOJTYICH-
Has TaKMM 00pa30oM, MOXET SIBJISITbCS He-
JIOCTOBEPHOU U IIPOTUBOPEYUTD APYT APYTY,
YTO HEMUHYEMO TIPUBEAET K OIINOKAM TIpHU
BBITTOJTHEHU Y padOoT.

Jist yno6cTBa OLIeHKY BO3MOXHBIX OLLIM -
0OOK CO CTOPOHBI UCITOJTHUTEIS TIpeiaraeT-
CS BBIIETIUTH B JOKYMEHTAX OOIIINE pa3aeiibl.
Tak, B 1OKyMeHTaxX TPaHCIIOPTHOTO IIAHU -
pOBaHUS, BHE 3aBHCHUMOCTHU OT HaIllpaBJie-
HUSI, MOXHO BBIICJINTH CJICAYIOIINE O0IIIIe
paznaensl [5—7]:

* aHaJIM3 CYIIECTBYIOIIETO MOJIOXEHMS;

* IIPOBeACHNE TPAHCIIOPTHEIX M COITNOJIO-
TMIECKUX UCCIICHOBAHMIA,

* TIPOTHO3 COLMAJTEHO-9KOHOMMWYECKOTO
pa3BUTHS,

* pa3paboTKa TPaHCTIOPTHON MOJIEIH;

* BbIOOp M 0OOCHOBaHME BapHaHTa MPo-
eKTUPOBaHUSI;

* pa3paboTKa IepevdHsT MEPOIPUITHI
COOTBETCTBYIOIIETO HAIIPABJICHUS;

* VKpYITHEHHAS OLIEHKA CTOMMOCTH TIpeI-
JTaraeMBIX MEPOTIPUATHIA,

* OIleHKa COLMaTbHO-3KOHOMUYECKOM
3¢ GEeKTUBHOCTH MPEITOKEHHEBIX MEPOITPHSI -
THIA.
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IIpu aHanM3e cynecTBYIOIIETO MOoJ0Xe-
HUS KJTI0YEBOW 3amavyeil UCTIOJHUTENS SIB-
JisieTcs cOop M 00paboTKa UCXOAHOW UHPOP-
MallMiyi, B TOM YMCJie TIOJY4YeHHOW B XOJe
obcnenoBaHuii, U GOpMUPOBAHUE KOPPEKT-
HBIX BRIBOZOB. BMecTe ¢ TeM, MCTIOJTHUTENb
B OOJIBIIMHCTBE MPOEKTOB HE 00J1aAaeT UC-
yepnblBalOIIUM 00bEMOM cBeneHuit. [Tpu-
YUHAMU 3TOTO MOTYT SIBJISITBCS KaK 3armpoc
HETIOJTHOTO MePEeYHsT JaHHBIX, TaK M YaCTUY -
HO€ OTCYTCTBHE HEOOXOMUMO MHGMOPMAaIIUKU
y 3aKka3uMka. Tem He MeHee, pe3yJibTaTaMu
OTCYTCTBUSI HEOOXOAMMOTO TIEPETHST UCXO/T -
HBIX TaHHBIX CTAHOBSITCSI HEKOPPEKTHHIE
BBIBOJIBI 10 UTOTaM aHaiW3a, HEMOJTHBIN
00BEM HEOOXOJUMBIX BBIBOJOB, YACTUYHOE
OTCYTCTBHE MaTepUaIOB B TEKCTE JOKYMEH -
Ta TPAaHCTIOPTHOTO TUIAHUPOBAHMSI, M3JTUIII -
HUE YKPYIHEHUS U 0000IIeHUS.

Ha nanHoM 3Tame HauboJjiee BaXHBIMU
WCXOAHBIMU TAHHBIMU TIPENJiaraeTcs CUM-
TaTh COLMAJIbHO-3KOHOMUYECKYIO CTaTH-
CTHKY paccMaTpUBaeMOI TeppUTOPUN, UH-
dopmaimio o MapuIpyTHOM CETH TTaccaxkup-
CKOro TpaHCmopTa ob1Iero mojb30BaHUS
(Bxitouast ”HGOpMaLIMIO O MaccaXuporo-
TOKax B pa3pe3e MapiipyToB), nH(popmaiuo
00 OopraHM3alUu AOPOXHOTO NBUXKEHUS
(Bkiaouas uH(popmauuwo 06 odycTpoiicTBe
TEeXHUYECKUMU CPEACTBAMM OPTaHU3ALIUKA
JIOPOXKHOTO JBUXEHUS), UH(POpMALIIO 00
aBapUIHOCTU, MH(OPMALIUIO O 3aIIAHUPO-
BaHHBIX OTBETCTBEHHBIM OPTaHOM HMCIION-
HUTEJIbHOUW BIACTU MEPOTIPUSITUSIX.

HawnboJiee yacTeiMU OIIMOKAMU SIBJISIIOT-
CsI: UCTIOJIb30BaHME HEKOPPEKTHBIX MaHHBIX,
KOTOPBIE BITOCJIEICTBUU TPUMEHSIOTCS TIPU
aHaiu3e U pa3paboTKe TPaHCIIOPTHOU MO-
nenu; GopMUpPOBAHUE B XONI€ OLIEHKU He-
peIKo TPOTUBOPEYAINX APYT APYTY HOKY-
MEHTOB CTPAaTErnYecKoTo IIaHUPOBAHUS;
HeBepHas OlleHKa Pa3BUTHUSI CUCTEMBI U BEK-
TOopa pa3BUTHUS TOpolia, BOKPYT KOTOPBIX
CTPOSITCS MEPOTIPUSITUS; OTCYTCTBHE WU
HETIOJIHBIN YYET UCTIOTHUTEIEM COCTOSTHUS
aBapUITHOCTU, CHUKEHUE KOTOPOI SIBJISIET-
csl KJIIOUEBBIM HalpaBJieHUEeM HallMOHAaIb-
HoOTO TIpoekTa «be3omacHble U KaueCTBEH-
Hbl€ aBTOMOOWJIbHBIE JOPOTU», AHAIU3 Xa-
PaKTepUCTUK PabOTHI C TIPUMEHEHUEM He-
IOCTOBEPHBIX OTKPBITHIX UCTOYHUKOB;
WCMHOJb30BaHUE MPAKTUK aHaIu3a TPaHC-
TIOPTHOU CUCTEMBI O€3 TIPUBEICHUS TTOAPOO-
HOro 00OCHOBaHUS METOJOJOTUU; OTCYT-
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CTBME aHaau3a OIJXETHOU obOecreyeHHO-
CTU paccMaTpUBaeMOU TEPPUTOPUM.

Takke BaxkHO OTMETUTb, YTO 3TAIl aHAJIM -
3a CYIIECTBYIOLIMX YCIOBUM sIBIsIeTCS (pyHAa-
MEHTOM, Ha KOTOPOM 0a3upyeTcs JajabHen1as
paboTa, U B3aUMOJAENCTBUE UCIIOIHUTEIS
M 3aKa3yrKa Ha HEM SBJSIETCS KPUTUUYECKU
BaKHbIM.

st aTana TpaHCHOPTHOTO M COLIMOJIO-
TMYECKOro UCCAeI0BaHUM KaK COCTaBISIO-
IIMX aHaJIn3a CYIIECTBYIOLIETO MOJOXEHUS
HauboJiee BaXXHBIM SIBASETCSI oOecreueHue
JIOCTaTOYHON BBIOOPKU MpPU MPOBEACHUU
COILIMOJIOTUYECKOTO UCCIIETOBAHUS, @ TAKXKE
omnpejejieHUue J0CTaTOYHOTO KOJIMYecTBa
U MPaBUJIBHOTO PACIOJOXEHUS TOYEK 00-
ClleJOBaHUS.

KnouyeBbiMu omMOKaMU Ha JaHHOM
aTare SBASIOTCS HeBEpHOE ONpeaeieHue
pacrioyioxKeHus1 Touek obciaenoBaHUN WU
MX HETOCTaTOYHOE KOJINYECTBO; UTHOPUPO-
BaHUE TepeceyeHUil Ha nepudepuiiHbIX
YacTsIX paccMaTpuBaeMoO TEPpPUTOPUU;
YMEHbIIIeHUEe TePUOaA0B UJIM BpeMEHU 00-
cJieIoBaHUSI B LIEJISIX COKpAllleHUSI CTOUMO-
CTU COOTBETCTBYIOLIUX PAOOT; UTHOPUPOBa-
HME TelIeXOJHbIX U MacCcaXUupCcKUX MOTO-
KOB; HEKOPpPEKTHas IOCTaHOBKA BOIPOCOB
COLIMOJIOTMYECKOTO UCCIeIOBAHMS; HEKOP-
PEKTHOE TMpOoBeleHe CaMUX OMpPOCOB (Ha-
BOASIIME BOMPOCHI, UHTOHALIMU Ha OMpe/e-
JIEHHBIX BapUaHTaXx OTBETOB); OTCYTCTBUE
pacripenesieHUss UCTIOJHUTEIeM MOTEeHIIM -
aJbHBIX PECHOHAEHTOB MO TEPPUTOPUMN;
HEJO0CTaTOYHOE KOJMUYECTBO BOIMPOCOB;
HeBepHas UHTepIIpeTalus pe3yabTaToB CO-
OTBETCTBYIOILIMX UCCEeIOBAHUIMA.

OTaeabHO CTOUT 100ABUTh, UTO HEPEIKO
YacTb yKa3aHHBIX OLIMOOK BbI3BaHA MOIMBIT-
KO 5KOHOMMHU CPeACTB KaK 3aKa3zuMuKoOM
MpU YCTaHOBKE HU3KOM CTOMMOCTH rocyap-
CTBEHHOI'O KOHTPaKTa, TakK M UCHIOJTHUTEJIEM
MpU TONBITKE COKpallleHUsI U3AEPXKEK NP
BBIIIOJIHEHU U PaboT.

BmecTe ¢ TeM, BaXHO OTMETUTb, UYTO
TPaHCHOPTHbIE U COLIMOJIOTUYECKUE UCCTIe-
JIOBaHUS SIBJISIIOTCSI YACTbIO MCXOJQHOM WH-
dopManu, HEOOXOAMMOM AJsI ONMUCaHUS
CYLIECTBYIOIIET0 COCTOSAHUS. Takum obpa-
30M, UCITOJTHUTEJb JOJKEH COIIacoOBbIBAThH
C 3aKa3YMKOM METOIUKU MPOBEAECHUS UC-
cJeJoBaHUN U MPUBOAUTH B JOKyMEHTaX
TPaAHCHOOPTHOTO MJAHUPOBAHUS UX PE3YJib-
TaThl.
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IIporHo3 couunaibHO-3KOHOMUYECKOTO
pa3BUTUS JTOJXKEH YUYUTHIBATH HE TOJBKO
YUCJIEHHOCTh HAaceJeHUs, HO U MPOYYIo
CTATUCTUKY, YYET KOTOPOU 00s13aTeIeH KakK
B TPAHCTIOPTHOM MOJENU, TaK U MPU OIpe-
JeJICHUU Pa3BUTUS TEPPUTOPUU, HATIPUMED,
KOJIMYECTBO pabOYMX MECT, MECT B yUeOHBIX
3aBeEHUSIX, YNCIEHHOCTh HACEJIEHUS B TPY-
JTOCTIOCOOHOM BO3pacTe U YUCJIEHHOCTH
y4eHUKOB. KOppeKTHOCTh 3TUX IoKa3aTe-
JIel IBAeTCS MPUHIUNTAATBHO BaXKHOW MpU
YY€TE MEePCIeKTUBHOTO PA3BUTUS TEPPUTO-
puM, a Takxke MPU MOCIEAYIOLIEeH OLlEHKE
9 HEKTUBHOCTU MEPOTIPUSATHUIA.

KiroueBpiMU omubKaMu Mpu MOCTpoe-
HUM MPOTHO3a SBJSIOTCS: HEMOIHBINA YUYET
JIOKYMEHTOB CTPAaTeTMYeCKOTro U TEPPUTO-
PUATBHOTO MJIAHUPOBAHUS, UTHOPUPOBAHUE
nHGbOpMaIUU O NMEPCIEKTUBHBIX NWHBECTU -
LIMOHHBIX MpoeKTax. Tak, 6e3 MpoBeneHuUs
aHaJM3a MPUBEAEHHBIX JAHHBIX HEBO3MOX-
HO MOCTPOUTH KOPPEKTHBIN MPOTHO3 COLIU -
aJbHO-2KOHOMMUYECKOTO Pa3BUTUS, UTO
MPUBEAET K HEBEPHOU olleHKe 3G GhEeKTUB-
HOCTHU NPEI0KEHHBIX MEPOTIPUSTUIA U SIB-
JISIeTCS HEeNOMYCTUMBIM IPU CTpaTernye-
CKOM TJIaHUPOBAaHWUM TPAHCIOPTHOW CHUC-
TEMBI.

MynsTuMoaanbHass TpaHCIIOPTHAsA MO-
JIeJb SBJISIETCS OMHUM M3 KJIIOUYEBBIX WH-
CTPYMEHTOB IPpU pa3padoTKe TOKYMEHTOB
TPaHCIMOPTHOTO IUIAHUPOBaHUs, U obecme-
YyeHUE €€ KauyecTBa SIBJSIETCS HEOThEMJIE-
MBIM YCJIOBUEM YCMEIIHOW MOATOTOBKU
JTOKYMEHTOB.

Haubonee yacteiMu omubKaMu Mpu
pa3paboTKe TPAaHCHOPTHON MOJIEIU MOXHO
CUMTATh: HEKOPPEKTHYIO MpopaboTKy rpada
YAUYHO-TOPOXKHON CEeTU U OpraHUu3aluu
JTOPOXHOTO ABUXEHUS, OIIMOKYU IPU BBOJE
MapIIpyTHOU CETU MacCaXMpPCKOro TpaHC-
nopTa O0IeTro MOoJb30BaHUS, OIUUOKU TTPU
BBOJIE COLIMATbHO-2KOHOMUYECKOU CTaTU-
CTUKM, OIIMOKU MpU KaJIUOPOBKE TpaHC-
MOPTHOW Mojaeau. BakHO OTMETUTH, UTO
OIIMOKM MpU pa3paboTKe TPaHCHOPTHOU
MOJIEIA MOXHO CBECTU K MUHUMYMY MpU
MpeI0CTaBJIEHUU 3aKa34YMKOM ITOJTHOTO Te-
pPEYHS UCXOAHOW MHGbOpPMAIIUH.

Takoke OTMEUYEHO, YTO B OTAEIbHBIX CITyda-
SIX TPAHCHOPTHAsI MOJIEJb He pa3pabaTbiBaeT-
cd Win pa3pabaTbiBaeTcsd B MPOrpaMMHOM
KOMILIEKCE, HE MPeayCMaTPUBAIOIIEM PACUET
0 KJIACCUYECKOU YETHIPEXIIIATOBOM MOJIEITH.
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BMmecTe ¢ Tem, 3aKa3uuK B MOAABISIONIEM
OOJIBIIIMHCTBE CJIyYyaeB He 00J1aJaeT He00X0-
JUMBIM TIPOTPAaMMHBIM KOMIUIEKCOM U He
CITOCOOEH TIPOBEPUTH KaueCcTBO pa3paboTaH-
HBIX TPAHCIIOPTHBIX MOJEJIeil, YeM MHOoraa
TTOJTb3YIOTCS UCTIOJTHUTEH.

Br160p 1 060CHOBaHUE BapUaHTa TPOEKTU-
POBaHMSI TAKXKE SIBJISIETCS] OMHUM U3 KITIOUEBBIX
pa3nesioB TOKyMEHTOB TPAHCIIOPTHOTO TUTAHM -
poBanusi. OMHUM U3 CA0BIX MECT JaHHOTO
paszerna sIBJISIeTCSI OTCYTCTBUE B HOPMATUBHBIX
JIOKYMEHTaX 3aKpEeTUIEHHBIX KPUTEPUEB, OTTpe-
JIEJISTIOTINX TPeOOBaHMST K BapraHTaM MPOEKTH -
poBaHust. CJIeICTBUEM OTCYTCTBUSI yTBEPKIIEH -
HBIX KPUTEPUEB BAPUAHTOB TPOESKTUPOBAHUS
SIBJISIETCSI OTCYTCTBUE EIMHOTO TTOIX0Ma B UX
¢opMupoBaHue.

B Hacrostiiee Bpemst HarboJee pacrpocTpa-
HEHHBIMM TTOJIXOIaMU K ()OPMHUPOBAHUIO BApU-
AHTOB TMIPOEKTUPOBAHUS SIBJISIIOTCST: (hOPMUPO-
BaHUE MPUHIUTTMAILHO Pa3HBIX, HE CBSI3aHHBIX
JIPYT C IPYTOM, BapMaHTOB MTPOEKTUPOBAHUSI
1 (hopMUpPOBaHUE KyMYJIATUBHBIX BAPUAHTOB,
T.e. hopMUpOBaHNE MUHUMATBHOTO, OTITUMATb-
HOT'0 ¥ MAKCUMAaJIbHOTO BapraHTa IyTEM Hapa-
LIUBAHUST MEPOTTPUSITUIA.

ITo pe3ynbraraM 3THX pabOT MCIIOJTHUTE-
JISIMU JOTIYCKAIOTCSI CIEAYIONIe KITI0UeBbIe
OIIMOKM: OTCYTCTBUE OMMUCAHUS BapUaHTOB
MPOEKTUPOBAHUSI, OTCYTCTBHE OOOCHOBAHUS
BapMaHTOB MpPUBEIEHUsSI, 000CHOBaHUE pe-
3yJbTaTOB MOJEJIMPOBAHUS Ha OCHOBAaHUM
a0COJTIOTHBIX MTOKa3aTesiei (Hampumep, o0bE-
MOB BBOJIa TPAHCITOPTHOI MHGMPACTPYKTYPHI),
OlleHKa 1 000CHOBaHUE BApMAHTOB MPOEKTH -
poBaHMS 6€3 MCTOJIb30BaHUS TTPOTHO3HOMU
TPaHCITOPTHOU Mojen, hOpMUPOBAHNE Me-
POTIPUSITHIA BOKPYT 3apaHee ONpeaeEHHOTO
clieHapusl.

Ha srarne pa3paboTku MeponpUsITUiA UICIOJI-
HUTENIb 00513aH YYUTHIBATh KaK Pe3yabTaThl
aHaJIM3a CYIIECTBYIONIMX YCIIOBUI ABKCHUS,
TaK U 3aIjTaHUPOBAHHBIE 3aKa3YMKOM MEpPO-
TIPUSITHSL.

Tak, KmoyeBbIMU OLIMOKAMU Ha 3Tarle pas-
PpabOTKK MEPOTIPUSTU SIBJISTIOTCS: OLLIMOKY MPU
aHaJIN3€e CYIIECTBYIONIETO MOJIOXEHUs, UTO
BJIEYET 3a COOOI HEBEPHOE OTpe/e/ieHUe BeK-
TOpa pa3BUTHSI TPAHCITOPTHOM CUCTEMBI U OTIpe-
JieJieHue HEKOPPEKTHOTO MepeyHsT HeOOXOmu -
MBIX MEPOTIPUSITUI; TIPEUTOKEHUE HEIEeIeCco-
00pa3HbIX MEPONIPUSTUH, TPEITOXEHUE MEPO-
TIPUSITUI, pean3alivsi KOTOPbIX HEBO3ZMOXKHA
(buHaHCOBO U (pUzMIECKH.
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Ha nanHowMm atamne, Kak 1 Ha 3Tare aHaIn3a
CYIIECTBYIOLIETO MOJIOXKEHUS , KpaitHe BaXKHBIM
SIBJISIETCS B3aMMOJEICTBIE UCTIOJTHUATEITS U 3a-
Ka3zuuka. Hy>kHo TOHUMAaTh, 4TO YTBEPXKIACHUE
JIOKYMEHTOB TPaHCIOPTHOTO TJIAHUPOBAHUS
HakJIaJpIBaeT Ha 3aKa3urKa 00s13aTe/IbCTBA IO
VX peaTu3alliu, CIeI0BaTeTbHO, HEKOPPEKTHHIE
MEPOIIPUSITUSI MOTYT HMPUBECTU K YXYALLIESHUIO
YCJIOBUIA IBUKEHUS HA pacCCMaTPUBAeMOIi Tep-
PUTOPUU.

IIpyHuMast BO BHUMaHUe TOT (PakT, 4ToO
YTBEPXKIECHUE JOKYMEHTOB TPAHCHIOPTHOTO
TUTAHUPOBAHUS HaKJIaAblBaeT Ha 3aKazuukKa
pacxoHbIe 00s13aTeILCTBA, 3Tl OLIEHKU CTOU-
MOCTU MEpPOMNPUSITHUI TaKXkKe UMEET BaXHOE
3HaYeHUE B COCTaBEe TOKYMEHTOB TPAHCITOPT-
HOTroO IUTaHupoBaHus. B HacTosIee Bpems,
Hau0oJjiee pacIpoCTPaHEHHBIMU MTPaKTUKAMU
OLIEHKW CTOMMOCTU MEPOIPUSTUN SBIISIOTCS:
OlIEHKa METOJIOM COTIOCTABUMBIX 1IEH U OLIEH-
Ka MEpOIpPUSITUIA ¢ TTOMOILBIO HOPMATUBHBIX
COOPHMKOB LieH. BaxkHO OTMETUTD, UTO OLLIMO-
KU, AOIYILIEHHbIE Ha 3Tare OLIEHKM CTOUMOCTH
MEPONPUATUIA, TPEUMYILECTBEHHO HE OLIEHU -
BalOTCS KaK KPUTUYECKUE HU UCTTOTHUTEIIEM,
HU B TOJABJISIONIEM OOJBIIMHCTBE 3aKa3uu-
KOM.

Tem He MeHee, KJIIOYEBBIMU OIIMOKAMU
SIBJISIETCS 3aBBIIIIEHUE WU 3aHWXKEHUE CTOUMO-
CTU IO CJEAYIOIIUM MPUYUHAM: HEBEPHO
MoA00paH MPOEKT-aHAIOT, CTOMMOCTb IMPOEKTa
aHajiora 3HaYUTEJIbHO HIKE 3a CYET OoJtee paH-
HEero cpoka peaji3aluu, OTCYTCTBUE YU€Ta OT-
JIETBHBIX OCOOEHHOCTEN MPOEKTOB aHAJIOTOB,
OTCYTCTBME Y4€Ta UHMASLUU TIPU OLIEHKE
JIOJITOCPOYHBIX MEPOTIPUSITHUIA.

OlieHKa COIMaTbHO-3KOHOMUYECKOM (-
(EeKTUBHOCTH SIBJISIETCST OTPAKEHUEM BCEX BBI-
MOJIHEHHBIX paHee padoT. JlaHHbI pa3aen ak-
KyMYJIUPYET B ceOe BCe TMOJyYeHHBIE BBIBOIIBI
W pe3yJbTaThl BCeX MPOBEAEHHBIX aHATU30B.
Pazgen onieHKH cOLMATbHO-3KOHOMUYECKOM
3((GHEeKTUBHOCTU TaKKe, KaK U pa3ziesi C BbIOO-
POM 1 000CHOBaHWEM BaprUaHTa ITPOEKTUPOBA-
HUSI, HE UMeeT YETKUX KPUTEPUEB OLIEHKMU,
B CB$I3U C YEM OLIEHKA BBITIOHSIETCS C IOMOIIBIO
TaKUX CIOCOOOB, KaK OlLEHKAa a0COMIOTHBIX
rnokasaTeyieil BBola TPAaHCIOPTHOW MHppa-
CTPYKTYPBI, OLIEHKA YUCTOTO TUCKOHTUPOBAH-
HOTO TOXO/a, OlleHKa IMoKa3aTeseil, olleHKa
nokaszareJjiel TPaHCTIOPTHON MOJIEITH.

Kputnueckumu ommbKamMu MpU OLEHKE
COLUATTbHO-3KOHOMUYECKOH 3(D(EeKTUBHOCTU
SIBJISIIOTCSI: HEUCTIOJb30BAaHUE PE3YJIbTaTOB
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TPAHCIIOPTHOTO MOAEIUPOBAHUS, a TaKXe
HVCKYCCTBEHHOE «TTOJKPYYUBAaHUE» PE3YIBTATOB
MOJIEJIMPOBAHUS WU O0BEMA KalUTaTIbHBIX
3aTpar C LEJIbIO MOTYYeHUs MIOJIOXUTETbHOTO
a¢dekra. Takue olIMOKU SIBJISTIOTCS KpUTUYE-
CKMMM, TaK KaK U3HAYAJIBHO OTpaxaroT Head-
(beKTUBHOCTD TTPEUTOXKEHHBIX MEPOTTPUATHI,
0 KOTOPOU yMaTYMBAIOT UCTIOJTHUTEIH.

CTOUT OTMETUTH, UTO B CTaThe CHOPMUPO-
BaH IepevyeHb HanboJiee pacIpOCTPAHEHHBIX
OIMOOK WCIOJHUTENECH U 3aKa34YUKOB MPU
pa3paboTKe MOKYMEHTOB TPaHCIOPTHOTO
TUIaHupoBaHUs. YK CIIO BOZMOXHBIX OIIIMOOK
U «TTOJIBOJHBIX KAMHE» 3HAUUTEILHO OOJTbIIIe
W He MCUEPIbIBACTCS TPUBEAEHHBIM TIeped-
HEM, a 3aBUCUT OT BHUMATEJIbHOCTU U OTbITA
pa3paboTyuka, Mpu 3TOM JOIMYCK J000H 13
HUX MPUBOAUT K HECOCTOSATEIBHOCTU pa3pa-
OOTaHHOTO JOKYMEHTA.

TIpu aTOM 17151 CHUXXKEHUS PUCKOB pas3pa-
OOTKM U YTBEPKIEHMST HEKAYEeCTBEHHBIX 0-
KYMEHTOB TPaHCHOPTHOTO IJIAHUPOBAHUS
MOXHO OTMETUTh HECKOJIBKO KJTIOUEBBIX Ha-
MpaBJICHUN:

* OoJsiee AeTabHAs TPOBEPKA JOKYMEHTOB
Ha BCEX 3Tarax Ux pa3padoTKu;

* yBEJIMYEHUE MEPUOTUYHOCTU TTPOBEIEC-
HUSI MOHUTOPUHTA JOPOXKHOTIO NBUXKEeHUS [8],
Kak cnoco® JOMOJHUTEIBbHOMN MTPOBEPKU pe-
3yJIbTaTOB U COOp MH(pOPMAILIMK B KayeCTBE
MPEAOCTaBISIEMBIX UCXOIHBIX JAaHHBIX;

* TIOCTOSTHHOE B3aUMOJIEICTBYE 3aKa3Un-
Ka ¥ UCTIOJTHUTES;

» mpumenuTesrbHO K KCOJI/I, cormacoBa-
HUE MEPOTIPUSTUI C OTBETCTBEHHBIMU OpTa-
HaMM BJIACTU TpaHWYAIlUX TEPPUTOPUI Ha
3aBeplIallIeM 3Tare padoT [9];

* TIpOBEIeHME HE3aBUCUMOM SKCTIEPTU3bI
pe3yJIbTaToOB padoT;

* MepernoAroToBKa WM MOBBIIIEHUE KBa-
JuduKauuu corpyaHuKoB [10];

* yCTaHOBKa 0Oojiee XECTKUX KPUTEPUEB
MpU TIPOBEJEHUN KOHKYPCHOM MPOIIeAyphI
M OTKa3 OT ayKIIMOHA, Kak crocoba ompene-
JieHud noctaBuuka [11];

* (opMUpOBaHUE peabHON CTOMMOCTH
paboT, Mpu KOTOPOM MCIOJHUTENb HE OyaeT
BBIHY>K/IEH CHAXKaTh Ka4eCTBO PadOT B LIEJISIX
COKpallleHUS U3IEPKEK.

KPATKMUE BbiBO bl

B 3aBepmieHUE ciiemyeT OTMETUTDH, YTO
pa3paboTKa KadeCTBEHHBIX JOKYMEHTOB
TPAaHCIIOPTHOTO TUIAHWUPOBAHUS SIBJISIECTCS
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OCHOBOM YCTOMYMBOrO pa3BUTHS TPAHCHOPT-
HOW CHUCTEMBI.

B Poccuu kauecTBO MX pa3paboTKu OyaeT
MPOXOIUTH IMTPOBEPKY KaK OJUH U3 HEOOXOIU -
MBbIX aCMEKTOB JOCTUKEHUS LieJeil Haluo-
HaJIbHOTO MpoekTa «be3omacHble U Kaye-
CTBEHHbBIE aBTOMOOMJIILHBIE TOPOTH».
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ABSTRACT

Sustainable development of any of the
systems is impossible without long-term planning.
The mechanism for implementing long-term
planning in terms of providing transportation
services to the population is development of
relevant transport planning documents, namely:
programs for integrated development of transport
infrastructure, integrated traffic management
schemes, integrated schemes for organizing
public transportation services for the population.

This article is devoted to the analysis of
typical mistakes that can be made by developers
of relevant documents. The objective of the
article is to highlight key errors, to reduce their
number, and to improve, accordingly, quality of
the documents being developed.

In preparing the article, the author used
the comparative analysis of transport
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planning documents developed and
approved by the authorities of large and
largest cities, as well as the requirements
regarding their content established by
regulatory documents.

The article, referring to Russian practices,
provides a breakdown of transport planning
documents by key mandatory sections. Typical
mistakes in development of each of them are
highlighted. The article ends with description of
keyareas capable toreducerisks in development
and further approval of transport planning
documents.

General approaches revealed in the
research are to great extent of universal nature,
so the results can be applied to development of
other transport documents besides those
mentioned in the article, as well as in other
countries.
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Background.

Recently, domestic and foreign authors
have published a significant amount of
works on development of urban transport
systems, particularly, in the field of transport
planning (E. M. Lobanov [1], G. 1. Klin-
kovshtein, M. B. Afanasyev [2], V. Vuchik
[3], and others). These works emphasize the
importance of a systematic approach in
implementation of transport projects, that
are implemented through transport planning
documents. So, their developers should
possess the ability to work with a large
amount of information and versatile
knowledge, both in the field of road design,
traffic management and passenger
transportation, and in certain areas of
sociology and economics. At the same time,
in the process of this work, errors inevitably
arise that cast doubt on correctness of the
work results. The article considers key
mistakes made by the customers and
contractors in development of transport
planning documents, which entail a
decrease in quality of the developed
documentation.

In preparing the article, the author used
the comparative analysis of transport
planning documents developed and approved
by the authorities of large and largest cities,
as well as the requirements regarding their
content established by regulatory documents
in Russia, in particular by the Decree of the
Government of the Russian Federation of
December 25, 2020 No. 1440, Order of the
Ministry of Transport of the Russian
Federation of December 26, 2018 No. 480,
guidelines for development of transport
planning documents for the constituent
entities of the Russian Federation.

The objective of the article is to collect
and systematize typical mistakes made by
developers when preparing transport
planning documents. It is the knowledge of
typical mistakes that improves quality of
work performed and contributes to respect
of the principles of sustainable development.

The materials were prepared using a
comparative analysis of the current regulatory
legal documents and the methodological
base that determines the composition of the

documents and of the documents themselves.
At the same time, the content of the
documents under consideration was analyzed
regarding their compliance with the current
regulatory and technical documents, the
depth of elaboration, and the use of advanced
domestic and foreign experience. The errors
revealed during the analysis were collected
and systematized according to certain
normative legal and methodological
documents of the work sections.

It is important to note that the documents
taken into account for the article were
developed by various legal entities; accordingly,
it is incorrect to assert that each of the
documents contains a complete list of errors
indicated in the article. However, each of the
errors reduces the quality of the developed
documents and can also lead to a deterioration
in traffic conditions. And, on the contrary, the
possibility of identifying and eliminating the
most typical errors reflected in the article will
help reduce risks in development and approval,
as well as achieve, referring to Russian
practices, the goals of the national project in
the field of safe and high-quality highways.

Results.

Within the framework of the article, the
following transport planning documents are
considered:

1. Program for comprehensive
development of transport infrastructure
(PCDTI).

2. Comprehensive traffic management
scheme (CTMS).

3. Comprehensive scheme for organizing
public transportation services for the
population (CSOT).

It is important to note that the occurrence
of errors in development of documents
depends on both the customer and the
contractor.

Errors depending on the customer:

1. Setting tight deadlines for development.

At present, the responsible authorities of
the constituent entities participate in tenders
for development of transport planning
documents based on the requirements of the
national Safe and high-quality highways
project [4].
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The summer of 2019 was identified by the
national project as the deadline for
development of most documents,
nevertheless, the large amount of work
required to conduct competitive procedures
led to a significant reduction in time required
for development of the documents
themselves. In turn, tight deadlines are a
significant reason for the decrease in quality
of transport planning documents, which
manifests itselfin an insufficiently deep study
ofthe available data and errors in performance
of work.

2. Partial lack of initial information from
behalf of the customer.

The incompleteness of the information
provided may result from both the lack of
monitoring of road conditions, and from
insufficient attention to it. Nevertheless, the
lack of official information significantly
increases labour costs of the contractor and
forces him to either ignore relevant parts of
sections of documents or use information
from open sources. Moreover, the information
obtained in this way may be unreliable and
data may be contradictory, which will
inevitably lead to errors in performance of
work.

For the convenience of assessing possible
errors on the part of the contractor, it is
proposed to highlight general sections in the
documents. So, in transport planning
documents named above, regardless of their
specific purpose, the following general
sections can be distinguished [5—7]:

+ analysis of the current situation;

+ conducting transport and sociological
research;

+ forecast of socio-economic develop-
ment;

» development of a transport model;

+ selection and justification of the design
option;

+ development of a list of relevant
activities;

* an integrated cost estimate of the
proposed activities;

+ assessment of the socio-economic
efficiency of the proposed measures.

When analyzing the current situation, the
key task of the contractor is to collect and
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process initial information, including that
obtained during surveys, and to formulate
correct conclusions. At the same time, the
contractor in most projects does not have an
exhaustive amount of information. The
reasons for this may be both a request for an
incomplete list of data, and a partial lack of
necessary information within the data
provided by the customer. Nevertheless, the
lack of the necessary list of initial data results
in incorrect conclusions based on the results
of the analysis, incomplete amount of
necessary conclusions, partial absence of
annexed materials in the text of the transport
planning document, unnecessary conso-
lidation and generalization.

At this stage, it is proposed to consider
the most important initial data: socio-
economic statistics of the territory under
consideration, information on the route
network of public passenger transport
(including information on passenger traffic
in the context of routes), information on
organization of traffic (including information
on arrangement of technical means of
organizing road traffic), information on
accidents, information on the events planned
by the responsible executive authority.

The most common mistakes are: using
incorrect data, which are subsequently used
in the analysis and development of the
transport model; development in the course
of assessment of contradictory strategic
planning documents; incorrect assessment
of development of the system and of the
vector of city development (planning
documents should focus on it); the absence
or incomplete accounting by the contractor
of the road accidents (the reduction of which
is a key focus area of the national Safe and
High-Quality Highways project), analysis of
performance characteristics using unreliable
open sources; using the practices of analyzing
the transport system without presenting a
detailed justification of the methodology;
lack of analysis of the budgetary capacity of
the territory under consideration.

It is also important to note that the stage
of analysis of existing conditions is the
foundation on which further work is based,
and so, the interaction of the contractor and
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the customer is critically important at this
phase.

For the stage of transport and sociological
research, as components of the analysis of
the current situation, the most important
thing is to ensure a sufficient sample during
the sociological survey, as well as to identify
a sufficient number and correct location of
survey points.

The key mistakes at this stage are
associated with incorrect placement of
survey points or their insufficient number;
ignoring intersections in the peripheral parts
of the territory under consideration;
reduction of number of inspection periods
or reduction in time in order to reduce the
cost of related work; ignoring pedestrian and
passenger flows; incorrect formulation of
sociological research questions; incorrect
conduct of the polls themselves (leading
questions or intonation for certain answer
options); lack of distribution by the
contractor of potential respondents across
the territory; insufficient number of
questions; misinterpretation of the results of
relevant studies.

It should be added particularly that often
some of these errors are caused by an attempt
to save money both by the customer when
setting a low cost of a public contract, and
by the contractor when trying to reduce costs
when performing work.

However, it is important to note that
transport and social studies are part of the
background information needed to describe
the status quo. Thus, the contractor must
agree with the customer on research methods
and quote in full their results in transport
planning documents.

The forecast of socio-economic develop-
ment should consider not only the population
statistics, but also other statistics, which must
be taken into account both in the transport
model and in determining development of
the territory, for example, the number of jobs,
the number of university students, the
number of the working-age population and
the number of school students. The
correctness of these indicators is
fundamentally important when considering
future development of the territory, as well

as for subsequent assessment of effectiveness
of measures.

The key mistakes when building a forecast
are linked to incomplete accounting of
strategic and territorial planning documents,
ignoring information about promising
investment projects. So, without analyzing
the data provided, it is impossible to build a
correct forecast of socio-economic
development, which will in turn result in
incorrect assessment of effectiveness of the
proposed measures and thus is unacceptable
in strategic planning of the transport system.

A multimodal transport model is one of
the key tools in development of transport
planning documents, and ensuring its quality
is an essential condition for successful
development of documents.

The most frequent mistakes in develop-
ment of a transport model can be associated
with incorrect study of the road network
graph and traffic organization, errors in
entering the route network of public
passenger transport, errors in entering socio-
economic statistics, errors in calibrating the
transport model. It is important to note that
errors in development of a transport model
can be minimized if the customer provides a
complete list of initial information.

It was also noted that in some cases, the
transport model is not developed or is being
developed in a software package that does
not provide for the calculation according to
the classical four-step model. At the same
time, the customer, in the overwhelming
majority of cases, does not have the necessary
software package, and is not able to check
the quality of the developed transport
models, and what is sometimes being abused
by the contractors.

The selection and justification of a design
option is also a key sections of transport
planning documents. A weak point of this
section is the lack of fixed criteria in the
regulatory documents that determine the
requirements for design options. The lack of
approved design options criteria results in the
lack of asingle approach to their development.

Currently, the most common approaches
to development of design options comprise
development of fundamentally different, not
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related to each other, design options and
development of cumulative options, i.e.
development of the minimum, optimal and
maximum options by adding enlisted
activities.

Based on the results of these works, the
contractors made the following key mistakes:
lack of a description of design options, lack
of justification for assembling options,
justification of modelling results based on
absolute indicators (for example, the volume
of transport infrastructure commissioning),
assessment and justification of design options
without using a predictive transport model,
development of activities following pre-
defined scenario.

At the stage of developing activities
(measures), the contractor must consider
both the results of the analysis of existing
traffic conditions and the measures planned
by the customer.

Thus, the key mistakes at the stage of
developing measures comprise mistakes in
the analysis of the current situation, which
entails an incorrect definition of the vector
of development of the transport system and
the identification of an incorrect list of
necessary measures; proposal of inexpedient
measures, proposal of measures, the
implementation of which is impossible
financially and physically.

At this stage, as well as at the stage of
analyzing the current situation, interaction
between the contractor and the customer is
of extreme importance. It is necessary to
completely understand that approval of
transport planning documents imposes
obligations on the customer to implement
them, therefore, incorrect measures can lead
to a deterioration in traffic conditions in the
territory under consideration.

Since the approval of transport planning
documents imposes expenditure obligations
on the customer, the stage of assessing the cost
of activities is also important as integral part
of transport planning documents. Currently,
the most common practices for assessing the
cost of activities include assessment by the
method of comparable prices and assessment
of activities using standard price collections.
It is important to note that mistakes made at
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the stage of assessing the cost of activities are
in most cases assessed as critical neither by
the contractor or, in the vast majority, by the
customer.

Nevertheless, the key mistakes are overes-
timation or underestimation of the cost for
the following reasons: the analogue project
was chosen incorrectly, the cost of the
analogue project is much lower due to the
earlier implementation period, the lack of
consideration of certain features of the
analogue projects, the lack of inflation
accounting when evaluating long-term
measures.

Assessment of socio-economic efficiency
is a reflection of all previously completed
work. This section accumulates all the
findings and the results of all the analyses
carried out. The section for assessing socio-
economic efficiency, as well as the section
with the choice and justification of the design
option, does not have clear assessment
criteria, and therefore assessment is carried
out using such methods as assessment of
absolute indicators of transport infrastructure
commissioning, assessment of net discounted
income, assessment indicators, assessment
of indicators of the transport model.

Critical mistakes in assessing socio-
economic efficiency comprise non-use of the
results of transport modelling, as well as
artificial «inflating» of the modelling results
or of the volume of capital costs to obtain a
positive effect. Such errors are critical, since
they initially reflect ineffectiveness of the
proposed measures, while the contractors are
silent about it.

It should be noted that the article contains
a list of the most common mistakes made by
contractors and customers when developing
transport planning documents. The number
of possible errors and «pitfalls» is much
greater and is not limited to the above list,
but depends on care and experience of the
developer, while the tolerance of any of them
results in inconsistency of the developed
document.

At the same time, to reduce the risks of
developing and approving low-quality
transport planning documents, several key
areas can be noted:
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» more detailed checking and verification
of documents at all stages of their
development;

* increasing frequency of traffic
monitoring [8], as a way of additional
verification of the results and collecting
information to be provided as the initial data;

* constant interaction between the
customer and the contractor;

* in relation to CTMS, coordination of
activities with the responsible authorities of
the bordering territories at the final stage of
work is needed [9];

* carrying out an independent
examination of the work results;

» retraining or advanced training of
employees [10];

* setting more stringent criteria for the
tender procedure and refusal of the auction
as a way to determine the contractor [11];

* real costing of the work, providing that
the contractor will not be forced to reduce
the quality of work to reduce costs.

Brief conclusions. In conclusion, it should
be noted that development of high-quality
transport planning documents is the basis for
sustainable development of the transport
system.

In Russia the quality of their development
will be checked as one of the necessary
aspects of achieving the objectives of the
national Safe and high-quality highways
project.
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Muxawn HEMHUHOB Anekcangp XOJIUH

B ctarbe paccmarpusaetcs npouecc riaHu-
poBaHusi PaboTkl rOPOLCKOro TpaHCopTa B pop-
Me KOMITJIEKCHOVI TpaHCropTHov cxemsbi (KTC),
SIBJISIIOLLIEVICS] TPaHCIMOPTHOV 4aCTblO reHeparsib-
HOro rnnaHa pasBuTyisi ropoaa v paccMaTpyBalo-
Leyi BOMpPOChl OpraHn3aummy ropoackoro TpaHe-
nopta. Llens cratbu — cehopmMympoBaTe OCHOBHbBIE
HarpaBsieHysi pa3paboTok B chepe TpaHCropT-
HOIro M1aHNPOBAaHWST HA OCHOBE COBPEMEHHOO
OTEYECTBEHHOIO 1 3aPYOEXHOIO OrlbITa 1 3HAHW,
B TOM 41CJI€ C UCTOb30BAHNEM PETPOCTEKTUB-
HOro aHa/m3a u3MeHEHWH B CHepe rniaHnpoBaHUs
ropoACKOro TpaHcrnopTa.

AHanna npencrassieH A1s ycaoBui Poc-
cuickori PenepaLiyi, 0COOEHHOCTSIMM KOTOPbIX

JPOBIIEVMBIVI{PABYIERTTY

TeHpeHuun pa3BnuTua
KOMMJIeKCHbIX TPAHCMOPTHbIX
CXeM ropoaos

Hemuunoe Muxaua Bacuaveeun — Mockosckuii
a8MoMOOUNLHO-00PONCHBLI 20CY0aPCMEEHHbIL
mexHuveckuil yuugepcumem, Mockea, Poccus.
Xoaun Anexcandp Cepeeesunr — Mockosckuii
agmMoMoOUALHO-00POINCHBLI 20CYOAPCMEEHHbLL
mexnuyeckuil ynugepcumem, Mockea, Poccus™.

SIB/ISIIOTCS] OTHOCUTEJIbHO 03/HSIS (M0 CpaBHe-
Huto co cTpaHamu Esporibl v CLLIA), HO 6bIiCTpO
rnportekaroLlasi aBToMobOuIN3aumsi CTpaHbl, U3-
MEHEHNE KBaJINHUKALIMOHHOIro CoCcTaBa crieuma-
JIMCTOB, paboTarLmx B cepe niaHnpoBaHus
ropoAcCKOro TpaHCcrnopTa, onpeaenEHHasi noTepsi
orbiTa v ymeHus paspabotku KTC 3a nocnenHve
roasi.

lpennoxeHHble BbIBOAbI NPEACTaB/SIOT CO-
6ovi KpaTkoe ornvcaHme KOHLIEernTa oOLLEero MHCTPY-
MeHTapusl, CXem 1 Hanbosiee nepcrnekTUBHbIX
mMeTon0B pas3paboTky MoAXOA0B K Pa3BUTUIO
KOMIJIEKCHBIX TPAHCMOPTHbIX CXEM U TPEBYIOT
JanbHeiLmnx yriyOnéHHbIX MCCAEeN0BaHW Mo
KaX0My Harpas/eHUIO.

Knro4esble cnoBa: ropoAacKovi TPaHCNoPT, reHepasbHbIN raaH, KOMAEKCHas TpaHCrnopTHasl
cxema, TPaHCrnopPTHbIE KOPPECMOHAEHUNN, MOAENINPOBaHNE, OPraHn3aums ABVXXEHVSI, aBTOMO-
On1e€éMKOCTb, NapKkoBKa, 9KCTPEHHas1 3BaKyaLusl.

*Hdopmaums 06 aBTopax:

® MWP TPAHCIOPTA, Tom

,N23,C.

HemunHos Muxaun BacunbeBu4 — JOKTOP TEXHUYECKUX HaykK, Npodeccop kadeapbl CTPOUTENLCTBA
1 aKkcnnyaTaumm gopor MockoBCKoro asToMo6mIIbHO-A0POXHOI0 rOCYAaPCTBEHHOO TEXHUYECKOr O
yHusepcuteta (MAOW), Mocksa, Poccusi, dekanat@da.madi.ru.
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BBEOEHMUE.
PETPOCMNEKTUBHbIA AHANU3

IIpobnembl obecrnmeyeHUs] OBUXKEHMU S
TOPOJCKOT0 TPaHCIIOPTa BCErma ObLIN U SIB-
JISIIOTCSL B HACTOSIIIEee BPeMs CIEACTBUEM
HECOOTBETCTBUS TOPOICKUX ITyTel COOOIIIE-
HUSI YPOBHIO Pa3BUTHUS M MOTPEOHOCTAM
ropojAcKoro TpaHcropra. XKureiu Bcerma
MepeMeIlaJich BHYTPY HaCeIEHHBIX TTyHK -
TOB (C JUYHBIMU U TPOU3BOACTBEHHBIMU
uensamu). Ilo Mepe mMpoCcTpaHCTBEHHOTO
pa3BUTHUS 3aTpaThl BpEMEHU Ha IepeaIBUXKE-
HUE BO3pacTajd, YBeJIUYUBAIUCH KOJINYEC-
CTBa MepeMellaeMbIX TPYy30B, YTO BBI3BAJIO
BO3HUKHOBEHHE W pa3BUTHE TpaHCIOPTa —
JIMYHOTO KOHHOTO, KOHHBIX ITOBO30K M T.JI.
BosHuKIMit TpaHCIIOPT cpa3y Ke MoTpedo-
BaJ1 6oJiee COBEPIICHHBIX MyTei COOOIIEHMSI.
ITocTerneHHO BO3HMKIIA CETh YJIMII, 11O KO-
TOPBIM OCYIIECTBIISLIOCH IBMXKECHME TPAHC-
MOPTHBIX CPEACTB M NelexonoB. Poct uncia
M TEXHUYECKOE COBEPIICHCTBO TPAHCIIOPT-
HBIX CPEACTB COMPOBOXAAIOCH PAa3BUTUEM
MyTel COOOIIEHMST — CETU TOPOT U YJIMIIL, UX
TEXHUYECKUM YJIydIICHUEM.

Becw nepuon pa3BUTHS ropoaoB (MUPO-
BOI Mpolecc) OTeYeCTBEHHBIE CIEIMaln-
CTBI-TPAHCIIOPTHUKHU [1—6] mensiT Ha He-
CKOJIbKO 3TaIloB:

1. Topoackoii TpaHCIIOPT MPEACTABICH
MOBO3KaMM. YJIMIIBI C Y3KO#l IMpoe3xkei ya-
CThIO, JUISl TPAHCITOPTA — C ASPEBSIHHOM WIN
OyJIBIKHOM MOCTOBOM, OCTaJibHBIE — 0€3
YKPEIJICHUsI TIPOe3XKeil 4acTu.

2. [TosiBeHME peIbCOBBIX MyTei (BHAUYa-
Jie ¢ KOHHoi1 Taroit (1853—1854 rr.), 3aTeM
anektpuyeckoit (1881 r.). Ynuusl yskue,
ctapoii mocrpoiiku. I[lepBble mMpU3HAKU
TPaHCIIOPTHOTO KpU3Kca.

3. Bo3HUKHOBEHME BHEYJINYHOTO TPaHC-
MOpTa U BHEYJIUYHBIX MYTeH COOOIIECHUS
(MetpononnteH: 1863 1. — JlIongoH, 1885T. —
Hpeto-Mopk, 1892 . — Yukaro, 1935 . — Mo-
CKBa).

4. PemurenbHass peKOHCTPYKILIMS YT -
HO-IIOPOXHON M BHEYJIUYHOM TPAHCIIOPT-
HOI CeTH: peKOHCTPYKIIUS YIUIl C U3MEHE -
HHMEM UX TeOMEeTpHYEeCKUX ITapaMeTpPOB,
TPaHCIIOPTHAs CIeluaan3aiys yiaull, Mac-
COBOE CTPOMUTEIBLCTBO TPAHCIIOPTHBIX ITepe-
CEUYEHUIi B pa3HBIX YPOBHSX, 0ObEeIUHEHUE
TOPOJCKMX U IMTPUTOPOIHBIX TPAHCIIOPTHBIX
KOMMYHUKAIIUi B €IMHYIO0 TPAHCIIOPTHYIO
cucTeMy (HacTosilee BpeMsi).
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Bo Bcex ciyyasix mpuYMHOM nepexoaa ot
MpeaIIeCTBYIOIIETo 3Tana COCTOSIHUS TO-
POICKOM Cpeabl K MOCAEAYIONIEMY SIBISLIOCH
nepeHachillleHue HACeIEHHBIX MYHKTOB
TPAHCIIOPTHBIMU CPEICTBAMU U BO3ZHUKHO-
BEHUE 3aTpyAHEeHU I B UX ABUXKEeHUU. OTHO-
BPEMEHHO pa3BHMBajach W YCIOXHSIACh
cucteMa obecrneyeHus ABUXKEHUS Ha3eMHO-
ro (YIMYHOTO) TpaHCIopTa (BKJIoUas relie-
XOIHbIE TOTOKM, KaK BUJ TOPOJICKOTO IBU-
XeHus). PazButue nyteil coobuieHus
U CUCTEMbI OpTaHU3ALIUU IBUXKEHUS IO HUM
UIET C TOCTOSIHHBIM OTCTABaHMEM OT pa3-
BUTUS TOPOACKOTrO TpaHCIIOPTa, 4YTO Tpeoy-
€T NepUOANYECKOTO MPUBEAEHUS UX B COOT-
BETCTBUEC APYT APYTY.

B Poccuu Bonpocsl opraHu3aluy ropoj-
CKOTO TPAHCITOPTA PEIIAaOTCS MOCPEACTBOM
pa3paboOTKU KOMIUIEKCHOU TPaHCIOPTHOM
cxembl (KTC) ropona, TpaiulIMOHHO OpH-
€HTUPOBAHHOW Ha OOIIECTBEHHBIN Macca-
XXUPCKUU TpaHCTIOPT (YAUYHBIN, a B TOPOAAX
C METPOIOJUTEHOM — U TTOA3EMHBINA).

B Poccuu n3HavYajibHO KOMIIJIE€KCHAS
TPAHCIIOPTHAs CXeMa SIBJISLUIaCh COCTABHOU
YacThlO TEHEPAJTbHOIO IJIaHA Pa3BUTHUS TO-
ponos. I[IpaBna, oHa pa3pabaTbiBajiach OCye
pa3pabOTKU TeHEPATbHOTO IJIaHa, U TOPOJI-
CKOU TpaHCTOPT (PaKTUYECKU HE BIUSI Ha
TOpPOJCKYIO TUIAaHUPOBKY. B mpomexyTku
BPEMEHU MEXAY pa3paboTKOI HOBBLIX TeHE-
PaJIbHBIX IJIAHOB (JOCTATOYHO JUTUTEbHBIE)
B CBSI3U C IPOTPECCOM Ha TOPOICKOM TPaHC-
nopTe, TPYAHOCTSIMU MPOTHO3UPOBAHUS Ha
JUTUTEJIbHBIA CPOK MPUXOAUTCS pacCcMaTpu-
BaTh EPCIEKTUBBI TPAHCTIOPTHOTO PA3BUTHUS
Ha 0oJjiee KOPOTKUE MPOMEXYTKU BPEMEHHU.
IToaToMy pa3paboTKa KOMIUIEKCHBIX TPaHC-
MOPTHBIX CXEM IO CBOEW CYTU SABJSETCS
BaXHEWIIeH MTOCTOSHHOU TrpaloCTPOUTENb-
Holt 3agayeii. B koHie 90-x romoB XX Beka
(B u3BecTHBIN 11 Poccun mepexoaHbiil mme-
pUOI) Ha KOPOTKOE BpeMs KOMILIEKCHAas
TPAHCIIOPTHas cxeMa ObLla UCKJII0YeHa U3
cocTaBa TeHepaabHOIO TJIaHa pa3BUTHUS TO-
pOIOB, YTO COBMHAJIO C HAYajaoM OypHOW aB-
TOMOOWJIM3alMU cTpaHbl. OYeHb CKOPO,
0c00EHHO B KPYNHBIX TOPOJaX, 3asIBUIU
0 cebe OCTpble TPAHCIIOPTHBIE MPOOJIEMBI,
YTO NOTPeOOBAJIO BO3OOHOBIEHUS pa3padboT-
KU KOMIMJEKCHBIX TPAHCIOPTHBIX CXEM.
B HacTosiiiee BpeMsi TaKue CXeMbl MacCOBO
pa3pabaThIBalOTCS HE TOJIBKO B TOpojaax, HO
U B palloHaX CEJIbCKOTO MPOXUBAHMUSI.
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OmHaKo «Iepro MepecTporK» He IMpo-
e 6ecciIeHO NI TOPOJCKOTO CTPOUTENTb-
ctBa. OMBIT U 3HaHUS Pa3pabOTKU TaKMX
CXeM BO MHOTOM yTpadeH, Mpu4eM Ha hoHe
pe3Koro (B3pbIBHOTO TUIIa) pOCTa TOPOJICKO-
r'O TPAHCTIOPTA, €T0 KOJIMYECTBEHHOTO pOCTa
U TEXHUYECKOTO COBEPIIICHCTBOBAHUS, BO3-
pacTaHus TPAHCTIOPTHOM MOABUXHOCTHU
HaceJieHUs, 3aMeJiJIeHusT paboT MO PeKOH-
CTPYKIIMU YIUIHO-TOPOKHOM CETH, BOZHUK-
HOBEHUS 1IeJIOTO psila COIMalibHO-3KOHO-
MUWYECKUX U3MEHEHU, KBaTNDUKAIIMOH-
HBIX U3BMEHEHU 3aKa34YMKOB U Pa3paboTIm-
KOB KOMTIJIEKCHBIX TPAHCIIOPTHBIX CXEM,
MaccoBOI «1IM(MPOBU3ALINN» TEXHOJIOTHYE-
CKMX METOJIOB TOPOACKOTO ¥ TPAHCITIOPTHO-
ro MPOEeKTUPOBAHUSI.

Hauunas ¢ 1992 roma mo HacTosee
BpeMsl KapAWHaJIbHO MU3MEHWIACh «cpeaa
TpaHCIIOPTHOTO oOuTaHus» B Poccuu: B ro-
pomax, TOPOJICKMX arJiIoMepalusix U, KOpeH-
HBIM 00pa3oM, B CEJIbCKONH MECTHOCTH.
N3Menunuch (BBIPOCIIN, «YKPYITHUIUCH» )
HaceJIEHHbIE TTYHKTHI, C(h)OPMUPOBAIUCH
TOPOJICKHE arjioMepalui. ABTOMOOMIN3a-
LIMsI HaceJIeHUS TIpUBeJia K QOpMUPOBAHUIO
B TOPO/IaX OTPOMHBIX aBTOMOOMJIBHBIX ITap-
KOB (B Topojiax ¥ TOPOJICKHUX arjioMepaiu-
SIX — 10 MHOTUX MUJUIMOHOB U COTEH ThICAY
aBTomMoOuJeit). B pesyabraTe Ha rOpoaCKUX
yJIMIaX U JOPOTax MOSBUINCh MHTEHCUBHBIC
TPaHCITOPTHBIE TTOTOKU (110 TEeCSTKOB U CO-
TEH THICSY aBTOMOOWIEH B cyTKH). COOTBET-
CTBEHHO M3MEHWJINCH YCJIOBUS TBUKEHUS
ropojckoro Tpancropta. [IpeumMyIiecTBeH-
HOE MECTO Ha YJIMIIaX U TOPOJCKUX JOPOTax
3aHSJI aBTOMOOUJIbHBIN TPAHCITOPT, TTOTeC-
HUB 00111ecTBeHHBIN. CHU3UIIUCH CKOPOCTU
W 3aTpyIHUJICS Tpoliecc nBuxeHus. OmnHo-
BPEMEHHO BBUJIY OOJIBIIIOTO YK CJIAa YACTHBIX
JIETKOBBIX aBTOMOOUJIEN, POCTa TEPPUTOPUL
TOPOJIOB, TIEpEMEIIEHUS U IeJIEHUsI TIPOU3-
BOJICTBEHHBIX ITPEATPUSITUI M OpTaHU3aIN I
BBIpOCJIA JAJIbHOCTh MOE3J0K XUTEJeH.
ABTOMOOUJIN, TOMUMO MECT JIJISI IBUKECHUS,
MoTpedoBaI MECT JJISI CTOSTHOK (KpaTKo-
BPEMEHHBIX) U XpaHEHUS (IJIUTETBHOTO).
B roponax Bo3HMKIIa ocTpast mpobJiemMa aB-
TOMOOUJIBHBIX MapKoBOK. B pesynbrate
MPOU3OIIIO TEPETOJHEHNUE YIIUII, TOPOT,
BHYTPUIBOPOBBIX TEPPUTOPUIN CTOSIIAM
W IBUXKYIIUMCS aBTOTPAHCTIOPTOM, 4acTO
MPENSITCTBYIONIMM JIBUXKEHUIO APYTOTO
TpaHcmopTta. B a3ToM acmekTe ciemyeT
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BCIIOMHUTbD, YTO JIt0OOOI 00BEM UMEET Mpe-
ITeJIbl BMECTUMOCTH. B TUTPOBYIO OYTHIIb HE
3aJIMTh 00Jiee OJHOTO JIUTPA XUIAKOCTHU.
3eMHOI 1Iap TakxXe IpeacTaBiIseT coboit
cnenuduuecKkyto EMKOCTb. YXe JaBHO OIpe-
IIEJIEHO, UYTO PECYpPChl («BMECTUMOCTbH»)
3€MHOTO IlIapa JOCTAaTOYHO OTPaHUYEHHI,
W OH MOXET MPOKOPMUTH (M TeM CaMbIM
MmoJiiepXaTh CYIIeCTBOBAHWE) JIUIIIL OTIPe-
neJIEHHOE KOJMYECTBO Jonei (rme-To He
6omee 12 mummapaoB) [7]. Takxke u ropo-
I1a — UX TEPPUTOPHUS TTOCTOSTHHO pacuIups-
€TCs B CBSI3U C YBEJIMUEHUEM UMCIa XKUTe-
neil. Ho ceifuac yBea1U4YUTh TEPPUTOPUIO
ropojia J0BOJILHO cJIoxkHO. HeT mycTytomx
3emenb. [opona Poccur B OCHOBHOM pacTyT
BBepx. B 1968 r. miomans TeppuUTOpUN
I. MocKkBBI cocTaBsijia Bcero 875 KM? mpu
HaceJeHUMW Topsaka 7 MJH 4YeloBeK,
B 2019 romy — 2562 kM’ Npu HaceJeHUU
12,62 mutH yestoBek. IIIOTHOCTh HAaCEIEHUS
coctaBuia B 1968 r. 8000 uen./km? [8],
B2020T. — 4980 uen./xm? [9]. Ho aT0 OCpen-
HEHHAas MO ropoly MIOTHOCThb. B 1eHTpe
MoOCKBBI TIJIOTHOCTh OCTaJIaCh HE MEHBIIIEH,
yeM B 1968 1. YBennueHue II01aau IpuBe-
JIO He K CHUXXEHMIO TUIOTHOCTH 3aceIeHUs
TPaAUIIMOHHON TEPPUTOPUY ropoa, a K 00-
pa3oBaHUIO cielUMdUUECKONW OrpOMHOM
armoMmepanuu. CrienupudecKoil moTomy,
YTO OOBIYHO FOPOICKME arJioMeparuu oopa-
3yI0TCsI CTUXUIHO BOKPYT BCEro ropojua,
nyTéM 0O0pa3oBaHUs, Pa3BUTUS U TOCTEIIEH-
HOTO CJIUSTHUS IIPUTOPOIHBIX TOPOIOB U TO-
poakoB. E€ reoMeTpryeckyto GopMy oObIU-
HO (OpMUPYIOT MECTHBIE TTPUPOJHBIE
ycinoBus (pekH, 03épa, Topel M T.11.). CoBpe-
MEHHasi MOCKOBCKasl TOpoJicKasi arjioMmepa-
M UCKYCCTBEHHAas, Majlo CBsI3aHHAas
C pa3BUTUEM MOCKOBCKUX ITPUTOPOJIOB.
IIpocToii pacuér moka3blBaeT, UTO B Ha-
cTosmiee BpeMss B MOCKBe MpakKTUYeCKU
Kaxjasi CeMbsI UMEET OTMH—/IBa aBTOMOOM -
s (OKpyIJIEHHO: HacelleHHe — 12,5 MIIH
YeJIOBEK; YUCIIO JI0Jeil B ceMbe — 3—4,
3HAYUT 9MCIIO ceMe — 4,17—3,12 MITH ync-
JIO 3aperuCTPUPOBAHHBIX B TOPOJIE AaBTOMO-
outeit — 6omee 4,5 mH) [9; 10]. M ux yucito
€XerolHO PacTET Ha HECKOJbKO COTEH ThI-
csi4. Bo3Hukita mpobiema — riie ux XpaHUuTh?
IMonmaBnsioniast YacTh «aKTUBHOTO» aBTOTIAP-
Ka paboTaeT TOJILKO B YaChl «ITUK». ABTOMO-
oMM, CTOSIIIIME U ABUIKYLIMECS, YXKe ceruac
3aHMMAIOT ITPOE3XKYI0 YaCTh HACTOJIBKO, UYTO
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10 MHOTUM YJIUIIaM CTAHOBUTCS HEBO3MOX-
HO MpoeXxaTh. DTO TOBOPUT O MEPETNOJTHEHUU
ropojaa aBToMoOwisiMu. B 3Toii cBsI3U cBOE-
BPEMEHHO CTaBUTb BOMIPOC 00 OLIEHKE aBTO-
MOOUTEEMKOCTH TOpoOia U €ro yJIU4yHO-
JIOPOKHOM CETU. ABTOMOOMIN HEOOXOAUMBI,
TO €CTh, IOJDKHBI OBITh, OHU JOJIKHBI €3[IUTh,
obecreuynBaTh MOTPEOHOCTU TOPOXKaH, obec-
neyuBaTh yno0cTBa )ku3Hu. OmHaKO, YTOObI
3TO0 obecrneynuBaJoch U B OyaylieM, mopa
OLIEHUTb TOMYCTUMBbIE TIPEEIIbI 3ATOJTHEHUS
TOPOJACKUX TEPPUTOPUN — YJIUI[, TOPOT,
TIo1IaJei, ABOPOBBIX TEPPUTOPUI — aBTO-
MOOWISIMU C YUETOM 3KOJIOTUYECKOTO YIIEep-
0a. YpoBeHb 3arpsi3HeHUS BO3/lyXa aBTOMO-
OWJIbHBIM TPAHCIOPTOM XOPOIIO U3BECTEH
(oH upe3BbIYAliHO BeIKK). BricoKO BO3-
JNefiCTBME aBTOTpaHCIIOpTa Ha YPOBEHb
myMa B ropoje. EcTh 1 3arpsi3HeHre MOYBbI
TOIUIMBOM, MacjaMu, NMPOAyKTaMu U3HOca
netaneii apTomoouieii. Ho Bcemy ecTh mpe-
neit. [Tpuio BpeMst ero OLUeHUTh U PEeKO-
MEHJ0BaTh aAMUHUCTPALIMSIM HaCETEHHBIX
NYHKTOB OMNpeaeaéHHble HalpaBleHUS
U cocoObI (METOIbI) YIIPaBIEHUS MPOLeC-
coM aBToMoOwIu3anuu. [pakTuka XU3HU
nokasajia, 4To, KaK U PhIHOYHBbIE OTHOIIIE-
HUS, TaK U MPOLECC HAKOIUIEHUS aBTOMO-
Owieil B ropoaax TpeOYyIOT peryaupoBaHUs
I o0ecrnieyeHus 0J1aronpusiTHBIX yCJIOBUMA
KU3HU XUTeJNel HaCeJIEHHOTO MyHKTa.

B nocnenHue necatuieTus pe3Ko BbIpoc-
JI TEXHOT€HHBIE YTPO3bI KUTEJISIM HaceIEH-
HBIX TTYHKTOB (BCEX pa3MepoOB) B BUIE BbI-
COKOI TpaHCHOPTHOU aBapuHWHOCTH, pocTa
3arpsiI3HEHUsI Cpelbl OOUTaAaHUS OTXOAaMU
ropoJicKoro TpaHcmnopra (oTpaboTaBIIMMU
razaMu, MpOayKTaMU U3HOCA TPAHCITOPTHBIX
CpeAcTB U T.11.). bojiee cepbE€3HBIMU U Mac-
MTAa0HBIMU CTalW Yyrpo3bl NPUPOITHO-
TEXHOTEHHOTO XapakTepa: NPUPOIHBIE
W TeXHOTEHHBIE MOXaphl W 3arpsI3HEHUS
BO31yXa, 3aTOIUICHUS TEPPUTOPUU HACETEH-
HBIX TIYHKTOB (B pe3y/ibTaTe MOATOTUICHUS
aTMoc(hepHbIMUA OCaJKaMU, MPU HaBOJHE-
HUSX) U APYTUe CTUXUUHBIE OenCcTBUSI
(mbpUTBHBIE OYypHU, cMepuM U T.11.). KaTactpo-
uuyeckue cutyanuu TpeOYIOT CHaceHUs
KUTEJIEN TOCPEeCTBOM OBICTPOIA 3BaKyalliu
(kax o710, Hanpumep, aenaT B CIIIA u ps-
Jle IpYTUX CTPaH).

WN3MeHUIuCch 1 afMUHUCTPATUBHO-
TeXHUYECKUE YCIOBUS pa3pabOTKU KOMII-
JIEKCHBIX TPAHCIOPTHBIX cxeM. M3meHumncs
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KBaIM(UKAIMOHHBIN COCTAaB 3aKa34MKOB
TaKUX CXEM U KOopIhyca MX pa3pabOTYMKOB:
B 000MX CTydasiX pe3K0 COKPaTUIOCh (BILIOTh
JIO UCUE3HOBEHUS ) KOJIMYECTBO KBATU(DUILIM -
POBaHHBIX CTIEIIMATIUCTOB B 00JIACTU Tpalo-
CTPOUTENBCTBA U TOPOJICKOrO TpaHCIIOpTa
KaK B COCTaBe aJMUHUCTpaLUiA TOPOAOB —
3aKa3YMKOB KOMILUIEKCHBIX TPAHCIIOPTHBIX
cXeM, TaK U B COCTaB€ UCIOTHUTEIbHBIX
opraHusanuii — pazpaboTunukoB cxeM. B Poc-
CHU 10 TIeproJa NMepecTPOriKu paboTalia CeTh
MPOEKTHO-UCCIIeT0BATEIbCKUX OPTaHU3ALAA
rpagoCTPOUTENBHOTO MPOdUIIs, BKIIOYAB-
mas mpoekTHble UHCTUTYTHI (LITHWUII Tpa-
noctpoutenbcTBa U [unporop B Mockse,
Jlenrunporop B JIeHUHrpaae), rpagoCcTpou-
TeJibHbIe Kadenpol B By3ax Mockssl (MUCH,
MAPXW), Jlenunrpaga (JIMCH), Omcka,
PocrtoBa Ha JIoHY 1 Ipyrux roponos, o0ja-
JTaBIlasi OTPOMHBIM MOTEHIIMAIOM BBICOKO-
NpodeCCUOHATBHBIX CIEIUATIUCTOB TPaao0-
CTPOUTEJbHO-TPAHCIOPTHOTO Npodusd.
B rommsl «mepecTpoifKi» MpOoU30Iia CMeHa
OpraHU3alUi-UCTIOJTHUTENEN U TIOTEPS, ECIIU
HE BCel, TO MOJAaBJISIONIE YacTu KopIiyca
CIEMaTNCTOB-TPAHCIIOPTHUKOB Tpaso-
ctpouteabHoro npobwis. «Lludposuszamus»
MPOEKTHOIO Mpoliecca (COBEPIIEHHO HEO0O0-
XoIMMas 0 TEXHUYECKUM MPpUYUHAM) IpU-
Be€Jla K MaCCOBOMY MOSIBJIEHUIO B COCTaBe
HOBBIX PN PUSITUI OOJIBIIIOTO KOJTUYECTBA
JIOCTAaTOYHO TPAMOTHBIX MPOTPaMMUCTOB,
KOTOpBbIE, OTHAKO, HE BIAICIOT IPafoCTPOU-
TeJIbHO-TPAaHCIIOPTHBIMU 3HaHUsIMU. Cren-
CTBUEM SIBJISIETCS MIEPEOPUEHTALIUS TPaHC-
TMOPTHBIX PEIIEHUI B CTOPOHY UX «IMDPOBU-
3alUU» C ylIepooM AJisl MpaKTUYECKUX rpa-
JIOCTPOUTEBbHO-TPAHCITOPTHBIX PEIICHUN.
Pa3BuTHe 1 COBEpIIIEHCTBOBAHUE IOPUIU-
yeckoii 6a3el B Poccuu umeetr omHUM U3
CJIEICTBUIA 3apeT Ha COOP HEKOTOPHIX BUAOB
HeoOXOIUMOI U BaxkHeulel 1s1 pa3padoT-
KM KOMITJIEKCHBIX TPAHCTIOPTHBIX CXEM WH-
dopMaluM — CBEAEHUI O TPAaHCHOPTHBIX
KoppecnioHaeHMsAX. Ecau paHee MOXHO
OBLJIO TTOJIyYaTh JaHHBIE O MECTaX MPOXKMU-
BaHUS paOOTHUKOB MPENIPUSTUNA U YIPEXK-
NeHUH (TO ecTh, MeCTaX PacHOJOXEHUS
MYHKTOB OTIIPABAE€HUS MAaCCaXXUPOB 0OIIIe-
CTBEHHOTO TPAHCIIOPTAa) Y MO 9TUM JaHHBIM
HaJIEXHO GpopMHUpPOBaTH TPYAOBBIE TPAHC-
MOPTHBIE KOPPECTIOHACHIIUU, TO B HACTOS -
11ee BpeMsl 3aKOH O COXPAaHHOCTU CBEJECHU
JIMYHOTO XapakTepa (epCOHATbHBIX TaHHbIX)
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3amnpeiaet 31o. K coxayneHunio, HoBasi CUCTe-
Ma cOopa TaHHBIX O TPAHCIIOPTHBIX U TeTIIe-
XOIHBIX TIEPEABMKEHUSIX KUTEJIEH TOPOIOB
B Poccuu He co3naHa. K Tomy ke nosiBunach
Macca 04YeHb MEJTKMX MPEATIPUSTUIA, KOTOpbIe
B cymMe (hOPMUPYIOT 3HAYUTEIbHBIE TTacca-
JKMPOTIOTOKM (TIEIIEXOHBIE, Ha O0IIIeCTBEH-
HOM M JIMYHOM aBTOMOOMJIBHOM TpaHC-
nopte). B CIIA kaxable 1ecsThb JIET TPOBO-
ISTCs 00e3IMUyeHHbIe neMorpaduieckue
o0cyienoBaHMs HaceJeHUs] B BUJE TIEpPeIn-
cel, yyacTue B KOTOPBIX TSI TpaKaaH CTpaHbl
SIBISIETCS 00s13aTeIbHBIM. B mmepedeHn coom-
paeMoif nHGOpMaIlMU BKITIOYEHBI BOTIPOCHI
O TPAHCITOPTHBIX U TEIIeXOIHBIX TePeIBU-
keHusax. CoopaHHOI 1 00paboTaHHOIT 00€3-
JIMYEHHOI MH(OpMaIMeil MOXXHO CBOOOITHO
TTOJIb30BaThCS MPU pa3pabOTKe CXeM TpaHC-
MopTHOTO obcyxkuBanusd [11].

COBPEMEHHDIE 3A0A4YUN

Hecmortpst Ha Bce mpousomneniue B Poc-
CHM U3MEHEHUS, 1IeJTb U 3a1a4U Pa3paboTKu
KOMIUJIEKCHBIX TPAHCITOPTHBIX CXEM He
TOJILKO COXPaHUJINCh MOJTHOCTBIO, HO pac-
mUpuanch. Llenpio, B cBeTe CO3MaHUS TOPO-
JIOB, YIOOHBIX TSI SKU3HMU, SIBJISICTCST TTIOBBI -
IIeHVE YPOBHS TPAHCITIOPTHOM GJIarOMPUSIT-
HOCTH XU3HU (KOM(MOPTHBIX YCIOBU TIepe-
MeUleHUI): TPYNLOBOW NESITEIbHOCTU
M OTABIXa XUTEJeH HACEJIEHHBIX MyHKTOB,
obecrieyeHUST TEXHOTEHHOW 0Ge30MmacHOCTH
HaceJeHUs, CO3MaHUs 6JaronpusiTHBIX
YCJIOBHMI pa3BUTUSI BCEX BUIOB XO3SIMCTB
HAaCeJEHHBIX TyHKTOB.

3adauu B e IOM COXpPAaHUIINCH, HO pac-
MWPUIKNCh: yCTaHOBJIEHUE Tpada TpaHC-
MOPTHBIX KOPPECTOHACHIIMI Ha JIETKOBOM
M TPY30BOM aBTOMOOMJIBHOM TPaHCITOPTE;
Ha 3TOW OCHOBe pa3paboTKa BapUaHTOB
pacripefie/ieHUs] TacCakUPCKUX, aBTOMO-
OUJIBHBIX U MEIIeXOIHBIX TOTOKOB IO YJINY-
HO-JIOPOXHOM CETH M BLIOOP ONITUMAaJIBHOTO
W3 HUX; pa3paboTKa MPUHIUIIOB ONTUMAaTh-
HOM OopraHU3allMy JABUXEHUS TpaHCIIOpTa
M TTeIIeX0J0B Ha BaXKHEUTITUX TPAHCITOPTHBIX
y3J1ax; pa3paboTKa KOMILTIEKCa MHKEHEPHBIX
Mep IO NPUBEICHHIO YIUYHO-TOPOXHOMN
CETH B COOTBETCTBHE TPeOOBAHUSIM yI10OCTBa
¥ 6e30MacHOCTH TPAHCIIOPTHOTO U Tellle-
XOIHOTO IBUXEHUS.

DopMUpoBaHUE TPAHCITOPTHBIX U TIETIe-
XOIHBIX KOPPECTOHAEHIUN AOMycKaeT
IMHUPOKOE MaTeMaTUIeCKOe MOICIMPOBAaHHE
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BMacuTade ropoaa (MakKpoMoJIeJIMPOBAHUE)
W B MacliTabe OTAeNbHBIX TPAHCIIOPTHBIX
y3JI0B (MUKPOMOJIEIMPOBAaHUE), TIPOTPaAM-
MUpOBaHUE MPU cOope U 00paboTKe UCXO -
Ho#t nHdopMaIu.

IMpousomenmue B Poccun usmeHeHust
00yCIOBUIU HEOOXOAUMOCTh BKJIIOUEHMU S
B KOMITJIEKCHYIO TPAaHCIIOPTHYIO CXeMY HO-
BBIX TPAHCIIOPTHBIX PEIIEHUN, YaCTUIHYIO
TepeopUEeHTALINIO TPAAUIIMOHHBIX pa3pabo-
TOK B HampaBJieHUM OIIeHKW aBTOMOOWIIE-
€MKOCTH Topojla, TpeOOBaHUSA OLEHKU
BO3MOXHOCTU obecrneyeHusi aBapuiHoOM
9BaKyallMy HaceJIeHUsI B YCJIOBUSX TEXHO-
TEeHHBIX ¥ MHBIX KaTacTpod. DTOMY BOTIPO-
Cy — BOIIPOCY 9KCTPEHHOM 3BaKyalluu XU-
TeJieil HaceJl€HHBIX MYHKTOB Ha aBTOMO-
OMJIBHOM TPaHCITOpTE — paHee (paKTUIeCKU
He yIeNsiJI0Ch BHUMaHUSI.

PE3VYJ1bTATbHI

M3noxeHHOE TTO3BOJSIET CHOPMyTUpo-
BaTb OCHOBHBIE TEHACHIIUN PA3BUTHUS U CO-
BEPILIEHCTBOBAHUS KOMIUIEKCHBIX TPaHC-
MOPTHBIX CXEM TOPOJOB B MHTepecax ¢Gop-
MUPOBaHUS TOPOAOB, YIOOHKIX IJISI KU3HH,
cthopmupoBats conepxkanue KTC O/,
WHTETPUPYIOIIEE KIACCUYECKU POCCUM-
CKHIi OIBIT U COBPEMEHHbIE TPEOOBAHMS,
CIOCOOBI M METOMBI IJIAHUPOBAHMUSI.

CoxpaHeHue TpagULMOHHbBIX BOIIPOCOB:

* aHAJIN3 YINYHO-IOPOXHON CEeTH pac-
CMaTpUBAEMOTO TOPOJICKOTO 00pa30BaHUS;

* aHaNW3 CYIMEeCTBYMOIIENH CXEeMBI
M MapIIPYTHOM CUCTEMBI TOPOICKOr0 O0IIIe-
CTBEHHOI'O TPAHCIIOPTA 10 BUAAM;

* aHaJaU3 CyIIECTBYIONINX aBTOMOOUIIb-
HBIX IIOTOKOB M CHUCTEMBI ITAPKOBKU aBTO-
MoOuIeil (MCTONb3ysT MaTeMaTUUECKoe
[12—28] m pm3mueckoe [29—35] momenupo-
BaHUE);

* MpUBEACHME TPAHCIIOPTHOM CXEMBI
TOPOJICKOTO HAa3eMHOTO OOIIECTBEHHOTO
TPaHCIIOPTa U €r0 MapLIPYTHOM CHCTEMBI
B COOTBETCTBUE C Tpa)OM TPYIOBBIX TPAHC-
MOPTHBIX KOPPECIIOHAEHLIUIA HACEJICHUS;

* aHaJM3 MEeIIEXOMHBIX IyTeil U Ielle-
XOJIHBIX TIOTOKOB;

* aHaJIM3 CUCTEMBI MAPKOBKU aBTOMO-
onieit.

Pa3paboTka HOBBIX BOITPOCOB:

* UCIIOJIb30BAaHUE MaTEMaTUYECKOTO
MOJEJIMPOBAHUS [IJIs ONTUMAJIbHOIO pac-
MpeaejeHus] TPYAOBBIX KOPPECIOHAECHIINI
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Ha 00IECTBEHHOM U JIMYHOM aBTOMOOWJIb-
HOM TPaHCIIOPTE, IPY30BBIX MEPEBO30OK MO
CYILIECTBYIOIIEN YIUYHO-TOPOXKHON CeTU
ropona;

* pa3zpaboTKa IPUHLIMIIOB ONITUMAIBHOM
OpraHu3aIy JBUXEHMS TPAHCIIOPTA U TIe-
1I€XO0A0B Ha TPAHCIIOPTHBIX y3JIaX U TOPO/I-
CKUX YJIUIIAX;

* OlleHKa aBTOMOOUWJIEEMKOCTH ropoja,
HWCXO/IS U3 YCIIOBUIA obecrneyeHus 6e3ormnac-
HOT'O JOPOXHOTO NBUXEHUS, KPAaTKOBpE-
MEHHOTO Y JUTUTEJIbHOTO XpaHEHUST aBTOMO -
Ouyeil, olleHKa MPpUEMIEMO MO PTUM
YCJIOBUSIM NOIMYCTUMOU YMCIEHHOCTHU TO-
POJICKOTO aBTOMOOUJIBHOTO TapKa;

* OlLIEHKa aBTOMOOUJIEEMKOCTU TeppU-
TOpUI XpaHEeHUs: Tapaxeil, TBOPOBHIX
W YAWYHBIX CTOSTHOK, TIJIOIIAA0K XpaHEHMS
aBTOMOOMJICH;

* BBIOOD ONTUMAILHOTO pEXXUMa IBUXKE-
HUSI aBTOMOOWJIEH TIO CETU TOPOJACKUX YIUIL
(c pa3HBIX MO3UIIMI — CKOPOCTU MEpPEaBU-
XKEHUS, 00bEMOB BPEIHBIX BHIOPOCOB);

* OlIEHKA YPOBHS 9KOJIOTMYECKOTO BO3-
JNeUCTBUSI aBTOMOOUIBHOTO TPaHCIOPTa MO
MPUHSATOMY BapuWaHTy OpTaHU3AIMU €TO
JBUXKEHUS Ha DKOJOTMYECKYI CUTYyallUIO
B TOpOJIE;

* OlIEHKa, OpTaHU3allus U UHXEHEPHOe
000pynoBaHUeE MEIEXOAHbIX MyTel (TpoTya-
pBI ¥ TOPOXKM, Ha3eMHbIE U TOIA3EMHbBIC
TMEPEXO0Ibl YIUIl, OCBEIIEHUE, OTpaXaeHUSs
0€30MacHOCTU, JOPOXKHBIE TOKPHITUS TIe-
IIEeXOHBIX MyTeli, OCTAHOBKYU OOIIECTBEH-
HOT'O TPAHCIIOPTA);

* OLIEHKa BO3MOXHOCTH CPOYHOI (32 KO-
POTKUIi Tepuo BpEMEHM ) 9BaKyalliu Hace-
JIEHUs B CJIy4asiX IPUPOAHBIX U TEXHOTEH-
HBIX KaTacTpod, hopMUPOBAHUE MapIIPy-
TOB CPOYHOU 3BakyalMu, pa3paboTka
MPUHIIMIIOB ONITUMAJILHOW OpraHu3anuu
JBVDKEHUSI B TIEPUOJT 3BaKyaIluu (OMTUMAaTb-
Hasl CKOPOCTb JABUXEHMWsI, OpraHu3alus
OJHOCTOPOHHETO IBUXEHUS, MaKCUMallb-
HO€ MCIT0Jb30BaHUE IIMPUHBI MPOE3KEN
YacTH, OpraHu3alvs BO3MOXHOCTHU BCTPEY-
HOro nBUXeHus aBToMoOuineir MUC,
TUBI, ckopoii TOMOIIM U APYTUX aBapUii-
HBIX CPEJICTB, PeTYJIMPOBAHNE NBUKEHUS HA
MaplIpyTax 3BaKyaluu), onpeaeaeHue BU-
JIOB TpaHCHopTa s 3BaKyauuu (oOie-
CTBEHHBIN W JIMYHBIN, TyHKTHI cOOpa KUTe-
JIeil K MecTaM CTOSTHOK OOIIeCTBEHHOTO
TpaHCIopTa).
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CrnoxXuBIInecst sl TOPOACKOU Cpeabl
o0UTaHUSA COLIMAJIbHO-3KOHOMUYECKUE 00-
CTOSTEBCTBA (FOPUANIECKIE, SKOHOMMYE-
CKHE) IeNaloT MPaKTUISCKA HEBO3MOXKHBIM
HCIOJIb30BaHUE TTPU pa3paboTKe KOMILIEKC-
HBIX TPAHCIIOPTHBIX CXEM, OLIEHKH COCTOSTHUS
CeTU U MapIIPYTHOM CUCTEMBbI OOIIIECTBEHHO-
ro TpaHCIIOpTa, IMEIIeXOTHOTO IBVXKCHUS,
y4€Ta aBTOMOOMJILHOTO TpaHCopTa, (opMu-
poBaHUS TpadOB IMACCAKUPCKUX U TPY30BBIX
(McKIIIoYas MEeJIKMI pa3BO3HOM TPaHCIIOPT)
CTapbIX METOJOB U CITIOCOOOB.

TpedyeTcst pa3paboTaTh HOBBIE METOMIHI,
COOTBETCTBYIOIIIME HOBOI OKPY>KaroIlIe cpe-
ne. HeobxonmMo B MaKCUMAaJbHOM Mepe UC-
MOJIb30BaTh OMBIT cOopa UH(OpMaLIUK O Tie-
PEIBYKEHUSIX KUTEJIE, HAKOIUICHHBIN B 3a-
pyOEeXHBIX CTpaHax, I'le CYUTAETCS, YTO
BOITPOCHI TPAHCITOPTA BO MHOTOM OIIPEACIISTIOT
YPOBEHbB OJIarONMPUSTHOCTU KM3HU, OU3Heca.
Takast mpakTuKa roJjiydyaeT Bc€ OoJibliiee pac-
MpocTpaHeHue 1 B MockBse.

KPATKWUM BblIBOA

M3znoxeHHbIe BbIIIE PEe3yJIbTaThl aHAINU3a
TIPENCTABIISIIOT COOO KPaTKOE OMUCAHUE KOH-
LIeTITa OOLIET0 MHCTPYMEHTAPHUSI, CXEM U Hau-
0oJtee MEePCIEKTUBHBIX METOAOB Pa3pabOTKU
MOIXOIOB K Pa3BUTUIO0 KOMIUIEKCHBIX TPaHC-
MOPTHBIX cxeM B Poccun B Onvkaiinieit nep-
CITEKTUBE U TPEOYIOT JATbHEHTIINX YTITyOJICHHBIX
HCCIIEIOBAHWI TTO KaXXIOMY HaIlpaBJIeHUIO.
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Trends in Development
of Integrated Transport Schemes
for Cities

Mikhail V. NEMCHINOV Alexander S. KHOLIN

ABSTRACT

The article discusses the process of
planning the work of urban transport operations
in the form of an integrated transport scheme
(ITS), which is the transport part of the master
plan for development of a city, and studies
organization of urban transport. The objective
ofthe article is to formulate the main directions
of developments in the field of transport
planning based on modern domestic and
foreign experience and knowledge, and on
retrospective analysis of changes in the field of
urban transport planning.

The methodology is presented for the
conditions prevailing in the Russian Federation,
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the peculiarity of which comprise a relatively
late (compared to European countries and
the USA), but rapidly developing motorization
of the country, a change in qualifications of
specialists working in the field of urban
transportplanning, a certain loss of experience
and skills in development of ITS in recent
years.

The suggested conclusions represent a
brief description of the concept ofa common
toolkit, a scheme and the most promising
methods for developing approaches to
development ofintegrated transport schemes
and require further in-depth research in each
specific segment.
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Background. Retrospective analysis.

Problems of ensuring urban transport traffic
have always been and are now a consequence
of inconsistency of urban routes with the level
of urban transport development and needs.
Residents have always moved within settlements
(for personal and business purposes). With
spatial development of settlements, travel time
and amount of goods transported increased,
which resulted in emergence and development
of transport (personal horse, horse carts, etc.).
The transport once emerged, immediately
demanded more perfect routes. Gradually, a
network of streets emerged, along which
vehicles and pedestrians moved. The growth in
the number and technical perfection of vehicles
was accompanied by development of transport
infrastructure, of network of roads and streets,
and of their technical improvement.

Domestic transport experts [ 1—6] divide the
entire period of urban development (global
process) into several stages:

1. Urban transport is represented by carts.
Streets have a narrow carriageway with a
wooden or cobblestone pavement for transport
vehicles, and without strengthening the
carriageway for all the others.

2. Emergence of rail tracks (with horse-
drawn traction at the beginning (1853—1854)),
then of electrified rail tracks (1881) is witnessed.
The streets are narrow, of old construction. The
first signs of a transport crisis appeared.

3. There is the emergence of off-street
transport and off-street connecting lines
(metro: 1863 — London, 1885 — New York,
1892 — Chicago, 1935 — Moscow).

4. There is the decisive reconstruction of
street-road and off-street transport network:
reconstruction of streets with a change in their
geometric parameters, transport profiling of
streets, mass construction of transport
intersections at different levels, unification of
urban and suburban transportation routes into
a single transport system (currently).

In all cases, the reason for transition from
the previous stage of the state of the urban
environment to the next one was linked to
oversaturation of settlements with vehicles and
occurrence of difficulties in the traffic. At the
same time, the system of ensuring traffic of
ground (street) transport (including pedestrian
flows as a type of urban traffic) was developing
and becoming more complex. The development
of transportation routes and the system of
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organizing road traffic is constantly lagging
behind development of urban transport, which
requires periodically bringing them into line
with each other.

In Russia, the issues of better urban
transport organization are solved through
development of an integrated transport
scheme (ITS) of the city, traditionally focused
on public passenger transport (street transport,
assisted in cities with metro, by underground
transport).

In Russia, from the outset, an integrated
transport scheme was an integral part of the
master urban development plan. True, it was
developed after development of the master
plan, and urban transport did not actually affect
the urban planning. Since the intervals between
development of new master plans were rather
long, and due to the progress in urban transport,
and the difficulties of forecasting for a long
time, it was necessary to consider the prospects
for transport development for shorter periods
of time. Therefore, development of integrated
transport schemes is inherently the most
important ongoing urban planning task. In the
late 1990s (during the famous transition period
in Russia), the complex transport scheme was
for a short time excluded from the master plan
of urban development, and that coincided with
the beginning of rapid motorization of the
country. Very soon, especially in large cities,
acute transport problems declared themselves
loudly, and that required resumption of
development of integrated transport schemes.
Currently, such schemes are being massively
developed not only in cities, but also in rural
areas’.

However, the «period of perestroika» did
not pass unnoticed for urban construction. The
experience and knowledge of development of
such schemes has been largely lost, and that
happened against the background of a sharp
(of «explosive» type) growth of urban transport,
increase in the number of vehicles, technical
advancement, an increase in transport mobility
ofthe population, a slowdown in reconstruction
of the street-road network, emergence of a
number of socio-economic changes, changes
in acquired qualifications of customers and
developers of integrated transport schemes,

!'That concept is sometimes used locally in several
countries, e.g., https://trimis.ec.europa.eu/project/
integrated-transport-scheme-rural-area-gloucestershire-
hospital-transport-scheme. — Ed. note.
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mass digitalization of techniques of urban and
transport design.

From 1992 to the present, the transport
environment in Russia has radically changed
in cities, urban agglomerations and, radically,
in rural areas. Settlements have changed (they
have grown, have been enlarged), and urban
agglomerations have emerged. The
motorization of population has led to
formation of huge car fleets in cities (up to
many millions and hundreds of thousands of
cars in cities and city agglomerations). As a
result, intensive traffic flows appeared in the
city streets and roads (up to tens and hundreds
of thousands of cars per day). The traffic
conditions for urban transport have changed
accordingly. The predominant place on streets
and city roads was taken by cars, displacing
public transport. Speed has decreased and the
traffic process has become more complicated.
At the same time, due to the large number of
private cars, the growth of urban areas,
relocation and division of industrial enterprises
and organizations, the range of travel of
residents has increased. Cars, in addition to
places for movement, demanded places for
parking (short-term) and storage (long-term).
In cities, an acute problem of car parking has
arisen. As a result, streets, roads, courtyards
were overflown with parked and moving
vehicles, often obstructing movement of other
vehicles. In this aspect, it should be
remembered that any volume has a capacity
limit. Do not fill a liter bottle with more than
one litre of liquid. The globe also represents a
specific capacity. It has long been determined
that the resources («capacity») of the globe
are quite limited, and it can feed (thus
supporting the existence) of only a certain
number of people (somewhere no more than
12 billion) [7]. This concerns the cities as well.
Their territory is constantly extending due to
the increase in the number of inhabitants. But
now it is quite difficult to expand the territory
ofthe city. There are no vacant lands. Russian
cities generally grow upward. In 1968, the area
of the territory of Moscow was only 875 km?
with population of about 7 million people, in
2019 it was of 2562 km? with population of
12,62 million people. The population density
was 8000 people/km?in 1968 [8], and in 2020
it was of 4980 people/km? [9]. But this is the
density averaged over the city. In the center of
Moscow, the density remained no less than in
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1968. The increase in area did not lead to a
decrease in the population density of the
traditional territory of the city, but to development
of a specific huge agglomeration. We use the word
«specific» since usually urban agglomerations are
formed spontaneously around the entire city,
through formation, development and gradual
merger of suburban cities and towns. Its geometric
shape is usually predefined by local natural
conditions (rivers, lakes, mountains, etc.). The
modern Moscow urban agglomeration is artificial,
not so connected with development of Moscow
suburbs.

A simple calculation shows that at present
in Moscow almost each family has one or two
cars (rounded up calculation shows that with
population of 12,5 million people and the
average number of people in a family of 3—4
persons, the evaluated number of families will
be about 4,17—3,12 million; and the number
of cars registered in the city is more than 4,5
million) [9; 10]. And their number grows
annually by several hundred thousand. There
was a problem where to store them. The
overwhelming majority of the «active» vehicle
fleet operates only during peak hours. Cars,
parked and moving, already occupy the
roadway so much that it becomes impossible to
drive along many streets. This speaks of
overcrowding of the city with cars. In this
regard, it is timely to raise the question of
assessing the car capacity of the city and its
street-road network. Cars are needed, i.e., they
should be, they should be driving, i.e. to meet
the needs of townspeople, to provide
convenience of life. However, to continue to
meet that challenge in the future, it is time to
assess the permissible limits of filling urban
areas — streets, roads, squares, courtyards —
with cars, considering environmental damage.
The level of air pollution from road transport
is well known (it is extremely high). The impact
of vehicles on the noise level in the city is great.
There is also soil pollution with fuel, oils, wear
products of car parts. But there is a limit to
everything. Time has come to evaluate it and
recommend to the administrations of
settlements certain guidelines and methods of
managing the process of motorization. The
practices of the our life have shown that both
market relations and the process of accumulating
cars in cities require regulation to ensure
favorable living conditions for inhabitants of
the settlement.
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In recent decades, man-made threats to
residents of settlements (of all sizes) have
sharply increased in the form of a high road
traffic accident rate, an increase in
environmental pollution with urban transport
waste (exhaust gases, vehicle wear products,
etc.). Threats of a natural and man-made
nature have become more serious and large-
scale: natural and man-made fires and air
pollution, flooding of the territory of settlements
(as a result of flooding by atmospheric
precipitation, during floods) and other natural
disasters (dust storms, tornadoes, etc.).
Catastrophic situations require the rescue of
residents through rapid evacuation (as, for
example, it is done in the USA and in a number
of other countries).

The administrative and technical conditions
for development of integrated transport
schemes have also changed. The qualifications
of customers of such schemes and of the corps
oftheir developers have changed: in both cases,
the number of qualified specialists in the field
of urban planning and urban transport has
sharply decreased (up to the disappearance),
as part of city administrations, that are
customers of integrated transport schemes, and
as part of contractor organizations, that are
scheme developers. In Russia, before the
perestroika period, there was a network of
urban planning design and research
organizations that comprised design institutes
(Central research and design institute of urban
development and Urban design institute,
Giprogor, in Moscow, Lengiprogor in
Leningrad), urban planning departments in
Moscow (Moscow State Construction Institute
(MISI), Moscow State Institute of Architecture
(MARKHI)), Leningrad (LISI), Omsk,
Rostov-on-Don, and other cities’ universities,
which had got a huge potential of highly
professional specialists in urban planning and
transport. During the years of «perestroika»
there was a change in the range of organizations
who had usually been contractors, and the loss,
if not of all, but then of the overwhelming part
of the corps of specialists of transport urban
planning profile. The digitalization of the
project and design process (absolutely necessary
for technical reasons) has led to massive
emergence of a large number of fairly competent
programmers in newly born enterprises, who,
however, do not possess urban planning and
transport knowledge. This consequently
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resulted in refocusing of transport solutions on
their digitalization at the expense of practical
urban planning and transport solutions.

The development and improvement of the
legal framework in Russia have resulted in aban
on collection of certain types of information
on transport correspondence, necessary and
essential for development of integrated
transport schemes. If earlier it had been
possible to obtain data on the places of
residence of employees of enterprises and
institutions (e.g., on the locations of the points
of departure of passengers of public transport),
and from these data it was possible to reliably
map job transport correspondences, now the
law on personal data protection prohibits
collecting that information. Unfortunately, a
new system for collecting data on transport and
pedestrian mobility of urban residents has not
been created in Russia. Besides, a lot of very
small enterprises have appeared, which
together form significant passenger flows
(pedestrians, public and private road transport).
In the USA, every ten years, anonymized
demographic surveys of population are
conducted in the form of censuses, while
participation for citizens is mandatory. The list
of collected information includes questions
about transport and pedestrian mobility. The
collected and processed impersonal information
can be freely used in development of transport
service schemes [11].

Modern tasks

Despite all the changes that have taken
place in Russia, the goal and objectives of
developing integrated transport schemes have
not only been fully preserved but expanded.
The goal, in the light of development of cities
convenient for life, is to increase the level of
transport-friendly life (comfortable conditions
for mobility), comprising work and recreation
of residents of settlements, technogenic safety
of the population, favourable conditions for
development of all types of economies in
settlements. On the whole, the tasks have been
preserved, but have expanded, now they include
establishment of a graph of transport
correspondence in passenger and freight road
transport; development of options for
distribution of passenger, car and pedestrian
flows along the street-road network and the
choice of the optimal one; development of
principles for optimal organization of vehicle
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Integrated transport scheme. [Electronic resource]: http://900igr.net/up/datai/223319/0008-006.jpg.

traffic and pedestrian motion at the most
important transport hubs; development of a set
of engineering measures to bring the road
network in compliance with the requirements
of convenience and safety of transport and
pedestrian traffic. The formation of transport
and pedestrian correspondence allows extensive
mathematical modelling on a city scale
(macromodelling) and on a scale of individual
transport hubs (micromodelling), using of
software for collection and processing of initial
data.

The changes that have taken place in Russia
have necessitated the inclusion of new transport
solutions in the integrated transport scheme, a
partial reorientation of traditional developments
towards assessing city car capacity, requirement
to assess the possibility of ensuring emergency
evacuation of population under the conditions
of man-made and other disasters. The issue of
emergency evacuation of residents of
settlements by road has not received much
attention before.

Results.

The foregoing makes it possible to formulate
the main trends in development and
improvement of integrated transport schemes
of cities in the interests of making cities
convenient for life, to develop the contents of
ITS of traffic management, integrating the
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classic Russian experience and modern
requirements, methods, and tools of planning.

Maintaining traditional issues:

e analysis of the street-road network of the
considered urban entity;

e analysis of the existing scheme and route
system of urban public transport by mode;

e analysis of existing car flows and car
parking systems (using mathematical [12—28]
and physical [29—35] modelling);

e bringing the transport scheme of urban land
public transport and its route system in line with
the graph of job transport correspondence of
population;

e analysis of pedestrian routes and pedestrian
flows;

e analysis of the car parking system.

Development of new issues:

o use of mathematical modelling for optimal
distribution of job correspondence referring to
public and private road transport, cargo
transportation on the existing street-road
network of the city;

e development of principles for optimal
organization of traffic and pedestrian motion
at transport hubs and city streets;

e assessment of car capacity of the city,
based on the conditions for ensuring safe traffic,
short-term and long-term storage of cars,
assessment of the acceptable number of the city
car fleet under these conditions;
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e assessment of car capacity of storage
areas: garages, yard and street parking lots,
car storage areas;

e sclection of the optimal mode of car
movement along the network of city streets
(using different criteria: travel speed, volumes
of harmful emissions, etc.);

e assessment of the level of environmental
impact of road transport on the environmental
situation in the city according to the implemented
option of traffic organization;

e assessment, organization and engineering
equipment of pedestrian paths (sidewalks
and paths, ground and underground cros-
sings of streets, lighting, safety fences, road
surfaces of pedestrian paths, public transport
stops);

e assessment of the possibility of urgent
(in a short period of time) evacuation of the
population in cases of natural and man-made
disasters, designing of urgent evacuation
routes, development of principles for optimal
organization of traffic during the evacuation
period (optimal traffic speed, organization
of one-way traffic, maximum use of the width
of the carriageway, organization of the
possibility of oncoming movement of vehicles
of the Ministry of Emergency Situations,
traffic police, ambulance and other
emergency vehicles, traffic regulation on
evacuation routes), identification of modes
of transport for evacuation (public and
personal vehicles, gathering points for
residents close to parking lots of public
transport).

The socio-economic circumstances
(legal, economic ones) prevailing for the
urban environment make it almost impossible
to use old methods and techniques for
development of integrated transport schemes,
assessment of the state of the network and
route system of public transport, pedestrian
traffic, accounting for road transport,
development of passenger and freight graphs
(excluding small distributors’ vehicles).

New methods need to be developed to suit
the new environment. It is necessary to make
maximum use of the experience of collecting
information on movements of residents,
accumulated in foreign countries, where it is
believed that transport issues largely
determine the level of favorable life and
business. Those practices have been largely
developed recently in Moscow.
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Brief conclusion.

The outlined conclusions represent a brief
description of the concept of a common toolKit,
a scheme and the most promising methods for
developing integrated transport schemes in
Russia in the near future and require further
in-depth research in each segment.

REFERENCES

1. Butyagin, V. A. Planning and urban improvement:
Textbook [ Planirovka i blagoustroistvo gorodov: Uchebnik].
Moscow, Stroyizdat publ., 1974, 381 p.

2. Fishelson, M. S. Urban ways of communication
|Gorodskie puti soobshcheniya]. Moscow, Vysshaya shkola
publ., 1967, 360 p.

3. Ovechnikov, E. V., Fishelson, M. S. Urban transport:
Textbook [Gorodskoi transport: Uchebnik]. Moscow,
Vysshaya shkola publ., 1976, 352 p.

4. Dubrovin, E. N., Lantsberg, Yu. S., Lyalin, I. M.,
Turchikhin, E. Ya., Shafran, V. L., Starostin, Yu. V.,
Mandrikov, A. P. Intersections at different levels on city
highways [ Peresecheniya v raznykh urovnyakh na gorodskikh
magistralyakh]. Moscow, Vysshaya shkola publ., 1977,
431 p.

5. Samoilov, D. S. Sociology in urban and regional
planning: Study guide [Sotsiologiya v gorodskom
i regionalnom planirovanii: Ucheb. posobie]. Moscow,
MGSU publ., 1998, 97 p.

6. Safronov, E. A. Transport systems of cities and
regions: Study guide [Transportnie sistemy gorodov
i regionov: Ucheb. posobie]. Moscow, ASV Publishing
House, 2005, 272 p.

7. The limit of the planet’s patience. How many people
can the Earth endure? | Predel terpeniya planet. Skolko
Iyudei sposobna vynesti Zemlya?]. |Electronic resource]:
https://aif.ru/society/science/predel_terpeniya_planety
skolko_lyudey_sposobna_vynesti_zemlya. Last accessed
17.06.2020.

8. Dynamics of the population of Moscow for 140 years
| Dinamika chislennosri naseleniya Moskvy za 140 let].
[Electronic resource]: http://www.demoscope.ru/
weekly/2016/0689/analit03.php. Last accessed 17.06.2020.

9. Population of Moscow [Naselenie Moskvy].
|Electronic resource]: https://ru.wikipedia.org/wiki/Ha-
cenenre_Mocksbl. Last accessed 17.06.2020.

10. How many cars are there in Moscow? Data
2018—2019 [Skolko mashin v Moskve. Dannie 2018—2019).
[Electronic resource]: https://yandex.ru/turbo/
universeofcars.ru/s/skolko-mashin-v-moskve-
v-2018-godu/. Last accessed 17.06.2020.

11. Foreign experience in conducting population
censuses [Zarubezhniy opyt provedeniya perepisei
naseleniya). [Electronic resource]: https://pandia.ru/
text/78/306/7128.php. Last accessed 17.06.2020.

12. Shevtsov, V. I. Mathematical modelling of traffic
flows [Matematicheskoe modelirovanie transportnykh
potokov]. Avtomatika i telemekhanika, 2003, Iss. 11,
pp. 3—46.

13. Yakimov, M. R., Popov, Yu. A. Transport planning:
practical recommendations for creating transport models
of cities in PNV VisionRVISUM software systems:
Monograph [ Transportnoe planirovanie: prakticheskie
rekomendatsii po sozdaniyu transportnykh modelei gorodov
v programmnykh kompleksakh PNV VisionRVISUM:
Monografiya). Moscow, Logos publ., 2014, 200 p.

14. Yakimov, M. R. Transport planning: creating
transport models of cities: Monograph [ Transportnoe
planirovanie: sozdanie transportnykh modelei gorodov:
Monografiya). Moscow, Logos publ., 2013, 187 p.

Nemchinov, Mikhail V., Kholin, Alexander S. Trends in Development of Integrated Transport Schemes

for Cities



15. Methodological recommendations on the use of
software products for mathematical modelling of traffic flows
in assessing the effectiveness of design solutions in the field
of traffic management [ Metodicheskie rekomendatsii po
ispolzovaniyu programmnykh produktov matematicheskogo
modelirovaniya transportmykh potokov pri otsenke effektivnosti
proekykh reshenii v sfere organizatsii dorozhnogo dvizheniyal.
Moscow, Mintrans publ., 2017, 72 p.

16. Guidance on application of transport models in
transport planning and project evaluation [ Rukovodstvo po
primeneniyu transportnykh modelei v transportnom
planirovanii i otsenke proektov]. St. Petersburg, KOSTA
Publishing house, 2016, 126 p.

17. Basics of transport modelling [Osnovy transportnogo
modelirovaniya). St. Petersburg, KOSTA Publishing house,
2015, 168 p.

18. Rodrigue, J.-P. Urban and Use and Transportation.
[Electronic resource]: https://transportgeography.org/
?page_id=4613. Last accessed 17.06.2020.

19. Duthie, J., Kockelman, K., Valsary, V., Bin
Zhou, B. Applications of Integrated Models of Land Use
and Transport: A Comparison of ITLUP and UrbanSim
Land Use Models. Presented at the 54" Annual North
American Meetings of the Regional Science Association.
International, held November 2007 in Savannah, Georgia.
[Electronic resource]: https://www.caee.utexas.edu/prof/
kockelman/public_html/RSAIO7TELUM UrbanSim.pdf.
Last accessed 17.06.2020.

20. Rode, Ph. Urban planning and transport policy
integration: The role of governance hierarchies and
networks in London and Berlin. Journal of Urban
Affairs, 2019, Vol. 41, Iss. 1, pp. 39—63. [Electronic
resource]: https://www.tandfonline.com/doi/full/
10.1080/07352166.2016.1271663. Last accessed
17.06.2020. DOI: https://doi.org/10.1080/07352166.
2016.1271663.

21. Waddell, P. Integrated Land Use and Transportation
Planning and Modelling: Addressing Challenges in
Research and Practice. Transport Reviews, 2011, Vol. 31,
Iss. 3, pp. 209—229. DOI: 10.1080/01441647.2010.525671.

22. Lu, Kai; Han, Baoming; Zhou, Xuesong Simon.
Smart Urban Transit Systems: From Integrated Framework
to Interdisciplinary Perspective. Urban Rail Transit, 2018,
Vol. 4, pp. 49—67. [Electronic resource]: https://link.
springer.com/article/10.1007/s40864-018-0080-x. Last
accessed 17.06.2020. DOI: 10.1007/s40864-018-0080-x.

23. Fierek, S., Zak, J. Planning of an integrated urban
transportation system based on macro — simulation and
MCDM/A methods. 15" meeting of the EURO Working
Group on Transportation Procedia — Social and Behavioral
Sciences, 2012, Vol. 54, pp. 567—579. [Electronic
resource]: https://link.springer.com/article/10.1007/
s40864-018-0080-x. Last accessed 17.06.2020. DOI:
10.1016/j.sbspro.2012.09.774.

24. Yang, L.; van Dam, K. H.; Majumdar, A.;
Anvari, B.; Ochieng, W. Y.; Zhang, L. Integrated design of
transport infrastructure and public spaces considering
human behavior: A review of state-of-the-art methods and
tools. Frontiers of Architectural Research, 2019. [Electronic
resource]: https://discovery.ucl.ac.uk/id/
eprint/10085026/1/Integrated%20design%200f%20
transport %20infrastructureand %20public %20spaces %20
considering%20humanbehavior.pdf. Last accessed
17.06.2020. DOI: https://doi.org/10.1016/j.
foar.2019.08.003.

25. Miller, E. J. Integrated urban modeling: Past,
present, and future. The Journal of Land Use, 2018, Vol. 11,
Iss. 1, pp. 387—399. [Electronic resource]: https://www.
jtlu.org/index.php/jtlu/article/view/1273/1034. Last
accessed 17.06.2020. DOI: https://doi.org/10.5198/
jtlu.2018.1273.

26. Matrai, T., Abel, M.; Kerényi, L. S. How can a
transport model be integrated to the strategic transport
planning approach: A case study from Budapest. Models
and Technologies for Intelligent Transportation Systems
(MT-ITS). Transport Strategy, Budapest, Hungary, June
2015, pp. 192—199. [Electronic resource]: http://www.
rupprecht-consult.eu/uploads/tx_rupprecht/FLOW_
Study_Budapest - How_can_a_transport_model be
integrated to_the_strategic_transport_planning_
approach.pdf. Last accessed 17.06.2020.

27. Haas, A. R. N. Key considerations for integrated
multi-modal transport planning. Cities That Work, 2019.
[Electronic resource]: https://www.theigc.org/
wp-content/uploads/2019/02/Integrated-multi-modal-
transport-planning- FINAL-Jan2019.pdf. Last accessed
17.06.2020.

28. US$palyté-Vitkuniené, R., Burinskienée, M.
Integration of public transport and urban planning.
7™ International Conference on Environmental
Engineering, ICEE2008 — Conference Proceedings,
2008. [Electronic resource]: https://www.researchgate.
net/profile/Marija_Burinskiene/publication/228716874
Integration_of_public_transport_and_urban_planning/
links/543fb6d00cf2fd72f99d 19ff/Integration-of-public-
transport-and-urban-planning.pdf. Last accessed
17.06.2020.

29. Nemchinov, D. M. Principles and methods of
planning road networks: Monograph [ Printsipy i metody
planirovaniya setei avtomobilnykh dorog: Monografiyal.
Moscow, TechPoligrafCenter publ., 2014, 305 p.

30. VSN25-86 (Minavtodor of the RSFSR).
Guidelines for traffic safety on highways [VSN25-86
(Minavtodor RSFSR). Ukazaniya po obespecheniyu
bezopasnosti dvizheniya na avtomobilnykh dorogakh).
[Electronic resource]: http://docs.cntd.ru/
document/1200006776. Last accessed 17.06.2020.

31. Guidelines for design of ring road intersections
[ Metodicheskie rekomendatsii po proektirovaniyu koltsevykh
peresechenii avtomobilnykh dorog]. Moscow, Transport
publ., 1980, 76 p.

32. General plan for development of the urban-type
settlement Shakhovskaya MO. Main Department of
Architecture and Urban Planning of Moscow Region.
2005 [Generalniy plan razvitiya poselka gorodskogo tipa
Shakhovskaya MO. Glavnoe upravlenie arkhitektury
i gradostroitelstva Moskovskoi oblasti 2005). [Electronic
resource]: https://max-ro.pd/ofic-docs/terra/
5429-generalnyy-plan-go-shahovskaya-moskovskoy-
oblasti.html. Last accessed 17.06.2020.

33. Guidelines for the use of software products for
mathematical modelling of traffic flows in assessing the
effectiveness of design solutions in the field of traffic
management [Metodicheskie rekomendatsii po
ispolzovaniyu programmnykh produktov matematicheskogo
modelirovaniya transportnykh potokov pri otsenke
effektivnosti proektnykh reshenii v sfere organizatsii
dorozhnogo dvizheniya]. Moscow, Mintrans publ., 2017.
[Electronic resource]: http://www.infosait.ru/norma_
doc/46/46381/. Last accessed 17.06.2020.

34. Nemchinov, M. V., Kholin, A. S. Transport
support of «natural» territories. Methodology for
development of a comprehensive scheme for organizing
and ensuring safety of vehicles and pedestrians
[Transportnoe obespechenie «prirodnykh» territorii.
Metodologiya razrabotki kompleksnoi skhemy organizatsii
i obespecheniya bezopasnosti dvizheniya avtomobilei
i peshekhodov]. Moscow, ASV Publishing house, 2019,
169 p.

35. Vlasov, D. N. Transport interchange hubs:
Monograph [Transportno-peresadochnie uzly:
Monografiya]. Moscow, MGSU publ., 2017, 192p. e

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 120—133 (2020)

Nemchinov, Mikhail V., Kholin, Alexander S. Trends in Development of Integrated Transport Schemes

for Cities




( VJIK 338.24

DOTI: https://doi.org/10.30932/1992-3252-2020-18-134-147

PeBas AYHOYA

B coBpeMEHHbIX PbIHOYHbIX YCI0BUSIX
ocobasi posib B AESITE/IbHOCTY KOMIMaHW,
HarnpapBIEHHOV Ha MOBbILLEHNE X KOHKY-
PEHTOCMOCOBHOCTU, NMPUHALAIEXNT 3P-
peKTMBHOCTM KOPNOPATUBHOIO yrpasJie-
HuUsl. OTO B NMNOJIHOW MepPe OTHOCUTCS
W K AeSITe/IbHOCTY 3apYyOEXHbIX Y POCCUI-
CKUX TPaHCMOPTHbLIX KOMMIaHWA.

OLnHoM U3 KpYrnHenLInx B MUpe TpaHC-
MOPTHO-JI0MUCTUYECKNX KOMMAHWIA SIBJIST-
eTcs XonauHr «Poccurickne xesie3Hble
Aoporu», YautbiBasi MacluTabHoCTb Aesi-
TtenbHocTy OAO «P)K/]», B TOM uncrie 06-
YCJIOBJIEHHYIO MPOTSIXEHHOCTBIO U NPO-
CTPaHCTBEHHO-reorpapuyeckor pacripe-

JPOBIIEVMBIVI{PABYIERTTY

Pa3Butue cucrtemMbl KOPNnopaTuBHOIoO
ynpaBJieHNS B XKeNe3HOA0POXHbIX
KOMMNaHUNAX

Jlyndya Pesas /Imumpuesun — AO «®@I1K», Mockea, Poccusn*.

Ae/1EHHOCTbIO CeTu, BOBJIE€YEHHOCTb
KOMMaHWUv B PELLUEHNE KPYMHbIX COLMasib-
HO-9KOHOMUYECKMX 3a4a4, U B KOHTEKCTE
U3y4eHust onbiTa BeAyLUX MUPOBbIX
TPaHCNOPTHBIX KOMIIaHWi Lies1ecoobpas3Ho
0606LeHVe ornbiTa GoPpMUPOBaHUST KOP-
rniopatvsHou noantvku OAO «PXK/», cTpyk-
TYPbl Y NPOLECCOB MOAEPHN3ALNN CUC-
TeMbl KOPIOPATUBHOIO YrPaB/IEHUSI.

B npennaraemosi ctatbe cogepxurtcs
COCTaBJ/IEHHbIVi HA OCHOBE 0rybJIMKOBaH-
HbIX KOPNOPAaTUBHbLIX JOKYMEHTOB 0606-
LYEHHBII 00630p M KpaTKui aHa N3 AaHHbIX
BOIMPOCOB, KOTOPbIV MOXET CJTYXUTb OCHO-
BOU [151 iaJIbHEHLLINX UCCIEA0BaHUN.

KnoyeBble coBa: Xene3HOA0POXHbIM TPaHCNopPT, Kopropawus, KoprnopaTtmsHoe
yrpasJsieHne, 0CO6EHHOCTH BU3HeC-NMpoLeccoB, 3¢ppekTnBHocTb, OAO «PXX/]».
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BBEOEHUE

B Hacrostmiee Bpemst ocylecTBiaeHue hu-
HaHCOBO-XO3SIMCTBEHHOM AESITEIbHOCTU XO-
3IUCTBYIOIIMMU CYOBEKTaMU aKIIMOHEPHOM
(bopMBbI COOCTBEHHOCTH B BHICOKOKOHKYPEHT-
HOM cpefie TpaHCIOPTHOM oTpacau Poccuii-
ckoii denepaliuy CBSI3aHO C BHEIApPEHUEM
3¢ GEKTUBHBIX MHCTPYMEHTOB KOPIIOPaTHB-
HOTO YIIPaBJIEHUsI, UCITOJIb30BaHUE KOTOPBIX
pacKpbIBaeTCs B OTKPHITO MyOJUKYyeMOM He-
(prHAHCOBOI OTYETHOCTH.

BHenpeHue u coBepIilieHCTBOBaHUE KOP-
MOPaTUBHOTO YIpaBJIeHUSI aKIIMOHEPHBIMU
oburectBamu B Poccun mo3BoJisieT pyKoBO/I-
CTBY KOMITaHUII TPaHCHOPTHOM OTpaciiu,
KpynHeiei u3 KoTophix sBiaseTcss OAO
«P2K]1», He TOJIBKO YIIy4IIKMTh CUCTEMY YIIPaB-
JIEHUSI ”HBECTULIMOHHBIMU aKTUBaMU, KaJIpo-
BOTO YIIpaBJI€HUsI, HO U BEICTPOUTH KOpIIOpa-
TUBHOE yIPaBJICHUE NUCXOs U3 OM3HeC-1Iesei,
CTaIuM pa3BUTHS KOMIIAHMU, a TakxkKe y4eéTa
MHEHUs 3aMHTePECOBAaHHBIX CTOPOH.

KopnopatuBHoe yrpaBieHue IpeacTaB-
JISIeT o000 COBOKYITHOCTh ITpaBMJI, 3aKOHOB
¥ HOPMATUBHBIX aKTOB, Ha KOTOPBIX OCHOBA-
Ha ¥ KOTOPBIMU PerIaMEHTUPYETCS AesTe/b-
HocTb KomraHuii [1]. KopnopaTuBHoe yripaB-
JIeHue 0a3upyeTcsl Ha IMOCTOSSTHHOM MOHMTO-
PMHTe U yY€Te BHYTPEHHUX U BHEITHUX aK-
TOPOB, BIUSIOIIMX HA UHTEPECHI aKLIMOHEPOB
KOMITaHUH, a TAKXKe Ha KIIMEHTOB, ITOCTaBIIIH -
KOB, OpraHbl yrpasjieHus [2].

MexayHapoaHasi ITpakKTUKa MOKa3bIBaeT,
YTO UMEHHO PUCK-MOJEIUPOBAHUE BHEIITHUX
(hakTOpOB Kak 3Tan co3gaHus 3(pPeKTUBHON
CUCTEMBbI KOPIIOPATUBHOTO YIpaBJIEeHUS
B OOJIBILIMHCTBE CJTy4yaeB CTAHOBUTCSI OCHOBOI
JIJIS1 TIOBBIIIEHUsI (DMHAHCOBBIX PE3YJBTAaTOB
JIesITeJIbHOCTU KopIriopanuii [3; 4].

IToHsTHE, CYIITHOCTD, AITOPUTMBI DOPMHU-
pPOBaHMSI KOPIIOPAaTUBHOTO YIIPaBICHUS J0-
CTaTOYHO IIMPOKO OCBEIAIOTCS B HAYYHOM
JUTepaType, B ToM 4ucie u B Poccuu, roe
HECMOTPS Ha OTHOCUTEJIbHYI0O HOBU3HY 3TOM
00J1aCT HayYHBIX MCCIEI0BaHUI MMEIOTCS
3HaYUTeJbHbIe HapaOOTKU. Tak, 3HaYUTEb-
HBIM BKJIag K omNpeaeeHUI0 COBPEMEHHOM
posu 3¢ (HEKTUBHOTO KOPIIOPATUBHOIO YIIPaB-
JICHUSI B aKIIMOHEPHBIX O0IleCTBaX BHECIHU
Takue yuéHsnle, Kak U.}O. bouaposa, I.M. Mu-
xainoB, H.I1. Tepémuna, JI.H. Tenmah,
H.M. Po3zanoBa, A.}O. PeimaHOB 1 11p.

BwmecTe ¢ TeM, HeCMOTpS Ha coiepKaTelb-
HbI€ UCCJIEIOBAaHUS U CYILIECTBEHHBIN BKJIAL
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YUEHBIX B U3yUYEHUE 3TOM CPephl AeATETbHO-
CTH, 3¢ (HEeKTUBHOE KOPIOPATUBHOE YIpaBJie-
HUE B TPAHCIIOPTHOM KOMILIEKCE B MUPOBOMA
Hay4yHOI JUTepaTtype, Ha B3TJ1 aBTOpa,
OCBEIIIEHO B 1IeJIOM (pparMeHTapHO U TpeOyeT
JaJIbHEWIIEro U3y4eHusl.

ITpuMeHUTETBHO K TPAHCHIOPTHOM OTpac-
s Poccuu, HauOoMbIINiA MHTEPEC MPEACTAB-
JISIET CUCTeMa KOPIOPaTUBHOTO yMPaBICHUS
B OAO «PX]I» — KpynHeiilei TpaHCIIOPTHO-
JIOTUCTUYECKON KOMITAaHUH.

Lleavio cTaThu SIBJSIETCS COCTABIEHUE 00-
00I1IEHHOTO 0030pa OMyOJMKOBAHHBIX KOP-
TMOPATUBHBIX TOKYMEHTOB U — Ha €ro OCHO-
B€ — KPaTKOT0 aHAJIN3a CO3JaHUS MPUHIIATIH -
aJIbHBIX OCHOB (DPOPMUPOBAHUS KOPIIOPATUB-
Holt monutuku OAO «PXK]», cTpyKTyphl
U MPOLIECCOB MOJIEPHU3AIUN CUCTEMBI KO-
TMOPATUBHOIO YIIPABJICHUS.

Takoit aHaJIN3 MPEACTaBISETCS MOJIE3HBIM
B Ka4eCTBE OCHOBBI U151 JAIbHEHIIINX UCCTIe-
JIOBaHUIi1, B TOM uucie B chepe pa3padboTKu
METOMIOB TIOBBIIIEHUST 3(PHEKTUBHOCTU JIesI-
TEJTHbHOCTH TPAHCITOPTHBIX KOMITAHWH, TajTb-
HeUIIMX cpaBHEHM I TTPAKTUKY IESTENBHOCTH
JIPYTUX MUPOBBIX KEJIE3HOTOPOXKHBIX KOMIIa-
HUA.

PE3YJ1bTATbI

C MOMEHTa CBOETO CO3TaHUSI, TaXkKe B yCIIO-
BUSX HEYCTOMYUBOU PBIHOYHOM KOHBIOHKTY-
pe1, OAO «P2KI» cTabMILHO 0OCCIIeYnBaCT
TPaHCIOPTHOE OOCTYKMBaHUE SKOHOMUKU
U HaceyieHus crpassl [5; 6]. Cerognsa OAO
«P2KJ1» 1 ero modyepHUe U 3aBUCUMBIE OOIIIe-
CTBa €XeIHEBHO 00eCITeYnBAIOT MEPEBO3KY
OKOJIO 3,8 MJTH TOHH T'Py30B U 3,2 MJIH ITacca-
SKUPOB.

OAO «PXK]l» sBnsieTcss OMTHUM U3 KPYTI-
HEWIINX MHBECTOPOB B POCCHICKYIO 9KOHO-
MUKY, BKJaabiBasg 3 % oT obiiero oobéma
KanuTaJbHBIX BJIOXEHUMN, OCYIIECTBIISS
MaclITabHbIe 3aKyNKW MPOIYKIINU, Gojiee
80 % KOTOPOIi BEIITYCKAIOT POCCUICKIE KOM-
TTaHWHU.

B OAO «PX]l» npunsra JloarocpouHast
nporpamma pazsutus 10 2025 1. JloctuxkeHue
rmapamMeTpoB 6a30BOTO CLIEHApUS BTOU Mpo-
rpaMMBbI TIO3BOJIUT YBEJIMUUTh BKIIA KeJIe3-
HomopoxxHoTo TpaHcnopta B BBIT P® mourn
BaBoe K 2025 romy mo 8,3 TpiH pyo.

CucrteMa KOPIIOPaTUBHOTO YIpaBJIecHUS
OAO «PX]I» ocyiiecTBiseTCs] B COOTBET-
CTBUH C pa3JieJieHHeM MOJTHOMOYHIA OPTaHOB

AyHpya P. [1. Pasentre cucTemMbl KOPMOPaTUBHOIO YNIPaBNEeHNS B XXeJ1Ie3HOA0POXXHbIX KOMMaHUAX




Puc. 1. Ctpyktypa ynpasneHust OAO «P)X» [8].

ynpasieHus. B OAO «PX]1» npumeHA0TCS
MPUHLIMUIIBI KOPIIOPATUBHOI'O YIIPaBJICHUS
OBDCP, B KOTOpBIX OTpaXkeHO, YTO KOPIIOopa-
THBHOE YIIpaBJICHUE ABJISIETCSI KOMILJIEKCOM
OTHOILEHU, (GOPMUPYEMBIX YIIpABICHUEM
rocyIapCTBEHHOM KOPIopalyu, e€ aiMUH -
cTpalueil, akuMoHepaMy U IPYyTUMU JIMLa-
MU, 3aMHTEPECOBAHHBIMU B €€ IesTeIbHO-
crtu [7].

Ha puc. 1 npuBeneHa CTpyKTypa yrnpas-
JICHUSI KOMITAaHUEH.

OCHOBY CHCTEMbl KOPIIOPATUBHOTIO
ynpaBiaenuss OAO «P2XKJI» obecneunBaer
MPOLIECCHBINM MOAXO0M, B COOTBETCTBUU C KO-

® MWP TPAHCIMOPTA, Tom 18, N2 3, C. 134-147 (2020)

TOPBIM yIIpaBJIeHUE NESITEIbHOCTHIO BhI-
cTpauBaeTcs Kak yIpaBlieHue KOMIUIEKCOM
MIPOIIeCcCOB (B TOM YHCJIe CKBO3HBIX). B KoMm-
MMaHWM TaKKe TpUMeHsIeTcs] QYHKIIMOHATb-
HOE yIpaBjieHue, KOTOPOe MO3BOJISIET YETKO
pa3rpaHNYMBATh OTBETCTBEHHOCTb U KOHT-
poNMpOBaTh NUCHUTUINHY. [TpOeKTHBIN
MONXOJ MPUMEHSIeTCS ISl TTPOSKTHO-
OPUEHTUPOBAHHBIX HAMPABJICHUI AESITEIb-
HOCTU, HalpuMep, HAYyYHO-UCCIENO0-
BaTeJbCKUX, CTPOUTEIbHBIX U T.1I.

[Tpu a3TOM TpeGoBaHUS K KaueCTBY Opra-
HU3AallMU KOPMOPATUBHOTO yINpaBJIeHUS
B cuiy Toro ¢akra, uto OAO «PXK]JI sBusi-

JJ,yHn,ya P. 1. Paseutne cmctemMbl KOpnopaTMBHOro yrnpaeneHns B XeNne3HOA40POXHbIX KOMIMaHNAX



OCHOBHOM KpYT 3a/1a4u CUCTeMbI KopriopaTuBHoro ynpasienus OAO «PXK]/[»

YE€TKOE OIpeJIeIICHUE 30H OTBETCTBEHHOCTH PYKOBOJHUTENEH, HCKIIOUEHUE 30H
OTCYTCTBUSI M IyOIHPOBAHUS OTBETCTBEHHOCTH, 00ECIEUEHUE «IIPO3PAYHOCTH»
JIeTEIbHOCTU OpraHu3aluu

aHAJIM3 CYILIECTBYOLIEH OpraHU3alMOHHOM CTPYKTYPBI M pa3paboTka BOZMOXHBIX U
11eJ1eco00pa3HBIX HANpPaBJICHUH e ONTHMHU3AINN

BBIZICIICHHUE, ONIMCAHME W ONTHMH3ALISI CKBO3HBIX IIPOIIECCOB B LE/SX MMOBBIIICHILSI
3¢ PEeKTUBHOCTH MeXK(DYHKIHOHATBHOTO B3AMMOICHCTBUS U YCTPAHCHHUS
He3(pPEeKTUBHBIX AIEMEHTOB ITPOIECCOB

obecriedeHne CoraacoBaHHOCTH YIIPABICHUYECKUX PEIICHUH M ONTHMHU3aI[MOHHBIX
MEpONPUITUI

COBEPILICHCTBOBAHNE YIPABIICHHU S 5KOHOMHUKOH KITIOYEBBIX ON3HEC-TIPOIIECCOB H
MPOAYKTOB

BBISIBJICHUE PAa3PHIBOB MEXKIY TEKYLIHMMH U 1IJICBbIMH BO3MOXKHOCTSIMH
X035 CTBEHHOI'0 KOMIIJIEKCA ¥ CHCTEMBI YIIPaBJICHH B pa3pe3e MPOoLEeccoB,
MHCTPYMEHTOB ¥ PECypCOB

(hopMHpOBaHUe PUKIAJHON OCHOBBI ISl CHCTEMbI MEHEIKMEHTA KaueCTBa U
WHCTPYMEHTOB OCpPEXKIIMBOrO MPON3BOACTBA

Puc. 2. OcHoBHOVi Kpyr 3aga4 cucTeMbl KOpriopaTuBHoro ynpasneHust OAO «P)K/» [8].

eTCsl eCTeCTBEHHOW MoHomnosauei [9], ycu-
JICHBI.

OTOT HaKT AUKTYeTCS HE TOJIbKO WHTE-
pecaMu akKIlMOHepa, MpeaCcTaBIEHHOTO
Poccwuiickoit @enepanyeit, Ho 1 KOMMepYe-
CKUMHU, ONlepallMOHHBIMU U (GPUHAHCOBBIMU
OTHOUIIEHUSIMU MEXIY aKIIMUOHEPOM U KOM-
naHuel, a Takke ¢ HaJTMYMeM U MOoTeHIha-
JIOM KOHKYPEHIIMU MEXAY BUAAMU TTePEeBO-
30K.

Kpowme Toro, TpeGoBaHUS BBITEKAIOT U3
BBICOKOH COIIMAIbHOM 3HAYMMOCTH MPOIYK-
ToB 1 ycayr OAO «P2XK/I», 4To oka3biBaeT
BO3IIEHICTBME HA COCTaB U XapakTep UHGOP-
Malluu, oTpaxaeMoili B KOPMOpPaTUBHOM
OTYETE.

OCHOBHBIM TOAXOJOM K IPOEKTHUPOBa-
HUIO MPOIECCOB SIBJISETCS MOAXO «CBEPXY—
BHU3», Mpeanoiaraiimuii GopMupoBaHue
KOMILIEKCHOM mpoueccHolt Mmoaeaun OAO
«PXK» nmyTéM mociaenoBaTebHON TeKOM-
MO3UIUU €€ DJIIEMEHTOB BEPXHUX YPOBHEU
Ha 2JIEMEHTBl HUXXKHUX YPOBHEH.

Kommnanus «Jlenoiit» (Deloitte), xapak-
Tepu3ys MPOLECCHBIN MOAXOA KaK JIYUIIyIOo
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MMPaKTUKY KOPIIOPATMBHOTO yIIpaBICHMSI,
MOAYEPKUBAET B CBOEM OTUETE, UTO 3P PeK-
TUBHOE YIpaBJICHUE PEaliM3yeTcs MyTEM
KOMOMHAIMU CTPYKTYp U MEXaHU3MOB,
KOTOpBIE COTJIaCOBBIBAIOT MHTEPECHI BCEX
BOBJICUEHHBIX CTOPOH (TEOpUsI areHTCKUX
OTHOIIIEHUIT), 00eCcIIeunBaIOT YYET MHEHUS
BCEX 3aMHTEPECOBAHHBIX CTOPOH, CBOOO/-
HOe pacrpocTpaHeHre nHQopMmauuu (Teo-
pust 3aMHTEPECOBAaHHBIX CTOPOH WJIU TEOPUST
cTeiikxoJmepoB). BrilenepeyncieHHbIE
MepeMeHHBIE YIIpaBJIeHWSI UMEIOT HayIHO
MIOKa3aHHYIO KOPPEISIIUOHHYIO 3aBUCH-
MOCTb C pPe3yJIbTaTaMUu ACSTeIbHOCTA KOpP-
nopauuii [4].

B pamkax pacmupeHHUss NIpUMeHEHUS
MPOIIECCHOTO TOAX0/Ia B YIIPABJIEHUU XOJ-
nuHT «P2KJI» opreHTUpPYeTCST Ha BBITTOJIHE -
HUeE 3a/1a4, IpeACTaBIeHHBIX Ha puc. 2.

OAO «PX]l» mosTanHO nmepexoauT
K (pyHKIIMOHMPOBaHWIO B (hOpMe KOMILIEKCa
BEPTUKAIBHO-UHTETPUPOBAHHBIX CTPYKTYP,
CTEeIUAIM3UPYIOIMMUXCSI Ha KOHKPETHBIX
BUaax aesdTeabHOCTH. OTHOBpEMEHHO
Cc 9TUM TepexongoM co3zngaBaeMmasi B OAO

AyHpya P. [1. Pasentre cucTemMbl KOPMOPaTUBHOIO YNIPaBNEeHNS B XXeJ1Ie3HOA0POXXHbIX KOMMaHUAX




Ta0imua 1

MeponpusTus no BHeApeHUIo NoJiokenuid Koaekca KopnopaTuBHoro
ynpasienusi OAO «PXKJI» [8]

Lens

Meponpusitue

CoBepIlIeHCTBOBAaHNE OPTaHU3AIINNA

OCHOB MTPOTUBOAEUCTBUSI KOPPYIILIUH,

a Takke (hopMHpOBaHME EANHOTO MTOIX0a
K obecrneuyeHHIo paboThl Mo MpodUIaKTUKE
¥ TIPEIYTIPEKIEHUIO TIPOSIBIICHUST
MPU3HAKOB KOPPYILIMU

OpraHu30BaH KaHaJl CBSI3M, 110 KOTOPOMY JII060e
3aWHTEPECOBAHHOE JIULIO MOXET COOOIIUTD O CTABIINX EMY
U3BECTHBIMU KOPPYIIIMOHHBIX ICHCTBUSIX COTPYITHUKOB WA
CTOPOHHMX JIMLI, CIIOCOOHBIX MPUYMHUTH BPe]] IKOHOMUUYECKOI
TeSITeTbHOCTH, UMUTKY U feioBoil perryta OAO «P2K/T».

COBCpIJ.[CHCTBOBaHI/Ie CUCTEMBI yIIpaBJICHUA
puckamMu

Cospnan LleHTp pa3BuTHs yripaBieHUs pUCKAMU U ayTCOPCUHTOM.
YrBepxneHo [lonoxeHne o cucteme yrpasieHUs! pUCKaMu.
YrBepxaeHa AHTUKOppYUMOoHHAas nojauTuka OAO «PXK]1».

CoBepLIeHCTBOBAaHUE CUCTEMbL
KOPITOPATUBHOTO YITPABJICHUST

B cootBeTcTBUY ¢ pekomMeHnanmsimu Koziekca akTyam3upoBaHO
TTonoxenne 06 nHGopmauronHoi noautuke OAO «P2XK]1».
Hauwunas ¢ 2015 rona, ny6aukaius ronoBoro otuéta OAO «PXK/I»
OCYILECTBISIETCS IO TIPOBEICHMSI TOOBOTO OOIIETO COOpaHMsT
aKLIMOHEPOB.

B cootBetcTBUM ¢ pekomeHnanmsiMu Konekca akTyann3upoBaHbl
rosioxeHust o0 Komurere o kaapam 1 BO3HArpaxkIeHUSIM,
Komurere o aynuty u puckam u Komurere mo ctparerudeckomy
MJ1IaHUupoBaHuIo coBeTa qupekTopoB OAO «P2XK]I».

YrBepxneHo [lonoxeHre 00 OpraHr3aiuy BHYTPEHHETO ayanTa
B xonauHre «P2KJI» B HOBOI peakLuu.

CoBepIlIeHCTBOBAHKME CHCTEMbI
TEPPUTOPUATIBHOTO KOPITOPATHBHOTO
YIpaBJIeHUs

OnHOBpPEeMEHHO ¢ BHeIpeHUeM pekoMeHnaumit Konekca

B cBOIO AesaTeabHOCTh OAO «P2K]1» Benét aHaIornyHyIo padboTy
B JIOUEPHUX OOILIECTBAX, KOOPIUHUPYS NEMCTBUS C DKCIIEPTHBIM
coseToM Tipu [IpaButenbcTBe Poccuiickoit denepannm.

«P2XK]I» opraHuzalimoHHas MOJieJib HallpaB-
JieHa Ha GopMUpOBaHME MAaTPUUYHOM CTPYK-
TYpBl yIpaBJeHUs, IPU KOTOPOil ocoboe
BHUMAaHUeE YAeseTCs CO3MaHUI0 U obecre-
YEHUI0 Ka4eCTBEHHOT0 (hyHKIIMOHUPOBAaHUS
CTPYKTYp, OTBevarmux 3a 3ddeKTuBHOE
B3aumoaelictBue nmoapasgeaeHuiin OAO
«P2K1» mo BceM BepTUKAJISIM yIIpaBICHUSI,
B TOM YHCJI€ ¥ HA PErMOHAJbHOM YPOBHE.
BaxxHo OTMETUTD, YTO MOJTHOCTHIO OTKa-
3aThCsl OT TEPPUTOPUATBHOTO MOaX01a
K ynpaienuio OAO «P2XKJI» HEBO3MOXHO:
€ro UMYIIEeCTBEHHbI KOMILIEKC OXBaThIBa-
eT BClo Tepputopuio Poccuiickoit denepa-
MU U IpeAcTaBasgeT co00il 3HAUYMMBIH
daxkTop colMaTbHO-3KOHOMUYECKOTO pa3-
BUTHUS CTpaHbl. B cuiy reorpaduyeckoro
MaciiTaba JaHHOTO KOMILIeKca IMOJTHOLEeH-
Has peajusanusa GyHKIUA yrpaBiIeHUS
OAO «PX]l» 6e3 HalIMuus TEppUTOpUATb-
HBIX OpPTaHOB yIpaBjieHUsl Hea(hbeKTUuBHA
U NPpUBENET K HEOOXOAMMOCTU pEIIeHUS
BOIIPOCOB KOPIIOPATUBHBIM LIEHTPOM.
MaTpUYHOCTh YIIpaBJICHUS peau3yeTcs
MyTEéM pa3BUTHUS Ha BCEX YPOBHSIX yIIpaBJe-
HMSI CKBO3HBIX TOPU30HTAJIbHBIX CBS3E,
obecrneyrBalouX B3aMMOIeiCTBUE X035 -
CTBEHHBIX BepPTHUKaJeil, OTBETCTBEHHBIX 3a
KOOpIMHALIMIO AeSITebHOCTHU Toapa3aese-
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HU Ha pETMOHAJIBHOM M JIMHEWHOM YPOBHE.
Tak:ke MAaTPUYHOCTD YIIPaBJICHUST YCUIMBA-
eTcs 3a CUET pacIlUpeHUs] IPpUMEHEHUS
MPOEKTHBIX MMPUHIIUIIOB YIpaBJIeHUs Ha
BCEX YPOBHSX YIIPaBJICHUS.

Wcxons u3 TecHoOM X031 CTBEHHOM U (pU-
HaHCOBOM 3aBUCUMOCTH YYaCTHUKOB Iepe-
BO30YHOIO mnpoliecca, 00beTMHEHHBIX
KJIIOUEBBIM aKTUBOM — MH@PACTPyKTypoOi
KeJEe3HOMOPOXKHOTO TpaHCIOpTa, Mpeay-
cMmaTpuBaeTcs GOpMUPOBAHUE CTpaTernye-
CKOTO KOHTYpa yIpaBJIeHUs C YCUIIEHHBIMU
GYHKUMSAMHA TUIAaHUPOBAHUSI U KOHTPOJIH,
KOTOPBIM omnpeneisieT HalpaBJieHUsl opra-
HuzaumoHHoro pa3Butus OAO «PXK/I». Bto
OCYIIECTBIIIETCS LTS peanu3aunu s deKkTa
CUHeprum, odbecrneuyeHus: TpeboBaHUI 0e3-
OMNAaCHOCTU U HEINPEPHIBHOCTH ITEPEBO30Y-
HOTO mpoliecca.

Bomnonienre Ha mpakTUKe MIPUHLIMIIOB
crelannu3alid U MAaTPUIHOCTH yIIpaBJie-
Hust co3naét B OAO «PX]I» B ie10M mocTa-
TOYHBIE YCJIOBUS IJIST CHATHS pSia OrpaHu-
YEeHUI U CHUKEHUSI pUCKOB, a TaKXKe Jajlb-
HEMIIero packKpbITUs MOTEHIMANA JeJIeT -
POBaHMUS MOJTHOMOYUMA.

C y4€TOoM OOILIHOCTH 3a7a4, TEXHOJOT U
W JOTOJHUTEIBbHBIX CUHEPIETUUECKUX (-
GEKTOB OT CKOOPAMHUPOBAHHOM IESTENb-

Ayuaya P. [. Pa3euTye cCMCTEMbI KOPMOPaTUBHOIO YNPABEHUS B XE1e3HOA0PO0XHbBIX KOMMaHUSX



DneMeHTsl cucTeMBbl KopropaTuBHoro ynpasiaeHus OAO «PX]»

IMoTeHnuaa pa3BuTHS

CBfI3aH C:

» (opMupoBaHHEM MTPOTYKTOBOMN JUHEHKH yCIyT, CEpBUCA ol
. |

» opranmzamueil OM3HeC-IPOLECCOB <
|

» KayecTBOM (PMHAHCOBOTO YIPaBICHUS <|I
il

» KaJpoBBIM OOecreyeHueM sl

v

CtpaTernueckoe 1 TaAKTHYecKoe YIPaBJeHUE 3JIeMEHTAMHU CHCTeMbl KOPIMIOPATHBHOIO | |
ynpasiaenust OAO «PKI» Iy

L1

Pacmmpenue u ctpykTypHOE pe(hOpMUPOBaHUE TPAHCIIOPTHON HHOPACTPYKTYPBHI
(cTpaTernueckue perIeHUs 0 HHHOBALMOHHBIM TEXHOJIOTHM )
MOHHUTOPHHT ¥ KOHTPOJIb 3()(HEKTUBHOCTH peajn3yeMbIX HAIPaBICHHUH KOPIIOPATUBHOTO
—»  ynpaBieHHs (KOHTPOJIb (HHAHCOBEIX PECYPCOB, KaJIPOBOTO 00ECIICUCHH S, BHEAPCHUS
HH(POPMAIMOHHBIX TEXHOJIOTHI)

Puc. 3. 3nemeHTbI CUCTEMBI KOPIOpaTUBHOIro ynpasneuns OAO «PXX/[» [cocTaBneHo aBTOpoM].

HOCTH OTBETCTBEHHBIMU MOAPA3AEICHUIMU
10 GYHKIIMOHATbHON MPUHAIIEXKHOCTH TSI
OpraHu3alnuu yrnpaBjieHUs GOpMUPYIOTCS
OopraHbl, obecrneynBalolie OpraHu3aimio
Y KOHTPOJIb YIIPaBJIE€HMS B MOAPa3AETICHUSIX
10 GYHKIIMOHATbHBIM BEPTUKAISIM C YIETOM
crnelupUuKM KOHKPETHOIO HampaBjeHUS
NesTeIbHOCTU, B TOM YMCJIe, [0 TaKUM Ha-
MnpaBJIeHUsIM, KaK yIpaBjeHUe 3aTpaTaMu
U 3G GEKTUBHOCTBIO, YIIPaBJIeHUE YeJlOBe-
YECKUMM pecypcaMu, pa3BUTHE U APYTUM.

B OAO «PX]I» peanu3zoBaH psia Mep 110
BHeIpeHuIo noJioxkeHnit Kogekca kopnopa-
TUBHOTO YIpaBJeHUS, MPeACTaBICHHBIX
B TaoO1. 1.

B Hacrosiee Bpems OAO «P2KI» npo-
JloKaeT paboTy 1Mo BHEAPEHUIO MOJIOXEHU I
Koaexkca KopnmopaTUBHOIO YyHpaBJeHUS.
B VYcraB KomnaHuu ObUIM BHECEHBI UI3BMEHE -
HUS, TIpeaycMaTpuBalole NpaBo coBeTa
nupektopoB OAO «P2XK]» BKIIIoYaTh B exXe-
TOJIHO YTBEPXIAaeMbIii COBETOM IMPEKTOPOB
rnepevyeHb He TOJbKO AOYEepHUE, HO U TMOMI-
KOHTpOJIbHbBIE 0011ecTBa. COBETOM IMPEKTO-
poB OAO «PX]I» ¢ ya€ToMm peKoMeHaaTelb-
HbIX oioxxeHuit Kopekca KopnopaTBHOro
yIpaBJieHUs BHECEHBI U3MEHEHUS B ITOJI0XKEe-
HUSI 0 KOMUTeTax coBeTa gupekropoB OAO
«PX]I», a Takxxe yrBepxaeHo IlonoxeHue
00 OlIeHKEe AesITeIbHOCTU COBETa TUPEKTO-

® MWP TPAHCIOPTA, Tom 18, N2 3, C. 134—147 (2020)

DPOB, KOMUTETOB COBeTa AUPEKTOPOB U WJie-
HOB coBeTa nupekTopoB OAO «P2K/I».

IToBeiieHre 3(pPEeKTUBHOCTU KOPIIOpa-
TuBHOTrO ynpasieHus: B OAO «PXK]I» cBsi3aHO
¢ obecreyeHrueM MOCTyIaTeIbHOTO Pa3BUTHUS
U MOTEeHLIMaJIa TAKOrO Pa3BUTHUS B OymylleM
[10]. ITpu 3TOM MOTEHIIMAT MOXKET OBITh Mpe-
CTaBJIeH 3JIeMEHTaMM, HATJISIIHO OTPaXKEHHbI-
MU Ha puc. 3 [3].

K mensiMm pa3BuTHSI KOPIIOPaTUBHOM CHC-
TEMbI YIIPaBJIEHUSI MOXKHO OTHECTH, BO-TIEPBBIX,
peaM3aluio MoTeHIMala e€ pa3BUTUsI, 00ec-
nevyeHue 3(pheKTUBHOCTY YIPaBICHUS B COOT-
BETCTBUM C M3MEHSIOLIEHCS KOPIOPaTUBHOM
U X03gicTBeHHOM cTpykTypoit OAO «PXK]l»,
BO-BTOPBIX, HEMIPEPHIBHOE IMOBBIIIEHUE Kaye-
CTBa yIpapjeHus1. Mojesb KOprnopaTUBHOIO
yrpasieHus, peanusyemass B OAO «PXK]I»,
obecrieurBaeT coOJIIOIEHNE IPaB U 3aKOHHBIX
HMHTEPECOB aKIIMOHEPOB, CIPaBeIMBOE K HUM
OTHOIIIEHUE, MPO3PAYHOCTb MPUHSITUS pellie-
HUM, TH(GOPMALIMOHHYIO OTKPBITOCTD, TTpodec-
CHOHAJIBHYIO U 3TUYECKYIO OTBETCTBEHHOCTh
yieHoB CoBeTa IUPEeKTOPOB, MHBIX JOJDKHOCT-
HBIX JIUL, KOMITAHUM U aKLMOHEpa, a Takxke
DPa3BUTHE CUCTEMbI HOPM JIEJIOBOI 3TUKMU.

Texyuryto 3(pHeKTUBHOCTD ClieayeT Olie-
HUTb KaK BBICOKYIO: UMEIOTCSI TEHACHLIUU
yIJIy4dlIeHus: paboThl CyObEKTOB YIIPaBIEHMS,
MOBbIIIeHME (PHAHCOBBIX pe3yibTaToB. Cpe-
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T 0COOEHHOCTE KOPIOPaTUBHOTO YIIpaBJie-
HUST MOXKHO BBIJIEJTUTH TBE OCHOBHBIE: CITEIIM -
(buka HampaBIEeHHOCTU NEATETHLHOCTH U Op-
raHM3allMoOHHO-TIpaBoBoil popmbel. OAO
«PX]I» paboraer ¢ GOJBIIMM KOJIUYECTBOM
KOHTPAareHTOB, KOTOPHIE SIBJISIIOTCST HE TOJTbKO
KOMMEPUYECKUMHU OPraHM3alsIMU, HO U CO-
LIMAJIBHO 3HAYUMBIMKM UHCTUTYTaMu. 1 OAO
«PXK]Jl» peanusyeT B cBOel NesATEIbHOCTHU
TIPEXIE BCETO BaXKHBIE OOIIIECTBEHHbBIE, COITM-
aJbHblE W pernyTalMoOHHbIE 3amaun. BMmecre
C TeM, JUTS AAJIbHEHIIIETO IMOBBIIeHUS 3 heK-
TUBHOCTHM KOPTIOPATUBHOTO YIIpaBIeHUs He-
00XOIMM TIOCTOSIHHBIM aHaJIN3 3KOHOMUYE-
CKOi1 KOHBIOHKTYPBI, MHBIX BHEIITHUX PUCKOB
U yIpo3, BOZHUKAIOIIUX BO BHEIIHEN cpene
KOMTIaHWM. AHaJIN3 TaKUX PUCKOB TPeOyeTCs
BECTH ITOCTOSTHHO. Ha mTaHHBII MOMEHT K HUM
MOXHO OBUTIO OBl OTHECTH IIEHOBYIO KOHKY-
PEHIIMIO B TPAHCITOPTHOM OTPACIIN; BO3pacTa-
HME PacXoI0B BCIISACTBUE YCUIICHUS BIUSTHUS
HeOJaronpusATHBIX (DAKTOPOB U MPOTHO30B
YXYAIIEHUS COCTOSTHUSI MUPOBOTO PBIHKA
B CBSI3U C HapacTaHWEM HeOJarompusTHON
BMUAEMHUOJIOTUIECKON OOCTAaHOBKMU.

3AKJTIOMEHUE

[Mpo6nema noBwIeHsT 3(PHEKTUBHOCTH
KOPITOPAaTUBHOTO YMPaBJIEHUs TOCTATOYHO
aKTyajibHa ISl POCCUICKON 9KOHOMUKMU. T1o
pe3yssTaTaM KpaTKOTO aHajin3a KOPITOpaThB-
Horo ympasieHust B OAO «PXK/I» MoxHO oT-
METUTH JTOJTOCPOUYHBIEC TTOJIOXKUTEIbHBIE
dakTopsl. B OCHOBY pa3BUTHS CUCTEMBI KOP-
nioparuBHoro yrpasneHust OAO «PXK]I» 3ano-
JKEHBI TIPUHIIATIBI TIPOIECCHOTO TTOaX0/a
¥ OPTraHU3allMOHHOTO Pa3BUTHSI, TIOCTPOCHUST
3(HeKTUBHOTO yIpaBIeHUS XO3STUCTBEHHBIM
KOMIUIEKCOM, TUOKOTO COBEPIIIEHCTBOBAHUS,
(opMUpoBaHUS LIETEBOI MOJEJIA U OPTaHU3A-
IIMOHHOM CTPYKTYyphl KommaHnu B cOOTBET-
CTBUU C PHIHOYHBIMU M3MEHEHUSIMU
Y BHYTPEHHUMM TIPe0OPa30BAHUSIMHA, A TAKKE
obecriedeHUsT JOJITOCPOIHON (hMHAHCOBOM
CTaOMJIBHOCTH, SKOHOMUYECKOUN 3(pdheKTrB-
HOCTHU, KOHKypeHTocmocooHocTn OAO
«PXK]I». x peanuzaiimuu MOTYT COAEICTBOBATh
TIOJIOKUTENIbHBIE TEHIACHIIUNA K TIOBBIIIEHUIO
KavecTBa TUIAHUPOBAHUS, TIPOTHOZUPOBAHUS
¥ MOZIETMPOBAHMSI, B TOM YHUCJIE C YYETOM pHC-
KOB 1 0JIaronpusITHBIX (DAaKTOPOB.

Y4uThIBast KOMITJIEKCHOCTD, CUCTEMHOCTh
¥ MHOTO(DAKTOPHBIN XapaKkTep NesITeTbHOCTA
KPYITHBIX TPAHCTIOPTHBIX KOMITAHWI 1 HECMO-
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Tps Ha HAJIM4YKE O60JbIIOro 06bEMa HayYHbIX
paboT, KOHCAITUHTOBBIX OTYETOB, TTOCBSIILIEH -
HBIX €70 OTAEIbHBIM COCTABJISIONIUM (Harpu-
Mep, GMHAHCOBOMY MEHEIKMEHTY ), OCTalOT-
CS aKTyaJIbHBIMU JaJIbHEIIMEe yIIyOaEHHbIE
HCCIefOBaHNS KOMIIJIEKCHOTO XapakTepa,
B TOM YMCJI€ U CPaBHUTEIBHOTO IJIaHA, CBS-
3aHHbIE C METOJAMU U MEXaHU3MaMU o0ecIie-
yeHus1 pocta 3(DGHEKTUBHOCTU KOPITOPATHB-
HOTO yIpaBJIeHUs Ha TPAHCIIOPTE.
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Corporate Governance
Development in Railway Companies

Revaz D. DUNDUA

ABSTRACT

Inmodern market environment efficiency
of corporate governance is of particular
importance fora company’s activity to raise
its competitiveness. It is completely true
regarding foreign and Russian transport
companies.

The Russian Railways holding company
is among global leading transport and
logistics companies. Considering the large
scale activity of JSC Russian Railways
particularly determined by the length and
geographically extensiveness of its
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network, its involvement in solution of large
social and economic problems, and in the
context of the study of the practices of
world lading transport companies it is
worthwhile to generalize the experience of
development of corporate policy of JSC
Russian Railways, and of processes of
updating of its corporate governance
system.

The article contains generalized
reviewing and brief analysis of above topics
based on published corporate documents
and suggests a basis for further research.
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Background.

Currently, implementation of financial and
economic activity by joint-stock economic
entities in the highly competitive environment
of the transport industry of the Russian
Federation is associated with introduction of
effective corporate governance tools disclosed
in publicly published non-financial statements.

The introduction and further improvement of
corporate governance in joint-stock companies
in Russia allows the management of companies
of the transport industry, JSC Russian Railways
being the largest one, not only to improve the
investment asset and human resources
management, but also to build corporate
governance based on the business goals, with
respect to the stage of the company’s development,
and considering the opinion of stakeholders.

Corporate governance is a set of rules, laws
and regulations which lay foundation of
corporate activity and further regulate it [1].
Corporate governance is based on permanent
monitoring and accounting of internal and
external factors affecting the interests of the
company’s shareholders, as well as of customers,
suppliers, and management bodies [2].

International practices show that it is the risk
modelling of external factors, being a stage in
creating an effective corporate governance
system, that in most cases becomes the basis for
improving the financial performance of
corporations [3; 4].

The concept, essence, algorithms of
corporate governance development are widely
present in scientific sources. This is true for
Russia as well where despite relative novelty of
this research field it inspired a considerable
number of developments. I. Yu. Bocharova,
D. M. Mikhailov, L. N. Tepman, N. M. Rozanova,
A. Yu. Rymanov and others scientists have made
a significant contribution to identifying current
role of efficient corporate governance in joint-
stock companies.

Despite the substantial research and the
significant contribution of researchers in that
field, in the author’s opinion, the issues of
effective corporate governance in the transport
industry are covered fragmentarily and require
further study.

Considering transport sector of Russian
economy, the system of corporate governance
of JSC Russian Railways attract greatest interest
as of the largest transport and logistics company
in Russia.
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The objective of the article is to proceed with
a generalized review of published corporate
documents and to compose, based on it, a brief
analysis of development of fundamentals of
corporate policy of JSC Russian Railways, o the
structure and process of modernization of its
corporate governance system. Such an analysis
seems opportune as a basis for further study,
particularly on the methods of enhancement of
efficiency of transport companies, further
comparison of best practices of global railway
companies.

Results.

Since its inception, even in an unstable
market environment, JSC Russian Railways
has consistently provided transport services to
the country’s economy and population [5; 6].
Today, JSC Russian Railways and its subsidiaries
and dependent companies carry about 3,8
million tons of cargo and 3,2 million passengers
daily.

JSC Russian Railways is one of the largest
investors in the Russian economy, investing
3 % of the total capital investment, making
large-scale purchases of products, more than
80 % of which are produced by Russian
companies.

JSC Russian Railways has adopted a Long-
Term Development Program until 2025.
Achieving the parameters of the baseline
scenario of this program will almost double the
contribution of railway transport to the Russian
GDP by 2025 attaining so for railway transport
8,3 trillion rubles threshold.

The corporate governance system of JSC
Russian Railways is carried out in accordance
with the division of powers between the
management bodies. JSC Russian Railways
apply OECD principles of corporate
governance, providing for corporate
governance to be relationships formed by state
corporation governing bodies, its management,
shareholders, and other persons (stakeholders)
interested in its activity [7].

The Pic. 1 shows the structure of the
company.

The basis of the corporate governance
system of JSC Russian Railways is provided by
a process approach, in accordance with which
management of activities is built as management
of a set of processes (including end-to-end).
The company also uses functional management,
which allows for a clear delineation of
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Corporate governance structure of JSC Russian Railways

General meeting of shareholders: the Russian
Federation is the sole shareholder of JSC Russian

Railways. On behalf of the Russian Federation,

Revision commission

the powers of a shareholder are exercised by
the Government of the Russian Federation.

Board of Directors: acts in accordance with the legislation
of the Russian Federation and the charter of JSC Russian

Committees of the Board
of Directors

Railways. The main task of the Board of Directors is to
pursue a policy that ensures dynamic development,

increased operational stability, and increased profitability

of JSC Russian Railways.

General Director — Chairman of the Management
Board of JSC Russian Railways: the sole executive
body of the company, appointed by the Government

of the Russian Federation

Management Board of JSC Russian Railways:
collegial executive body. Consists of the chairman

Corporate secretary

Advisory bodies under the
leadership of the General
Director — Chairman of the
Management Board of JSC
Russian Railways

Advisory bodies led by
board members

of the board, first deputy general directors, deputy

general directors, heads of departments
of the management staff of JSC Russian Railways

and other employees

Management staff: departments, directorates, other
divisions of the management staff that carry out
operational management for all types of activities

of JSC Russian Railways

Advisory bodies led
by board members —
heads of departments of
JSC Russian Railways

Advisory bodies led
by heads of departments
and other heads
of divisions

Pic. 1. Corporate governance system of JSC Russian Railways [8].

responsibility and for ensuring discipline
control. The project approach is used for
project-oriented activities, for example,
research, construction, etc.

At the same time, the requirements for
quality of corporate governance organization,
due to the fact that JSC Russian Railways is a
natural monopoly [2], have been strengthened.

This fact is explained by the interests of the
shareholder, represented by the Russian
Federation, but also by commercial, opera-
tional, and financial relations between the
shareholder and the company, as well as by
potential probability of competition between
modes of transportation.

In addition, the requirements stem from the
high social significance of the products and
services of JSC Russian Railways, which
impacts the nature and contents of the
information included into the corporate report.

The main approach to design processes is a
top-downwards approach, which implies
formation of an integrated process model of
JSC Russian Railways by sequential
decomposition of its upper-level elements into
lower-level elements.

Deloitte, characterizing the process
approach as the best corporate governance
practice, emphasizes in its report that effective
management is implemented through a
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Main range of tasks of corporate governance system of JSC Russian Railways

Clear definition of areas of responsibility of managers, exclusion of areas of absence and
duplication of responsibility, ensuring transparency of the organization activity

Analysis of the existing organizational structure and development
of possible and appropriate directions for its optimization

Allocation, description and optimization of end-to-end processes in order to increase
the efficiency of cross-functional interaction and eliminate ineffective elements of processes

Ensuring the consistency of management decisions and optimization measures

Improving the management of the economy of key business processes and products

Identification of gaps between the current and target capabilities of the economic complex
and the management system in the context of processes, tools, and resources

Development of an applied basis for a quality management system and lean manufacturing tools

Pic. 2. The main range of tasks of the corporate governance system of JSC Russian Railways [8].

combination of structures and mechanisms that
harmonize the interests of all parties involved
(theory of agency relations), ensure that the
views of all stakeholders are considered, and
information is freely circulated (stakeholder
theory). The above management variables have
a scientifically proven correlation with
corporate performance [4].

As part of expanded application of the
process approach in management, the Russian
Railways holding company focuses on
fulfillment of the tasks presented in Pic. 2.

JSC Russian Railways is gradually
transitioning to functioning in the form of a set
of vertically integrated structure units
specialized in specific types of activities.
Simultaneously with the transition to an
organization specialized in the types of
activities, the organizational model being
created at JSC Russian Railways is aimed at
forming a matrix management structure, in
which special attention is paid to creating and
ensuring the high-quality functioning of
structures responsible for effective interaction
of JSC Russian Railways divisions across all
verticals of management, including at the
regional level.

Itis important to note that it is impossible to
completely abandon the territorial approach to
governance of JSC Russian Railways: its
property complex covers the entire territory of
the Russian Federation and is a significant factor
in the country’s socio-economic development.
Due to the geographic scale of this complex, the
full-fledged implementation of the management
functions of JSC Russian Railways without the
presence of territorial management bodies is
ineffective and will lead to the need to resolve
issues by the corporate HQ.

Matrix management is implemented
through development of end-to-end horizontal
links at all management levels, ensuring
interaction of economic verticals responsible
for coordinating the activities of divisions at the
regional and line levels. Also, the matrix of
management is enhanced by expanding
application of project management principles
at all levels of management.

Based on the close economic and financial
dependence of the participants in the
transportation process, united by a key asset
which is railway infrastructure, it is planned to
form a strategic management loop with
enhanced planning and control functions,
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Table 1

Measures to implement the provisions of the Corporate Governance Code of JSC Russian

Railways [8]

Goal

Measure

Improving organization of the basics
of combating corruption, as well

as formation of a single approach

to ensuring prevention of signs of
corruption

A communication channel has been organized through which

any interested person can inform about corruption actions of
employees or third parties that have become known to him that
can harm economic activity, image, and the business reputation of
JSC Russian Railways.

Improving the risk management system

The Center for Risk Management and Outsourcing Development
was established. The Regulation on the risk management system
was approved. The Anti-Corruption Policy of JSC Russian
Railways was approved.

Improvement of the corporate
governance system

In accordance with the recommendations of the Code, the
Regulation on the information policy of JSC Russian Railways was
updated.

Starting from 2015, the publication of the annual report of JSC
Russian Railways is carried out before the annual general meeting
of shareholders.

In accordance with the recommendations of the Code, the
provisions on the Human Resources and Remuneration
Commiittee, the Audit and Risk Committee and the Strategic
Planning Committee of JSC Russian Railways Board of Directors
were updated.

The new version of the Regulation on Organization of Internal
Audit at the Russian Railways Holding Company was approved.

Improving the territorial corporate
governance system

Simultaneously with implementation of the Code’s
recommendations in its activities, JSC Russian Railways is
carrying out similar work in its subsidiaries, coordinating actions
with the Expert Council under the Government of the Russian
Federation.

Elements of corporate governance system of JSC Russian Railways

development of a product line of services, service

Development potential organization of business processes

is connected with: quality of financial management

staffing
Strategic and operation management of elements of the corporate governance system
of JSC Russian Railways

Expansion and structural reform of transport infrastructure
(strategic solutions for innovative technologies)

Monitoring and control of the effectiveness of the implemented areas
of corporate governance (control of financial resources, staffing, implementation
of information technologies)

Pic. 3. Elements of the corporate governance system of JSC Russian Railways [compiled by the author].
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which determines the guidelines for
organizational development of JSC Russian
Railways. This is done to realize the synergy
effect, ensure safety requirements and the
continuity of the transportation process.

The implementation of the principles of
specialization and matrix management will
create sufficient conditions for JSC Russian
Railways as a whole to remove a number of
constraints and reduce risks, as well as to further
unleash the potential for delegating authority.

Taking into account the joint character of
tasks, technologies and additional synergistic
effects from coordinated activities, the
functionally responsible units organize bodies
that ensure organization and control of
management in units by functional verticals,
taking into account the features of a particular
direction of activity, in such areas as cost and
efficiency management, human resource
management, development. and others.

JSC Russian Railways has implemented a
number of measures to implement the
provisions of the Corporate Governance Code,
presented in Table 1.

At present, JSC Russian Railways
continues to implement the provisions of the
Corporate Governance Code. The Articles of
Charter of the Company were amended to
provide for the right of the Board of Directors
of JSC Russian Railways to include not only
subsidiaries but also controlled companies in

the list approved by the Board of Directors
annually. The Board of Directors of JSC
Russian Railways, taking into account the
recommendations of the Corporate
Governance Code, amended the regulations
on the committees of the Board of Directors
of JSC Russian Railways, and also approved
the Regulation on evaluating the activities of
the Board of Directors, Committees of the
Board of Directors and members of the Board
of Directors of JSC Russian Railways.

Improving the efficiency of corporate
governance at JSC Russian Railways is
associated with ensuring progressive
development and the potential for such
development in the future [10]. In this case, the
potential can be represented by the elements,
visualized in Pic. 3 [3].

The goals of development of corporate
governance include, firstly, implementation of
its development capacity, provision of efficient
governance in compliance with changing
corporate and economic structure of JSC
Russian Railways, and secondly, continuously
improved quality of management. The
corporate governance model implemented at
JSC Russian Railways ensures the observance
of rights and legitimate interests of shareholders,
fair treatment, transparency in decision-
making, information openness, professional
and ethical responsibility of members of the
Board of Directors, other company officials
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and a shareholder, as well as development of
the system business ethics.

The current efficiency should be assessed as
high: there are tendencies to improve the work
of its subjects, to increase financial results.
Among the features of corporate governance,
two main ones can be distinguished: specificity
of the focus of activity and the presence of
specificity of organizational and legal form. JSC
Russian Railways works with a large number of
counterparties, which are not only commercial
organizations, but also socially significant
institutions. Thus, JSC Russian Railways
implements in its activities primarily important
public, social and reputation objectives. To
further improve efficiency of corporate
governance it is necessary to permanently
monitor economic conditions, other external
risks and threats, external to the company. Risk
analysis should be continuous. Currently those
risks might include price competition in the
transport industry; increased costs due to the
increased influence of unfavorable factors and
forecasts of a deterioration of the world market
due to the growth of an unfavourable
epidemiological situation.

Conclusion

The problem of increasing the efficiency of
corporate governance is quite relevant for the
Russian economy. Summing up brief analysis of
corporate governance in JSC Russian Railways,
long-term positive factors should be noted. The
development of corporate governance at JSC
Russian Railways is based on the principles of the
process approach and organizational
development, building effective management of
the economic complex, flexible improvement,
development of a target model and organizational
structure of the company in accordance with
market changes and internal transformations, as
well as ensuring long-term financial stability,
economic efficiency, and competitiveness of JISC
Russian Railways. The implementation of those
trends can be positively influenced by improved
quality of planning, forecasting and modelling of
risk situations for the railway company’s business.

Considering system nature, complexity, and
multifactor character of the activity of big
transport companies, and despite number of
research publications and consulting reports,
devoted to specific aspects of its components
(e.g., financial management) further in-depth
research is still of topicality. It might comprise

comparative study of methods and mechanisms
of enhanced efficiency of corporate governance
in the transportation sector.
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JPOBIIEVMBIVI{PABYIERTTY

OnTUMM3aumna npouecca Bbirpy3Kku
)Xenie30pyaHoro cbipbq Ha NpumMmepe
MeTaJlypruyeckoro kKomouHara

Anekceii MOMOB Onbra CYCJIOBA

lMpouecc BbIrpy3Kku Xene30pyaHOro Cblipbs METaNnyp-
rn4eckoro kKoMbuHara B afpec arsioMepaLmnoHHoi pabpm-
Ku fosiroe Bpemsi He 6bl1 NPeaMETOM CrieLmnaabHOro pac-
CMOTPEHUS. 3a npoweniwive rogsl ycriosus metannyprude-
CKOIro rnpov3BoACTBa rnpeTeprnesiv ornpeaenEHHbIe N3MeHe-
HUSI — TPOU30LLJIA Er0 MHTEHCUDUKALMS, KOTOpasl BJIEHET
3a cob60ovi He0b6X0AMMOCTb ePEOLIEHKU NapaMeTpoB cTa-
6ubHOM paﬁOTbl ariomepaynoHHOro rnpounsesoactaa.
Llenbio npeacTaBieHHOro uccienoBaHus sIBJIIETCS pac-
CMOTPEeHne BOrpoCcoOB BO3MOXHOIO TEXHUKO-TEXHOJIOMN-
4ECKOro yJyyLleHuns, rapMOoHN3aLmnm TPaHCNopPTHbIX MOTO-
KOB ¢ TpeboBaHUsIMY OCHOBHOIO NpoLecca rnpovu3BoACTBa.
Ans noctvxeHnss AaHHOW Liesn UCMob3yeTCsl MeToanka,
OCHOBaHHasl Ha npuMeHeHu MeTog0B MaremMaTtn4eckoro
MoesimpoBaHus, B 4aCTHOCTU, MaremaTtn4eckoro annapa-
T8 JINHEeNHOro nporpaMmMmnpoBaHus, rpad)oaHaanquKoro
meTona, MeTosa Teopun BePOSITHOCTH.

lMepBOCTENEHHYIO NO3ULMIO 3aHUMAaKOT BOMPOCHI PO~
Luecca BbIrPY3KU, XpaHeHWsl Xesie30PyaHOro Cbipbsi, ero
noAaroToBKu K arnioMepaunoHHOMY rnpon3sBoAcTBY.

B cTarbe npesncrassieHbl OCHOBHbIE N03unLmm rpoLecca
onTnmMun3aumnmn Bblrpy3ku aFﬂOMepaLlMOHHOVI LUNXTbI meTalsi-
nyprudeckoro kombuHara. lpuBeneHa obLyas xapakTepu-

Temarundeckasi Mo4eslb, ontuMu3auuns, arnoMmepasus.
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cTuKa TEXHOJI0MMN METasllypruyeckoro npon3BoAcTBa
W Kaxzgoro npowecca B 4acTHocTu. bonee noapobHo pac-
CMOTPEH aryioMepaLmoHHbIvi npouecc. lpyBeaeHs TabnnLbl
MCXOLHOI0 Xene30PyAHOro Cbipbs AJ1s1 arfioMepaLnoHHOro
npou3BOACTBa 3a ONpeAeEHHbIE OTYETHLIE NepUoabl, B Lie-
JISIX HAIrNS AHOCTU JaHHbIE OLHOV 13 TabsnL, CBeAEHbI B ina-
rpamMmy. PaccMoTpeHa cxema CTaHAapTHOro cknaaa pyabl
9CTakagHoro Tmna, Ha KOTOPOU MOCeA0BaTE/IbHO NOKa3aHb!
OCHOBHbI€E MPOLECChl ar/TIOMepPaLMOHHOro MNPON3BOACTBA OT
riofa4yn cbipbsi Ha BaroHOONPOKUAbIBaTe b [0 onanaHus
r1ocpeAcTBOM JIEHTOYHOI O KOHBeViepa B LuTabesib, a fanee —
B npuémHble 6yHKepsbl. Takxe B cTatbe rnpuBeaéH npumep
dopmumpoBaHwsi LUTabesneri Xene30py.aHOro Cblipbsi C UCMOb-
30BaHNEM MapraHLoB1NCTOro N3BECTHSIKA.

B ocHoBY ncciienoBaHus 3aknaablBaeTcs AuHaMmn4eckasi
TPaHCNopTHas 3aaa4a ¢ 3aaepxkamu (L4T33), yuuTsiBatoLyas
BPeMs1 ABUXEHWS rPYy30B, AIMHaMuKy 00bEMOB NPOu3BOACTBa
o BpeMeHu, AMHaMuKy notTpebeHus, 3anacos y nocras-
LMKOB 1 OTPebUTeNne, CTOMMOCTU NEPEBO30K 1 XPaHEHYS,
CTOMMOCTY YObITKOB TOTPEb1IeHS. B IaHHOM NCCnea0BaHnmn
€eCTb HECKOJIbKO MOHO3a4a4 C MOHOIPy30M, KOTOPbIE Hak/1a-
AblBAIOTCS APYr Ha Apyra, obpa3sysi MyibTUNANKatuBHoe
HaJsloXeHne 04HOMNPOAYKTOBbIX 334aH.
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BBEOAEHUE

ITpotiecc BBITPY3KU KeJIE30PYIHOTO ChI-
pbsl ¥ TIpo0OJieMa ONMTUMU3ALUYU JaHHOTO
mpo1iecca CTaau OCTPO MHTEPECOBATh HAYd -
HBIX MCCNIeJOBaTeNieil B HACTOSIIIEEe BpEeMSI.
DTOT BOMPOC MPUCTATHLHO HE paccMaTpu-
BaJics, Mo KpaliHell Mepe B Poccuu, B Teye-
Hue 20 neT. YcnoBus MeTaTypruiecKoro
TIPOU3BOACTBA U3MEHWINCH 32 JAHHBIU TIe-
PUOJ: BBIPOCIU OOBEMBI BBIITYCKA TOTOBOU
MPOAYKIINK, TINIAHUPYETCS UX AaibHelIee
YBeIUUYEHUE Ha CYIIECTBYIOIINX TTPOU3BO/I -
CTBEHHBIX MOITHOCTSIX; CKOPOCTh CITEKaHUS
arJiomepara Ha JICHTE CTajia BBIIIE — MPO-
M301IJIa UHTEHCU(GUKAIUS TTPOU3BOICTBA.
Takum 006pa3oM, BOIIPOCH! Mpoliecca BhI-
TPY3KU CBIPHSI, €0 XPAaHEHWSI, TTOJITOTOBKHA
K arJioMepaliuOHHOMY TTPOU3BOJCTBY BbIXO-
4T Ha mepBoe MecTo [1]. Takxke 3HAaUUTENb-
HO YBEJIMYUIIOCH YN CJIO KOMITOHEHTOB arjio-
MEpPalMOHHON IIUXTHI: €CJI paHee UX KO-
JINYECTBO HE TMPEBBIIIANIO JECITH, TO B Ha-
cTosllllee BpeMs OHO mocturaeTr 23-—29
HauMeHOBaHUii. B cBs13u ¢ mpousotienim-
MU U3MEHEHUSIMU BO3HUKAET HEOOXOIu-
MOCTb UCCJIEIOBAaHUS TPAHCIIOPTHOU MH(D-
pacTpyKTyphl U OMEPAMOHHON CTPYKTYpPBI
TEXHUUYECKOTO Tpoliecca; ero OCHOBHAs
1IeJTb — HAaWTU UX HECOOTBETCTBUS BXOJSI-
LM M BBIXOISIIIMM IToToKaM. llenecoo0-
pa3HO MCCIeI0BaTh BO3MOXHOCTUA TapMO-
HU3AIMU TPAHCTIOPTHBIX ITOTOKOB TpeboBa-
HUSM OCHOBHOTO MPOU3BOJCTBEHHOTO
mpoliecca ¢ TeM, YTOObI pPACCMOTPETh BOIIPO-
ChI BO3MOXXHOTO TEXHUKO-TEXHOJIOTUIECKOTO
YIIYYIIeHUST, — YTO U SIBJISIETCS Yeabro TIPe] -
CTaBJIeHHOTO ucciegoBanud [1]. s eé
JIOCTVDKEHUST UCTIONIB3YETCSl MemoduKka, oc-
HOBaHHAsI Ha IPUMEHEHUN METOMOB MaTe-
MaTUYEeCKOTO0 MOJEIUPOBAHUS, B YACTHO-
CTU, MaTEeMaTUYECKOTO aTnapaTa JUHEHHO-
TO TIpOrpaMMUPOBaHUS; TpadoaHaTUTIIE -
CKOTO0 METOJIa; METOJ]a TEOPUU BEPOSITHOCTH.

TEOPETU4HECKUE OCHOBbI
TEXHOJIOTMYECKOI'O MPOLIECCA
ITpokaT ¢ MOKPBITUSIMHU U O3 HETO — KO-
HEYHBII IPOAYKT METAJLIypPrMUeCKOTO IIPOU3-
BoaCTBa. YTOOBI MONMYYUTh 3TOT METAJTYPIH-
YECKUIA MPOAYKT, KeJIe3Hasl pyaa MPOXOAUT
JUIMHHYIO LIeTTh HEMPEPbIBHBIX TEXHOJIOTMYE-
CKMX mpolieccoB. Pabora cpemHecTaTucTAYEC-
CKOT0 METAJLIypruuyecKoro KoMOMHaTa BKJIIO-
4yaeT arjioMepaluoHHOe, JOMEHHOE, KOKCO-
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XUMMYECKOe, CTaJIeIIaBUIbHOE, ITPOKATHOE
MPOU3BOJCTBO.

OCHOBHBIC KOMITOHEHTHI IS JOMEHHBIX
LIEXOB: arJIOMepart, KOKC — IMOJTy4JaloT Ha arjio-
MEpalMOHHOM M KOKCOXUMHNIECKOM IIPOU3-
BOJICTBAaX COOTBETCTBEHHO. B cBOIO ouepens,
JIOMEHHOE TIPOU3BOACTBO BHITTYCKAET YyTYH,
KOTOPBIN MOXET SIBJIITHCS TOBAPHOM MPOITYK-
LMeil TIepBOTO Tiepenena, a He TOJIbKO MOJTy-
dabpuKaToM IIJIs1 CTAJEIIABUIBLHOTO MPOU3-
BozcTBa. [TocnenHee, mocpencTBOM MPOTYBKU
XKMIKOTO YyTyHa M MeTajlIoJioMa KHMCJIOpO-
JIOM, BBIITyCKaeT CTajb, pa3iMBaeMylO B He-
MPEePHIBHOJIMTHIE 3aTOTOBKU (CJISIOBI), KOTO-
pbIE CIIyXKaT TOBApHOM IIPOAYKLIMEN BTOPOTO
repezaesia, a TakKe UCITOIb3YIOTCS IS IIPOU3-
BojcTBa mpokara [2—4]. Lleas mpokaTHOTO
MMPOU3BOJCTBA — TIOJlydeHNE MeTallla HeoO0-
XOIMMOU (pOpMBI, C TPeOYEeMBIMU CBOMCTBAMU
U cTpyKTypoii [1]. Hanbosee npoayKTUBHBIM
1 3¢ HEKTUBHBIM CLIOCOOOM METAIII000PabOoT-
KM gaBiasgercd npokartka. [IpokaTtka — 3To
npoiiecc AeoOpMUPOBaHUS MeTaia MEXIy
BpaIllAIOIIMMMCS BaIKaMu, B pe3yJbTraTe 4ero
HMCXOHAsI 3aTOTOBKA BBITSITUBACTCSI, @ TOJIIIIHU -
Ha e€ yMeHbuiaercsa. JlaHHas omepanus,
B CBOIO OUYepelb, MOAPA3IC/ISICTCS Ha TOPSIIYIO
M XOJIOTHYIO ITpoKaTKy. HavanbHas Temmepa-
Typa CTaJI’ IIPH TOPSTICH MPOKATKE TOCTUTACT
1000—1200°C. XonomgHast IpUMeHSIeTCS TS
TOJTyYEHUST U3JETUs C JIyJIIUM Ka4eCTBOM
TTOBEPXHOCTU U MEXaHMUECKUMU CBOMCTBAMU
", KaK CcliecTBUE, OOJbIIeil 106aBOYHOM
CTOMMOCTBHIO.

AHAJTU3 NMPAKTUKU
OYHKLUMOHUPOBAHUSA
ArJIOMEPALIUOHHOIO
nPON3BOACTBA

OnucaHHBIA METaJUTyprudecKuil UK
OCHOBBIBAETCS Ha arJIOMEPALIMOHHOM Ipoliec-
ce. IlepBocTeneHHas 1eb JaHHOH omepa-
LIMY — MpeBpaIieHre MEIKO MHOTOKOMIIO-
HEHTHOM IIMXThl B OKYCKOBAHHBINA ITPOLYKT
(armomepar), SABISIOMIMICS IJIsI JOMEHHOM
TeYX OCHOBHBIM XKEJIEe30PYAHBIM CHIPBEM [1].
Ecnu OynyT HEOCTaTOYHO pELIEHBI BOITPOCHI
B3aMMOJIECTBUSL TPAHCIIOPTA U BXOASIIUX
TMIOTOKOB CHIPbSI arJIOMEPALMOHHOTO MPOU3-
BOJICTBA, TO 3TU COOU O MIPUHIIUITY «TOMUHO»
pacIpoCTpaHATCS Ha BCE YKa3aHHBIE 3Tallbl
METaJUTypriuyecKoro nepeaesia. 3To mpuBeaeT
K MYJBTUIIMKATUBHOMY YBEJIUYEHUIO YITy-
LLIEHHOM BBITOIBI IO TPOU3BOMICTBY METAJLIIO-

MonoB A. T., CycnoBa O. A., BopoHkoBa E. A. ONTUMN3aLsa NPOLLECCa BbITPY3KN XXeNe30PYyAHOro Cbipbs
Ha NpUMepe MeTannypruyeckoro KOMomHaTa




Ta6mmma 1
Hcxomnoe Kene30pyaHoe ChIphbe I arIoMepaioHHoro npomecca (okraops 2019 rona)
No HaumeHoBanme KomuuectBo | Macca, T [potieHTHOE B cyxom Bune
/1 BaroHOB, el cooTHolIeHue, %
1 KoH1eHTpart xkene30pyIHbIX 1387 95704 79,75 86133, 60
aroMepaToB
2 OxajHa Y€PHBIX METAJIOB 6 417 0,35 396,15
3 Pyna xenesHast 146 10214 8,51 9314,15
4 TTbUTh KOJIOLTHUKOBAS 10 522 0,43 502,25
5 Il aciMpallMOHHAs 10 573 0,48 553,98
6 Ckpan KoHBepTepHBIX 11ex0B (0—10 mm) |23 1446 1,21 1446,00
7 OxkajiriHa KOHBEPTEPHBIX LIEXOB 1 65 0,05 63,57
8 OxkanuHa xeneszHas KII kp. 2 182 0,15 174,17
9 OxanuHa (ropstyast IpoKaTKa) 11 1003 0,84 975,02
10 OkaJiHa M3B. 3aMaclieHHas 6 534 0,45 469,92
11 [le6eHb hpaKIIMOHHBI 47 3257 2,71 3105,55
12 Oxkcup (XoJIoIHAsT TPOKATKA) 1 78 0,07 76,28
13 OKcu AMHAMHBIX CTajleit 1 65 0,05 44,59
14 OrtceB MeTall. JOJIOMUT 1 78 0,07 78,00
15 HsBecthb 95 5863 4,89 5863,00
UTOTO 1747 120000 100,00 109196,22
TabGumna 2
HcxoaHoe XKelie30pyaHoe Chipbe AJIs arioMepanuoHHoro npouecca (Hosops 2019 rona)
Ne | HammeHoBaHUe Konuuecto Macca, T ITpoueHTHOE B cyxom Buze
/1 BaroHOB, €1l CooTHOIIEHNUE, %
1 KoH1ieHTpart xee30pyIHbIX 1386 95663 79,72 86096,70
arJioMepaToB
2 OxayimHa Y€PHBIX METAJUTOB Ypaut 6 417 0,35 396,15
3 Pyna xene3Has 146 10214 8,51 9314,15
4 Isutb KONMomrHuKoBas JL-1 6 261 0,22 251,87
5 Isutb KONMouTHUKOBast A 11[-2 5 261 0,22 253,22
6 Isutb aciuparmonnas JL-1 6 287 0,25 271,50
7 ITeib acniupaunonHas J1-2 5 287 0,25 275,96
8 Ckpan KoHB. 1exoB (0—10 mm) 23 1446 1,21 1446, 00
9 OkaJinHa KOHB. LIeX0B 1 65 0,06 62,67
10 | Okanuna xene3Has K1 kp. 2 182 0,15 174,94
11 | OkanuHa (ropsiuast MpokaTKa) 11 1003 0,84 960,87
12 | OkanuHa U3B. 3aMacjeHHas 6 534 0,45 469,92
13 | Llle6eHb hpaKIIMOHHBII 38 3257 2,71 3128, 35
14 | Okcun (xonoaHasi IpokaTka) 1 78 0,07 53,51
15 | OKkena IMHAMHBIX CTayeit 1 65 0,05 62,86
16 | OTceB MeTaUL. JOJTOMUT 1 78 0,07 78,00
17 | UsBecth 94 5902 4,92 5902,00
HUTOIO 1738 120000 100,00 109 198,64

nponykKuuu. B HacTosImMii MOMEHT OCTPO
BCTa€T BOIIPOC pelLleHUs] JaHHbIX 3a1a4, Ha
YTO U HalleJIEHO IIPOBOAMMOE UCCIeI0BaHUE
[2—

HcXomHBIM CBIpBEM JJIsT arjioMepalioH-
HOTO IIpoliecca SIBJISIOTCS arIopyabl, (GIHOCHI
(I0JIOMUT, U3BECTHSIK, U3BECTh), KEAC30PYI-

6].

HbIe KOHIICHTPATHI (ITPOIYKTHI OOOTaIlleHUs
JKEJIC3HBIX PYM), METaJULyprU4eCKUe OTXOIbI
(KOJIONTHMKOBAS TIbLJIb, OKAJIMHA, IILJIAMBI),

KOKCOBad M€JIOYb, OTCEB arjioMmepara u oka-

THILIECH U3 TOMEHHBIX 1LIEXOB, OTCESHHBIA
MEJIKMI arjioMepar, KOTOpbIiA BO3BpAIalOT
IJIs1 TOBTOPHOTO CIIeKaHusA (BO3BpaT)
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OK-1 xen.pya arn.

@ OKanvMHa YEPHbIX MeTannoB
= Pypa xenesHas

OMMbinb KOMOLLHMKOBas
BlMbinb acnMpaumoHHas

= Ckpan koHB.LexoB (0-10mMm)
B OkanvHa KOHB.LIEXOB
OOkanuHa xenesHas KL kp.
8 OkanvHa (ropsiyasi npokatka)
mOkanMHa 13B.3amacrieHHas
A llle6eHb paKUMOHHbIN

B Okcua (xornofgHas npokatka)
B Okcua ouHaMHbIX cTanemn

O OTceB meTanmn. [ONOMUT

@ 3BecTb

Puc. 1. CpeaHee npoueHTHOe COOTHOLLIEHUNE )Xe/1e30PYAHOI0 Cbipbs B WiTabene [1] (aBTopCckuii pucyHok).

(ta6u. 1, 2) [1]. Ilepuon 3akyiagky 30HbI (1Ta-
0eJ1s1) 3aBUCUT OT OTPEOHOT0 00bEMA UCXOI-
HOTO CHIPbsI, a TAKXKE OT €70 HATMYUS K MOXKET
BapbUPOBAThLCST OT HECKOJBKUX THEM 10 He-
CKOJIBKUX HEeNEeb.

AHanuzupys 1ab:. 1 1 Tabj. 2, BUAUM, UTO
HaunboJlee MaCCOBBIM ITOTOKOM B aJIpec arjio-
MepalMOHHOTO TTPOU3BOJICTBA SIBJISIETCS] KOH -
LIEHTPAT XKeJIE3HBIX PY/I, CAMbIE MAJIOMOLIHEIE
MMOTOKW — OKaJIMHa KOHBEPTEPHBIX 1IEXOB,
OKCHJI IMHAMHBIX CTaJIeid, XOJIOIHOM IMpOKaT-
K1, otceB. KonebaHust B ToToKax, MPUXOISAIIIMX
B pa3Hble TIEPUOIbI BPEMEHU, OTCYTCTBYIOT,
JINO60 MUHUMAJIBHBI U cocTaBisaioT ot 0,002 %
10 0,5 %, 4To yKa3bIBaeT Ha CTAOWIM3ALIMIO
TexHoJioruu. To ecTh, ¢ OTHOI CTOPOHBI, ECTh
YCTOWYMBOE SIAPO CTAOMIIBHOCTH, C APYrOil —
HMMeEIOTCSI HEKOTOphle m3MeHeHus1. Eciu cyiie-
CTBYIOT U3MEHEHUsI, CIeI0BaTeIbHO, UMEET
MECTO OITUMU3AIINS, TIPUCYTCTBYET AMHAMUKA.
Emkocts mitabens crannaptHa. BeinomHenue
3TUX TpeOOBaHUIT, a UMEHHO — (pOpMUPOBaAHNUE
MHOTOCJIOMHOTO ITa0eIs, SIBJISIETCSI OCHOBHOM
Mpo0JIeMOI TS TIepCOHaIa IMPOMBIIIIIIEHHOTO
JKEJIe3HOIOPOXKHOTO TpaHcrmopTa. OCHOBHasK
3a7a4a IMOIbE3IHOTO MyTH HEOOIIIEeTO TI0JIb30-
BaHUS — HaIEXKHOE, 0€3YKOPM3HEHHOE TPaHC-
TMOPTHOE 00CTyXBaHME.
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AryioMepaliys BKJII0YaeT CIeAyIore ore-
paluu; ycpenHeHue, CKIaTIupoBaHue, TOATo-
TOBKA IIIMXTHI U €€ CTIIeKaHNe, OCYIECTBIISIO-
meecsd Ha arJloMepallMOHHBIX MallluHaX,
oxJIaXIeHue IIUXThl Ha OXJIaauTessix, obpa-
00TKa crieuéHHoro ariomepara [1]. YepeaHe-
HUE MPOMCXOAUT B Mpollecce pa3padoTKU
mrabess, Mpyu Mojgaye MaTepuasa mrabdess
9KCKaBaTOPOM B IpUEéMHbIe OyHKepa (puc. 2),
OTKYIla ChIPhE MOMaaaeT Ha TEXHOJOTUYECKUA
JIEHTOYHBIM KOHBEWEp, MUTAIIINKN JTEHTY
crnekaHus. Ilpomecch ckiamupoBaHUSI
W YCPETHEHUS >KEJIe30PYAHOTO ChIPbsI peau-
3YI0TCS Ha CKJIaJaX arjioMepaliMoHHbIX (had-
PUK B CIlelIMaJIbHbIE 1ITa0eJu MOCI0IHHO,
¢ 00s513aTeIbHBIM COOJIIOJEHUEM 3alaHHBIX
nponopuwuii (puc. 1). KoinyecTBo cJI0€B 1 X
00BEM MPOMUCAaHBI B COOTBETCTBYIOIIUX CXE-
Max, MpuMep MOJ00HOM cXeMbl TPUBEAEH
B Tabu1. 3. Ha paccmMaTpriBaeMOM HaMU arjio-
MepallMOHHOM ITPOM3BOACTRBE 1ITabesb hop-
MUpyeTcs U3 29 CIOEB XKeAe30PYIHOTO ChIPhSI.

B npoliiecc MOAroTOBKY IIUXThI BXOMST
cliefylolue ornepanyu: 103upoBaHue (0ocy-
ILIECTBJISIETCS C LIEbIO MOAePXXaHUs Tpebye-
MBIX KOJIMYECTBA U COOTHOIIEHUS MEXIY
KOMIIOHEHTaMu). [lanee cieayloT cMelnBa-
HUe, yBlIaXHeHue 1 okoMkoBaHue. [locnen-
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{[ Tab6mmma 3
: ®@opmupoBaHue MTAOEIEH XKeIe30PYAHOr0 ChIPhs C HCIOIb30BAHHEM MAPTAHIIOBUCTOIO

u3BecTHsAKa. Cxema «pa3pe3» mradens [1]

4
HaiMeHOBAHNG CIos O0BEM KaxKIoTo O06BEM KaxkIoro
ciost, T cJ10si, Bar.
KoHLIeHTpaT XeJe3HbIX Py 6000 90
MapraH1IOBUCTbII U3BECTHSIK 1080 16
Ile6eHn 500 6
KoHIIeHTpaT XeJTe3HBIX Py 2000 30
Pyna xxene3nas 2240 32
KoHIIeHTpaT XeJIe3HBIX Py 4500 128
Ckpar 400 7
KoHIieHTpaT XeJIe3HbIX Py 2000 30
1le6eHn 500 6
KoHILIeHTpaT XeJIe3HbIX Py 4500 128
MapraH1IOBUCTbII U3BECTHSIK 1010 15
KoHILIeHTpaT Xele3HbIX Py 2000 30
Pyna xxene3Has 2240 32
KoHLIeHTpaT Xele3HbIX Py 4500 64
Ille6eHn 500 6
KoH1eHTpart Xe1e3HbIX pya 9000 128
Ckpan 400 7
MapraH1OBUCTBIN U3BECTHSIK 1010 15
Pyna xxene3Has 2240 32
Ille6eHn 500 6
KoHIieHTpaT Xeae3HbIX pyI 12000 170
Ile6eHn 500 6
MapraH1OBUCTBII U3BECTHSIK 1010 15
KoHIIeHTpaT XeJIe3HbIX Py 4500 64
Ckpar + okajinHa 400 7
Pyna xene3Has 1680 24
KoH1ieHTpaT Xe1e3HbIX pya 9000 128
Illebenn 500 6
KoHILIeHTpaT XeJe3HbIX Pyl 18000 256

HUIA, B CBOIO O4Yepellb, BBITIOIHSICTCS, YTOOBI  Yepe3 CIIeKaeMYyIO IIINXTY, KOTOPHIN TpeOyeTCs
TOJIyYUTh OMHOPOIHYIO CMECh KOMIIOHEHTOB ISl TOPEHUSI TBEPAOTO TOILIMBA U YIAJCHUS
IIUXTHI, KOTOpPHEIE 00J1agaloT BEICOKOM ra3o- IPOAYKTOB cropaHus [1; 2; 4].
TIIPOHUIIAEMOCTBIO B IIPOIIECCe CITIEKAHUS. Kax TosbpKO B XBOCTE arioMepariioOHHOMR
IIporecc ciekaHWS MPOMCXOMNT HA arjIo-  MAIIMHBI OTACICH TOPSIINii BO3BPAT, arjIoMe-
MEpaMOHHBIX MAaIllMHAX, TIPEICTABISIOMNX paT CAeAyeT Ha OXJIaIuTeNIb. A TIOTOM BHOBb
3aMKHYTBIA KOHBEWEP, KOTOPBIM, B CBOIO TMOBTOPSIETCS CTaAUsA TPOXOYECHUS, B IPOLIEC-
odepenb, COCTOUT M3 MaJIeT (CIIeKATEeJIbHBIX Ce KOTOPOH BBIIEISICTCS XOJIOMHBIM BO3BpAT
TeJiexkKeK), OCYIIECTBISIIOMMX ABIKeHne o [2; 4; 7; 8]. OTcopTupoBaHHEIN aroMepaT
HaIIpaBIISTIOIINM pesibcaM. Korma criekareib- B BaroHax HaIpaBJIsIeTCsl B JOMEHHBIH 1IeX.
Hasl TeJIeXXKa IIPOXOIUT IO IMUTaTeIieM, Ha Ha paccmarprBacMoM HaMU METaJLTypPIy-
Heé 3arpyXaeTcs IMOArOTOBJICHHAS IIMXTA. YECKOM KOMOMHATE arIOMepallMOHHBIM IIPO-
B MOMEHT IIpOXOXIeHMS 3arPy>KCHHOM Maj- M3BOICTBOM MCITOJIB3YIOTCS OTKPBITHIE CKJIa-
JISTHI ITOJ] Ta30BBIMU TOpeIKaMU 3axkuraTenb- bl pynbl (CP) acrakagHoro tuna (puc. 2) [1].
HOTO TOpHA TBEPIOE TOILJIMBO BEPXHETO CIIOS B cocraB paccMmaTpuBaeMoii arimoMepai-
IIMXTHI HAYMHAET TOPETh, U KPYT TOPEHUsI OHHOI (paOpMKU BXOIST TPH CKJIala SCTaKaI -
pacrpocTpaHseTcs: cBepxy BHU3. Teaexxku Horo tuna: CP (ckman pynsr)-1, CP-2, CP-3.
TOCJIeI0BaTeILHO IIpoITycKarT non BakyyM- Cxkimag CP-2 uMmeeT B CBOEM cocTaBe IBa
KaMepaMU C IeJIbIO IPOCachiBaHUS BO3MyXa INTabelsl, ocTajabHbIe IO ogHOMY [1]. B mmpo-
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Puc. 2. Cknap pyabl acTakagHoro tuna: 1 — actakaga, 2 — ranepeu, 3 — noguwrabenbHoe MokpsiTHe,
4 — pa3rpy3o4Has Tefniexka, 5 — IeHTO4YHblii KOHBeViep, 6 — NnpuémHbie 6yHkepa,

7 — nuTatens, 8 — noa

4acTb np

oro ycTpovicTsa, 9 — 3gaHne npuéMHOro ycTponcraa,

10 — kpaH mocToBo#i, 11 — BaroHoonpokuabiBaTesb, 12 — akckaBartop [3].

1ecce BBITPY3KHU KeJIE30PYIHOTO ChIPhS OfI-
HOBpeMEeHHO (pOPMUPYIOTCS OBa ITabens,
KaXIbIil U3 KOTOPBIX MPEACTABISAET COOOM
MHOTOKOMITOHEHTHBIH «ITUPOT», KOJUYECTBO
CJIOEB, X MMOCJIEA0BATEIbHOCTb U OOBEM KaxXK-
JIOTO CJIOS CTPOTO periaaMeHTUupoBaHbl. [1pu
3aKJIagKe mTadenss HeoOXOAUMO PYKOBO/I -
CTBOBAThLCSI CXeMOM ero popMUpoOBaHUSI,
MpUMep KOTOpOIi MpUBeAEH B Ta0I. 3.

MATEMATUYECKASYA MOAEJb

3agadeil UCCaeIOBAHUS SABISCTCS MO-
CTPOEHME MaTeMaTUIeCKOM MOJIETN ONITHMMU -
3alUU BBITPY3KU XKeJA€30pYIHOTO ChIPbS,
B OCHOBY KOTOPO 3aKJIaJbIBacTCsT TMHAMU-
YecKas TPaHCIIOPTHAS 3a1ada ¢ 3aep:KKaMu
(IT33) [1;9; 10].

W3BecTHBI 00bEMBI TPOM3BOACTBA, TO €CTh
00BEM CHIPBSI, IMMOCTYMAIOIINIA CO CTAHIIMIA
NPUMBIKAHUS B afpec METaNTypTHIeCKOro
KoOMOMHaTa, A,; i=1,x; 00BEMBI CIIpOCa — KO-

JIMYECTBO CBIPhsSI, HeoOXoaumoe it GopMu-
pOBaHUSA KOHKPETHOTIO CJIOS, Bj, Jj=Ly.

HMMeeM mepuon oNTUMU3AIMKA B BUIE THC-
kpetHbix TakToB [0, T], T {0,1,2...}. U3BecTHa
yaeJibHasi CTOMMOCTb €IMHULIBI Ipy3a Cij( I90: ¥
MOMEHT BpeMeHH [1].

YToOHbI pelnTh MOCTABJICHHYIO 3a/1a4y,
HEeo0X0MMO MUHUMU3MPOBATh (hYHKIIMOHAIT
[1;9-13]:
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F=YY c,,j(t)-U,.j(t)+§T:§m:c,,*(t)-X,.A(t)+
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C( X! ),
' (1)
roe Uij(t) — 00bEM ITOCTaBKH OT i-TO TIOCTaB-
LIMKA K j-MY IIOTpEOUTENIIO, TO €CTh KOJIMYE-
CTBO BaroHOB C TPY30M, OTIPAaBIIAEMBIX U3 A,
¥ IIpubbIBaolIMX B BB MOMEHT BpemeHN 7

X/ (t) — 00BEM 3armaca XeJIe30pyIHOTO ChI-

M-~

+

T
S

J

Dbl Y i-TO MTOCTABIIMKA B MOMEHT BPEMEHM 7,
X'(1) — 06BEM 3amaca XeJe30pYIHOro

CBHIPbSl Y j-TO MOTPEOUTENST, B MOMEHT BpeMe-
HU ;

C(t) — 3aTpaThl Ha XpaHEHUE eIUHULbI
3arraca B MOMEHT BPEMEHH ¢y i-TO TIOCTABIIM -
Ka;

C;(t) — 3aTpaThl Ha XpaHEHHE eIUHULIBI

rpy3a j-ro noTpeouTe/isi B MOMEHT BpEMEHU ¢
[1].
Ha ontumuzanuio dyHkunoHana (1) Ha-
KJ1abIBAIOTCS TaKMe OrpaHUYeHMs, Kak [1]:
1. YpaBHeHME IMHAMUKMY CBSI3U TTOCTABILIM -
KOB M IIOTpeOUTENIei:
Uijn=U;@t-1,);

()
3)

roe U;(r) — mocTtaBKa, pHUObIBAOIIAs K I10-

Up(t+1)=U; (1),

TpeOUTeNIO;
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U, (1) — mocTaBKa, BblllIeAlIas OT OCTaB-

IIMKa;
1, — BpeMsl TPAaHCITOPTHOTO 3ara3IbIBaHHS,
paBHas MPOAOIKUTEIbHOCTH TPAHCIIOPTH-
POBKHM OT A K Bj[l].
2.YpaBHeHME NTMHAMUKM 3a1acoB y I0-
craBIMKOB [1; 10]:

XA(+1)= XA (1)~ Zn:U,;(t) van), )

rie a,(f) — 00bEM TTOCTaBOK.

® MWP TPAHCIMOPTA, Tom 18, N2 3, C. 148-162 (2020)

/
/"
] N\
\ v
Y 1/ \
¥ -
\ §\
\\ X
‘ \.
J )\Qx\
= \\\\
L N\
— il \‘ \l
4 5 6 7 8 9 10 1 12 1

Puc. 3. Anarpamma B3anMOCBSI31 NepuoLoB onTUMN3aLnmy nocTasLMKOB U NoTpebutenei
(aBTOPCKWNIi PUCYHOK).

3.¥YpaBHeHUe AMHAMUKM 3aMacoB ITOTpe-
outenei:

X+ = X2 0= U0 -b0). (5)

4. YpaBHeHMe balaHca 00BbEMOB IIPOM3BOI -
CTBa, MOTPeOJCHNUS, MOCTABOK:

33a0=Y 3 0,0-33h0. ©)

=0 i=l =0 i=l j=1 =0 j=1

5.0rpaHUYeHNE €CTECTBEHHOI HE OTpHU-
LaTeJIbHOCTH MOCTaBOK U1 3aracos [10]:
U;(020; X'()=0; X/ (1)=0.
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TTonyuenue pemenust T33 Bo3MOXKHO,
€CJIY BBITIOJIHSETCS ycaoBuUe (7) — AMHaMuye-
CKUIl OaslaHC 0OBEMOB MOCTABIIMKOB U TO-
Tpebuteneii [1; 14; 15], To ecTh, €CIIM IIPUCYT-
CTBYET OTHOCHUTEJIbHAS COTJIACOBAHHOCTh UX
MPOU3BOJACTBEHHBIX IMPOrpaMM:

tH; g

ZT)Zm)af(t)ZZZb,(t); t=0,..,T,

=0 i=l =0 j=1

(7

B mocTaHoBKe maHHO# MaTeMaTHYeCcKOn
MOJIEJT 3a TTIOCTABIIMKA YCIIOBHO IIPUMEM CTaH-
LM IPUMBIKAHUST, 00ECTIEYMBAIOIIIVIE ATJIOMe-
PpaIMOHHOE MPOU3BOJICTBO ATJIOMEPAITMOHHBIM
CBIPbEM, B POJIU TTOTPEOUTENST — CJIOI; TAKUM
00pa3oM, KOJMYECTBO MOTPEOUTEIEH paBHO
YUCITY CJI0EB B (popMupyeMoM 1itadesie. B naH-
HOM cJly4yae MeTaJUTypruiyecKuii KoMmOuHaT
00CITY>KMBAIOT TISITh CTAHIIWI IPUMBbIKaHWs. To
€CTb, B ITOCTaBJIEHHOM 3a7a4e UMeeM TISITh 110~
cTaBIIMKOB (Al, A2, A3, A4, AS). Kak yrmomu-
HaJIOCh paHee, B (hOpMUPYEMOM ILITadee UMeeM
29 cioéB, clienoBaTeIbHO, B OITMCHIBAEMOI 3a-
nmade ectb 29 norpeouteneii (B, ..., B29). ITo-
TOKOM CHIPbSl HEOOXOIMMO <«ITOTIaCTh» B OTIpe-
JIeJIEHHBIIA CIIOM, ¥ KaKITBIA 13 9TUX CJIOEB MOTYT
(bopMupoBaTh HECKOJIBKO MOCTABIIMKOB. Tak
obOpa3yeTcsl HacJOeHHUEe, TO €CTh HECKOJIBKO
MOHO3a/1a4 ¢ MOHOTPY30M HaKJIabIBAIOTCSI IPyT
Ha Jpyra; B UTOTe MOJTyJyaeM MYJIETUTUTKATHB-
HOE HaJIOXXeHHE OIHOITPOMYKTOBBIX 3a1ay, Ha
OCHOBE KOTOPBIX CTPOUTCS IMarpaMMa B3anMO-
CBSI3M TIEPUOIOB ONTUMHU3AIIMU TIOCTABITMKOB
U rioTpedureneit (puc. 3).

KonnyecTBo MaTeMaTnyecKuX Mojeieit
MOJIy4yaeTcsl paBHBIM KOJIUYECTBY CJIOEB
B hopmupyeMoM mtabesne. Ho He cTouT 3a-
OBIBaTh O TOM, YTO (DOPMUPOBATH OTHOBPE-
MEHHO J1Ba U 0o0Jjiee CJI0EB Mbl HE MOXEM,
B OTpeAeNIEHHBIN OTPE30K BpeMeH! (hOpMU-
pYyeTCsl TOJIBKO OIVH CJIOM.

KPATKUE BbiBOAbI

WccnenoBaB BOBMOXHOCTU rapMOHM3allu1
TPaHCIIOPTHLIX ITOTOKOB C Tpe60BaHI/IHMI/I
OCHOBHOT'O IMMPOMU3BOACTBECHHOI'O ITpOLICCCa,
ABTOPbI CMOIJIN ITPCACTaBUTDH Ccroco0bl BO3-
MOZKHOI'0 TCXHUKO-TEXHOJOTUYCCKOTO YIyd-
IICHMA.

Peius IIOCTaBJICHHYIO 3a4a4y, MbI I10JIy-
HYacM Hay4dYHO, TCOPCTUICCKU 000CHOBaHHbIE
HOPMAaTUBbI TEXHOJOTHUYCCKOTIO MPOCTOA
CbIPpbA B OXKMIAHWKW BBII'PDY3KU. CraHOBSITCH
MN3BCCTHBI MHTECPBAJIbI U IMPOCTON B Caydac
HCCAHKIITMOHNPOBAHHOTI'O HpI/I6]>ITI/I$I rpysa.
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Optimization of the Process of
Unloading of Iron Ore Raw Materials:
The Case of a Steel Plant

Alexey T. POPOV Olga A. SUSLOVA

ABSTRACT

The process of unloading iron ore raw materials of the
metallurgical plant to the sinter plant has not been considered
for a long time as a particular topic. Over the last years the
conditions of metallurgical production have undergone
certain changes: its intensification has occurred, which entails
the need to re-evaluate parameters of stable operation of
sinter production. The objective of the suggested study is to
consider the issues of possible technical and technological
improvement harmonizing transport flows with the
requirements of the main production process. To achieve this
goal, a technique of mathematical modelling is used, based
on the mathematical apparatus of linear programming;
graphic-analytical method; method of probability theory.

The issues of the process of unloading, storage of iron
ore raw materials, of their preparation for sinter production
are primarily considered.

The article presents the main positions of the process of
optimizing unloading of sinter batch of a metallurgical plant.
The general characteristics of the technology of metallurgical

optimization, agglomeration.
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production and of each particular process are described. The
agglomeration process is considered in more detail. The
tables of initial iron ore raw materials for sintering production
for certain reporting periods are given, for the sake of clarity,
the data of one of the tables are summarized in a diagram. A
diagram of a standard trestle-type ore warehouse is
considered, which sequentially shows the main processes of
sintering production from supply of raw materials to the car
dumper to getting through a belt conveyor into a stack, and
then into receiving bins. The article also provides an example
of formation of piles of iron ore raw materials using
manganese limestone.

The study is based on a dynamic transport problem with
delays (DTPD), which considers time of transportation of
goods, the dynamics of production volumes over time, the
dynamics of consumption, the dynamics of stocks of suppliers
and consumers, dynamics of cost of transportation and
storage, dynamics of cost of consumption losses. The study
contains several mono-problems with a mono load, which
overlap each other, forming a multiplicative overlay of single-
product problems.
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Background.

The process of unloading iron ore raw
materials and the problem of optimizing this
process have become of acute interest to
researchers at the present time. This issue has not
been addressed in detail for 20 years, at least in
Russian scientific sources. The conditions of
metallurgical production have changed over this
period: the output of finished products has
increased, and it is planned to further increase it
at the existing production facilities; sintering
speed of the agglomerate on the belt became
higher, and so, intensification of production took
place. Thus, the issues of the process of unloading
raw materials, their storage, preparation for sinter
production come to the fore [1]. And also the
number of sinter charge (batch) components has
increased significantly: if earlier their number did
not exceed ten, now it reaches 23—29 items. In
connection with the changes that have occurred,
it becomes necessary to study the transport
infrastructure and the operational structure of the
technical process; its main objective is to find their
inconsistencies in incoming and outgoing flows.
It is advisable to explore the possibilities of
harmonizing transport flows with the requirements
of the main production process in order to
consider the issues of possible technical and
technological improvement, and that is the
objective of the suggested study [1]. To achieve it,
amethodused isbased on application of methods
of mathematical modelling, in particular, on the
mathematical apparatus of linear programming;
graphic-analytical method; method of probability
theory.

Theoretical foundations of the technological
process

Rolled steel with and without coatings is the
end product of metallurgical production. To
obtain this metallurgical product, iron ore goes
through a long chain of continuous technological
processes. The work of an average metallurgical
plant includes sintering, blast-furnace, coke-
chemical, steel-making, rolling production.

The main components for blast-furnace
shops, which are agglomerate, coke, are obtained
at sinter and by-product coke plants, respectively.
In turn, blast-furnace production produces pig
iron, which can be a commercial product of the
first processing, and not only a semi-finished
product for steel production. The latter, by
blowing liquid iron and scrap metal with oxygen,
produces steel, poured into continuously cast
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billets (slabs), which serve as commercial products
of the second processing, and are also used for
production of rolled products [2; 3; 4]. The
purpose of rolling production is to obtain metal
of'the required shape, with the required properties
and structure [1]. The most productive and
efficient way of metalworking is rolling. Rolling
is the process of deformation of metal between
rotating rolls, as a result of which the original
workpiece is stretched, and its thickness decreases.
This operation, in turn, is divided into hot and
cold rolling. The initial temperature of steel
during hot rolling reaches 1000—1200°C. Cold is
used to obtain a product with better surface
quality and mechanical properties and, asa result,
a higher added value.

Analysis of practices of functioning of sinter
production

The described metallurgical cycle is based on
an agglomeration process. The primary goal of
this operation is transformation of a small
multicomponent charge into a lumpy product
(agglomerate), which is the main iron ore raw
material for a blast furnace [1]. If the issues of
interaction between transport and incoming flows
of raw materials of sinter production are not
sufficiently resolved, then these failures following
the principle of «dominoes» will spread to all the
indicated stages of metallurgical processing. This
will lead to a multiplicative increase in lost profits
in production of metal products. At the moment,
the question of solving these problems arises,
which is what this study is aimed at [2—6].

The initial raw materials for the sintering
process are sinter ores, fluxes (dolomite,
limestone, lime), iron ore concentrates (products
of enrichment of iron ores), metallurgical waste
(blast furnace dust, scale, sludge), coke breeze,
sinter and pellets screening from blast furnaces,
screened-out small agglomerate, which is
returned for re-sintering (return) (Tables 1, 2) [1].
The period for laying a zone (stack) depends on
the required volume of feedstock, as well as on its
availability and can vary from several days to
several weeks.

Analyzing Table 1 and Table 2 we see that
the most massive flow to sinter production
consists of the concentrate of iron ores, the least
powerful flows are scale of converter workshops,
oxide of dynamo steel, cold rolling, screening.
Fluctuations in flows arriving at different
periods of time are absent or minimal and range
from 0,002 % to 0,5 %, which indicates

.18, Iss. 3, pp. 148-162 (2020)
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Table 1
Initial iron ore raw materials for the agglomeration process (October 2019)
No. | Name Number of Weight, t Percentage, % | In dry form
cars, pcs
1 Concentrate of iron ore agglomerate | 1387 95704 79,75 86133, 60
2 Scale of ferrous metals 6 417 0,35 396,15
3 Iron ore 146 10214 8,51 9314,15
4 Blast furnace dust 10 522 0,43 502,25
5 Aspiration dust 10 573 0,48 553,98
6 Scrap of convertor workshops 23 1446 1,21 1446,00
(0—10 mm)
7 Scale of convertor workshops 1 65 0,05 63,57
8 Iron scale CC cr. 2 182 0,15 174,17
9 Scale (hot rolling) 11 1003 0,84 975,02
10 | Scale lime oiled 6 534 0,45 469,92
11 | Fractional crushed stone 47 3257 2,71 3105,55
12 | Oxide (cold rolling) 1 78 0,07 76,28
13 | Oxide of dynamo steel 1 65 0,05 44,59
14 | Screening out of metal dolomite 1 78 0,07 78,00
15 |Lime 95 5863 4,89 5863,00
TOTAL 1747 120000 100,00 109 196,22
Table 2
Initial iron ore raw materials for the agglomeration process (November 2019)
No. Name Number of Weight, t Percentage, % | In dry form
cars, pcs
1 Concentrate of iron ore agglomerate 1386 95663 79,72 86096,70
2 Scale of ferrous metals Ural 6 417 0,35 396,15
3 Iron ore 146 10214 8,51 9314,15
4 Blast furnace dust DC-1 6 261 0,22 251,87
5 Blast furnace dust DC-2 5 261 0,22 253,22
6 Aspiration dust DC-1 6 287 0,25 271,50
7 Aspiration dust DC-2 5 287 0,25 275,96
8 Scrap of conv. workshops 23 1446 1,21 1446, 00
(0—10 mm)
9 Scale of conv. workshops 1 65 0,06 62,67
10 Iron scale CC cr. 2 182 0,15 174,94
11 Scale (hot rolling) 11 1003 0,84 960,87
12 Scale lime oiled 6 534 0,45 469,92
13 Fractional crushed stone 38 3257 2,71 3128, 35
14 Oxide (cold rolling) 1 78 0,07 53,51
15 Oxide of dynamo steel 1 65 0,05 62,86
16 Screening out of metal dolomite 1 78 0,07 78,00
17 Lime 94 5902 4,92 5902,00
TOTAL 1738 120000 100,00 109 198,64

stabilization of the technology. That is, on the
one hand, there is a stable core of stability, on
the other, there are some changes, if there are
changes, therefore, there is optimization, there
is dynamics. Stack capacity is standard.
Meeting these requirements, namely, formation
of a multi-layer stack, is the main problem for
the personnel of industrial railway transport.

The main task of the non-public access road is
a reliable, impeccable transport service.
Agglomeration includes the following
operations: homogenization, storage, batch
preparation and sintering, carried out on
sintering machines, batch cooling on coolers,
and sintered agglomerate processing [1].
Averaging occurs during development of the
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Pic. 1. Average percentage of iron ore in a stack [1] (authors’ drawing).

stack, when the material of the stack is fed by
an excavator to the receiving hoppers (Pic. 2),
from where the raw material enters the
technological belt conveyor that feeds the
sintering belt. The processes of storage and
averaging of iron ore raw materials are carried
out in warchouses of sintering factories in
special stacks in layers, with the obligatory
observance of the given proportions (Pic. 1).
The number of layers and their volume are
prescribed in the corresponding schemes, an
example of such a scheme is given in Table 3.
At the agglomeration production we are
considering, the stack is formed from 29 layers
of iron ore raw materials.

The process of preparing the charge
includes the following operations: dosing
(carried out to maintain the required amount
and ratio between the components), followed
by mixing, wetting, and pelletizing. The latter,
in turn, is performed in order to obtain a
homogeneous mixture of charge components,
which have high gas permeability during the
sintering process.

The sintering process takes place on
sintering machines, which represent a closed
conveyor, which, in turn, consists of pallets
(baking trolleys) moving along guide rails.
When the sintering trolley passes under the
feeder, the prepared charge is loaded onto it.
At the moment the loaded pallet passes under
the gas burners of the incendiary furnace, solid
fuel of the upper layer of the charge begins to
burn, and the circle of combustion spreads from
top to bottom. The trolleys are sequentially
passed under vacuum chambers, in order to
suck air through the sintered charge, which is

required for combustion of solid fuel and
removal of combustion products [1; 2; 4].

As soon as hot return is separated in the tail
of the sinter machine, the sinter flows to the
cooler. And then the screening stage is repeated
again, during which a cold return is released
[2; 4; 7; 8]. The sorted sinter is sent in cars to
the blast furnace shop.

Atthe metallurgical plant we are considering,
sintering production uses open ore storages
(SR) of the trestle type (Pic. 2) [1].

The agglomeration plant under considera-
tion includes three trestle (rack) type ware-
houses: SR (ore storage)-1, SR-2, SR-3. The
SR-2 warehouse contains two stacks, the
other warchouses have only one ata time [1].
In the process of unloading iron ore, two
stacks are simultancously formed, each of
which is a multicomponent «pie», the
number of layers, their sequence and the
volume of each layer are strictly regulated.
When laying a stack, it is necessary to be
guided by the scheme of its formation, an
example of which is given in Table 3.

Mathematical model

The task of the study is to build a mathe-
matical model for optimizing unloading of iron
ore raw materials, which is based on a dynamic
transport problem with delays (DTPD) [1; 9;
10].

The production volumes are known, that is,
the volume of raw materials coming from the
adjoining stations to the metallurgical plant, A,
i=1,x ; demand volumes — the amount of raw

materials required to form a specific layer, Bj,
J=1y . We have an optimization period in the
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Table 3

Formation of stacks of iron ore raw materials using manganese limestone.
Layout «section» of the stack [1]

Name of the layer Volume of each layer, t Volume of each layer, cars
Iron ore concentrate 6000 90
Manganese limestone 1080 16
Crushed stone 500 6
Iron ore concentrate 2000 30
Iron ore 2240 32
Iron ore concentrate 4500 128
Scrap 400 7
Iron ore concentrate 2000 30
Crushed stone 500 6
Iron ore concentrate 4500 128
Manganese limestone 1010 15
Iron ore concentrate 2000 30
Iron ore 2240 32
Iron ore concentrate 4500 64
Crushed stone 500 6
Iron ore concentrate 9000 128
Scrap 400 7
Manganese limestone 1010 15
Iron ore 2240 32
Crushed stone 500 6
Iron ore concentrate 12000 170
Crushed stone 500 6
Manganese limestone 1010 15
Iron ore concentrate 4500 64
Scrap + scale 400 7
Iron ore 1680 24
Iron ore concentrate 9000 128
Crushed stone 500 6
Iron ore concentrate 18000 256

form of discrete clock cycles [0, T], Te{0,1,2...}.
The specific cost of a unit of cargo Cij(t) at the
#" moment of time is known [1].

To solve the problem, it is necessary to
minimize the functional [1; 9—13]:
S C, (1)U, (0 + 33 C (0 X0y +

1 =0 i=l

=0 i=l j

S HNAC L)
(1)
where U (#) is volume of delivery from the i-th
supplier to the j-th consumer, that is, the
number of cargo with cargo sent from A, and
arriving at B at time #;

X/ () is volume of stock of iron ore raw

materials at the i-th supplier at time
X1 is volume of stock of iron ore raw

materials at the j-th consumer, at time #;
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C,(#) are costs of storing a unit of stock at

time ¢ at the i-th supplier;
C;(1) are costs of storing a unit of cargo of

the j-th consumer at time ¢ [1].

The optimization of the functional (1) is
subject to such restrictions as:

1. Equation of dynamics of communication
between suppliers and consumers [1]:

Uy =Uy(t—1,);

(2
3

where U (#) issupply arriving at the consumer;

Up(t+1,)=U; (1),

U; () is delivery coming from the supplier;

1, 1s transport delay time, equal to duration
of transportation from A, to Bj [1].

2.Equation of dynamics of stocks at
suppliers [1; 10]:

Popov, Alexey T., Suslova, Olga A., Voronkova, Elena A. Optimization of the Process of Unloading

of Iron Ore Raw Materials: The Case of a Steel Plant



10 :

Pic. 2. Trestle type ore warehouse: 1 — overpass, 2 — galleries, 3 — under-stack cover,
4 — unloading trolley, 5 — belt conveyor, 6 — receiving bins, 7 — feeder, 8 — underground part of the receiving
device, 9 — receiving device building, 10 — bridge crane, 11 — car dumper,
12 — excavator [3].

t

7 8 9 10 11 12

Pic. 3. Diagram of the relationship between the periods of optimization of suppliers and consumers
(authors’ drawing).

” 5.Limiting natural non-negativity of
A _ vArs) -
X7+ D)= X70) /ZI:U’ O+a), @ supplies and stocks [10]:
U;(nz20; X'(1)=0; X’ (1)=0.
3.Equation of dynamics of consumer Obtaining DTPD solution is possible [1; 14;
stocks [10]: 15], if condition (7) is satisfied: there is a dynamic
XPt+D)=XP(1)- iUJ(’) —b(0). (5) balar.lce'of volulpes of suppliers apd consumers,
p that is, if there is a relative consistency of their
production programs:

where a,(7) is volume of supplies.

4.Equation of balance of volumes of
production, consumption, supplies [10]:

Y an-YE3U,0-Y3b0. 6)

=0 i=l =0 i=l j=1 =0 j=1

1+ n

a®23 3> b®:t=0,..,T, )

=0 j=1

M-~
M=

i

I

I
o
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In formulation of this mathematical
model, we will conventionally take the
adjoining stations for the supplier, providing
sinter production with agglomerated raw
materials, as the consumer is the layer; thus,
the number of consumers is equal to the
number of layers in the stack being formed.
In this case, the metallurgical plant is served
by five adjoining stations. That is, in the task
at hand, we have five suppliers (Al, A2, A3,
A4, AS). As mentioned earlier, in the formed
stack we have 29 layers, therefore, in the
described problem there are 29 consumers
(B1, ..., B29). The flow of raw materials must
«get» into a certain layer, and each of these
layers can be formed by several suppliers. This
is how layering is formed, that is, several
mono-tasks with a mono load are super-
imposed on each other; as a result, we get a
multiplicative imposition of single-product
tasks, on the basis of which a diagram of the
relationship between optimization periods of
suppliers and consumers is constructed
(Pic. 3).

The number of mathematical models is
equal to the number of layers in the stack being
formed. But do not forget that we cannot form
two or more layers at the same time, only
single layer is formed at a certain time.

Brief conclusions. Having investigated
the possibilities of harmonizing transport
flows with the requirements of the main
production process, the authors could
present ways of possible technical and
technological improvement.

Having solved the problem, we obtain
scientifically, theoretically grounded
standards for technological downtime of raw
materials pending unloading. Intervals and
downtime in case of unauthorized cargo
arrival will become known.
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SESOrACHOCTS

MeTopn Ana pac4ye€THbIX OLLeHOK
XapaKkTepucTuK 6e3onacHocTun
XXene3HOAO0POXXHOU aBTOMATUKN

KoHctanTui BOYKOB Omutpuit KOMHATHbIN
PaccmarpuBaetcsi npobriema KosIM4eCTBeH-
HOro aHann3a 6e30MacHOCTY MUKPO3/IEKTPOH-
HbIX Y MUKPOIMPOLIECCOPHBIX CUCTEM XEJIe3HO-
,quO)KHOI;I aBTOMaAaTtukn N TesieMexaHuku.
lMpobnema ocTaéTcs akTyasibHOM, Tak Kak rnpea-
METOM aHanm3a 6e30MacHOCTY SB/ISIKOTCS PELKO
npoucxoasLme, HoO O4EHb OrnacHble cobbITHS.
B ka4ecTBe OCHOBHbIX XapakTepucTrk 6esonac-
HOCTU BblﬁpaHbl PUCK N BHAYNMOCTb OTKa3a.
OnpegesnieHne 3Ha4MMOCTV 0TKa3a BbI6PaHoO o
ctaHaapty MIL-STD-1629A kak Hanbosee
aneksarHoe. [pyBeneHb! pac4ETHbBIE BblPaXeHMs!
U151 3HA4YMMOCTU 0TKa3a. BeposiTHOCTb BO3HUIK-
HOBEHUSI ONacHOro 0Tkasaa roJsy4eHa MeToAoM
MOoAesIbHOro aHanm3a. BeposiTHOCTb rnepepacTa-
HUWS1 0TKa3a B aBapuito NMpeasiaraeTcsl PaCCYUThI-
BaTh MeToAaMy CLEHapHOro aHanm3a rnyTém

bouxoe Koncmanmun Agpanacveeun — benopyccruii
20cyoapcmeeHHblil yHUgepcumem mpancnopma,
Pecnybauxa benapyco, [omens.

Komnammuwuii JImumpuii Buxmoposuu — benopycckuii
20cy0apcmeeH bl YHUGepCUumem mpancnopma,
Pecny6auxa beaapyco, Tomens™.

riocTpoeHusi apesa cobbiTuii. MNMpyBeneHs! pac-
YETHbIE COOTHOLLEHWS [J151 PEVITUHIOB HapyLle-
HI/II}'I, MO3BOJIdoLMe cpaBHMBAaTh OriacHble OTKa-
3bl U aBapMVIHbIe rocsiegoBaresibHOCTU, B KOTO-
pble oTka3 Moxet nepepactu. OueHka pucka
SKCriIyaraummy CUCTEM Xee3HOLO0POXHOV aBTo-
mMatuku BblbpaHa He CBSI3aHHOW C 9KOHOMUYe-
CKUMU Kareropusimu, yo0bHas /151 HOPMUPOBa-
Hus. OHa ocHoBaHa Ha BEpPOSITHOCTHbIX ripen-
CTaBJIeHUSsIX O rpupoae prcka v pacCc41TblBaeTcsl
MeToaamMm TEOPUN BEPOSITHOCTU. PaspaboTaHHbie
pPac4ETHbIE COOTHOLLIEHWSI Y MOLEJIN [TO3BOJISIOT
aHan3unpPoBaTh BbIMOJIHEHNE PYHKLN CUCTEM
obecrieyeHnsi 6e30MacHOCTU ABUKEHS 0e340B
mMerogamu, OﬁLLlMMl/I A1 CUCTeM yripaBJ/ieHWs,
HO BMECTE C TeM OTPaXaIOLLMMU 0COOEHHOCTU
pPaboTbl XeNe3HOLAOPOXHOV aBTOMATUKU.

KnioyeBble cnoBa: xxene3Has 4opora, CUCTEMbI XeJ1e3HOAOPOXHOU aBToMaTvkuy, 6e3onac-
HOCTb, PUCK, 3HA4YMMOCTb 0TKa3a, PerTUHIN 0TKa30B, BEPOSITHOCTb ONacHOro oTkasa, HopMupo-

BaHWe puUcka.
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crnelnrHas pa3paboTka U BHeApeHUE

COBPEMEHHBIX MUKPOIJIEKTPOHHBIX

U MUKPOTIPOIIECCOPHBIX CUCTEM Ke-
JIE3HOOPOXKHOY aBTOMAaTHUKY U TeJIeMEeXaHM -
ku (CXKAT) TpeOytoT mpoBeAeHUS aHAIM3a UX
0€30MacHOCTY KOJTMYECTBEHHBIMU METOIAMU.
DTO 00BSICHSAETCS TEM, YTO B TAKMX CUCTEMAX
ycJI0BUSI 6€30MTaCHOCTH MEPEBO30YHOIO MPO-
1ecca peaan3yrTcsl anmnapaTHO-IPOrpaMM-
HBIMU cpencTBaMu. [IpuMeHsieMast 3JIeMeHT-
Hasg 60a3a MMEEeT CUMMETPUYHBIE OTKAa3Hhl,
WHTEHCUBHOCTH KOTOPBIX 3HAYUTEILHO BBIIIIE
WHTEHCUBHOCTH OTKA30B JIEKTPOMArHUTHBIX
pene I knacca HagéxHoctu. K Tomy xe Mu-
KPO3JIEKTPOHHAs 3JIeMEeHTHas 0a3a uMeeT
HU3KYIO YCTOMYMBOCTD K 3JIEKTPOMarHUTHBIM
moMexaM M BMECTe C TeM 3KCIUTyaTUPYeTCs
B CJIOKHOU 3JIEKTPOMAarHUTHO 0OCTaHOBKE.
CrenoBaTesibHO, 00€CIeUUTh 0€30MacHOCTh
coBpeMeHHbIX CXKAT myTéM sKCHEpPTHBIX
OLIEHOK aHAJIOTUYHO CHUCTeMaM, ITOCTPOEH-
HBIM Ha pesie | kiacca HaI€XHOCTU, CTAaHO-
BUTCSI HEBO3ZMOXKHBIM.

B omy6iuKoBaHHBIX MOHOTpaduUsaX MO
JKeJIe3HONOPOXHOM aBTOMaTuke [2—4] Hau-
0oJjiee pacIpoCTPaHEHbl METOIBI aHaIU3a
0e30MacHOCTH, CO3aHHbIE HA OCHOBE MOJIE-
Jiel ¥ TIpeACTaBJIeHNI TeOpU HANEXKHOCTHU.
Teopust HanEXHOCTU B HACTOSIIEE BPEMS
MoJy4Yuia IUPOKOE pa3BUTHE, TOITOMY €CTe-
CTBEHHBI TTOTTBITKY UCITOJIB30BaTh €€ MJIST pe-
IIEHWST HOBBIX TEXHUYECKMX 3a1a4. [1o aToMy
MYTU MOCTPOEHUS TeOpUM Oe30MacHOCTHU
clieAyloT aBTophl pabot [5—7]. B meTonax
aHaym3a 6e3omacHOCTH U3 [2—4] ocHOBHOM
BEJIMYMHON, ONMMCHIBAIONIEH 0€30MacHOCTb,
SIBJISIETCSI MHTEHCUBHOCTh TTIOTOKA OTKa30B.
IIpennonaraercs, 4To MOTOK OTKA30B — Myac-
COHOBCKMWi1, THTEHCUBHOCTb OTKA30B SIBJISIET-
Csl CTAaTUCTUYECKUA YCTOMUYMBOM BEJTUUYUHOM.
Ha ocHoBanuu aToro noaxoja B [8; 9] ucnob-
30BaHbI TaKKeE MTOKa3aTeIn 0€30MaCHOCTH, KaK
cpenHsis HapaboTKa 1o 0TKa3a, BpeMs peObl-
BaHUSI CUCTEMBI B COCTOSTHUM OTTACHOTO OTKa-
3a, KoadpuumeHT 6e3omnacHocTu. CripaBea-
JuBo oTMevaetcsd [10], yTo Takue MeTOabI
aHaiu3a 6e30MacHOCTA HE YYUTHIBAIOT TO
00CTOSITEILCTBO, YTO OTIACHBIE OTKA3bl, aBa-
PYU M KPYIICHUS SIBJISTIOTCS PENKUMHU U TaXe
YHUKQJIbHBIMU COOBITUSIMU. Takske He yIUThI-
BaeTCsd, YTO IUIST TepepacTaHUs OMAacHOro
OTKa3a B aBapuio TpeOyeTcsl CTeYeHUe He-
CKOJIBKMX HEOJIarOMPUSTHBIX 00CTOSITENTLCTB,
KOTOpOE TaKXe MPOUCXOIUT JOCTATOYHO
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penko. IocToBepHOE OIpe/ieIeHNE MHTCHCHB-
HOCTH OITACHEIX OTKA30B IIPEICTABIISIET COO0M
CaMOCTOSITEJIBHYIO ITPO0OJIeMY.

C 1ie1blo yuéTa peIKOCTH COOBITUY aBapuit
B [11] mpennaraeTcsa paccMaTpuBaTh y4acTKU
3aKOHOB pacIpeaeIeHNS INIOTHOCTH BEPOSIT-
HOCTH BEJIMYMH, XapaKTePU3YIOIINX OITacHEIE
OTKa3bl, ¢ OOJBIIMMY 3HAUYCHUSIMU 3TUX Be-
JIMIVH ¥ MaJIBIMU BEPOSITHOCTSIMU UX TTOSIB-
snerns. OMHAKO TP TaKOM TOIXOAe BO3HM-
KaeT IMpobyieMa oIlpelesIcHUs mapaMeTpOB
M XapaKTepUCTHK 3aKOHOB pacIpeacicHus
JIN0O U3 TEOPETUUYECKUX COOOpakeHUit, TIMOO
W3 TaHHBIX OITBITA.

CrnemoBartesibHO, pa3paboTKa METOIOB aHa-
nu3a 6e3onacHoctu C2KAT mpencraBiisieT co-
0011 KPYITHYIO HaydHO-TEXHIIECKYIO IIPo0ITe-
My, McUepIIBEIBalollee pelleHne KOTOPOi
B HacTosiiee BpeMs elle He moaydeHo. CooT-
BETCTBEHHO, ye/1bi0 JAHHOM pabOTHI SIBIIIETCS
JaJTbHEWIIIee pa3BUTHE METOIOB aHAIN3a 0e3-
onacHoctu CXKAT.

PE3YJIbTATbI
Jist MOCTUXEHUSI TTOCTaBJIEHHOU Lean
TpedyeTcs, B IEPBYIO 0UePeb, BBECTU OCHOB-
HbIE BEJIMYMHBI, XapaKTepU3YIOIIIE CBOMCTBO
6eszomacHoctu CXKAT. B [12] ykazaHo, 4to
TaKAMU BeJIMYMHAMU B TEOPUU O€30MaCHOCTH
CHCTEM YIPaBJIEHUS OTBETCTBEHHBIMU TEXHO-
JIOTUYECKUMHU TIPOLIECCAMU SIBJISIIOTCS PUCK
W 3HAYMMOCTb OTKa3a. TaM Xe M3JI0XKEHBI
00111Me METO/IBI OTIPEAECICHUS ITUX BETUYNH.
IMpumennrenpHO K C2KAT Ha ocHoBaHMM [12]
MOTYT OBITh TIPEIUTOXKEHBI MOANDUKAIINS Ta-
KMX METOIIOB KOJIMYECTBEHHBIX PACYETOB
3HAaYUMOCTH OTKa3a U PUCKa, a TAKXKe CITOCOo-
Obl PEMTUHIOBOTO aHaM3a HapylIeHU 0e3-
OIMaCHOCTU U HOPMUPOBAHUS PUCKA.
Haubonee anekBaTHOE omnpeie/ieHue 3Ha-
yuMocTu oTkasza C mpuBeneHo B METOUKE U3
craggapta MIL-STD-1629A. Xotsa aTor
CTaHJApT U OTMEHEH O(UILIMATIBHO, 3aMEHEH
Ha ctangapT MIL-STD-2070, Ho ero MeTOIbI
W MOJEIU MPOAOIXKAIOT MIUPOKO UCIOIb30-
BaThCS NP MPOBEACHUY aHATU3a 0e30MacHO-
CTH OTBETCTBEHHBIX TEXHUYECKUX CUCTEM,
B YAaCTHOCTH, JIETaTeIbHBIX armapaTos [ 1; 12;
13]. B ykazaHHBIX CTaHIapTaX 3HAYMMOCTh
OTKa3a OMpeieIIeTCs KaK BEpOSITHOCTb Iepe-
pacTaHus UCXOJHOTO OMMACHOIO OTKa3a B aBa-
PUIHYIO CUTYaLIUIO:
C=P) P(E/1),
rae P(I)) — BEpOSTHOCTD OTKA3a,

o)
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P(E/I)) — BEpOATHOCTb NepepacTaHus
OITACHOTO OTKa3a B aBapuIo.

Takoe ompenesieHre YYUTHIBAET, YTO HE
KaXIbl OMAacHBIl OTKa3 BJIEYET 3a cOOOM
ABapUITHYIO CUTYaLINIO; IJIS1 pa3BUTUS aBapUii-
HOM CUTyalliY JOJKHO IIPOU3OUTHU CTCUECHUE
HECKOJIbKMX HEeOJaronpusITHBIX 00CTOS-
TEIBCTB. DTO CTEYCHUE CITyYaeTCs JOCTATOUHO
penko. CnemnoBaTebHO, IPUBEIEHHOE OIpe-
JIeJIeHNEe 3HAYMMOCTH OTKa3a YCTpaHSIeT OT-
MEUYEHHBII BBIIIIE HEMOCTATOK CYIIECTBYIOIINX
METOIOB aHaIM3a 0€30IaCHOCTH.

3HAYMMOCTh OTKa3a UMEET MaTeMaThie-
CKMII CMBICJT BEPOSATHOCTH BO3HMKHOBEHUS
ABApUIAHOM CUTYalLIMM I10 IIPUYMHE TAHHOIO
OITaCHOTO 0TKAa3a, II03TOMY €€ HOPMUPOBAHUE
JIOJDKHO ocyiiecTBisAThes o crangapty [OCT
P MBK 61508-2-2012, B KOTOPOM yCTaHOB-
JieHbl ypoBHU SIL 1 cOOTBETCTBYIOIIME 3HA-
YeHUs BEPOSITHOCTE OITACHOTO OTKAa3a BBI-
MoJIHeHUS (PyHKLIMK Oe3omacHocTH. B yact-
HOCTH, JUISI CUCTEM XKeJIe3HOIOPOKHOM aBTO-
MAaTHKHU YCTaHOBJICH YPOBEHb 0€30MaCHOCTH
SIL 4 mo 'OCT 33894-2016.

BeposiTHOCTB OImacHOTO OTKa3a Ha OCHO-
BaHuu [14] onpeaensiercs 1o popmyiie:
P1)=P,(T,) P, (T,) P, (T,) P, (T,).®
rae P, — BEPOSTHOCTbL TOTO, YTO BpeMs f
C MOMEHTa BCTYIUICHUS IT0€31a Ha MapIipyT
1o MoMeHTa oTka3za anmnapatypbl CKAT He
MEHBIIIE BpEeMEHHU IIpeOBIBaHUS T10€31a Ha
MapuipyTe;

P_ — BEpOATHOCTH TOTO, YTO BPEMS £ € MO-
MEHTa BCTYIUICHMS T0€31a Ha MapHIpyT IO
MOMEHTAa OTKa3a IIPOrpaMMHO-MaTeMaTHIeC-
koro obecnieueHnst CZKAT He MeHblIIe BpeMe-
HU TIpeOBIBaHMS IT0€3/1a Ha MapIIIpyTe;

ng — BEPOSITHOCTH TOTO, UTO BPeMsI £ C MO-
MEHTa BCTYIUICHMS T0€31a Ha MapUIpyT IO
MoMeHTa oTkasa oneparopa CXKAT He MeHb-
1IIe BpeMEHHM TIpeOBIBAaHMS TTOe31a Ha MapIil-

pyTe;

® MWP TPAHCIMOPTA, Tom 18, N2 3, C. 164173 (2020)

P, ,— BEPOATHOCTb TOTO, YTO BpeMs f
C MOMEHTA BCTYIUIEHUS 10€3/1a Ha MapLIpyT
JIo MOMeHTa oTKa3a armmapatypbl CKAT o
JIeiCTBUEM BJIEKTPOMATrHUTHBIX IMOMEX He
MEHbIIIE BpeMEHU IpeObIBaHUs 0oe3/1a Ha
MapmpyTe;
T . — BpeMs npeObiBaHMs MO€31a Ha
Mapuipyre, C.

Beposithoctu P, , P, Pop paccUYnTHIBAIOT-
¢d 110 (popMmyJIam:

ﬂAn»ww—nf%APmﬂ, 3)
[ my

PL(T,)=exp —aTm,-zzm} , @)

Bﬂﬁmww—nf%kaﬂ, )

rne A — MHTEHCUBHOCTb OTKAa30B 1/c;

v — KO3(PUIMEHT, yIUTHIBAIOIIWIA TTapy-
pOBaHUE OITACHOIO 0TKa3a yCTPOMCTBaMM
caMOKOHTpoJis [14];

a — Ko3(pPUIKUEHT, YIUTHIBAIOLIUNA Tpe-
ObIBaHME IPOrpaMMHO-MaTEeMaTHYECKOTO
o0ecrieueHUs B IAaCCUBHOM COCTOSIHUU,

M, — YUCII0 BOBMOXHBIX OTKA30B.

XapaKTepUCTUKHU 3JI€KTPOMAaTHUTHBIX
nomex, BosneictBylomux Ha CXKAT, umeror
BEpOSITHOCTHYIO Iipupoay [15]. HeogHokpat-
HO NpeANPUHUMAIUCH 9KCIIEPUMEHTAIbHbIC
HMCCJIeT0BaHMsl 3aKOHOB pacrpeaceHus
IUIOTHOCTHU BEPOSITHOCTH XapaKTEPUCTUK
3JIEKTPOMArHUTHBIX TomeX [15; 16]. [ToaTtomy
BepOSITHOCTD oTKa3a anmapaTypbl C2KAT mon
JEICTBAEM 3JIEKTPOMATHUTHBIX ITOMEX PALIO-
HaJIbHO paCCYMTHIBATh HA OCHOBAHMH U3BECT-
HOM MOJIEJIN «HaTrpy3Ka—yCTOMUMBOCTb» [15]:

Py =[£y (V) E(U)dU (6)

rae U — HanpsikeHUe romex, B;
JS(U) — byHKLMSA TIOTHOCTH BEPOATHOCTH
pacripeiesieHUsT ypOBHSI ITOMEX;
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F(U) — yHKUMSA BEPOATHOCTH YPOBHS
noMmexoyctoiumBocTH ammaparypel CKAT.

BeposiTHOCTh TIepepacTaHusI OTTACHOTO
OTKa3a B aBapuvio OmpeesieTcs MyTéM aHa-
JIN3a 1epeBbeB COOBITUII aBApUIHBIX MOCHE-
noBatenbHocTelt no [12; 17]. Takke 3agaua
pacuéra BepOsITHOCTH IepepacTaHusl OTTacHO-
ro oTkKasa B aBapuio peliaetcs B [18; 19]. Ta-
KM 00pa3oM, TIpU pacuyéTe BEpPOSITHOCTHU
repepacTaHusl OMIAaCHOTO OTKa3a B aBapuIo
OCYIIECTBISIETCS CIleHAapHBIN aHaIMU3,
paccMaTpuBaloOTCsI KOHKPETHBIE ITyTH peau-
3aiuu aBapuu. I1pu pacuéte BepoOsITHOCTU
OITaCHOTO OTKa3a OCYIIECTBIISETCS MOIEThb-
HBIIl aHaJIM3 OMMAacHOI0 0TKa3a Ha OCHOBE
Mojesieit 1T pacy€Ta BEpOSITHOCTU OTKA30B,
BBI3BAaHHBIX Pa3IMYHBIMKA MPUIUHAMU. DTU
3TalTbl aHaIM3a 0€30MaCHOCTH CUCTEM YITpaB-
JIEHUSI OTBETCTBEHHBIMH TEXHOJIOTHIECKUMU
npoueccaMu, B ToM uncie CXKAT, asusiorcs
obs3aTenbHbIMU [11].

JJ1s1 cpaBHUTETLHOTO aHAIM3a HApYIIIEHUI
0e30IMaCHOCTY BBOISITCS IIOHSTHS PpEATUHTOB
HapyuieHuit [12].

L
PeittuHr R=)0, oTpaxkaer BepOSTHOCTb
I=1
Pa3BUTHS JTaHHOTO OTTACHOTO OTKAa3a Mo BCeM
L aBapuitHBIM MOCEI0BATEIBHOCTSIM.

MakcumanbHbiii pedtur R = max(Q)
OoTpaXxaeT BEPOSITHOCTh Pa3BUTUSI Haubosiee
BEPOSITHON aBapUHOM MOCIEN0BATETLHOCTH
JUUISI JAaHHOTO OITaCHOTI'0 OTKa3a.

Cpennwii peiitunr R, = R/L otpaxaer
BEPOSITHOCTh Pa3BUTHUS BCEX BO3MOXHBIX
aBapMIHBIX MOCAEAOBATEIbHOCTE IIsT TaH-
HOTO OIacHOI0 0TKa3a.

3aBepIlIalolnM 3TaroM aHaau3a o6e3omac-
HOCTU CUCTEM YIIPaBICHUS OTBETCTBEHHBIMU
TEXHOJIOTMYECKUMM TTpOLIeCCaMu, B X YUCTIE
u CXKAT, saBasieTcsl olieHKa prcKa 9KCILUTya-
taiuu. [Ipu olieHKe pucKa XenaTeabHO He
HMCIMOJIb30BaTh 9KOHOMMUYECKUE KAaTErOpUU
U «IMoJuTudeckue» coobpaxenusa [20],
a BMECTO 3TOT'O MOJTYYUTh YUCTICHHYIO OLIEHKY,
YIOOHYIO UIs1 HOpMUpOBaHUs. Takasi olieHKa
npemyioxeHa B [21] 1 ocyluecTBasieTcs 1O
dopmyie:
po L

I

P

(7

rae szf_ BEPOSITHOCTD COOS anmapaTyphbl.
Tak KaK 3HaYMMOCTb OTKAa3a UMEET MaTe-
MAaTUYECKUI CMBIC] BEPOSITHOCTH BO3HUKHO-
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BEHUSI aBapUMMHOU CUTyallMM MO MpPUUYUHE
JIAaHHOT'O OMACHOT'O 0TKa3a, TO MPUMEHUTEb-
HO K paccMaTpuBaeMOMY B CTaTbe METOAY
aHanu3a 6e30MmacHOCTU BeIpaxkeHue (7) mpe-

obpasyeTcs K:

b
1y
c

rae C — 3Ha4MMOCTb OTKa3a.

B [21] 060cHOBaHBI TpaHUYHEIE 3HAYCHUS
pHCKa, KOTOPBIE OIPEACIISIOT 00JI1acTH HOP-
MaJIbHOI M aBapUITHOM pabOTHI TEXHUIECKOM
CHCTEMBI 1 TIO3BOJISIIOT HOPMUPOBATh 3HAYE-
Hus pucka rmpu 3kcruryaTanmu C2XKAT

* 0 <p <1 —orpanuueHHas 6e30MaCHOCTb;

* p =1 — KpUTUUYECKOE COCTOSTHUE, HAJTH -
Y1e OTKAa30B;

*p > 1 — omacHoe cocTosiHUE, yrpo3a
aBapuu;

*p >> 1 — 3anpenenbHOE COCTOSTHUE,
yIpo3a KaTacTpodHl.

®)

BbiBOAbl

Hrak, B ctarbe cpOpMyIUPOBAH METOI
aHanusa 6e3omacHoct C2KAT, mpuBeneHbI
COOTHOIIIEHUS TSI pacyéTa BeJIMYMH, XapaK-
TePU3YIOUINX 0e30MaCHOCTh 3KCILTyaTallun
C2XKAT, onucaH cLieHapHBIII 1 MOAEIbHBIN
ananu3 6e3onacHoctu CXKAT.

OTIMYUTETLHBIMY YepTaMHU TTIpeIjIaraeMo-
IO METOJIA SIBJISTIOTCS:

1. Y4uTeIBaloTCS OCHOBHBIE MCXOIHBIE
COOBITUSI, MOTYIIE TIPUBECTU K OpaKy B MO-
e37HOI paboTte, aBapuH, KPYIICHUIO: OTKA3bl
anmapaTHOM 4YaCcTH MO MPUYMHE OrpaHUYeH-
HOM HaAEKHOCTH BJIEMEHTHOM 0a3bI, OIITNO-
KM TPOrpaMMHO-MaTeMaTHUeCKOTro obecrie-
YeHHUsI, OIIMOKU ornepaTopa, BO3IelCTBUE
3JIEKTPOMATHUTHBIX ITOMEX.

2. YauThIBaloTCS HEaIAUTUBHOCTD (PAKTO-
POB, BIMSIONINX HA OTTACHBIN OTKa3, KPUTHY-
HOCTh COBOKYITHOCTH (DAKTOPOB U JIpyTHe
acMeKThl TepepacTaHus OINacHOTO OTKas3a
B ABapUUMHYIO CUTYyallUIO.

3. Pa3Butue aBapuitHO#t CUTyallM XapaK-
TepusyeTcsl TTapaMeTpaMU, KOTOPble MOXHO
MPOCTO OMNpPEIETUTh B MPaKTHUKE dKCIITyaTa-
uun. He ncronb3yeTcs oOLIMiA TTOTOK OTac-
HBIX OTKAa30B, paclpeieiaeHne MIOTHOCTHU
BEPOSITHOCTH B 00JIACTH XBOCTOB pacIipesielie-
HUI, OIIEHKA KOTOPBIX OCJIOXKHEHA PEAKOCThIO
COOTBETCTBYIOLINX COOBITHIA.

4. TToka3atenu 6e30ITaCHOCTU M pUCKa
MO3BOJISTIOT OCYILIECTBUTHL HOPMUPOBaHUE, HE
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TIpYBJIeKasi 9KOHOMWYECKNE KaTeTopuu, 00-
OCHOBAHHO CPaBHUBATh aBapUITHBIE TTOCIIENO-
BaTeJbHOCTU B aCTieKTe O€30MMaCHOCTH C yUé-
TOM HauboJjiee BEPOSATHBIX, BEPOSITHHIX,
U B CpeHEeM. YUUTHIBAIOTCS U BO3MOXHBIE
WICXOJHBIE COOBITHSI, M TIyTH TIepexoia B aBa-
U110, ¥ BOBMOXXHOE KOHEUHOE IIPOUCIIIECTBHE.

5. PeakocTps U Aaxe YHUKaJIbHOCTh aBa-
PUIfHO# CUTyallMM He BJIMSIET HAa BHIOOP Ma-
TEMaTUYECKOTO ONMMCAHUS;, aBapUHBIE CH-
TyallM¥ yYUTHIBAIOTCS B IepeBe COOBITU.

6. Mcnob3yeTcst MeTOAMKA aHAIHU3a, 00-
111ast JUTSI CUCTEM YITpaBJIeHUST OTBETCTBEHHBI -
MM TEXHOJIOTMYECKUMM TIPOLIeCCaMU, OCYIIe-
CTBJISIIOTCSI CLIEHAPHBIN Y MOJIETbHBIN aHAIN3
pyricKa, HEOOXOMUMBIH JIUTST BCEX TEXHUIECKUX
CHCTEM.

7. BeposITHOCTY ICXOIHBIX COOBITHIA paccuu-
TBIBAIOTCSI TI0 XOPOIIIO allpOOMPOBAHHBIM METO-
JlaM TeOpUY HaIEXHOCTU, XapaKTePUCTUKU
aBapUIHBIX CUTYallMi — CrieMUIECKUMU
alleKBaTHBIMU METOIAMU TEOPUH OE30TTaCHOCTH.

8. PeayqimsyeTcst IpUHITUIT TIPUHSITUS pe-
1reHus1 Ha ocHoBe (bakTos [10].

OueBuIHO, YTO BCE MOCTOMHCTBA TIpeIa-
raeMoro B CTaThe METO/Ia U IIPeoioieBacMbIe
WM TPYTHOCTHU aHaIn3a 6€301MacHOCTH HETlo-
CPENCTBEHHO TPUMEHMMBI K BOTIPOCAM 3KC-
ryatanun CXKAT, obecnieueHust pyHKIMO-
HaJIbHOI 0€30IMacHOCTH 3TUX cucteM. [lpu
3TOM OCYIIECTBIIIETCS JaJIbHEeIIIee pa3BUTHE
teopun CZKAT Ha oCHOBE yKe JOCTUTHYTOTO
ypoBHs [14; 17].

[TosTOMYy HOIMYCTUMO 3aKJIOYUTH, YTO
pe3yJIbTaThl HACTOSIIIEH CTaTbU MOTYT HAWTH
MpUMeHEeHN e Ui 1oKa3aTeJIbcTBa Oe3ormac-
HOCTHY COBPEMEHHBIX MUKPOITPOIIECCOPHBIX
1 MUKpPO31eKTpoHHBIX CKAT, uTo siBNIsIeTCS
aKTyaJIbHOW HAy4YHO-TPAaKTUYECKOW 3a1aueii
M HEOOXOMMMBIM 3TANloOM pa3paboTKu
¥ BHEIPEHUS TAaKUX CUCTEM.
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Method for Calculating Safety
Features of Railway Automation Devices

Konstantin A. BOCHKOV Dmitry V. KOMNATNIY

ABSTRACT

The problem of quantitative analysis of safety
of microelectronic and microprocessor systems
of railway automation and telemechanics is
considered. The problem remains relevant, since
the subject of safety analysis is rarely occurring,
but extremely dangerous events. The risk and
significance of failure are selected as the main
safety features of these systems. The way to
identify a failure was chosen according to MIL-
STD-1629A standard, as the most adequate.
Calculated expressions for significance of a failure
are proposed. The probability of a dangerous
failure is calculated by the method of model
analysis. Itis proposed to calculate the probability
of a failure further developing into an accident
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using scenario analysis methods by constructing
event trees. Calculated ratios for ratings of
violations are suggested, allowing to compare
dangerous failures and emergency sequences
developed from a failure. The risk assessment of
operation of railway automation systems was
selected not related to economic categories, and
thus convenient for rationing. It is based on
probabilistic concepts of the nature of risk and is
calculated using the methods of probability
theory. The developed design ratios and models
make it possible to analyze performance of the
functions of train traffic safety systems by
methods common to control systems, atthe same
time reflecting the features of operation of railway
automation.
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uccessful development and implemen-
S tation of modern microelectronic and

microprocessor railway automation and
telemechanics systems (RATS) require
quantitative analysis of their safety. This is due
tothe fact that in such systems, safety conditions
of the transportation process are implemented
by hardware and software tools. The applied
element base has symmetrical failures, the
intensity of which is much higher than the
failure rate of electromagnetic relays of I class
of reliability. In addition, the microelectronic
element base has low immunity to
electromagnetic interference and, at the same
time, operates in a complex electromagnetic
environment. Consequently, it becomes
impossible to ensure safety of modern RATS
through expert assessments, similar to systems
built on relays of I class of reliability.

In the published monographs on railway
automation [2—4], the most common methods
of safety analysis are based on models and
representations of the theory of reliability. The
theory of reliability has now been widely
developed, therefore, attempts to use it to solve
new technical problems are natural. The
authors of [5—7] follow this path of constructing
a safety theory. In safety analysis methods from
[2—4], the main value describing safety is the
rate of failure. It is assumed that the failure flow
is Poisson, and the failure rate is statistically
stable. On the basis of this approach, in [8; 9]
such safety indicators as mean time to failure,
the time the system remains in a state of
dangerous failure, and safety factor. It is fairly
noted [10] that such methods of safety analysis
do not take into account the fact that dangerous
failures, accidents and crashes are rare and even
unique events. It is also not considered that a
combination of several unfavorable
circumstances is required for development of
adangerous failure into an accident, which also
occurs quite rarely. Reliable determination of
intensity of dangerous failures is an independent
problem.

In order to take into account rarity of
accident events, in [11] it is proposed to
consider sections of the probability density
distribution laws of quantities characterizing
dangerous failures, with large values of these
quantities and low probabilities of their
occurrence. However, with this approach, the
problem arises of determining the parameters
and characteristics of distribution laws either
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from theoretical considerations or from
experience data.

Consequently, development of methods for
analyzing safety of RATS is a major scientific
and technical problem, an exhaustive solution
of which has not yet been obtained. Accordingly,
the objective of this work is further development
of methods for analyzing safety of RATS.

Results.

To achieve the stated objective, it is required,
first of all, to introduce the basic values that
characterize the safety property of RATS. In
[12] itis indicated that such values in the theory
of safety of control systems for responsible
technological processes are associated with risk
and significance of a failure. General methods
for determining these values are also presented
there. With regard to RATS, based on [12], the
below described modification of such methods
for quantitative calculations of significance of
afailure and a risk, as well as methods for rating
analysis of safety violations and risk regulation,
can be proposed.

The most adequate definition of significance
of a failure C is given in the methodology of
MIL-STD-1629A standard. Although this
standard has been officially canceled and
replaced by MIL-STD-2070 standard, its
methods and models continue to be widely used
in safety analysis of critical technical systems,
in particular, regarding aircrafts [1; 12; 13]. In
these standards, significance of a failure is
defined as the probability of an initial dangerous
failure developing into an emergency:
C=P)+P(E/),
where P(/,) is probability of a failure;

P(E/I) is probability of a dangerous failure
developing into an emergency.

This definition takes into account that not
every dangerous failure entails an emergency;
fordevelopment of an emergency, acombination
of several unfavourable circumstances must
occur. This confluence is rare. Consequently,
the above definition of significance of a failure
eliminates the aforementioned drawback of
existing methods of safety analysis.

The significance of a failure has the
mathematical meaning of probability of an
emergency due to a given dangerous failure,
therefore, its regulation should be carried out
in accordance with GOST R MEC61508-2-
2012 standard, which establishes SIL levels and
the corresponding values of probabilities of a

)]
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dangerous failure of a safety function. In
particular, the safety level of SIL 4 has been set
for railway automation systems in accordance
with GOST 33894-2016.

The probability of a dangerous failure based
on [14] is determined according to the formula
PU)=P (T )P (T )P, (TP, (T) (2)
where P e 1S probab111ty that time ¢ from the
moment the train enters the route until the
moment when RATS equipment fails is not less

than the time the train stays on the route;

P_ is probability that time 7 from the
moment the train enters the route until the
moment of failure of the software and
mathematical support of RATS is not less than
the time the train stays on the route;

Pop is probability that the time ¢ from the
moment the train enters the route until the
moment of failure of RATS operator is not less
than the time the train stays on the route;

P . is probability that the time 7 from the
moment the train enters the route until the
moment when RATS equipment fails under the
influence of electromagnetic interference is not
less than the time the train stays on the route;

T . is time of train staying on the route, s.

The probabilities P, , P, Pop are calculated
according to the formulas:

() =en| 1.3 0-v.)|, 3)

P, (T,) exp[—aT Z/i } 4)

)=o) 7.5, 0w), )
where A is intensity of failures 1/s;

v is coefficient that takes into account
parrying of a dangerous failure by self-control
devices [14];

ais coefficient taking into account software
stay in a passive state;

m, is the number of possible failures.

The characteristics of electromagnetic
interference affecting RATS are of a proba-
bilistic nature [15]. Experimental studies of
laws of probability density distribution of
characteristics of electromagnetic interference
have been repeatedly undertaken [15; 16].
Therefore, it is rational to calculate the
probability of a failure of RATS equipment
under the influence of electromagnetic
interference on the basis of the well-known
«load—stability» model [15]:

IfN (v)av, (6)

where U is interference voltage, V;

JS(U) is probability density function of the
interference level distribution;

F,(U) is function of the probability of the
interference immunity level of RATS
equipment.
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The probability of a dangerous failure
developing into an accident is determined by
analyzing the trees of events of emergency
sequences according to [12; 17]. Also, the
problem of calculating the probability of a
dangerous failure developing into an accident
is solved in [18; 19]. Thus, when calculating
the probability of a dangerous failure
developing into an accident, scenario analysis
is carried out, and specific ways of accident
emergence are considered. When calculating
the probability of a dangerous failure, a
model analysis of a dangerous failure is
carried out on the basis of models to calculate
the probability of failures caused by various
reasons. These stages of safety analysis of
control systems of critical technological
processes, including RATS, are mandatory
[11].

For a comparative analysis of safety
violations, the concepts of ratings of violations
are introduced [12].

L
The rating R=)0, reflects the probability
=1

of a given dangerous failure development for
all L emergency sequences.

The maximumrating R = max(Q) reflects
the probability of the most probable emergency
sequence for a given dangerous failure.

The average rating R , = R/L reflects the
probability of development of all possible
emergency sequences for this dangerous failure.

The final stage in analysis of safety of
control systems for critical technological
processes, including RATS, is assessment of
the operating risk. When assessing risk, it is
desirable not to use economic categories and
«political» considerations [20], but to obtain a
numerical estimate that is convenient for
rationing. Such an estimate was proposed in
[21] and is carried out according to the formula:

1
p=i_l, (7

P,

where P y is probability of equipment failure.
Since the significance of a failure has the
mathematical meaning of the probability of an
emergency due to a given dangerous failure, in
relation to safety analysis method considered in
the article, expression (7) is transformed into:

®)

where C is significance of a failure.
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In [21], the boundary values of risk are
substantiated, which determine the areas of
normal and emergency operation of the
technical system and make it possible to
normalize the risk values during operation of
RATS:

* 0 < p <1 — limited safety;

» p =1 —critical state, presence of failures;

* p > 1 — dangerous state, threat of an
accident;

* p >>1 —transcendental state, threat of a
catastrophe.

Conclusions.

So, the article formulates a method for
analyzing safety of RATS, the ratios for
calculating the values that characterize safety
of RATS are described, a scenario and model
analysis of safety of RATS are also suggested.

The distinctive features of the proposed
method are:

1. The main initiating events that can lead
to defects in train operation, accidents,
crashes are considered: hardware failures due
to limited reliability of the element base,
errors in software and mathematical support,
operator errors, exposure to electromagnetic
interference.

2. The non-additivity of factors influencing
the dangerous failure, criticality of the
combination of factors and other aspects of
development of a dangerous failure into an
emergency situation are considered.

3. Development of an emergency is
characterized by parameters that can be easily
determined in operational practice. The
general flow of dangerous failures and the
probability density distribution in the region of
distribution tails are not used since their
assessment is complicated by rarity of the
corresponding events.

4. Safety and risk indicators allow to carry
out standardization without involving economic
categories, to reasonably compare emergency
sequences in terms of safety, considering the
most probable, probable and average. Possible
initiating events and paths of transition to an
accident and a possible final event are also
taken into account.

5. Rarity and even uniqueness of the
emergency does not affect the choice of
mathematical description; emergency
situations are taken into account in the event
tree.

Bochkov, Konstantin A., Komnatniy, Dmitry V. Method for Calculating Safety Features of Railway

Automation Devices



6. The method of analysis is used, which is
common for control systems of responsible
technological processes, scenario and model
risk analysis is carried out, which is necessary
for all technical systems.

7. The probabilities of initiating events are
calculated according to well-tested methods of
the theory of reliability, characteristics of
emergency situations are calculated with the
specific adequate methods of safety theory.

8. The principle of decision making on the
basis of facts is implemented [10].

It is obvious that all the advantages of the
method proposed in the article and the
difficulties of safety analysis solved by it are
directly applied to the issues of operation of
RATS, ensuring functional safety of these
systems. At the same time, further development
of the theory of RATS is carried out based on
the already achieved level [14; 17].

Therefore, it is permissible to conclude that
the results of this article can be used to prove
safety of modern microprocessor and
microelectronic RATS, which is an urgent
scientific and practical task and a necessary
stage in development and implementation of
such systems.
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CeetnaHna LUBELLOBA Anekceir LUBELLOB

becninnotHbie netarenbHble annapatsl (Br1J1A),
TaKXe U3BECTHbIE KaK APOHbI U/ OECTINIOTHVIKA, M0-
JIyqaloT BCE 6osbLLee NPaKTU4ecKoe rnpuMeHeHne
B COBPEMEHHOM 00OLLECTBE, B TOM YACJIE KaK MHCTPY-
MEHTbI peann3aumm KOHLUENUni «yMHOro roposaa»,
«YMHOIrO 371paBOOXPAHEHUSI», «YMHOU NHAYCTPUN»,
UHTepHeTa Belleii, 3D-kapTorpapum, umppoBoro
TpaHcropTa. Ho, B HaCTosLUMI MOMEHT, NMPUMEHEHNE
BI1JIA Ha onpenesiéHHbIX 06beKTax, B TOM yucsie
W TpaHcrnopTHov nHepacTpykTyps! (OTU), B nepsyto
oyepe/b, B asporioprax, HEBO3MOXHO B CUJTy CYLLIECT-
BYIOLLYIX OFPaHUNHEHWI, BbI3BaHHbIX yrpo3amy 6e3onac-
HOCTU, BO3HUKaIOLLmMu ripy nonéte bIJIA.

ABTOpamu B AaHHOV paboTe Obiia IoCTaB/IeHa Liesb
PeIoXNTb peLLleHne, NMo3BoJISIoLEee HayaTb 9KC-
ryataumio 6eCrniIoOTHbIX 1IETATE bHbIX arnaparoB Ha
06bekTax TPaHCNopPTHONM NMHGPACTPYKTYpPbI, B HACTOSI-
LUMP MOMEHT 3aKPbITbIX /15 1o1EToB bIJ1A.

Ans goctvxenusi uenn paboTsl, C NPUMEHEHNEM
aHanm3a vl CUHTe3a, CpaBHEHWsT U 0006LLEeHVS, Cop-
MyJsIMpoBaHbl akTopbl 1 ycoBms 6e30MacHoro rnpu-
meHenusi BIJ1A Ha OTU, ¢ y4EToM KOTOPbIX pa3pabo-
TaHbl METOZ MOBbILLEHNS 6€30MaCHOCTU ABUXEHUS

6e3onacHocTb, obecrie4eHne 6€30nacHOCTH.

SESOrACHOCTS

OOecneuyeHue 6e30MacHOCTU NpU
akcnnyaTauum 6ecnuiioTHbIX JieTaTesNbHbIX
annapaTtoB Ha 00beKTax TPAHCNOPTHOMN

MHPPaACTPYKTYPbI

1lIseyosa Ceemaana Barepvesna —
Janvresocmounsiii 20cy0apcmeertblll yHusepcumem
nymeii coobujenus, Xabaposck, Poccus.

IlIsenoe Arexceii Baaoucaaeosuyu —
Bradusocmokckuii eocyoapcmeeHHblii yHugepcumem
IKOHOMUKU U cepguca, Bradusocmok, Poccus; Cegepo-
‘Bocmounwiii pedepanvhuiii ynusepcumem, Symck,
Poccus*.

6ecrvIoTHbIX 1IeTaTesbHbIX arrnaparoB v peasinaytoLLast
ero cucTemMa KOHTPOJIS MapLUPYTOB BECTINIOTHBIX Jie-
TaresibHbIX arnnaparos.

lpennoxeHHass cuctema gesaet BO3MOXHbIM
6e30nacHo rpumeHsite bINJ1A Ha OTU 3a CHET orpaHu-
YeHWsI 30HbI UX MONIETA CTPOro B 0603Ha4YEHHOM KOPU-
Z10pe, 4TO r03BOSISIET UCKITIOHYNTD YIrpO3Y CTOSIKHOBEHMWS
BIJIA ¢ apyrimm TpaHcropTHbIMuy cpeactsamm (TC),
akcrinyarmpyembivv Ha OTU, onacHbIMy a51ieMeHTaMmm
OTU, nioabMn U T.4.

Jns pyHKUMOHMPOBaHUSI CUCTEMbI HE TpebyeTcs
B/IEKTPOIHEPIUS, YTO M103BOJIIET BHEAPSTb CUCTEMY
6e3 co3naHusi BCrIoMoraresibHov aHeproobecneyu-
BaloLLEN HpPaCTPYKTYPhbI.

lNpakTnyeckoe rnpUMeHeHne rnpPeaIoXeHHo cuc-
TEMbI Y, KaK C/IeACTBUE, BHEAPEHME OOJIbLLIErO KOn-
4eCcTBa BO3MOXHOCTEM, BO3HUKAIOLUMX MPU MPUMEHe-
Huu BI1J1A, cnocobHO reHepupoBaTb Ha 06bekTax
TpaHcnopTa nPUHLUMMMaIbHO HOBbIE TEXHOIOrMYeckmne
pouecch! 1 CTPYKTYPbl, YTO SIB/IIETCS] OAHVUM U3 Ha-
rpaBsieHN Co3aaHVsl TPAaHCOPTHOM MHPPACTPYKTYPbI
C/IeYIOLLIErO MOKOJIEHUS], OCHOBAaHHOV Ha o T n uckyc-
CTBEHHOM VIHTEJIIEKTe.
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BBEAEHUE

becnuioTHbIe ieTaTeIbHBIE alllapaThl
(BIIJIA), Takke M3BECTHBIE KaK IPOHBI WX
OeCIUIOTHUKHM, TTOJydaloT BCE OoJbliee
MpakTU4IecKoe MIPUMEHEHE B COBPEMEHHOM
o0lllecTBe, B TOM YMCJIe NIPU peajnu3aluu
TaKUX ONPUJIOXEHUN, KaK «yMHBII ropoay»,
«YMHOE€ 3[paBOOXpaHEHUE», «YMHbIE UHIY-
ctpum» [1—5]. Kpome Toro, «0ecnniIoTHUKHA
u UnTtepHet Beweii (IoT) coBMecTHO moMo-
ramT pa3BUBaTh 0e30macHOCTb, 3D-kapTo-
rpacduio, TpaHcopT u ap.» [6]. Ho, B HacTosI-
LM MOMEHT, «paclIpOCTPaHEHUE BO3MOXK-
HOCTeH, MPenoCTaBIsIeMbIX TEXHOJIOTUSIMU
1 METOAaMMU, CBSI3aHHBIMHU C OECITUIOTHBIMU
JIeTaTeJIbHbIMU anrapaTaMu, CAepKUBaeTCs
CYIIECTBYIOIIMMHU OTPAaHUYEHUSIMHU T10 TIPU-
meHeHuto BITJIA Ha onpeaea€HHBIX 00beK-
Tax» [7], B 4yMcIe KOTOPBHIX U OTAEIAbHEIE
00BEKTHI TPAHCIIOPTHOM MHGPACTPYKTYPHI
(OTHN), B nepBy10 0Yepenab, a3POIOPTHI.

B Hacrosiiee BpeMs ipuMeHeHKe OecIin-
JIOTHBIX JIeTaTeJIbHBIX allllapaToB Ha OTAEJb-
HBIX 00BbEKTaX TpaHCIIOPTa, B IIEPBYIO Oye-
pelb, Ba’poropTax, 3aKOHOJATEILHO 3aIpe-
1IEHO BO MHOTHMX CTpaHax Mupa [7], BKitouast
Poccuio, cnenano 3To u3-3a yrpo3 6e3ormac-
HOCTH, Bo3HUKalomux npu nojére BITJIA.
K TakuM yrpo3aM OTHOCSITCSI aBapUu U Ype3-
Boiyaiinbeie cutyanuuu (YC) [8], koTophie
MOTYT BO3HMKHYTb NMPU CTOJKHOBEHUU
BITJIA ¢ TpaHCTIOPTHBIMUY CPEACTBAMU, IKC-
mayatupyembiMu Ha OTH, onacHbIMU Tpy-
3aMU, HaAXOOSIIIMMHUCS HAa 00BbEeKTe, UIU
OMaCHBIMU TEXHMYECKUMU dJIEMEHTaMU
00BbeKTa TPAHCIIOPTHOM MHMPACTPYKTYPHI.
K omacHbIM TEXHUYECKUM dJIEMEHTaM MOX-
HO OTHECTM T€XHUYECKHE YCTAHOBKU U CUC-
TEeMbI, B KOTOPBIX IIPUMEHSIIOTCS JIErKOBOC-
TUIaMeHsieMble M XUMUYECKH-OIacHbIE Bellle-
CTBa, CUCTEMbl dSHEPTrooOecleYeHusl, CUc-
TEeMbI YIIPaBJICHUS ABKEHUEM U T.1.

Puck cronknosenus BITJIA ¢ npyrumu
TPaHCIIOPTHBIMU CPEICTBAMU WU DJIEMEH-
TamMu OTHU MoxeT OBbITh pacleHEH KaK He-
BbIcOKUii [7; 9; 15], omHaKo mociencTBUs
TaKOM aBapuM, COIJIaCHO HCCJIENOBAHUIM
[10—14], MOTyT OBITH JOCTATOYHO CEPbHE3-
HBIMU, OCOOEHHO €CJIM YYUTHIBaTh, «4TO BEC
npodeccuoHaIbHBIX IPOHOB yXe€ ceiiyac
JOCTUTAET NEeCATKOB KMJIOTPaMMOB, MpU
5TOM HEKOTOpPbIe MOEIY IPOHOB pabOoTal0T
Ha XUJIKOM roprodem Tormaupe» [15]. Tak,
TOIUIMBHBIN 0aK TypOOpEeaKTUBHOIO JPOHA
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AB5 JetQuad [16], pazpaboTaHHOIrO KOMIIa-
nueii FusionFlight (CIIIA), Bmemaer 19
JIMTPOB Au3eabHOTro ToruiuBa. ABS JetQuad
CITOCOOEH MepeBO3UTh rpy3 BecoM 18 KT, caM
OeCUIOTHUK BECUT 23 KI, B pe3yabTraTe
CYMMapHBII Bec 3ampaBiieHHOro 1poHa ABS
JetQuad, nepeBo3siuero rpy3, 0yaeT 10CTU-
rathb 60 KT.

B Gmkaiiiee BpeMs TUIaHUPYeETCsT Hava-
JIO CEpUITHOTO TTPOM3BOJMICTBA TPAKIAHCKUX
TPY30BbBIX [POHOB HOBOTO TTOKOJIEHUS C TPY-
30TIOIBEMHOCTBIO YK€ B COTHU KUJIOTPaMM.
B xauecTBe mpuMepa TaKUX JieTaTeIbHBIX
armapaToB MOXHO NMPUBECTU TPY30BOU
BITJIA «BepTonéTHOTO» THITA MOACTH «CAV»,
pa3paboTaHHbIi KoMnaHueil bounr [17],
CITOCOOHBIN MepeBO3UTh TPYy3bl Maccoit 10
227 xunorpamMmmoB. «CAV nMeeT B INIMHY
6,1 M, B miupuHy 5,3 M, B BeICOTY 1,5 M,
u Maccy 498,9 kunorpamm» [17].

B coBpeMeHHEBIX YCIOBMSIX pelIeHUE
npobeMbl o0ecrneyeHust 0€30MacHOCTH T0-
JIETOB OECIUIOTHBIX JIETaTeIbHBIX alllapaToB
HEBO3MOXHO 0€3 CO3[aHMsI COOTBETCTBYIO-
II[ETO METOMOJIOTUIECKOTO U TEXHOJIOTUYE-
ckoro anrmnaparta. [Ipu ¢popMupoBaHUM TeO-
pUU 1 METOJIOB 00ecTieueHUsI 6€30aCHOCTH
nonétoB BITJIA Heob6XxoaMMO MPUMEHSTH
KOMTIIIEKCHBIN TTOIXOJ, BKJIIOYAIOIINMA CO-
BMECTHOE PACCMOTPEHME PE3YJIBTATOB HAYyd-
HBIX WCCJIEAOBAaHUHN U MOTPeOHOCTEN TTpaK-
TUKH, B 1IeJIsIX obecrieueHnsl 6€30MacHOCTH
KaK 9KCIIyaTUPYeMbIX O€CTTUIIOTHBIX JieTa-
TeJIBHEIX allllapaToB, TaK M 00BEKTOB TPaHC-
MMOPTHOM MHDPACTPYKTYPHI, Ha KOTOPBIX OHU
MIPUMEHSIOTCS.

I]eas HACTOSIIIETO UCCIIEOBAHUS — pa3-
paboTKa MeTo/1a MOBbIIeHUS 0€30MaCHOCTHU
IBVDKEHWST OECITMIOTHBIX JIETAaTeIbHBIX all-
mapaToB U TEXHUYECKOTO PEIIeHUs, €T0
pean3yoIIero, COBMECTHO TTO3BOJISIONINX
€0311aTh HEOOXOMMMBIE YCIIOBUS IIJIST CHSITUS
CYIIECTBYIOIINX OTPAaHMICHUI IO TIpUMEHE -
Huto BITJIA Ha OTH.

PE3YJIbTATDI

Jtst noCTUXEHUST MOCTaBJAEHHON 1IeNu,
110 MHEHUIO aBTOPOB, IEPBOHAYATIBLHO HEOO-
XOIUMO c(HopMyTMpOBaTh (haKTOPHI, BIUSIIO-
mue Ha 0e30MacHOCTh MpHU 3KCITyaTalluu
OECIUIOTHBIX JIeTaTeJbHBIX amlapaToB Ha
00BeKTax TPAHCTIOPTHOU MH(PPACTPYKTYPHI,
a Takxke BbIpaboTaTh MepeyeHb yCI0BUii 0e3-
ommacHoro npuMmeHeHns BITJIA na OTH.

LlieewoBa C. B., LLIeeuoB A. B. O6ecnevyeHne 6e30nacHOCTU NMpU IKCyaTaummn 6eCnmoTHbIX
JsleTaTesnbHbIX annapaToB Ha 060bEKTaX TPAHCMOPTHON UHGPACTPYKTYPbI




DAKTOPbI U YCJTOBUSA
BE3OMNACHOIO NPMMEHEHUSA
BMNJIAHA OTU

OcHoBHbIE (haKTOPHI, BIAUSIOLINE HA O0e3-
OINACHOCTB ITPU 3KCILIyaTalluy OeCTIMIOTHBIX
JIeTaTeJIbHBIX alrapaToB Ha 00beKTax TPaHC-
MOPTHOM MHGPACTPYKTYPhI, MOXHO pa3zie-
JIUTh Ha YETHIPE TPYIIIIHI.

1. UngppacmpyxmypHroie pakmopol:

* OAM3OCTb NyTel NBUKEHUS OPYTHUX
TPAaHCIIOPTHBIX CpeACcTB. Bo3myiHbie Kopu-
JIOpbI, BblaedeHHble 1Js1 nBvxkeHus: BITJIA,
HE TOJIKHBI TTepeceKaThCsl B OMHOM IJIOCKO-
CTU C MyTIMU (KOPUIOPAMM) IBUKEHUS
npyrux TC skcryatupyembix Ha OTH;

* MUHUMAaJIbHOE KOJIMYE€CTBO CBOOOTHO-
ro MPOCTPAaHCTBA JJISI MAHEBPUPOBAHMSI.
ITpoctpaHcTBo st MaHeBpupoBaHus BITJIA
Ha OTHU orpaHu4eHO CyIIECTBYIOLIUMU My~
TaMHU ABvkeHus npyrux TC, a Takoke 3naHus-
MU, COOPYXEHHUSIMU M KOMMYHUKAILIUSIMH,
umeronumucs Ha OTH.

2. Texnonoeuueckue pakmopol:

» Ha OTHU npumeHsieTcs psia TUTIOB 000-
pyIoOBaHMs, B TEXHOJOTMYECKOM IMpoliecce
KOTOPOTO MPUMEHSIIOTCSI paguOKaHabI.
BITJIA — 3T0 neTaTeNbHbIN anmnapar, yrnpas-
JIeHUE KOTOPBIM, OCYIIECTBIISIETCS TUCTaH-
LIMOHHO 10 pajuoKaHaiy. B cBs3u ¢ atum
HEOOXOAMMO YIYUTHIBATh PUCK COOSI B YIIpaB-
nenun BITJIA u3-3a Bo3gelcTBUS APYTUX
PaanMOCUTHAJIOB;

» Ha psae OTHU npumeHseTcst o6opyno-
BaHWe, reHepupyoliee paaruonomexu. [1pu
TUTAHUPOBAHUM TTyTEH JJISI TIePEeABUKECHUS
BITJIA HeoOX0AMMO YUUTHIBATD, UTO HA TYTU
nBukeHust BITJIA He 10JI)KHO OBITh y4aCTKOB
C TAKMM YPOBHEM PagroTnioMeX, TPy KOTOPOM
BO3MOXKHBI COOM B YITpaBJICHUY JIETaTeIbHBIM
arrmapaToM.

3. Hopmamueno-npasoewie paxmopoi:

* BJIajiesiel] 0eCIUIOTHOTO JIETaTeIbHOTO
arrmapaTa Hec€T OTBEeTCTBEHHOCTh 3a HaHe-
cenue BITJIA ymep6a tpetbuM nuuam. [pu
BbIOOpe MapiupyTa aBuxeHust BITJIA HeoO-
XOAMMO YYUTHIBATh BO3MOXHBIN PUCK CTOJIK-
HOBEHHUS HE TOJbKO C TPAHCIOPTHBIMU
cpeactBamu uiau anemeHtamu OTH, Ho
U C JIIOIbMU, HAXOISIIMMHUCS Ha 0OBEKTE;

* BJIajiesiel] 0eCIUIOTHOTO JIETaTeIbHOTO
anrmapara 00513aH OCYILECTBJSITh YCTaHOB-
JICHHBbIC 3aKOHOM PErucTpallMOHHBIC Ieii-
CTBMSI Y TTOJIy4aTh HEOOXOAUMBIE pa3pelie-
Hus. Ipaduku u pexumsl nsuxeHus: bITJTA
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JIOJIKHBI OBITH COTJIACOBAHbBI C KOHTPOJIUPYIO-
1MW OpTaHaMU.

4. Pakmopsi pucka HecaHKYUOHUPOBAHHO-
20 6Meuamenbcmea U 6030elicmeuii:

* CYIIECTBYET PUCK AUCTAHIIMOHHOTO
rnepexsaTa ynpaBieHUs 0eCIUIOTHBIM JieTa-
TeJIbHBIM anmapaTtoM. B HacTosAIIMiA MOMEHT
He CYIIECTBYeT MHCTPYMEHTA rapaHTUPOBAH-
HOI 3a1MThl KaHana ynpasieHus BITJIA ot
HECaHKIIMOHUPOBAHHOTO BMeEIATEJIbCTBA
W BO3AEUCTBUI CO CTOPOHBI HAPYIIUTES
[18]. HeobxonmMo yuynuTHIBaTh PUCK ITepexBa-
Ta yIpaBjeHUs JeTaTeJbHbIM anmnapaToM,
B TOM YHCJIE U C LieJiblo TpuMeHeHus1 BITJITA
JUUTS COBEPIIIEHUS aKTa HE3aKOHHOTO BMellia-
tenberBa Ha OTHU [19];

* rpaxkgaHckue bITJIA He MMeIoT 3alUThI
OT BHEIIHEro (PU3u4ecKoro BO3AEUCTBUS.
Heob6xonumo yuutsiBaTh, yTo BITJIA nerko
MOXET OBITh TOBPEXIEH, K MPUMEPY, HEOOJIb-
1M TTPEAMETOM, OPOIIIEHHBIM B €r0 CTOPO-
Hy HapyuresieM. [Ipu miaHupoBaHUY My Tei
1 MHPPACTPYKTYPHI I MepeaBUKEHUS
BITJIA HeoOxonuMo yuyuThiBaTh, 4yTo BITJIA
JIOJIXXHBI OBITh HEMOCTYITHBI IJISI MIPSIMOTO
(r3MIECKOTo BO3MEUCTBUS CO CTOPOHBI Ha-
pYyLINUTES.

O06061meHne GakTopoB, BIUSIONINX Ha
06€30MacHOCTb MPU IKCIUTyaTalluy O€CIUIOT-
HBIX JIeTaTeJbHBIX alapaToB Ha 00BEKTax
TPaHCHOPTHOU UH(MPACTPYKTYPHI, TO3BOJISI-
eT chopMyJIMpoOBaTh TPU OCHOBOIIOJIATAI0-
IIUX yCI0BUS 0€30MacHOro MPUMEHEHUS
BITJIA na OTH:

1) 30Ha BO3MOXHOTO MepeaBUKEHUS
BIIJIA monxHa HaXoAMTHCS B IpaHUILIAX
BBLIEJIEHHOTO BO3AYIITHOTO Kopuaopa. laH-
HOE ycJIOBUE OOYCIOBJIEHO TEM, YTO B Ha-
CTOsIllEe BPEMS HET 3alMUTHl OT YyIPO3bI
HEKOHTPOJIUPYEMOTO U3MEHEHUS TPAEKTO-
puu nonéta BITJIA. «CMeHa TpaeKkTopum
MOXET MPOU30MTU KaK BCIEICTBUAE OIIUO0K
orepatopa» [13], Tak 1 yMBIIILIEHHOTO He-
CaHKIIMOHUPOBAHHOTO BMeEIIaTeJbCTBA
U BO3JEUCTBUIA CO CTOPOHBI HAPYIIUTENS,
BKJIIOYAsl NMCTAHIIMOHHBIN ITepexBat yrpaBs-
nenus BITJIA. Kpome Toro, cyliecTByeT
yrpo3a norepu ynpasieHust Haa BITJIA npu
BO3HUKHOBEHUU B HEM TEXHUYECKUX HEUC-
npaBHocTel, mocie yero bITJIA Takxe Mo-
XXET U3MEHUTh TPAEKTOPUIO U CTOJKHYThCS
C IPYTUMU TPAHCHOPTHBIMU CPEACTBAMU,
akcruryatupyeMbiMmu Ha OTU, onacHbIMU
anemenTamMu OTHU niau T0abMu;
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2) nonyctumo npuMeHeHue BITJIA Tonab-
KO «BEPTOJETHOro» Tumna. Bo3aMoXHOCTh
NpuMeHeHUs ToabKo Takoro tuma BITJIA
obycnosieHa TeM, uto BITJIA npyrux Tunos,
B TIEPBYIO OYepeab «CaMOJIETHOTO», MOTYT
MepeaBUTaThCsl C BBICOKON CKOPOCThIO U HE
npenHa3HavYeHBbl IJIs MaHEBPUPOBaHUS
B IpeleiaX OrpaHMYeHHBIX 3aCTPOCHHBIX
TEPPUTOPUIA;

3) nonyctumo npumeHeHue BITJIA Tonb-
KO C DJIEKTPUUYECKUMHU ABUTATEIIMU. Tpedo-
BaHME MO IIPUMEHEHUIO TaHHOTO BUIA TSITH
00YCJIOBJIEHO TE€M, YTO aBapuu C y4yacTUEM
«KuakoTormiuBHbIX» BITJIA umeT puck
0oJiee TAXKEIBIX ITOCIIENCTBUN U3-3a BO3MOX-
HOTO BO3TOpPaHUS XHMIKOTO TOILIMBA, HAXO0-
JISIIerocst Ha OoOpTYy.

OBECINEYEHUE BESOMNACHOCTU
NMPUN SKCMNYATALIUA
BECMUNOTHbIX JIETATEJIbHbIX
ANMMNAPATOB HA OBBbEKTAX
TPAHCNOPTHOM
UHDOPACTPYKTYPbI

ITIpoGiema 6€30MacHOCTU ABUXECHMUS
OECIMIOTHBIX JIeTaTeIbHBIX allllapaToOB Ha
00BbeKTaxX TPAHCHOPTHON MHMPPACTPYKTYPHI
HETIOCPEACTBEHHO CBsI3aHa C yCTOMYMBOCTHIO
rpaHul BoelaegeHHoro (as nmoaétos BITJIA)
Bo3ayiHoro kopunopa (BBK), ipu Beixone
un3 koTopbix BITJIA MOXeT CTONKHYThCS
C IPYTUMHU Ha3eMHBIMU/BO3OyIIHEIMU TC,
sneMmeHTamMu OTU v moapMu, HaXOAS LM -
mucs Ha OTH.

YCTOMYNBOCTS TPAHUII BBIACICHHOTO
BO3IYIIHOTO KOPHUIOpPA, — COCTOSTHHE, TIPU
kotopoM noaeT BITJIA (oT Touku B3n€Ta 10
TOYKH MTOCATKN ) BO3MOXKEH TOJIbKO B TpaHU-
max BBK.

ObGecnieyeHUe TaKO YCTOMYMBOCTU BO3-
MOXHO Ha OCHOBE CO3[aHUs YCJIOBUM 06J10-
KMPOBaHUS paccMaTpUBaeMOro o0beKTa
B BBIZICJICHHOM [IJIST €TO TIepeABIDKCHUS BO3-
IYITHOM KOPHIOpE, UYTO ITO3BOJHT IIPEAOT-
BpaTUTh aBapuUilHbIe CUTyallUU, CBSI3aHHbIE
C BBIXOJIOM 00BEKTa M3 TPAHUII BBIIEIEHHOIO
BO3IYLIHOTO Kopuaopa. TexHmIecKr JaHHast
3ajJ1a4a CBOMUTCS K TPEIOTBPAIIEHUIO BO3-
MoxHocTu nepeceyeHus BITJIA rpaHun
BBK.

ITpu Takoi1 mMOCTaHOBKE 3aJa9M ITPEICTAaB-
JIIeTCS 11eJ1eCO00Pa3HBIM 00ECTIeYUTh TTOCTO-
siHHY10 ¢Bsi3b BITJIA ¢ HecBOOOAHOI TOYKOM
(HT), pacroyoxeHHOM B LIEHTPE OKPYKHO-
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ctu BBK 1 orpanndeHHOI B iepe1BUKEHUN
ocsio BBK.

ITpu 3TOM mofyueHHasl CBA3b ITOJXKHA
OrpaHUYMBATh PACXOXIEHUE paccMaTpuBae-
MBIX OOBEKTOB Ha PACCTOSIHUE, MTPEBBIIIAI0-
mee ;iMHY paaguyca BBK 3a BoiueToM IIMHBI
BIUJIA u ¥ anunsl HT, yTo mo3Boaut obec-
ne4yuTs pusndeckoe caepxubanue BITIIA
B rpanuiiax BBK.

JJist mpaKTU4YeCcKOU peanusanuu mpe-
JIOXXEHHOTO MEeTOJa MOBbIIIeHUS 6e3omac-
HOCTU JBUXEHUS 0€CUIOTHBIX JIETATEIb-
HBIX amnmapaToB aBTOpaMu pa3paboTaHa
cUcCTeEMa KOHTPOJIS MapIIpyTOB O€CHUIOT-
HBIX JIeTaTeJIbHBIX almapaToB (manee —
CKM).

CKM 1o3BoJisieT 06ecrieunTh 6e30MacHoe
npumeHeHue BITJIA Ha OTU 3a cuér orpanu-
yeHus 30HbI nepensuxenuss BITJIA ctporo
B BBIIEJIEHHOM BO3AyIIHOM Kopunope. [Tpu
paspaborke CKM 6bu1H yuTeHBI Bee chopMy-
JIMPOBAaHHBIE YCIOBUS 6€30MacCHOTO MpUMe-
nenust BITJIA va OTHU.

OMNCAHUE CKM

ITpvHuMN paboThl MpemiaraeMon CUuc-
TEMBI 3aKJTI0YAETCS B TOM, UYTO OECTIMIIOTHBIN
JIeTaTeNIbHBIN anmapaT He MOXET BBIWTU 3a
TIpeiesbl BBIIEICHHOTO JJIsI €TO TePeaBIKe-
HUSI BO3AYIITHOTO Kopuaopa. JlaHHoe orpaHu-
YyeHUe NOCTUTraeTcs 3a CUeT Toro, yto BITJIIA
KPETUTCsl yAepXUBAIOIIUM TPOCOM K IO-
NBUXHOU TutaTpopme, YCTAaHOBIIEHHOUW Ha
MOHODEJIbC, MPOJIOXKEHHBIN 10 3aIaHHOMY
Mmapupyty neuxeHus BITJIIA. Tlpu sTtom
BITJIA coxpaHsieT BO3MOXHOCTb MOJIETA, HO
30HA €ro NMePeIBIKEHMST OTPAaHNYEHA TPaeK-
TOpHEeil MOHOpe/bca U JUIMHOW YIepKUBato-
1L[ETo Tpoca.

JeTanbHast KOHCTPYKIIMS pa3pab0TaHHOMI
CUCTeMBbI TTOKa3aHa Ha puc. 1.

CKM cocTouT 13 CIIEAYIONMINX JIEMEHTOB:
TTOJBUXHOM TUTaThOpMBbI [, yCTAHOBIEHHOM
Ha MOHOpEJbC 2; yAepXUBaIOIIeTo Tpoca 3,
OJTHUM KOHIIOM MPUKPETUIEHHOTO K KpeTiyie-
HUIO 4, YCTAHOBJIEHHOMY Ha TOJIBUXHOU
aThopMe; BTOPIM KOHIIOM TPOC MPUKpPETI-
JIEH K aHAJIOTUYHOMY KPETUIEHUI0, YCTaHaB-
ymBaeMoMy Ha BITJIA (1a puc. 1 He mokasza-
HO).

Kpemrenne BITJIA k CKM obecrieunBa-
eTCcsl YAepXKUBAIIUM TpocoM. ONTUMatb-
HBIM SIBJISIETCSI IPUMEHEHUE CIIPY>KUHEHHO-
ro yAepXHUBaKIUIEero Tpoca, TakKo Tpoc
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Puc. 1. Cucrtema KOHTPOJIS MapLUPYTOB 6eCNN/IOTHbIX JIeTaTesIbHbIX annaparTos.

MMeeT MUHUMAaJIbHBIA IIPOBUC, YTO CHUXKAET
yrpo3y ero 3aleIuIeHUs 3a pa3IudHbIe OKPY-
XKarole nmpeaMeThl Bo BpeMs nonéTta BITJIA.

baszosriit amement CKM — moaBukHas
wiatdopma (371eMeHT 1 puc. 1), cmipoekTu-
poBaHa TakuM 00Opa3oM, YTOOBI CO31aBaTh
MUHUMAJIbHBII TOpMO3SIIUiA 3DdeKT npu
nonére BITJIA. Jlocturaercss 3To 3a CUET
JIByXOCHOTO PACIIOJI0XEHMSI KOJIEC I1aTdop-
MBI, Beero mnatgopma nmeet 12 Koméc, oc-
HOBOM KOTOPBIX SABJSIOTCS POJMUKOBEIE
MOIIINITHUKH.

HdeTanbHass KOHCTPYKLMS IMOABUXKHOM
naaTdopMBI TToKa3aHa Ha puc. 2.

IMoasukHas rtatdopma COCTOUT U3 clie-
IYIOIIUX 3JIEMEHTOB: KOopItyca /, UMeIoIIero
1Mo 60pTaM OTBEPCTUS 2; BOCBMU TOPU3OH-
TaJIbHO PACTIONOXEHHBIX Oceli 3, Ha KOTOPBIX
YCTAHOBJIEHBI YEThIpe HMXHMX KoJjieca 4
U YeThIPe BEPXHUX KoJieca J; YeThIPEX BEPTH -
KaJIbHO PACITOJIOXKEHHBIX OCeii 6, Ha KOTOPBIX
YCTAHOBJIEHBI YEThIpe OOKOBBIX Kojeca 7.
Marepuan Kopryca MOIBWXHOM Tutatdop-
MBI — aJllOMUHUEBHIN criiaB AI31.

IMonBukHas raTropma ycraHaBIMBACTCS
Ha MOHOPEJLC (31eMeHT 2 puc. 1).

KoHcTpyKIiyst monBUXHOM T1aTGOPMBI
TTO3BOJISIET €11 IBUTATHCSI TIO MOHOPEJILCY KaK

Puc. 2. MoasmxHas nnatdopma: a) Bua cnesa; 6) Bug cnepenm.
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L)
.
L)

)

6)

Puc. 3. MoHopeibCc B KOMIMIEKTE C ONMopoii-KPOHLUTEeHHOM: a) Bug crieBa, 6) Bug cnepeau.

110 HaIlpaBJeHUIO BIEPEN, TaK U IO HAIIpaB-
JICHUIO Ha3aj.

MoHopebc NPOKIaabIBAETCS IO YCTAHOB-
neHHoMy Mapupyty nBuxkeHust BITJIA. Co-
OupaeTcss MOHOPEJIbC M3 OTIETbHBIX CEKIINIA,
KOJMYECTBO KOTOPBIX OIIPeAeISIeTCsI IPOEKT-
HOM JJIMHOM MOHOpEIbca. YCTaHaBIMBAETCS
MOHOpEJIbC Ha OMmopax-KpOHINTeHHaX, 3a-
KpeIlUIieMbIX, B CBOIO OUYepeNb, Ha MOAXOs -
WX BHEITHUX 00BEKTaX, HAIIpUMep, 30aHU-
SIX WIN COOPYXEHUSX, PACIOJOXEHHBIX IO
MyTHU TIPOKJIAIKK MOHOPEJIbCa, IO Ha CIie-
IMAJTBHO YCTAHOBJICHHBIX B TPYHT BUHTOBBIX
CBasix.

HeTtanpHasi KOHCTPYKIIUS MOHOpEIbCA
rnokKa3aHa Ha puc. 3.

Cexkuuss MoHopesbca I KpemuTcsl Ipo-
IOJIBHBIM BEPXHUM KperexkoM 2 1 IIPOI0JIb-
HBIM HUXHUM KpemnexoM 3 K coceaHeu
CEKIIM1 MOHOPEIbCa 4 1 YIIIOBBIM KPEIIeXXOM
5 K orope-KpoHIITeitHy 6. Matepuai MOHO-
penbca — anoMUHUEBbIN craB AJ31.

YCJ/10BUA ®YHKLUVNOHUPOBAHUA CKM
Ha onHOM MOHOpEIbCcE OMHOBPEMEHHO
MOKET 3KCILTyaTUPOBaThCs KaK OJTHA ITOIBIX -
Has T1atdopma, Tak M Tpymia ImaaThopM.
K kaxmoit mogBuUXHOU miaTdhopMe MOXKET
MPUKPETUISATHCS TOAbKO onuH BITJIA.

[Ipu 3KkcIuTyaTalliy TPYMIITHI HOIBVKHBIX
1aThopM Ha OTHOM MOHOPEbCE UX NBUKE-
HUE MOXET OCYIIECTBIISITHCS TOJIBKO B OMTHOM
BBIOpaHHOM HampaBieHUU ¢ 6e30MacHbIM
WHTEPBAJIOM MEXIYy HUMU, 3TO HEOOXOIUMO
JIJI IpeoTBpalieHNs cTonkHoBeHMiT BITJIA.
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besonacubiit uHTEpBaT (S, ) ONpenesser-
cs1 1o popmyiie:
S =T+ By + Lo2 (1)
rae Tm — nuctaHuus, npoxoauMas BITJIA
C MOMEHTa OOHApYXEeHUS ONepaToOpoM Mpe-
nATcTBUS Ha nmytu asuxeHus BITJIA u no
MOMEHTa MPUMEHEHUS OINepaTopoOM 3IKC-
TPEHHOTO TOPMOXEHUS;

B, — TOPMO3HOW MyTh, TPOXOIUMBII
BITJIA npu 3KCTpEeHHOM TOPMOXEHUM;

L, — uiiHa yIepXXUBAoIIETo Tpoca.

®opmyna 1 Mo3BoJIsIET paccuynuTaTh 6e3-
OIMaCHBII MHTEPBAJ IJ1s1 3aIaHHOW CKOPOCTU
neuxxeHus: BITJIA, nns 3Toro B mokasareau
T w B, NOACTaBISIOTCA UX 3HAYECHUS TIPU

res dis

paCCManHBaCMOfI CKOpPOCTH.

OrPAHUHEHUSA B NTPUMEHEHUUN

Cucrema CKM npumeHnMa B TIPUITIOKE-
HUSX, TIpeAyCMaTPpUBAIOIIUX ABUKEHME
BITJIA no onpenenéHHOMY MapIlpyTy.

CucreMa KOHTPOJISI MapIIpyToB OecTiv-
JIOTHBIX JIETATEIbHBIX aIllapaToB MPUMeHNMa
Ha Ha3eMHBIX 00bEKTaX TPAHCTIOPTHOM UH) -
pPacTpyKTYpHI.

Cucrema CKM npenHasHaueHa Juist pa-
60ThI ¢ BITJIA «BEpTONETHOrO» TUIIA, BEPTU-
KaJIbHOTO B3JIETA U MMOCATKU.

9KCNEPUMEHTAJIbHASA
AMPOBALNA CUCTEMbI

HatypHbiii 5KCHepUMEeHT MPOBOAUICS
myTéMm 15 munytHoro monéra BITJIA, mpu-
KPEIUIEHHOTO YIEePKUBAIOIINM TPOCOM K ITO-
NBUXHOU TutaTpopme, YCTAaHOBIIEHHOU Ha
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Ta6mmua 1
Pa3pa6oTku, npexycMaTpuBalomue npumMmeHenne npusssabix BITTA
PaspaboTunk MaxkcuMaibHast BBICOTA MOJIETAa IPOHA BpeMst HenpephIBHOTO MOJIETA TPOHA
Equinox Systems [20] 150 m 30 nHei
TDS [21] 120 m HEOorpaHUYEHHO
Aria Insights [22] 120 m HEOrpaHUYEeHHO
Elistair [23] 80 M 10 yacoB

MoHopesbce. CKOpOCTh U BBICOTA IOJIETA,
pacnionoxenue BITJIA oTHOCUTETEHO MOHO-
peJjibca, a TaKKe CuJjla HaTSDKEHUs Tpoca Ie-
PUOAMYECKU U3MEHSJIUCHh OIEPaTOPOM.
B pesynbraTe 3KCIIEpUMEHTa YCTAaHOBJICHO,
yto CKM obecrneunBaeT orpaHuYeHUE 30HbI
nepensuxkeHust BITJIA B rpaHuiax BelaeIeH-
HOTO BO3AYIIHOrO KOpHUIOpa, IpU 3TOM
kperuieHue BITJIA K cucTteMe He oKa3bIBaeT
3aMETHOTO BJIMSIHUSI Ha yIPaBISIeMOCTb
u ckopocTb BITJIA.

HANPABJIEHUSA O
NPOAOJIDKEHUA NCCNEOOBAHUSA

JlaHHOe uccieqoBaHue pa3BUBaeTCs aB-
TOpaMu B IBYX HaIpaBJIEHUSIX.

IlepBoe HampaBieHWe — 3TO pa3paboTKa
TEXHOJIOTUM, TO3BOJISIIOIIEH OllepaTopy CUC-
TeMmbl ynpapasath BITJIA mocpeactBoM npo-
BOJHOM, a He panuocBsa3u. [Ipu 3ToM B Ka-
YyecTBe MPOBOAHON JUHUM IS Mepeaayu
JIaHHBIX OYAET CIYXKUTh MOHODEJIbC U Jajee
yaepxKuBaouii Tpoc, kpengimuii BITJTA
K MoaBUXXHO miatdopMme. JlaHHbBIN ciocod
ynpaBiaeHusi BITJIA mo3BoauUT 3alIUTUTh
kaHai ynpasaeHusi BITJIA ot c6oeB, BbI3bI-
BaeMbIX paroIIoMeXaMu, a TAKXKe 00eCTIeunT
3allUTy OT NIMCTAHLIMOHHOIO IepexBaTa
yrpasieHus BITJIA HapywmuTenem, 4To mo-
HU3UT YSI3BUMOCTb CUCTEMBI 1151 HECAHKIIMO-
HUPOBAHHOTO BMeIaTeJbCTBAa U BO3IEli-
CTBUM.

Bropoe HampaBieHue — 3T0 pa3paboTka
TEXHOJIOTUM AUCTAHLIMOHHOIO 3Heproodec-
neuyeHus BITJIA, paboratoimux ¢ CKM. Ipu
5TOM B KayecCcTB€ JIMHUMU JJIs Mepeaayu
9JIEKTPOIHEPIUU OyIET CIYKUTh MOHOPEIbC
U ajee yaepXKuBamuii Tpoc. JlaHHbIN cIio-
co0 sHeproobecreyeHuss nmo3poaut bITJIA
paboTaTh NMPaKTUYECKU B HEMPEPHIBHOM pe-
KMME, a TaKXXe MOBBICUT WX TPY30IMOIBEM-
HOCTb 32 CYET BO3MOXXHOCTU MPUMEHEHUS
0oJiee MONIHBIX A/IeKTpoABUraTeaeit. JAucran-
LIMOHHOE dHeprooodecneyeHrue 6eCmUIOTHBIX
JIeTaTe/IbHbIX aIlnapaToB MO3BOJIUT CO3aBaTh
MPOTSKEHHBIE CUCTEMbI MaPIIPYTHO-30HAJb-
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Horo noyiéra BITJIA kak Ha ypoBHE TOpPOIOB,
TaK U PETMOHOB C BOBMOXHOCTBIO MX TI0CJIE-
IOylolleid MHTerpaluu. BHeapeHue cucrem
TaKOT0 YPOBHSI ITO3BOJIUT (DOPMUPOBATH B OY-
IyILIEeM IJIO0aJbHbIE JIOTUCTUYECKHUE CXEMBbI
JIOCTAaBKM I'DY30B, B KOTOPHIX B Ka4eCTBE
CPEICTB IOCTaBKU OYIyT BBICTYIIATh IPY30BbIC
BILJIA.

CPABHEHME C PELLEHUSIMMU,
U3BECTHbIMU B MUPE

B HacTosiMiit MOMEHT B MUpE U3BECTCH
psin pa3paboToK, MpeaycMaTPUBAIOIINX UC-
noab3oBaHue npuBs3HbiX BITJIA (Tab. 1).

I[IpyHIUNIMATBHBIM OTJMYMEM pellie-
HUi1, ONMCaHHBIX B Tabj. 1, OT mpemyiarae-
MO# CHUCTEeMBI SIBASIETCS TO, YTO B HUX
BITJIA, npukpenaéHHbIN TPOCOM K Ha3eM-
HOIl cTallMoHapHOU 6a3e, mociie B3JaETa
M TOCTVXKEHMST 3aJaHHOM BBICOTHI HAXOAUT-
CSl B CTATUMHOM COCTOSTHUU U UCITOJIb3YeT-
cs Kak miatdopma st pa3MelieHus 060-
pyaoBaHUd, HAIpUMEDP, MpEIHA3HAYEHHO-
ro ang nepenayu curHaina 3G/4/G/5G
C LIeJIbI0 0OecTieYeHUsT MOKPHITHUSI COTOBOM
cBs3u Ha Tepputopusix YC 1o BocCTaHOB-
JICHUS TTOBPEXAEHHBIX BBHIIIEK COTOBOM
cBs13u. MapupyTHblit monét BITJIA B onu-
CaHHBIX PEIIeHMSIX HEBO3MOXeH. [lomo-
HUTEJbHBIM OTJIMYMEM PAacCMaTPUBAEMBbIX
pEeIIEHU OT MPeIJIOKeHHOW CUCTEMBI SIB-
JIIeTCs TO, YTO OHM IpeaHa3HAYEHBI s
JUCTAaHLIMOHHOTO 3JiekTponutanus BITJIA,
nHGOPMaIKS O TOM, TPOBOAUINCH UJIK HET
KCCJIeIOBAaHMS Ha IIPEIMET TOTO, CITOCOOHBI
JIV JaHHbIE peLIeHUST 00ECIEeYNUTh CAECPKM -
BaHue BITJIA, oTCyTCTBYET, UTO HE MO3BO-
JISIeT paccCMaTpUBaTh NJaHHBIC PELIEHUS KaK
cpencTBo obecredyeHUss 6€30MacCHOCTHU
nonétros BITJIA.

BbiBOAbI

B Hacros1eM uccaenoBaHUU pa3paboTaH
Memod TIOBBILLIEHUST 6€30MTaCHOCTH IBUXKEHHUSI
OeCITUIOTHBIX JIETaTeIbHBIX alapaToB 1 pea-
JIU3YIOIIIast €ro CUCTEMa KOHTPOJISI MapILPyTOB
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OECIMJIOTHBIX JIeTaTeIbHbIX arnapaToB. BHea-
peHME CUCTEMBI pelllaeT 3aaa4y o0ecreyeHUs:
0€30MacCHOCTU MPH IKCILTyaTalluu OeCIIUIOT-
HBIX JIETaTeJIbHBIX ammapaToB Ha 00BbEeKTax
TPaHCIIOPTHOI MHPPACTPYKTYPHI, YTO, B CBOIO
oyepelb, MMO3BOJISIET CHATH CYIIECTBYIOIINE
orpaHuuyeHus no npumeHeHuto BITJIA Ha
OTH B yacTh OECHMIOTHBIX JIeTAaTeIbHBIX
arnmnapaToB, TPUMEHSIEMbIX COBMECTHO C ITpe/I-
JIOXKEHHOI CUCTEMOA.
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ABSTRACT

Unmanned aerial vehicles (UAV), also known
as drones, are gaining more and more practical
application in modern society, particularly as the
tools ofimplementation of the concepts of «<smart
city», «smart health care», «smart industries»,
Internet of Things, 3D mapping, digital transport.
But currently it is impossible to use of UAV at
certain objects, comprising objects of transport
infrastructure (OTI), primarily, airports, because
of existing restrictions due to security threats
arising during the UAV flight.

The authors of the present work have set a
goal'to offer a solution that allows to start operating
UAV at transport infrastructure facilities that are
currently prohibited for UAV flights.

To achieve the objective of the work, using
analysis and synthesis, comparison and
generalization, factors and conditions for safe use
of UAV at OTI have been formulated, a method for
increasing security of UAV flight has been
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developed, followed by the suggestion on the UAV
route control system.

The proposed system makes it possible to
safely use UAVs at OTI by restraining their flight
area strictly to the designated corridor, which
eliminates a threat of a collision of UAV with other
vehicles operated at OTI, dangerous elements of
OTl, as well as with people at the object.

The system does not need electric power
feeding, which makes it possible to implement the
system without creating an auxiliary power supply
infrastructure.

The practical application of the proposed
system and, as a consequence, implementation
of a greater number of opportunities for the use
of UAV, are capable to generate fundamentally
new technological processes and structures at
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Background. Unmanned aerial vehicles
(UAV), also known as drones, are gaining
more and more practical application in
modern society, including in implementing
such applications as «smart city», «smart
health care», «smart industries» [1—-5]. In
addition, «drones and the Internet of Things
(IoT) are working together to help develop
security, 3D mapping, transportation, and
more» [6]. But, currently «proliferation of
opportunities provided by technologies and
methods associated with unmanned aerial
vehicles is constrained by the existing
restrictions on the use of UAV at certain
objects» [7], including certain objects of
transport infrastructure (OTI), primarily,
airports.

Currently, the use of unmanned aerial
vehicles at certain transport facilities, primarily
at airports, is legally prohibited in many
countries of the world [7], including Russia,
because of security threats that arise during
the flight of UAV. Such threats include
accidents and emergencies (ES) [8], which
may arise in case of a collision of UAV with
vehicles operated at OTI, dangerous goods
located at the facility or dangerous technical
elements of the transport infrastructure
facility. Dangerous technical elements
comprise technical installations and systems
that use flammable and chemically hazardous
substances, power supply systems, traffic
control systems, etc.

The risk of collision of UAV with other
vehicles or elements of the technical equipment
can be regarded aslow [7; 9; 15], however, the
consequences of such an accident, according
to studies [10—14], can be quite serious,
especially if we take into account «that weight
of professional drones now reaches tens of
kilograms, while some models of drones run
on liquid fuel» [15]. The fuel tank of ABS Jet
Quad turbojet drone [16], developed by
Fusion Flight (USA), holds 19 liters of diesel
fuel. AB5 Jet Quad is capable of carrying cargo
weighing 18 kg, the drone itself weighs 23 kg,
as a result, the total weight of a fueled AB5 Jet
Quad drone carrying cargo will reach 60 kg.

In the near future, it is planned to start
mass production of a new generation of
civilian cargo drones with a carrying capacity
of hundreds of kilograms. An example of such
aircraft is the <«helicopter» type CAV cargo
UAYV, developed by Boeing [17], capable of
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carrying cargo weighing up to 227 kilograms.
«CAV s 6,1 meters long, 5,3 meters wide and
1,5 meters high, and weighs 498,9 kilograms»
[17].

In modern conditions, solving the problem
of ensuring security issues linked to unmanned
aerial vehicles is impossible without creating
an appropriate methodological and
technological apparatus. When forming the
theory and methods enhancing security of
UAV flights, it is necessary to apply an
integrated approach, including a joint
consideration of the results of scientific
research and practical needs to ensure safety
of both operated unmanned aerial vehicles and
the security at transport infrastructure facilities
where they are operated.

The objective of this study is to develop a
method to enhance security of the flights of
unmanned aerial vehicles and a technical
solution for implementing it, jointly allowing
to create necessary conditions for removing
the existing restrictions on the use of UAV at
OTI.

Results.

To achieve this goal, according to the
authors, it is initially necessary to formulate
the factors affecting the security of operation
of unmanned aerial vehicles at transport
infrastructure facilities, as well as a list of
conditions for secure use of UAV at OTI.

Factors and conditions for safe use of UAV
at OTI

The main factors affecting security of
operation of unmanned aerial vehicles at
transport infrastructure facilities can be
divided into six groups.

1. Infrastructure factors:

* proximity of traffic routes of other vehicles.
The air corridors allocated for movement of
UAV should not intersect in the same plane
with routes (corridors) of movement of other
vehicles operated at OTI;

s minimum amount of free space for
maneuvering. The space for UAV maneuvering
at OTI is limited by the existing routes of
movement of other vehicles, as well as by
buildings, structures and communications
located at OTI.

2. Technological factors:

* the technological process of a number of
equipment used at OTI operates radio channels.

.18, lIss. 3, pp. 174-188 (2020)
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UAV is an aircraft, which is controlled
remotely by radio channel. In this regard, it is
necessary to take into account the risk of
failure in control of UAV due to the influence
of other radio signals;

* a number of OTI use equipment that
generates radio interference. When planning
routes for movement of UAYV, it is necessary
to take into account that on the route of
movement of UAV there should not be areas
with such a level of radio interference, at
which malfunctions in control of the aircraft
are possible.

3. Regulation and legal factors:

* owner of an unmanned aerial vehicle is
responsible for causing damage to third parties by
UAV. When choosing a UAV route, it is
necessary to take into account possible risks of
collision not only with vehicles or OTI
elements, but also with people on the object;

* owner of an unmanned aerial vehicle is
obliged to carry out the registration actions
established by law and obtain the necessary
permits. The schedules and modes of movement
of UAV must be agreed by the regulatory
authorities.

4. Risk factors of unauthorized intervention
and impact:

* there is a risk of remote interception of the
control of an unmanned aerial vehicle. At the
moment, there is no tool for guaranteed
protection of UAV control channel against
unauthorized interference and impacts from
an offender [18]. It is necessary to take into
account the risk of interception of control of
the aircraft, including for the purpose of using
UAV to commit an act of unlawful interference
at OTI [19].

* civil UAV are not protected against external
physical impact. It should be borne in mind that
UAV can easily be damaged, for example, by a
small object thrown in its direction by an
offender. When planning routes and
infrastructure for movement of UAYV, it is
necessary to consider that UAV should be
inaccessible for direct physical impact from an
offender.

Generalization of factors affecting operation
security of unmanned aerial vehicles at
transport infrastructure facilities makes it
possible to formulate three fundamental
conditions for safe use of UAV at OTI:

1) Area of possible movement of UAV must
be within the boundaries of the designated air
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corridor. This condition is due to the fact that
currently there is no protection against the
threat of uncontrolled changes in UAV flight
trajectory. «A change in trajectory can occur
both as a result of operator errors» [13], and
deliberate unauthorized interference and
impact on the part of an offender, including
remote interception of UAV control. In
addition, there is a threat of loss of control over
UAV in case of technical malfunctions in it,
after which UAV can also change its trajectory
and collide with other vehicles operated at OT1,
dangerous elements of OTI or people;

2) it is permissible to use only «helicopter»
type UAV. The possibility of using only this type
of UAV is due to the fact that UAV of other
types, primarily «aircraft> ones, can move at
high speed, and are not intended for
maneuvering within limited built-up areas;

3) it is permissible to use only UAV with
electric engines. The requirement on that type
of thrust is due to the fact that accidents
involving «liquid fuel» UAV have a risk of more
severe consequences due to possible ignition of
liquid fuel on board.

Ensuring security of operation of unmanned
aerial vehicles at transport infrastructure
facilities

The problem of safety of movement of
unmanned aerial vehicles during operation at
transport infrastructure facilities is directly
related to stability of the boundaries of the
designated (for UAV flights) air corridor
(DAC), upon exiting which UAV may collide
with other ground/air vehicles, elements of
the technical equipment or people situated at
OTI.

Stability of boundaries of the designated air
corridor is a state in which UAV flight (from
the take-off point to the landing point) is only
possible within the boundaries of DAC.

Ensuring such stability is possible on the
basis of creating conditions for blocking the
object in question in the air corridor allocated
for its movement, preventing thus emergencies
associated with the object leaving the boundaries
of the assigned air corridor. Technically, this
task is reduced to preventing the possibility of
UAV crossing DAC borders.

The problem formulated in such way, it
seems expedient to provide constant
communication between UAV and a non-free
material point (NMT) located in the center of
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Pic. 1. Route control system for unmanned aerial vehicles.

DAC circle and limited in movement by DAC
axis.

In this case, the obtained connection should
limit divergence of objects under consideration,
at the distance exceeding a distance equal to
the length of DAC radius minus UAV length
and % of NMT length that will allow physical
retention of the UAV within the DAC
boundaries.

For practical implementation of the
proposed method for increasing safety of UAV
operation, a system of the control of the routes
ofunmanned aerial vehicles has been developed.

The route control system (RCS) for
unmanned aerial vehicles allows for safe use of
UAV at OTI by limiting UAV movement area
strictly to a designated air corridor. When
developing the system, the formulated
conditions for safe use of UAV at OTI were
considered.

RCS description

The principle of operation of the proposed
system is that the unmanned aerial vehicle
cannot go beyond the air corridor designated
for its movement. This restriction is respected
due to the fact that UAV is attached with a
retaining cable to a ground mobile platform
installed on a monorail laid along a given route
of UAV. At the same time, UAV retains the
ability to fly, but its flight area is limited by the
length of the monorail and the length of the
holding cable.

The detailed design of the developed system
is shown in Pic. 1.

The system consists of the following main
elements: ground mobile platform 1, mounted
on a monorail 2; holding cable 3 is attached to
attachment 4 installed on the ground mobile
platform at one end, the cable is attached to
the same attachment as above but on-board the
UAV at the other end.

UAV s attached to the RCS with a retaining
cable. The optimal is the use of a spring-loaded
retaining cable, such a cable has minimal sag,
which reduces threat of it catching on various
surrounding objects during UAV flight.

The basic element of the system is a ground
mobile platform (element 1 of Pic. 1), designed
in such a way as to create a minimum braking
effect during UAV flight. This is achieved due
to biaxial arrangement of the platform wheels.
In total, the platform has 12 wheels, which are
based on roller bearings.

The detailed design of the movable platform
is shown in Pic. 2.

The mobile platform consists of the
following elements: body 1 with holes 2 on the
sides; eight horizontally located axles 3, on
which four lower wheels 4 and four upper
wheels 5 are installed; four vertically arranged
axles 6, on which four side wheels 7 are
installed. The material of the body of the mobile
platform is aluminum alloy AD31.

The mobile platform is installed on the
monorail (element 2 of Pic. 1).
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b)

Pic. 2. Ground mobile platform: a) left view, b) front view.

The design of the mobile platform allows it
to move along the monorail, both forward and
backward.

The monorail is laid along the established
route of UAV. The monorail is assembled
from separate sections, the number of which
is determined by design length of the
monorail. The monorail is mounted on
support-brackets, which are fixed in turn on
suitable external objects, for example, on
buildings or structures located along the
route of the monorail, or on screw piles
specially installed in the soil.

The detailed design of the monorail is
shown in Pic. 3.

The section of the monorail 1 is fixed by the
longitudinal upper fastener 2 and the
longitudinal lower fastener 3 to the adjacent
section of the monorail 4 and by the corner
fastener 5 to the support-bracket 6. The
material of the monorail is aluminum alloy
AD3l1.

System operating conditions

A monorail system can simultaneously
operate a single mobile platform or a group of
platforms. Only single UAV can be attached to
each mobile platform.

‘When operating a group of mobile platforms
on a single monorail, their movement can be
carried out only in one selected direction with
a safe interval between them, this is necessary
to prevent UAV collisions.

Safe interval (S, ) is determined according
to the formula:

S,

int

=Tres+Bdis+Lhc.2’ (1)

where T is distance traveled by UAV from
the moment the operator detects an obstacle
in the path of UAV movement and until the
moment when the operator applies emergency
braking;

B, is stopping distance traveled by UAV
during emergency braking;

L, is the length of the retaining cable.

b)

Pic. 3. Monorail complete with support-bracket: a) left view, b) front view.
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Table 1

Developments involving the use of tethered UAV

Developer Maximum flight altitude of the drone Continuous flight time of the drone
Equinox Systems [20] 150 m 30 days

TDS [21] 120 m Unlimited

Aria Insights [22] 120 m Unlimited

Elistair [23] 80 m 10 hours

Formula 1 allows us to calculate a safe
interval for a given UAV speed, for this, their
values are substituted into 7 and B, indicators
as the considered speed.

Application restrictions

The RCS is operated for applications
involving movement of UAV along a certain
route.

The UAV RCS isapplicable at ground-based
transport infrastructure facilities.

The RCS is designed to operate «helicopter»
UAV according to the vertical take-off and
landing scheme.

Experimental testing of the system

A full-scale experiment was carried out by
means of a 15-minute flight of a UAV attached
by a holding cable to a mobile platform mounted
on a monorail. Flight speed and altitude,
location of UAV relative to the monorail, as well
as cable tension force were periodically changed
by the operator. As a result of the experiment, it
was found that the route control system for
unmanned aerial vehicles ensures limitation of
UAV movement area within the boundaries of
the designated air corridor, while UAV
attachment to the system does not significantly
affect controllability and speed of UAV.

Directions of further research

The research is developed by the authors in
two directions.

The first direction provides for development of
the technology allowing the operator to control the
UAYV using communication by cable instead of
radio channel. Monorail and then retaining cable
attaching UAV to the mobile platform will serve as
cable line for transmitting data. This method of
UAV control will permit to protect the channel of
UAV control against failures caused by radio
interference, and will provide protection against
remote interception of the UAV control by an
offender, that will reduce vulnerability of the system
to unauthorized interference and impact.

The second direction provides for
development of the technology pf remote
electric feeding of the UAV within the RCS.
The monorail and then the retaining cable will
serve as electric power supply line. This method
of power supply will permit UAV to work in
practically continuous mode and will also
increase its load lifting capacity by installing
more powerful electric engines. Remote power
supply of the UAVs will permit to create long
systems of route and zone flights of UAVs in
cities and regions with a possibility of their
further integration. Introduction of the systems
of such type will permit to develop in the future
global logistics networks, where freight UAV
will serve as delivery vehicles.

Comparison with solutions already known in
the world

At the moment, a number of developments
are known in the world that provide for the use
of tethered UAVs (Table 1).

The fundamental difference between the
solutions described in Table 1 from the
proposed system is that in them UAV is attached
by a cable to a ground stationary base (station),
after takeoff and reaching a given altitude, is in
astatic state and is used as a platform for placing
equipment, for example, designed to transmit
a3G/4G/5G signals to ensure cellular coverage
in emergency areas, until damaged cell towers
are restored. The route flight of UAV in the
described solutions is not possible. An
additional difference between the considered
solutions from the proposed system is that they
are intended for remote power supply of UAV.
There is no information about whether these
solutions are capable of retaining UAV in a
given flight sector, and this does not allow
considering these solutions as a means of
ensuring safety of UAV traffic.

Conclusions. The present research has
resulted in development of a method for
improving safety of unmanned aerial vehicles
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and unmanned aerial vehicle route control
system that implements it. The implementation
of the system solves the problem of ensuring
safety of movement of unmanned aerial
vehicles during operation at transport
infrastructure facilities, which in turn makes it
possible to remove the existing restrictions on
the use of UAV at OTI, in terms of unmanned
aerial vehicles used in conjunction with the
proposed system.
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Mockea, Poccus™.

AmuTtpuii JIEBUH

CtpoutenbctBo Bemmkoro Cubupckoro
nyTv — repoviHeckasl CtpaHuLa Halle cTpa-
Hbl. B cTatbe paccmatpuBaroTCsl r11aBHbIE
Bexu arioxasabHOU cTpoviku. B 1837 rogy
B Poccum eLé He BOblio XeJsie3HbIX A0POr,
a yxXe Ha4daam rnocTyrnatb rpeaoxXeHusi rno
cTtpoutenbcTBy TpaHccmba. 3anHTe-
PECOBaHHOE NPaBUTeIbCTBO HEOAHOKPATHO
obcyxaasno aToT Borpoc. [Noka3aresbHo
MHeHue MUHUCTPa puHaHcoB A. Y. BoiliHe-
rpagckoro:; «Cubupckasl xenesHas 4opora

CtpoutenncTtBO Benukoro
Culbupckoro nytum

Jlesun /Imumpuii FOpveeuu — Poccuiickas akademus ecmecmeosranus (PAE),

HYXHa, HO B CTpaHe ecTb 60/1e€ BaxHble
BOrpockl». [1on1oxeHne kapanHaibHO U3Me-
Hunock B 1892r. ¢ HAa3HAYEHNEM MUHWUCTPOM
¢uHarcos C. l0. Butte. OH HaLuén Heobxo-
ANMbIe [EeHbIN, GakTU4eCcKky pPyKoBOLAWUIT
CTPOVIKOV M1 3aHVIMAJICS NepecesieHve Jiioaen
B Cnbupb. CTaTbs ¢ noMoLbio 60J1bLLI0ro
qycna wulloCcTpauuii rnokaseisaet becripe-
LeneHTHbIV Maclutab Xene3HoA0POXHOro
CTPOUTENLCTBA B TRYAHbIX [PUPOAHBIX YC/10-
BUSIX M1 B CXAaTble CPOKM.

Knwodesble cnoBa: TpaHccubupcekasi MaructTpalsb, CTopusl TpaHcrnopTta, Komutet
Cunbunpckori Xene3Hov 4oporu, N3bICKaHWs, MNPOEKTUPOBAaHNE, CTPOUTE/IbCTBO, Nepe-
cesieHne B Cbupb, MCKYCCTBEHHbIE COOPYXEHMSI, OCBOEHNE MECTOPOXAEHW.
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levindu@yandex.ru.

JleBuH OMmuTtpuii FOpbeBUY — OKTOP TEXHMYECKUX HayK, akageMuk PAE, Mockea, Poccus,
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Puc. 1. IpaBlopa c poTorpadum yecapesnya, Be3yLLEro rnepByio Ta4Ky 3eMJIM Ha MeCTO 3aKnankn YccypuicKkoi
Jxene3Hou goporn. Poro: noptan «Crapsbiii Bnagusocrok». UctouHuk: https://primamedia.ru/news,/493214/ [3].

ema ctpouteiabcTBa CUOUPCKOIL XKe-

JIE3HOU NOPOTH (TaK CKPOMHO UMe-

HOBaJM B Hayaje CTPOMUTEJbCTBA
TpaHccuOUpPCKY0 MarucTpaab) HaCTOJbKO
3HAYUTEJbHA, YTO €XEeroJHO, OCOOEHHO
B 100UJIeliHbIE JaThl, 9TOMY COOBITUIO MO-
CBSIILIAIOTCS MHOTOYMCIEHHbIE MyOJIUKaLIUH.
Tpanccubupckass MaructTpajib BHECEHa
B 3HaMeHUTYI0 KHUry IuHecca cpasy no
HECKOJIbKUM HOMUHalusiM. o cux mop
TpaHccu6 — camast MPOTSKEHHAs IBYXIYT-
Hasi ¥ MOJIHOCTBIO JIeKTpUDUILIMpOBaHHAS
JKeJie3Hasl Jopora B Mupe.

ITepBbie MPOEKTHBIE MPEATOXEHUS IO
coopyxkeHuto TpaHccrba Hayaau MOCTynaTh
emeé B 1837 . B 1857 r. HauaIuCh U3BICKAHUS
pas3iauyHbIX palioHoB Cubupu u JaabHero
Bocroka. C 1869 1. Hayaiu BIOMpATh HATTPaB-
JICHUSI JIUHUA.

B 1872—1874 rr. npoBeneHbl MPaBUTEIb-
CTBEHHBIE U3bICKAHMSI, KOTOPbIE ONPEAeTUIN
TPY TJIAaBHBIX HAIIpaBJICHUS

1. Kunemma—Bsatka—ITepmb—ExkaTepuH-
oypr (933 BepcThI).

2. Huxxnuit Hosropoa—Kazanb—KpacHo-
ypuMck—EkarepuHOypr (1172 BepcThl).

3. Anateipb—Ypa—Yensaounck (1172 Bep-
CThI).
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C 1875 . HanpaBaeHuss CUOUPCKOI 10pPO-
T'M CTaJIU PETYJISIPHO 00CYXAaTh Ha 3acelaHM -
sax Komutera muHuctposB. B 1877 1. ceTb Xke-
JIE3HBIX JOPOT eBpoIeiickoil yactu Poccum
mocturiia Ypana. Anekcanap 11, a 3atem
Anexcanap I11 ono6psiiu pemenus Komure-
Ta MUHUCTPOB [1].

B 1886 1. Annexcanap I11 Harmcan pesoutto-
LHUI0: «Yoc CKOAbKO omuémoes eeHepan-
eybeprnamopoe Cubupu s yuman u 0044CeH
¢ epycmoto u cmoldom co3namscsi, umo Ilpasu-
menbcmeo 00 CUX Nop NoOUmMuU Hu4e2o He c0eaano
015 y0oeiemeopeHus nompebHocmell 3mozo
002amoeo, HO 3anyueHHo2o kpas! A nopa, ouers
nopa» [2].

Iepen naabHUM TUIaBAaHKEM B BOCTOYHBIE
CTpaHbl HaCJIeAHUKA-1IecapeBruya (OyayIero
Mmneparopa Hukonas II) 17 mapra 1891 1.
Anexcanap 111 Bpyuun emy peckpunt: «/lo-
6enesaio HulHe NPUCMYNUMb K NOCMPOUKe
cnaouiHoll yepes écto Cubups xeeae3noil dopoel,
umerouieil coeOuHUmMb 00UNbHbBIE 0aApPaMU NPU-
poovl Cubupckue obaacmu ¢ cemuvio HymMpeH-
HUX peavcoguix coobujenuli, S nopyuaro Bam
008s8UumMb makxice 6010 Morw no ecmynieHuu
Bamu énosb Ha Pycckyto 3emaro nocae 0603pe-
HUs UHO3eMHbIX cmpaH Bocmoka. Bmecme
¢ mem goznaear Ha Bac cosepuienue 6o Baa-
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Puc. 2. Cxema xeneaHbix gopor Cubupun: 1 — goporn, nocrpoeHHsie go 1900r.; 2 — goporu, NnoCTPOeHHbIe
¢ 1900r. no1916 r.; 3 — napoMHo-/1e40BbIe nepernpasbl; 4 — rocyaapcTseHHas rpaHuua [4].

dusocmoke 3aKAa0KU pa3peuléHHo20 K coopy-
JCEHUIO HA CUEM KA3Hb U HeNOCPeOCmBeHHbIM
pacnopscenuem [Ipagumenscmea Yccypuii-
cK020 yuacmka eeaukoeo Cubupckozo peasco-
6020 nymu» [2].

19 mag 1891 1. HaciIeTHUK-IIeCapeBUY,
BBICAAVBIINCH BO BiianuBocTOKE, MCTIOMHWI
PECKPUIIT, COBEPIIIMB 3aKJIAAKYy (puc. 1) Oymy-
et Cubupckoit xee3Hoii goporu (puc. 2).
Taxk OBLIO TTOJOXEHO HAaYaIO YCCypHIACKOM
JKeJIe3HOM JOporu, KoTopas cBsizaia Biamu-
BOCTOK 1 XabapoBcK (puc. 3).

Becnoii 1891 1. mon pykoBonctsom O. I1. Bs-
3eMCKOTO HaYaJIUCh PabOThI HA YcCypUCKO
JmHAM. CTPOUTEIBCTBO IIUIO MemIeHHO. OT-
MTyCKAeMBbIX JICHEXKHBIX CPEACTB HE XBATaJIO.

K cepenune nera 1891 . B MuHucrepcTBe
MyTei cOOOIIeHNI OBbIT TTOATOTOBICHBI JOKY-
MEHTBI O CPOKaX U Mopsiake coopyxkeHust Cu-
OMPCKOI XKeJIe3HOM JOPOTH, a Takke (hMHAH-
coBoe 00ocHoBaHME. JIOKYMEHTHI OBLITN TIepe-
naHpl MUHKCTPY mHaHcoB M. A. BeimHerpan-
CKOMY, KOTOPBI aBaj yKIOHYUBbBIE OTBETHI
U HE MPOSIBUJI UHULIMATUBBI B TIOMCKE HEOOXO-
IUMBIX OEHEXHBIX cpencts. Y. A. BreirHe-
rpaackuii cuutai, yto Cubupckas xene3Hast
Jlopora Hy>KHa, HO B CTpaHe eCcTbh 0ojiee Baxk-
HbIE BOITPOCHI.

[MonoxeHne KapaAUHAIBHO U3MEHUIIOCH,
koraa 30 aprycra 1892 r. Ha MOCT MUHUCTpA
¢uHaHcoB Ob1 HazHaueH C. HO. Burre
(puc. 4). OH TUIHO 3aHSIICS ITONCKOM UCTOY-
HUKOB (OMHAHCUPOBAHMUSI, TPU 3TOM TTPEIO-

Puc. 3. Cxema Yccypuiickoii XxenesHoii goporu [3]. JKMB pa3ieyuTh BCe paGOTbI Ha TPU OYepeu:
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* 3amagHo-Cubupckuii yaactok ot Yesns-
6uHcka (puc. 5) go Oom (1328 Bépct) 1 Cpen-
Hecubupckuii yuactok ot O6u 1o Upkyrcka
(1754 Bepcrhi);

* yyactok BnagnBoctok—Ipadckas;

* COENVHUTEIbHASI BETBb MEXIY Ypaiib-
cKolt TopHO3aBOICcKOl 1 CHOUPCKOiL Xene3-
HbIMU Jloporamu |[5].

BunHast MoHOTIONUST U OOeCTIEeYeHHBIH
30JIOTOM pyOJIb TTO3BOJIUIIN TOCYJAapCTBY HE
npuberaTh K Ype3BbIUYAHBIM MeTOomaM u-
HaHcupoBaHus. [IpenBapurtenbHas cMmeTa
BKirovana 350 mutH py6. B mrore, mokazas-
11asics TOT/Ia TPaHANO3HOM CyMMOT, TIpeBa-
puTeNbHas cMeTa ObLIa TIpeBbIlIeHA B TPU
pa3a u cocTaBuiIa mouTu 915 MiTH pyo.

ITo nmpennoxenunto Ceprest Butre Obln
yupexnéH Komurer Cubupckoit xeje3Hou
Joporu. B Hero BOILITM MUHUCTPHI BHYTPEH-
HUX JIeJ1, TOCYapCTBEHHBIX UMYIIECTB, (hu-
HaAHCOB U TTyTe#l COOOIIEHMS Y TOCYIapCTBEH -
Horo KOHTpoJIs1. [To3ke — BOeHHBI MUHUCTD,
yrpapiasiolninii MopckuM MUHHMCTEPCTBOM
W OEUCTBUTEIbHbINA TaiHBIA COBETHUK, aKa-
memuk H. X. bynre. 14 saBapst 1893 . Hacnen-
HUK-1lecapeBUY CTaJl MpeaceaaTesieM 3TOro
KOMUTETA.

KomuTteT perynsipHo cobupaiicst U pac-
CMaTpHUBaJI TEKYII1E BOMPOCHI IO COOPYKEHUIO
JKeJIe3HOM TOPOTH, CPOKHU, X011 paboT. Ha omHom
13 3aceaHnii KOMHUTETa ObUT TTOCTABJIEH BOIPOC

® MWP TPAHCIOPTA, Tom 18, N2 3, C. 190-213 (2020)
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Puc. 5. Bok3dan craHuum Yensabuuck [4].

Puc. 4. Cepreii lOnbeBny Burre (1849-1915) [6].

oTiepecesieHUH KpeCThsTH 13 EBporielickoi yacTr
B Cubupsb (puc. 6). Umneparop Asnekcanap 111
YTBEPAMJ pellleHHe CUOUPCKOTO KOMUTETA,
B KOTOPOM OblTa BbIpaXkeHa UEs! «0 HOAe3HOCIU
nepecenerust 0ns 00ue20cyoapCmeeHHbIX UHMepe-
€08 U udes 0 8pede UCKYCCMBEHHO20 3ampYOHEeHUS
2moeo nepecenerusp> [2].




Puc. 6. lNepecenenyeckuii nocénok 6sm3 cranunv Kanck [4].

Puc. 7. Cxema 3anagHo-Cunbupckori xxene3Hou goporu [6].

TpaHccub okaszan KoJoccalbHOE BO3-
neiictBue Ha cyab0y Poccuu. OdulimanbHO
U3BECTHO, UTO «e)Ce200H0e YUCAO NepeceneH -
yes 6 Cubupo, do 1880-x ee. e npegviutano 08yx
moicau uenogek. B nauane nocaedneeo decsamu-
snemus XIX eexa uucao nepecenenuyes docmueno
50 moicsu, a ¢ 1896 e. 6aacodapa Cubupckoii
Jcene3roli dopoee 603pocao do 200 moicsay ve-
A08€K, a 3a 08a ¢ noa08uHoU eoda (¢ 1907 no
utonb 1909 ¢.) 6 Cubups npuexano okoao 2 MaH
nepecenenyes [7]. Bcé amo deuscenue wino
npeuUMYU,ecmeenHo U3 UeHMpaabHbIX YePHO3EM -
Hbix eybepuuii Esponeiickoii Poccuu. C 1897 no

® MUP TPAHCMOPTA, Tom 18, N2 3, C. 190—213 (2020)

1914 e. nacenenue Cubupu yseauuunocs ¢ 4,6
0o 7,6 man uenogek, nacenenue Janrvreeo Bo-
cmoka — ¢ 0,90do 1,6 man uenosek. Hamenunace
cxema 3acenenusi. Buecmo nobepeicos pek
U MpaKkmos Ha4as0chb NpeuMyu,ecmeenHoe
3acenenue MecmHOCMU 8004b MA2UCMPALl
u omeemeneHuil om Heé» [2].

IIpoekT cTpouTebCcTBa TIEPBOTO yYacTKa
3anagHo-CHOMpPCKOU XeJIe3HOW TOpOorn
(puc. 7) or YensouHcka no OMmcka Komuter
paccMmatpuBai B Hayasie 1892 1. 8 mas 1892 &
ero yrBepawi Anekcanap III. 7 uronsg 1892 .
CTPOUTEILCTBO CTAPTOBAJIO.
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Puc. 8. Cranuymns Omck [6].

Puc. 9. Benuknii Cnbupckuii nyte. CtaHuus O6b [6].

B navae 1893 r. Obl1a IIpeacTaBIcHa BTO-
pasi 4yacThb, ¥ TOM XK€ BECHOW HAYaIUCh paOOTHI.
Yxe 30 aBrycta 1894 1. ObIIO OTKPBHITO Bpe-
MeHHoe aBuxeHue 1o Omcka (puc. 8),
a yKJIagka ITyTu Obuta moBemeHa mo Oom 19
aprycta 1895 1. (puc. 9). A 15 okts16ps 1895 &
OTKPBUIOCh BpeMEHHOE ABUXKEHUE IO BCel
3anmanHo-CHOMPCKO XKeIe3HOH Topore.

Ha 3anagao-CubupcKoii xKejI1e3Hoi 10po-
re MoJ PyKOBOJCTBOM HauyaJibHHUKa paboT
K. 4. Muxaiinosckoro (puc. 10) Bo3senu 274
HMCKYCCTBEHHBIX COOPYXEHUS, TTOCTPOUIIU
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IEeCSATh AeTO W 38 IYHKTOB BOTOCHAOXEHMSI.
Bronw noporu coopyauiu tesnerpadHyto u-
HUIO Ha CTOJI0AX, YCTAHOBJIEHHBIX 1O 20 MITYK
Ha BepcTy, T.e. o 9—10 Ha oIMH KUIIOMETP,
C HATAHYTOM B 1Ba psiia CTAJIbHOM ITPOBOJIOKOM
CEYEeHHEM 5 MM. DTOT CTaHIAPT ObLT MPUHST
BIIOC/IEACTBUU Ha BcéM TpaHccube [8§].
Anexcannp III ckonuancs 20 oxktsi0ps
1894 ronma. BerynuBiiuii Ha npecton Huko-
nait I1 ocTaBui 3a co00it 3BaHNME TIpeaceaaTe-
1151 Komurera CuOMpPCKO XKeJIe3HOM TOPOTH.
11 3aceganuit Komurera BIjioTh 1O KOHIIA




Puc. 10. KoHcTaHTuH SikoBnesny MuxaiinoBckuii
(1834-1909) [6].

1897 1. mpoxoaunu noxa JUYHBIM TIpeacena-
TEJIbLCTBOM UMIIEpaTOpa.

CrpoutenbctBo CpenHe-CuoupCKoii xxe-
Jie3Hoit moporu ot O6u 1o KpacHosipcka (711
BEpcT) ObLI0 HauaTo B Mae 1893 ., u 1 sHBapst
1898 I. 3TOT y4acTOK OBLI COAH B 3KCILTyaTa-
muto. HoBelit mocT yepe3 Enuceit (puc. 11)
craJ epBeIM B Poccuu u BropeiM Ha EBpo-
a3MaTCKOM MaTepMKE 10 CBOMM XapaKTepM-

ctukaMm. BenuunHa npoji€ToB cocTaBiisijia
145 m.

Ha octanpHbiX yuacTkax CpenHe-
CubOupCcKoii 3KeJle3HOI Toporu padoThl ObUIN
HayaThl JeToM 1894 r. u B 3KCILIyaTaluio
caanbl B 1899 1. (puc. 12).

ITo cpaBHeHuIo ¢ 3anmagHoit CubUpbIo
paboTaTh 31ech OBIJIO TpyaHee M3-3a Oojiee
cypoBoro kjuMarta. PaGouuii mepuos, T.e.
TEI1I0€ BpeMsl rojia, Korma CTpOUTEIbCTBO
MOXHO OBLIO BECTH IIMPOKUM (POHTOM,
COCTaBJISLI 3[€Ch BCETO CTO JAHEH B romy
(puc. 13). CTpouTeIbCTBO 3aTPYIAHSIOCH
M YI0POXKAaJIoCh M3-3a CJ1ab0i 3aceIEHHOCTU
u TaéxHoii yamu. C. 0. Butre nomuépkusai,
YTO MPOU3BOACTBO PabOT OBLIO OCOOEHHO
3aTPYAHUTENIBHO B Talire, HEMPOXOAMMON Ha
rPOMAaJIHOM IIPOCTPAHCTBE, 32 UCKIIIOYEHUEM
PeAKKMX OXOTHUYBUX TPOII, M COCTOSIICH U3
TYCTOrO CMEIIIAaHHOTO Jieca ¢ OOJIOTUCTHIM
BEPXHMM CJIOEM ITOYBbBI, CPEAHEH TOJIIMHOM
OKOJIO OJTHOI'O apIlKHA, IOKPBITHIM MOLITHOM
TPaBSIHUCTOI pacTUTENbHOCThIO. K paboTam
B Taiire MOXHO ObLIO IPUCTYIIUTD JIUIIb I1I0CIIE
YCTPOMCTBA JOPOT, COCTOSIILIMX U3 Psia I10JIO-
JKEHHBIX 00K 0 00K OpeBEH; 3aTeM TpeOoBa-
JIOCh OCYIIUTh BEPXHUE CJIOU IOYBHI IIPHU
IIOMOIIIY CETU BOAOOTIMBHBIX KAHAJIOB U pac-
YKCTUTh BEPXHUI CJIOM BajieXXHUKA, XBOU
W JIMCTBBI, TIePEITyTaHHBIX KOPHIMU IePEBbEB
M pacTeHuii [2];

B 3T0i1 MecTHOCTH TPYIHO OBLIIO HAWTHU
JIMIL, KOTOpbIE B3SLJIMCh Obl 3a BBIITOJHEHUE

Puc. 11. Mocrt yepe3 Enuceti [6].
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Puc. 12. MpubbiTne nepsoro noesna e Upkyrck [3].

Puc. 13. CtpoutenbctBo TpaHccnbupckoii xxene3aHow goporu [6].

MOAPSIIOB M MOCTaBOK. HayaabHUK paboT ToMCK ITpH CTPOUTETBLCTBE OCTANICS B CTO-
H. I1. Mexxenunos (puc. 14) oueHs TpeboBa-  pone. [ToaTomy 29 utosst 1895 1. 6b1UTO TTPUHSI-
TEJIBHO OTHOCHJICS K TIOA00PY MOAPSIAYMKOB  TO PellieHHE TTPOIOXKHUTD XKeIe3HOIOPOKHYIO
JUTSI BBITIOJTHEHUST CJTIOKHBIX Pa0OT U MPEANO- BETKY U K Hemy. PaGoThI GbIITM HayaThl MpaK-
YUTaJl 3aKJI0YaTh TOroBOpa TOJBKO C TEMU, THYECKHM cpa3y, U MeHee 4yeM uepe3 Ton
KTO y3Ke 3apeKOMEHIOBA Ce0s1 C TOJIOKUTENb- (K 22 MIOJIS CIEAYIOIIETo Toa) Mpoce10oBa
HOIi CTOPOHHI [9]. TIePBHII TTOE3, U OBIJIO OTKPHITO BpeMEHHOE
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Puc. 14. Hukonaii MNasnosn4y MexxeHnHoB
(1838-1915) [6].

nBrxeHue. 1 saBaps 1898 r. BeTBb Taiira—
Tomck (82 BepcThl) (puc. 15) 6bl1a cnaHa.
Yuacrok ot Upkyrcka no baiikana Hauanu
cTpouTh jietoM 1896 1. PykoBoaui paboramu
A. H. Ilymeynukos (puc. 16). YcnoBus Obui1
HEBEPOSITHO CJOXHBIMU: HABOJAHEHUS OT
JIMBHEBBIX BOJI, BeUHass Mep3/I0Ta, rOpUCTast
MecTHOCTbh. [103TOMY MPUXOIUTIOCH MEHSTh
OTMETKM HACHITei, KOJTMYECTBO U PacIoio-
JKEHUE OTBEPCTUI BOIOMPOITYCKHBIX COOPY-

Puc. 16. Anekcaugp Hukonaesny lMywe4yHNKoB
(1850-1916) [3].

XKEHUHN U TI0JIOXKEHUE CAMOU TPacChl MPAMO
Ha MecTe. B akcmyaranuio aTOT OTpe3okK
Tpanccuba ObUI IPUHSAT Yepe3 ISATh JeT
B 1901 . [10].

ITocne Pyccko-simoHckoi BoiHBI 1904—
1905 rr. cBs13b Yecypuiickoit TuHuu ¢ 3ab6aii-
KalbCKOU moporoii mo Kuralicko-
BocTouHoi1 Xene3Hoit mopore cTaja HeHa-
nExXHOM M3-3a nepenadn KOxxHoit MaHbIXKY-
puu fAnonuu. [MosTomMy mpencenartensb

Puc. 15. CtaHuns Taivira [6].
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Puc. 17. BaroH-LepkoBb Ha yyacTke BoykapeBo—bnaroseujeHck, 1913 r. [3].

Coseta Munuctpos C. 0. Burre npenio-
JKIJI BHOBb BEPHYTBCS K IIPOEKTY AMYPCKOI
XKEeJIEe3HO! TOPOrHu.

AMYpPCKYI0 MarucTpaiab ObLIO pelIeHOo
pa3ne/nTh Ha TpU y4acTKa: 3alaaHblid, Cpel-
HUiT 1 BOCTOUHBIN. CTPOUTEIBLCTBO 3aI1afHO-
ro yyactka ot Kysuru no Yrpioma (636 k)
crapToBasio B 1907 1. YipaBieHMe CTpOUTEb-
CTBOM OCYILEeCTBIsIoch U3 HepumHcka, pa-
6oramu pykoBoaun E. 1O. IMoapyuxkwuii.
ITepBeim B 1913 1. mo mopore mpocienoBan
oe311 ¢ BaroHoM-1iepKoBbio (puc. 17). Ha
KaXI0i CTaHIMK COBEPLIATUCH MOJICOHBI.

CpenHuii y4acToK IJIMHOM 675 KM cTpon-
Jm ot cT. Kepak 1o cT. MaauHOBKa y peKu
Bypeun. DT1o Obl, nmoxXanyii, OMUH U3 CaMbIX
CJIOKHBIX YY4aCTKOB, KOTOPBIM PYKOBOIMII
B. B. Tpery0oB: Henmpoxoaumas Taiira u 6010-
Ta. BbUI0 pelleHO MCMob30BaTh TPYI OCY-
knéHHbIX. [Ipy ocyieHnn 600T coopyxXa-
Jlach BpeMeHHasl JepeBsiHHAsl «Kejle3Hasi»
Jopora, MpeacTaBisiBiIas cO00i CUCTEMY
MPOIOJIBHBIX U MOIepeuHbIX exkHei. [1o Heit
BO3MJICS TPYHT, KOTOPbIi1 OTChIMAJICs Ha Ope-
BeHuYaThble HacTwibl. [leproanyecku yxe ro-
TOBasl Jopora ucyesana OeccliefHO B TOIISIX,
¥ paboTa HAYMHAaJIach 110 HOBOIA. brlna co3ma-
Ha CJI0XXHasl CeTh OTBOAHBIX KAHAB M KAHAJIOB.
ITo mnaHy ciofa e BXOANUIO U CTPOUTEILCTBO
BeTku Ha birarosemenck jmnHoit 108 km. Beco
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CpeIHUI y4acTOK AMYPCKOI JOPOTrud OBLI
nyuied B 1914 .

CoopykeHHe TTOCICIHETO yIacTKa TOPOrr
oT ManuHoBku no XabapoBcka (497 km)
B 1912 . Havan M. C. HaBpo1kuii, KoToporo
yepe3 HeCKOJIbKO MecsieB cMeHu A. B. JIn-
BepoBcKuii. OH PyKOBOAMJI CTPOUTEIBCTBOM
BOCTOYHOTIO yYacTKa 4eThIpe rofa. B otmune
OT IPYTUX, BOCTOYHBIN CTPOMJICS XO3SIMCTBEH-
HBIM MeTonoM. Ha oTKyn mpeanpuHuMaTesissm
OTHIaJX Jaxe BO3BEACHME MOCTa Yepe3 AMyp
(puc. 18). Ha 3TOM y9acTKe ynaasoch MeXaHM-
3MPOBaTh 3eMJISTHBIC PaOOTHI: B paboTe MC-
ITOJIb30BAJIUCh TPU OJHOKOBIIOBBIX M CEMb
MHOTOKOBIIIOBBIX 9KCKaBaTOPOB, N3TOTOBJICH-
HbIX Ha [lyTunmoBckoM 3aBonae. BrepBrie
MIPUMEHSITACH TPY30BbIe aBTOMOOMIIN. 3eM-
JISTHOE TIOJIOTHO Ha 00J10Tax CTaj0 BO3BOAUTh-
Csl HOBBIM OPUTHHAJIBHBIM CITOCOOOM. 3UMOIA,
10 JIbAY, YKJIAIbIBaau pebChl. Bmomb HUX
OTCBHINAJIN TecYaHbIil TPYHT. BecHoii, mocie
OCaJgKM IecKa, CTEJWIN PEIbCOBBINA ITYTh
M ITyCKaJIM MHOTOKOBIIIOBBIE DKCKABaTOPHI.
Onu pa3pabartbiBaay BBIEMKH W YKJIaJbIBAIU
[JIMHY B T€JIO HACKIIIH 10 IIPOEKTHHIX OTMETOK.

Ha BocTouHOM y4acTKe MPHUIILIOCH IeJ1aTh
BOCEeMb TOHHeJ e 1o aBa ImyTh. OmuH 13 HUX
IJIMHOM 1,5 KM MpoOMIM Yepe3 cKalbl X1UH-
raHa; gpyroi, nauHoi 820 M, oka3aycst BOIo-
OOUIIBHBIM; TpeTuii, 420-MeTpOBBIi, MPOXO-




Puc. 18. Mocr yepe3 Amyp y Xabaposcka [6].

Puc. 19. Hukonaii Masnosun4 Metpos (1836—-1920) [8].

JIAJI B TOJIILE C BEYHOM MEP3JIOTOM; YeTBEP-
TBIi — B IPYHTaxX C CEPHOKUCJIBIMUA BOJIAMHM.
Otumu padotamu pykoBoauau A. H. TTaccek
u B. H. ITucapes. 3aech Toxe LIMPOKO MPU-
MEHSIIUCh HOBBIC IIPUCITOCOOJICHUS U MeXa-
HU3MBIL: ITHeBMoIepdopaTopbl, KAMHEIPO-
OuIKM, Kommpeccopsl U T.4. ITocaennuit
y4acToK AMYpPCKOI JOPOTH ObLI CIaH B 3KC-
ryatauuio B 1915 romy.

B Ha3BaHUSX MHOTHX CTAHIIUIA U pa3be3-
noB TpaHCCUOMPCKOI KeJIe3HOM AOPOTH
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YBEKOBEUYEHBI MMeHAa MUHUCTPA ITyTeid CO00-
meHus kHa3sg M. WM. XuiakoBa (cTaHUUS
Xwunkosa), [IpuaMypckux reHepana-ryoepHa-
TopoB A. H. Kopda (ctanuust KopdoBckas)
u H. U. Iponekona (craHuust [poaekoBo) u ap.
Cranuuu Kypniomoska, PoszeHraproBska,
CBusiriHo, JepMUIOTOHTOBKA U AP., pa3be3-
1wl KHoppunr, JIpo3nos, Kpaesckuii, Peikes,
Do6eprapa, CHapckasi, KpyriukoBo u T.1.
Ha3BaHbI B YeCTh MHKEHEPOB IMyTeil coo0IIIe-
Hus [11].

Y Cubupckoit xkeiae3Hoil 1oporu ObLI
OJIMH CYIIIECTBEHHBII HETOCTATOK — 3TO OfI-
Ha KoJjiess. OHa MorIJIa IpoIycKaTh He GoJiee
BOCHMU Mmap noe3nos B cyTku. B 1903 1. mpod.
H. I1. ITetpos (puc. 19) onpenean yyacTku,
KOTOpbIE OTPaHMYMBAJIU ITPOITYCKHYIO CITO-
cobHOCTh (AunHCK—H1xHeyauHeK u 3uma—
ITonoBuHa). YU€HBI NPEASIOKUT YMEHb-
LIUTh YKJIOHBI 3a CYET 00xoaa aTux MecT. Ho
0Ka3aJioCh, YTO 3TOro HepoctatouHo. [Tocie
00CcyXAeHUS TTpo0JeMbl ObLIO MPUHSITO pe-
IIEHUE O CTPOUTEIBLCTBE BTOPOro MyTu. Tex-
HUYECKHUE YCIIOBUSI PEKOHCTPYKIIMU JTOPOTH
paspaootan H. I1. ITetpos [12]. PaGoThl Ha-
YyaJuch B OKTs10pe 1904 .

CTpouTEIbCTBO BTOPBIX MYTEM 1O Beeit
npoTsixk€HHOCTU TpaHccuba mpeBpaTUIOCh
B KOPEHHOE ITEPEYCTPOMCTBO U PE3KO IOBbI-
CHJIO MOIITHOCTb MarucTpaiu. PeKOHCTpYKIIMS
TpaHnccuOUpPCKOii Kene3Hoil 1oporu Oblia
3akoHYeHa B 1916 . (puc. 20).

JleeuH [1. 0. CtpoutenbcTeo Bennkoro Cubupckoro nytm



Puc. 20. Cxema TpaHccnbupckori maructpanu [8].

Ha Tpanccube 0610 COOPYXEHO OKOJIO
CeMU ThICSIY MCKYCCTBEHHBIX COOPYXEHUI
(TOHHENE, MOCTOB, BUAIYKOB, TPYO M ITOMI-
TMOPHBIX CTEHOK), B TOM YHCJIe Ha 3aIagHo-
Cubupckoit — 1184, Cpenne-Cubupckoi —
1480, Kpyrobaiikanbckoii — 582, 3abaiikanb-
ckoit — 1183, Yecypumiickoit — 359.

B nepuon crtpoutennctBa TpaHccubup-
ckoit maructpanu Komurer Cubupckoii mo-
pOTH IPOJeJiaj OrPOMHYIO paboTy IO KCClie-
nmoBanuio Cubupu u HanbHero BocToka.
BMecTe co CTpOUTEISIMU LIUTA T€0JI0TMYECKIE
sxcreauuu. OHU OTKPBUIM MECTOPOKICHMS
YIJIS, 3KeJIe3HO# pynabl, rpaduTta, HedpuTa.
C. 10. Burre, BBOOMBILNI B 3TOT TEPUOJ,
30JI0TOM CTaHAAPT, OCOOEHHO HAacTauBaJl Ha
LIMPOKOMACIITAOHBIX ITOMCKAX 30JI0ThIX Me-
CTOPOXIEHUI. DKCHEeANIINU OOHAPYXKUIN
M HaHECJIM Ha KapThl 30JI0Thie POCCHINHU
B CeBepo-Bocrtounoit Cubupu. Bocrounas
Cubupsb, mpexae Bcero Mpuucku Butuma
un OnékMmebl, naBanu 10 75 % mo6wiroro B Poc-
CHM 30J10TAa.

Hexorma orcrtansie paiioHsl Cubupu
u JlansHero BocToka, 1o KOTOpbIM IMPOXOIH-
Jla MarucTpab, MOIYYMUIIU IIIAHC Ha OBICTPOE
pa3BuTue. [IpOMBIIIIEHHOCTh U CEJIbCKOE
XO3SIMCTBO CTaJIM YBEJIMYMBATh CBOE IIPOM3-
BOJCTBO UM paCIIMPUIN PbIHKK cObITa. Jopona
M JePEeBHU, KOTOPbIE HAXOAMUIUCH BIOJIb Ma-
TUCTpau, Ipeodpakainch Ha riasax [13].
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opic of construction of Siberian railway
I (this is how the modern Trans-Siberian
Railway was modestly called at first) is
so significant that every year, especially on
anniversary dates, numerous publications are
devoted to this event. The Trans-Siberian
Railway is included in the famous Guinness
Book in several nominations at once. Until
now, the Trans-Siberian Railway is the longest
double-track and fully electrified railway in the
world.

The first design proposals for construction
of the Trans-Siberian Railway began to arrive
backin 1837. In 1857, surveys began in various
regions of Siberia and the Far East. From 1869
the directions of the lines began to be chosen.

In 1872—1874 government surveys were
carried out, which identified three main
directions:

1. Kineshma—Vyatka—Perm—Yekaterinburg
(933 versts).

2. Nizhny Novgorod—Kazan—Krasnoufimsk —
Yekaterinburg (1172 versts).

3. Alatyr—Ufa—Chelyabinsk (1173 versts).

Since 1875, the directions of the Siberian
railway have been regularly discussed at the
meetings of the Committee of Ministers. In
1877, the railway network of the European part

of Russia reached the Urals. Alexander II and
then Alexander III approved the decisions of
the Committee of Ministers [1].

In 1886, Alexander I1I wrote a resolution:
«How many reports of the governors-general of
Siberia I have read and I must confess with
sadness and shame that the Government has so
far done almost nothing to meet the needs of this
rich but neglected region! And it’s time, very
time» [2].

On March 17, 1891, Alexander III handed
over to the heir-tsarevich (future Emperor
Nicholas I1) a rescript: «I command now to begin
construction of a continuous railway across all
Siberia, which has to connect Siberian regions,
abundant gifts of nature, with a network of
internal railway communications, I instruct you
to announce also My will upon your entry into the
Russian land again after observing the foreign
countries of the East. At the same time, I am
entrusting you with commissioning in Vladivostok
of laying of the permitted for construction at the
expense of the treasury and the direct order of the
Government of Ussuriysk section of the great
Siberian railway route» [2].

The command of this rescript was executed
on May 19, 1891, when, having landed in
Vladivostok, the heir-Tsarevich laid the

Pic. 1. An engraving from a photograph of the Tsarevich carrying the first wheelbarrow of land to the place where
Ussuriysk railway was laid. Photo: portal «Old Vladivostok». Source: https://primamedia.ru/news/493214 [3].
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Pic. 3. Scheme of Ussuriysk railway [3].

foundation stone there (Pic. 1) of the future
Siberian railway (Pic. 2). This was the beginning
of Ussuriysk railway, which runs from
Vladivostok to Khabarovsk (Pic. 3).

In the spring of 1891, work began on
Ussuriysk line under the leadership of
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Pic. 2. Scheme of Siberian railways: 1 — roads built before 1900; 2 — roads built from 1900 to 1916;
3 - ferry and ice crossings; 4 — state border [4].

Pic. 4. Sergey Yulievich Witte (1849—-1915) [6].

O. P. Vyazemsky, but due to a lack of funds
released, construction proceeded slowly.

In July 1891, a note was prepared at the
Ministry of Railways, which determined time
and procedure for construction of Siberian
railway, as well as the required loans. The note
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Pic. 5. Terminal of the station Chelyabinsk [4].

was forwarded to the Minister of Finance
I. A. Vyshnegradskiy, who gave evasive answers
and did not show initiative in finding the
necessary funds. I. A. Vyshnegradskiy believed
that Siberian railway was needed, but the
country had more important issues.

The situation changed dramatically when
S. Yu. Witte was appointed to the post of
Minister of Finance on August 30, 1892
(Pic. 4). He showed energy and initiative in
finding sources of financing for construction
of Siberian railway, and proposed to divide all
work into three stages. First of all, to build West
Siberian section from Chelyabinsk (Pic. 5) to
the Ob (1328 versts) and Central Siberian
section from the Ob to Irkutsk (1754 versts), to
complete construction of Vladivostok—
Grafskaya section and to build a connecting
branch between Ural Gornozavodskaya and
Siberian railways [5].

Establishment of wine monopoly and
introduction of a gold-backed ruble allowed
the state, thanks to the resulting budget surplus,
not to resort to emergency financing methods.
At the beginning of construction, the treasury
had an amount of 1 million rubles, while the
preliminary estimate included 350 million
rubles. The seemingly grandiose amount was
eventually exceeded three times and amounted
to almost 915 million rubles.

Sergey Witte proposed to establish a special
supreme body — the Committee of Siberian
Railway — from the ministers of the interior,
state property, finance and communications
and the state controller. Later, the Committee
included the Minister of War, the head of the
Naval Ministry and the actual privy councilor,
Academician N. Kh. Bunge.

On January 14, 1893, by the rescript of
Alexander 111, the heir-Tsarevich was appointed
chairman of the Committee of Siberian railway.

The committee met regularly and considered
the issues of establishing the Office for
construction of railway, timing of surveys and
construction, the progress of work. At one of
the Committee’s meetings, the question of
resettlement of peasants from European Russia
to Siberia was raised in principle (Pic. 6).
Emperor Alexander 111 approved the journal of
Siberian Committee, which expressed the idea
of usefulness of resettlement for national
interests and the idea of the harm of artificially
hindering this resettlement [2].

The Transsib had a tremendous impact on
the fate of Russia. It is officially known that the
annual number of immigrants to Siberia, until
the 1880s did not exceed two thousand people.
At the beginning of the last decade of 19
century, the number of immigrants reached 50
thousand, and since 1896, thanks to Siberian
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Pic. 6. Resettlement settlement near the station Kansk [4].

Pic. 7. Scheme of West Siberian railway [6].

railway, it increased to 200 thousand, and in
two and a half years (from 1907 to June 1909)
about 2 million immigrants arrived in Siberia
[7]. All this movement came mainly from the
central chernozem provinces of European
Russia. From 1897 to 1914, the population of
Siberia increased from 4,6 to 7,6 million
people, the population of the Far East — from
0,9 to 1,6 million. The settlement scheme has
changed. Instead of the coast of rivers and
highways, the predominant settlement of the
area began along the highway and branches
from it [2].

The project of the first section of West
Siberian railway (Pic. 7) from Chelyabinsk to
Omsk was considered by the Committee at the
beginning of 1892. On May 8, 1892, it was
approved by Alexander I11, and on July 7, 1892,
construction began.

At the beginning of 1893, the project of the
second part of West Siberian railway was
presented, and in the same spring, work began
on the second part. Already on August 30, 1894,
temporary traffic was opened to Omsk (Pic. 8),
and laying of the track was brought to the Ob
(Pic. 9) on August 19, 1895. Already on
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Pic. 8. Omsk station [6].

Pic. 9. Great Siberian Route. Ob station [6].

October 15, 1895, temporary traffic wasopened  built along the railway on poles, set at 20 per
throughout West Siberian railway. mile, i.e. 9—10 per kilometer, with a steel wire
On West Siberian railway, under the with a cross section of 5 mm stretched in two
leadership of the chief of works, rows. Thisstandard was subsequently adopted
K. Ya. Mikhailovsky (Pic. 10), 274 artificial throughout the Trans-Siberian Railway [8].
structures were erected, ten depots and 38 water Afterthe death of Alexander I11, Nicholas I,
supply points were built. A telegraph line was who ascended the throne, retained the title of
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chairman of Siberian Railway Committee.

e 11 meetings of the Committee until December

‘ 1897 were held under the personal chairmanship
of Nicholas II.

The construction of Central Siberian
railway on the section from the Ob to
Krasnoyarsk (711 versts) was started in May
1893 and on January 1, 1898 this section was
put into operation. The bridge across the
Yenisei (Pic. 11) was called the bridge of the
century, because it was the first in Russia and
the second on the Eurasian continent in terms
of spans — 145 m. Work on remaining sections
of Central Siberian Railway began in summer
of 1894 and was commissioned in 1899
(Pic. 12).

Compared to Western Siberia, it was more
difficult to work here because of the harsher
climate. Working period, i.e. warm season,

Pic. 10. Konstantin Yakovlevich Mikhailovsky when construction could be carried out on a
(1834-1909) [6]. wide front, was here only a hundred days a year

Pic. 11. The bridge across the Yenisei [6].

Pic. 12. Arrival of the first train to Irkutsk [3].
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Pic. 13. Construction of the Trans-Siberian railway [6].

(Pic. 13). Construction became more difficult
and more expensive due to low population
density and taiga thickets. S. Yu. Witte
emphasized that the work was especially
difficult in the taiga, impassable over a vast area,
with the exception of rare hunting trails, and
consisting of a dense mixed forest with a marshy
topsoil, an average thickness of about one
arshin, covered with powerful herbaceous
vegetation. Work in the taiga could only be
started after construction of roads consisting of
a row of logs laid side by side; then it was
necessary to drain the upper layers of the soil
using a network of drainage channels and clear
the upper layer of dead wood, needles and
foliage, entangled by the roots of trees and
plants [2].

It was difficult to find persons in this area
who would undertake execution of contracts
and supplies. The work supervisor,
N. P. Mezheninov (Pic. 14), was very demanding
about selection of contractors for complex work
and preferred to conclude contracts only with
those who had already proven themselves on
the positive side [9].

During construction of Central Siberian
Railway, Tomsk remained on the sidelines. On
July 29, 1895, it was allowed to build a branch
to Tomsk. Work began immediately, and on July
22, 1896, the first train followed the branch,
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Pic. 14. Nikolay Pavilovich Mezheninov
(1838-1915) [6].

and temporary traffic was opened. On January 1,
1898, Taiga—Tomsk branch (82 versts)
(Pic. 15) was put into operation.

In the summer of 1896, headed by
A. N. Pushechnikov (Pic. 16), work began on
the section from Irkutsk to Lake Baikal. It was
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Pic. 16. Alexander Nikolaevich Pushechnikov
(1850-1916) [3].

difficult to work in difficult environmental
conditions. Floods from storm water,
permafrost, mountainous terrain — all this
made it necessary to quickly change the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 190-213 (2020)

Pic. 15. Taiga station [6].

position of the route, the marks of embankments,
the number and location of openings of
culverts. This part of the Transsib was accepted
into permanent operation in 1901 [10].

After the Russo-Japanese War of 1904—
1905 the connection of Ussuriysk line with the
Trans-Baikal railway along Chinese-Eastern
Railway became unreliable due to transfer of
South Manchuria to Japan. Therefore, the
Chairman of the Council of Ministers
S. Yu. Witte proposed to return to the project
of Amur railway again.

Amur main line was divided into three
sections: western, middle and eastern. In 1907,
work began on the western section from Kuenga
to Ugryum (636 km). The construction
management of this section was based in
Nerchinsk, whichwas headed by E. Yu. Podrutsky.
Construction of the western section was
completed in 1913. A train with a church-car
was the first to travel along the railway (Pic. 17).
Prayers were held at all stations.

Construction of a middle section 675 km
long — from st. Kerak to st. Robin by the Bureya
River — led by V. V. Tregubov. Deaf taiga and
vast swamps seriously impeded work in this part
of the Transsib. The labor of convicts was used
here. When passing the swamps, a temporary
railway was first built on a wooden base,
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Pic. 17. Church-car on the section Bochkarevo—Blagoveshchensk, 1913 [3].

representing a system of longitudinal and
transverse slopes. The soil was tumbling along
it, which was poured onto the log floors. Often,
whole links of the finished road disappeared
without a trace in the marshes, and work was
resumed again. In these conditions, it was
necessary to create a complex network of
ditches and canals. The plans for construction
of the section included construction of a
108 km branch to Blagoveshchensk. In 1914,
the entire middle section of Amur railway was
commissioned.

The last part of the railway was the eastern
section with a length of 497 km — from
Malinovka to Khabarovsk. The construction of
the line in 1912 was started by M. S. Navrotsky,
but a few months later he was replaced by
A.V. Liverovsky, who headed construction for
four years. The eastern section, unlike others,
was built using the economic method. The
entrepreneurs were given the responsibility of
building a bridge across the Amur (Pic. 18).
A. V. Liverovsky succeeded in mechanizing
earthworks on a large scale. In this case, three
single-bucket and seven multi-bucket
excavators were used, manufactured at Putilov
plant. For transportation of soil and other
materials, trucks were used for the first time.
On many kilometers of shallow bogs, roadbed
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was erected in an original way. In winter, rails
were laid here on the ice, and then sandy soil
was poured along this winter road. In spring,
after settling, a rail track was laid on it and
multi-bucket excavators were launched, which
excavated excavations on both sides of the
track, laying suitable clay soil into the body of
embankment to design marks.

On the section, eight tunnels had to be built
for two tracks. One of them, 1,5 km long, was
pierced through the rocks of Khingan; the
other, 820 m long, turned out to be watery; the
third, 420 meters high, passed through the
strata of rocks with permafrost; the fourth — in
soils with aggressive sulfuric acid waters. The
manufacturers of works on construction of
tunnels were A. N. Passek and V. N. Pisarey,
who widely used new devices and mechanisms
in construction: compressors, pneumatic
perforators, rock crushers, etc. In 1915, the last
section of Amur railway was commissioned.

In the names of many stations and sidings
of the Trans-Siberian Railway, the names of the
Minister of Railways, Prince M. I. Khilkov
(station of Khilkov), Amur general-governirs
A. N. Korf (station Korfovskaya) and
N. I. Grodekov (station Grodekovo) etc.
Stations Kurdyumovka, Rozengartovka,
Sviyagino, Dermidotontovka, etc., passing
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Pic. 19. Nikolay Pavilovich Petrov (1836—1920) [8].

points Knorring, Drozdov, Kraevsky, Ryzheyv,
Eberhard, Snarskaya, Kruglikovo, etc. named
after railway engineers [11].

A significant drawback of Siberian railway
was one track, which is why it could not pass
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Pic. 18. Bridge across the Amur near Khabarovsk [6].

more than eight pairs of trains per day. In
1903 professor N. P. Petrov (Pic. 19) surveyed
Siberian railway and identified the
mountainous sections Achinsk—Nizhne-
udinsk and Zima—Polovina, which limited
the carrying capacity. He substantiated the
need to reduce slopes by bypassing difficult
places. However, these reconstruction
measures were not enough. In October 1904,
a decision was made to build a second main
track on Siberian railway. The technical
conditions for reconstruction of the railway
were developed by N. P. Petrov [12]. The
works began in October 1904.

And ten years after construction of the
railway in Siberia, construction of second tracks
on the Trans-Siberian (1907—1910) began,
which turned into a radical reconstruction of
the existing line and made it possible to
dramatically increase the capacity of the main
line. The direction has completely become
double-track. The construction of the Trans-
Siberian Railway was completed in 1916
(Pic. 20).

About seven thousand artificial structures
(tunnels, bridges, viaducts, pipes and retaining
walls) were built on the Transsib, including West
Siberian — 1184, Central Siberian — 1480,
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Pic. 20. Scheme of the Trans-Siberian main line [8].

Circum-Baikal — 582, Transbaikal — 1183,
Ussuriisk — 359.

During construction of the Trans-Siberian
Railway, the Committee for Siberian Railway
did a great job of exploring Siberia and the Far
East. Geological expeditions went along with
the builders. They discovered deposits of coal,
iron ore, graphite, jade. S. Yu. Witte, who
introduced the gold standard during this period,
especially insisted on large-scale prospecting
for gold deposits. Expeditions discovered and
mapped gold deposits in North-East Siberia.
Eastern Siberia, primarily Vitim and Olekma
mines, yielded up to 75 % of the gold mined in
Russia.

The construction of the main line
contributed to rapid development of the once
backward regions of Siberia and the Far East.
Industry and agriculture received a powerful
incentive to increase production and expand
the sales market. The towns and villages
through which the highway passed were
transformed [13].
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Hukonaii TPUTOPLEB

Crarbsi nocssueHa EsreHnio Ockapo-
Buyy [1aToOHy — BblAaoLLIEMYCS COBETCKOMY
yyéHoMy, obnagaBLiemy 6/1eCTILLNM NH-
JXKEHEPHbIM TasaHTOM. IMEHHO OH co3aasn
YHUKabHYIO LUKOJY MOCTOCTPOEHMUS.
Camoe n3sectHoe TBOpeHune EBreHus
OckapoBuya HOCUT ero nmsi, — 3To 3HaMe-
HUTBLIVI MOCT lMaTtoHa B Kuese.

E. O. lNatoH — aBTop 6os1ee 300 HayyHbIX
TPYAOB Y HECKOJIbKUX TEOPETUHECKUX KYP -
COB 10 MOCTOCTPOEHMIO 1 cBapKe: «Pac4ét
CKBO3HbIX (pepM C XECTKUMUN y3J1aMu»,
«XKesnesHbie MOCTbI» B 4 TOMax, «/[lepeBsiH-
HbIE X€JIe3HOAOPOXHbIE MOCTbI», «ABTOMA-
TU4eckasi CBapKa roJsibiM 3/1eKTPOLOM MoL
cnoem ¢poca», yHaamMeHTa bHbIA y4eb-
HUK «Kypc mocTtoB» B 5 Tomax v gpyrue.
OpraHu3aTop v rraBHbIf PeaakTop XypHa-
na «ABTomarmyeckasi ceapka» (1949-

EBreHunin Ockaposwud lNaToH
(k 150-neTunio co AHSA poXxXxaeHna)

Ipueopvee Huxoaaii /[mumpuesun — xanoudam mexunuyeckux nayk, Mockea, Poccus®.

1953). o mHOrum ero y4ebHuKkam y4aTcsi
Z10 Cux rop.

Nms Bbigarouierocsi y4EHOro HoCcsT
HUWNOSC BYAH B Kuese (¢ 1945), uenb-
HomeTananyeckun 1542-metpoBsbii
mocT yepes [Henp B Knese (¢ 1953),
mManas naaHeta, yauubsl B [Henpo-
netrposcke, JleBoBe, XepcoHe, HuxHem
Tarune, Omcke, Makeeske. B Kuese
y 34aHusi KneBckoro nointexHn4eCckoro
uHctutyta E. O. [laToOHy yCcTaHOBJ/IE€H
namsaTHuk (2002), Ha ¢acane rnaBHoOro
kopniyca KW, Ha ¢acage 3gaHusi NH-
CTUTYTa 9/71€KTPOCBAPKU U HA AOME,
B KOTOPOM XWJ1 — MEMOPUNAJIbHbBIE JOCKU.
Takxe MemMopuasibHas 4ocka yCTaHOB-
JleHa B ropose [JHernporneTpoBCK Ha
34aHUM 3aBoAa MeTasi/IoKOHCTPYKUNNA
um. Y. B. babyuikunHa.
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YEHBIN B 00JJaCTM MOCTOCTPOCHMUS

U dJEeKTpocBapKu, akageMuk AH

Yxpaunckoit CCP Esrenuii Ockapo-
BuY [1atoH poauicsa 5 mapra (20 deBpans mo
crapomy ctumo) 1870 r. B Huiie B ceMbe
pycckoro KoHcyna [1-6].

CortacHO apXUBHBIM TOKyMeHTaM Jlerap-
taMeHTa Ieponbauu [1paBUTEIBCTBYIONIETO
CeHaTa, OH IIPOUCXOIUJ M3 CTAPUHHOTO ABO-
PSIHCKOTO pojia, a B1I06aBOK KO BCEMY, KPECT-
HBIMUM POAUTEIISIMU Y HETO ObUIN... «Feo Hm-
nepamopckoe Boicouecmeo eeaukuii kHa3b Bs-
uecrae Koncmaumunoeuy u E¢ Hmnepamopckoe
Boicouecmeo kHseuns Anexcanopa Hocughosua,
Mecmo Komopoii 3acmynuaa gpetinuna epapums
Kennep»...

Camu ITaToHBI OOBSICHSIIM peadyaiiIyio
(bamMuIMIO TEM, UTO IIPEIKOB — KOpaOEeIbHBIX
MmacTtepoB — BbIBe3 u3 lommanaguu Iletp 1.
ITockonbKy 00 peBostoiuu IlaToHsl mepen
(bammueit umenu yacTuily «boH», yKa3bIBaro-
IIYI0 Ha IBOPSTHCKOE MPOUCXOXKICHUE Y HEM -
1IeB, TO, CKOpEIi BCEro, MX PO/ IIPOMCXOIUT U3
ITepmanuu. Matb 6yayiero yuéHoro — Exa-
TeprHa JIMUTpUEBHA ITPOMCXOIMIA U3 CEMbU
mradc-pormuctpa lumkosa. O poxneHun
e€ cplHa, HapeuéHHoro EBreHueM, nmeercs
3aIMCh B METPUYECKUX KHUTIaX PaBOCIaBHOM
nepksu B Huitiie (3Ty 1IepKOBb Y CaMOT0 IO -
HOXMUST AJIbIT TaK U Ha3bIBaJIu «pYCCKOI») 3a
1870 rox 3a Ne 2: «Ceudemenvcmeéo 0ano
1870 200a peepans dsadyamoeo Ous (no HogoMmy
cmuar 5 mapma) y poccuiickoeo KoOHCyaa om-
cmasHo2o noakosruka 2eapduu Ockapa Ilempo-
euya Ilamona, atomepanckoeo eepoucnogeda-
HUs, U 3aKOHHOIL e2o dcenvl Examepunvt JImu-
MpuUesHbvl, NPABOCAABHO20 8EPOUCNOBLOAHUS, —
06a nepevim 6paxkom — poduacs coiH Eeeenuil,
Komopbulii moeo Jce eoda mapma deaduyams de-
83mM020 OHs Obla KpeuwéH cesaujenHukom Baadu-
mupom Jesuvyxum u ncaromuguxom Deodocuem
Tynsesoim...».

Manb4uK MoJIyqrI GJIecTsIIee ToMallHee
obpazoBaHue. KpoMe pogHOro pyccKkoro si3bi-
Ka OH el U3y QPpaHIly3CKUii, HEMEIKUIA
M QaHIJIMMCKUI, YTO ITOTOM €MY IIPU HayIHBIX
HCCIICIOBATEILCKMX pab0oTaX 04eHb IPUTOIM -
JIOCh. «B cemve yapuna cmpoeas oucyuniuna.
Hac, demeil, 6 cemve 6b110 cemepo — nAmMo
opamoes u dee cecmpul. boavuie ececo omey He
mepnen aenu u npazonocmu. esoukam ewé
dasanuce nOOAANCKU, HO C MAALYUKOE 6 CeMbe
cnpawusanu no éceii cmpoeocmu. Omey mpe6o-
8an, ymoodbl doma ce 2080punU Medcdy coboil
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Puc. 1. EBrennii OckapoBuy 1aToH.
5mapra 1870r. —12 aBrycra 1953 r.

NO-pYCCKU, HO OH Jice HacMosia, YmMoobl ce Mbl,
Kpome pOOHO20 S3bIKA, U3YHUAU ewé PppaHiy3-
CKUI, aHeAUUCKUL U HemeyKuil. 3a 5mo s Obvin
onazodapen omuy u yepes decsimKu anem» —
BCIIOMMHAJI O CBOEM JIETCTBE aKaIeMUK.

Crapiue Manpuuku [1aToOHOB yuymuiauch
B [lerepOypre B [1axkeckoMm Koprryce, Tak 1 EB-
TeHUI0 ObLIa IPUTOTORJICHA CTY>K0a IpH IBOpE,
WM, BKpaitHeM ciIydae, 3aHSITHUS TOMEITnYbUM
XO3SIACTBOM B POAUTEIHCKOM UMEHUH B JleHM-
ckoBuyax 1o HoBo3piokoBoM. OTHaKO KOHCYJT
Ockap IlerpoBry momaepkan MHTEPEC ChIHA
K TOUYHBIM HayKaM. B Iepmanun EBrenus otna-
JIM TIPSIMO B CEIbMOM KJTacC peaJlbHOM IMMHa-
3un. CHavaa 6n11a yu€oa B Ll TyTrapre, morom
B bpecnay, kyna Ockapa IleTpoBuya nepenesin
u3 Huibl Takke KOHCYJI0M. B BBIITyCKHOM
KJlacce M HavyaJliCh IVIaBHbIE ceMeliHble OaTa-
JiuM. Math IIpooJoKaia HacTauBath Ha [laxe-
CKOM KOpITyce, a OTell MOoAepK1UBaj ChIHAa,
KOTOPOTO «00.1€ee 6Ce20 8 IHCU3HU XOMen. .. NPoeK -
mupoeams Mocmbl»!

B 1892—1893 rogax 1oHoIlla CIYyKWUI I10
npu3siBy B Poccuiickoil apmMuu B apTuiLie-
puiickux yacTsax KreBckoro BoeHHOro oKpy-
ra B 3BaHUU ¢eliepBepkep (3BaHUE MJIAAIIETO
KOMaHIHOTO COCTaBa B apTUJUIEpUU, YHTEP-
oduep).

JIOKYMEHTBI U3 TepMaHCKMX apX1UBOB CBH -
JIETEJILCTBYIOT 0 TOM, UTo EBrenuii IlatoH ObL1
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Puc. 2. EBrennii Ockaposu4 [1aToH B cBapo4YHoOU naboparopuu.

«BHECEéH 6 CNUCOK YYeHUuKo08 u cayuamenet Ko-
ponesckoli CakcoHcKoll mexHu4eckoil evicuiell
wionvy>. UMeHHO TaM Obll1a caMasi cepbE3Has
MOCTOCTpouTebHas 11Koia. Ha nHxeHepHOM
otneneHun KoponeBckoit CakCOHCKOM TeX-
HWYECKOM BbIclIel MIKOJBI ¢ 1888 roga oH
CJIyLIaJI IEKIUM TAKMX U3BECTHBIX ITpodhecco-
poB, kak lloitHep, Moop, ®penkenab. Ho
B KoHle yu€onl [TaTon numer B [leTepOypr:
«Nn03804bme 3awuuw,ams ouniom doma, 6 Umne-
pamopckom Hucmumyme nymeil coobujeHus».
Ho IlerepOypr aist mojiydeHus1 cepedpsiHOTO
3HayKa PyCCKOro MHxXeHepa npeaioxur Ila-
TOHY CHOBa CEeCTb Ha TP Iofa 3a CTyIeHYe-
CKYIO CKaMbIO.

ITpocnaBneHnsblii npodeccop Bunabrenbm
®penkenb, 3aBenoBaBiiunii B KoponeBckoit
1IKOoJIe Kadenpoi MOCTOCTPOSHUS U CTaTUKU
CTPOMUTEbHBIX COOPYXEHUM, MPEITOKUT
ITaToHYy DOJKHOCTB CBOETO aCCUCTEHTA B TEX-
HUYECKOM 010p0, KOTOPOE 3aHMMaeTCs Iepe-
CTPOIKOI1 IJTaBHOTO IPE3IEHCKOro BOK3aja —
r-Hy uHXeHepy I1aToHy noBepuiIu caMoCTOs-
TeJIbHOE IMPOEKTUPOBAHUE METaIMYECKUX
KOHCTPYKLIMIA («6 kKoauuecmee 62 500 nydoe» —
YTOYHSIET ONUH W3 apXUBHBIX JOKYMEHTOB
1901 rona).

Ha PoxnectBo 1891 roga Eprenuto I1ato-
HY HajIeXkajio OTObITh BOGHHYIO TIOBUHHOCTD.
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Orell TOCOBETOBA: « Tebe nonesnee nodviuiams
6030yxom Podumnbil» — KOHCYN OOJIbIlIE BCETO
GosuICsI, YTOOBI IETU HE BHIPOCIU MHOCTPaH-
LIAMH...

B 1896 1. [Taton nmonyuun auriioM CaHKT-
IleTepOyprckoro MHCTUTYTA (HbIHE YHUBEP-
CUTETa) MHXEHEPOB IyTel COOOILICHHUS I10
cneunanbHOCTH «CoOpyXKeHHE MOCTOB».
3nech xe u cran npenoaasath [7]. C 1896 .
paboran B TexHn4YecKoM otaene IlerepOypr-
cko-MockoBckoii (HbiHe OKTSOpbhCKOIt)
JKeJie3HOM moporu, a B 1907 r. Bo3r1aBUJI TeX-
HUYECKUI OTAes CIyKO0bI MyTH MOCKOBCKO-
ApocnaBcko-ApxaHreabckoil (HbiHe CeBep-
HoOI1) Xene3Hoi foporu. B 1899 1. ero mpuria-
CWJIY MpernoaaBaTeieM B MOCKOBCKOE MHXKeE -
HEpHOE YYWIMIIIE IyTeil coOoOLIeHUsT (HbIHE
Poccuiickuii yHUBEpCUTET TPAHCIIOPTA), KO-
Topoe ObL10 OTKPHITO B 1896 . [8; 9]. ITocie
YCIIEITHOM 3aIUThI JOKTOPCKOM AUCCEPTALIUM
B 1901 1. ¥ u3maHuUs IBYXTOMHOIO Y4eOHUKa,
€ro Ha3HAYWIM Ha JOJDKHOCTb 9KCTPAOpAM-
HapHOTO (CBEePXILTaTHOI0) ITpocdeccopa U UH-
CIIEKTOPOM YUMJIUIIIA.

B 1904 r. Eprenuii OckapoBu4 mnepees-
kaeT B KueB, e ero Ha3HayamwT JeKaHOM
MHXEHEPHOro (akyjabreTa W 3aBeAYIOIUM
Kadeapoit MocToB KreBCKOTo MOJIUTeXHM -
YeCKOro MHCTUTYTA, T¢ IMOJHOCThIO U pac-
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KpbIBaeTCs TajqaHT uHxXeHepa IlatoHa. Bo
BpeMs [lepBoit MUPOBOIl BOWHBI MOJIOIOM
YUYEHBI aKTMBHO paboTaeT ¢ BOGHHBIMU.
Brnaromapst emy pycckue MHXXeHepHbIe BOM-
cKa MOJyYMJIM clielaJbHbie pa30opHbIe
MOCTBI — KaK IIOCCEHHBIE, TaK U XKeJIe3HO-
JIOPOXHbBIE. B TOMMTEXHMYECKOM MHCTUTYTE
nmpenonaBaa BIUIOoTh no 1938 r.: B 1904—
1912 ropax nexaH MHXXeHEPHOro (haKyabTe-
Ta, B 1905—1929 romax — 3aBenyrommii ka-
denpoit moctoB, 1935—1939 3aBenyromunit
kadenpoit cBapku. B 1921—1931 rogax on
OBLT Takke HayanbHUKOM KreBckoit MocTo-
WCITBITATEIbHOM CTAHIIMU.

VYuéHblii mepBbIM Hayajl pa3padaThiBaTh
MPOEKTHI CTATBHBIX Pa300PHBIX MOCTOB, TT10-
OeIMBIINX HAa MEXIYHApPOIHOM KOHKYpCe
MPOEKTHI (PPaHITy3CKOTO MHXEHepa CTPOUTE -
JIst MOCTOB U BUanykoB A. I. Diidensi, aBTopa
3HAMEHMTON OalTHU. DTU MOCTHI TTOIYYUIIN
Ha3BaHue MocToB [laTtoHa. ITo ero mpoekTam
B 1896—1929 romax GbIJIO IOCTPOEHO CBBILLIE
50 >xesie3HBIX KJIEMaHbIX IOCCEHHBIX U XKeJle3-
HOJTOPOXHBIX MOCTOB. OH 3aJI0XXKIJT OCHOBBI
IIKOJIbI MOCTOCTPOEHMUs (1IeJecoo0pa3Hoe
MPOeKTUPOBaHUE, yAelIeBJIeHNE TTPOEKTOB
W CTPOUTEJICTBA MOCTOB 3a CUET HOBALIMIA
B KOHCTPYKTUBHBIX (hOpMaxX U SKOHOMUYHO-
CTU UCIIOJIb30BAHUSI METAJJIOB) U TIPOBOIUI
Hay4YHbIE UCCIIEMOBaHMS B 001aCTH TTPOYHO-
CTH, YCTOMYMBOCTUA W TMHAMUKU MOCTOB. 3a
BBIIAIOIIMECS 3aCITyTH B 00J1aCTH MOCTOCTPOE-
Hus [10] ero B 1929 . u3bpanu neiicTBUTENb-
HBIM WieHOM BceykpanHcKoli akaneMuy HayK
(BYAH, tenepp HAH Ykpaunsi), B 1935—
1953 romax — unenom Ilpesunuyma BYAH
(AH YCCP), B 1945—1952 ronax — Buue-Ipe-
sugpeHToM AH YCCP.

B 1928 . [1aToH npucTynuia K U3y4YEHUIO
Mpo0JIeEM JIEKTPUUECKOIN CBapKU METaJUIOB,
WCTIONIb3YeMOI B TO BpEMsI IIPU PEMOHTE Ke-
JIE3HBIX MOCTOB, TaK Kak ero pabotamu B 00-
JIACTHU TIPOYHOCTY U HAEKHOCTU HEPa3bEM-
HBIX coeIrHeHU It MeTasuioB [11] Obl1a Teope-
TUYECKN M IKCTIEepUMEHTAJIBHO JTOoKa3aHa
BBICOKAST TEXHUYECKasi 1 DKOHOMUYECKas
3¢ (HEKTUBHOCTD 3aMEHBI KJIEMaHbIX METAILIO-
KOHCTPYKIIMI CBAPHBIMMU.

IlepBoe mpucTaHUIIIE /1T CBOMX SKCIIEPH -
meHTOB EBrenuit I1aToH mosydaer Ha KUeB-
CKoM 3aBojie «bobIeBUK», Te yke paboTan
cBapoyHbIii Lex. JTaboparopus [TaToHa cocTo-
WT BCEro U3 OJHOTO MHXeHepa-3JeKTpruKa
¥ CBaplIMKa-3HTy3uacta. Maes 3aHATbCS
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Puc. 3. Eerennii OckapoBu4 [1aToH ¢ MakeToM TaHKa
T-34.

3JEKTPOCBAPKON BbI3Bajla B aKaAEMUYECKOU
cpene n€rkoe HemoyMeHue. MHOrme CYuTaiiu,
YTO TeMa y3Kasl, He JUISI BUTHOTO YYE€HOTO,
a mg psgosoro nHxeHepa. Ho AH YCCP
BBIICIISICT TPU KOMHATBI B TIOABajIe OBIBIICH
TUMHAa3UU.

M3o06peTaTenb HacTaMBaeT, YTO JOJDKEH
paboTaThb pyKa 00 pyKY ¢ MPOMBIIIICHHOCTHIO!
«...2nekmpoceapounas rabopamopus 00AXCHA
He 8blNYCKAMb NyxXavle HaAy4Hbvle Omuémol,
a no-Hacmosuemy nomo2ams NPOMbLULIEHHOCIU
0ceaueams Hogvle CHOCOObI C8APKU Memanid.
A npedynpexcdan ux, umo npudémcsa MHO20
obleams Ha 3a600ax, NOMO2aMb MAM CHPAG-
AAMbCSL ¢ MPYOHOCMAMU 0C80EHUSL CBAPKU, 20~
moeums 045 3a80006 Kadpwl, Opamucsa co CMo-
POHHUKAMU Kaénku...» — rmucan Eprenmit Oc-
KapoBu4 B MeMyapax. M pabora nabopatopun
OblJ1a TECHEMIITNM 00pa30M CBs3aHa C MPOU3-
BoACTBOM. Bce pazpaboTkum cpa3y ke nepena-
BaJIMCh Ha mpoun3BoacTBO. Ha JIHenponeTpoB-
CKOM 3aBOJI¢ METaJUIOKOHCTPYKIIUIA CObUTACH
naBHssa Meuta EBrenus [aTtoHa, — npeamnpus-
THE IIPUCTYITIIIO K BBIITYCKY 0aJI0K IUISI MOCTOB
LIEIbHOCBAPOYHOUN KOHCTPYKIIMH. Tak maBa
IJIaBHBIX nena Xu3Hu EBrenms OckapoBuya
COCIMHUINCH B OJTHO.

XapbpkoBckuii 3aBox «Ceprt 1 MOJIOT»
MIPUCIIAJT B JAOOPATOPUIO HAa UCITBITAHMS Kap-
Kachl IBYyX MOJIOTWJIOK — KJIEIIAHBIN U CBap-
Ho#i. [To uToram McHbITAHUNM XapbKOBYaHE
MepelnIn eJIMKOM Ha cBapKy. Kpome atoro,
nadoparopus [TaToHa oTKa3bIBaeTCs OT 3aKy-
ITOK UMITOPTHOTO HayYHOTO 000pYIOBaHUS —
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pENIeHO CTPOUTH CBOU MCTIBITATENIbHBIE CTEH-
ITBI M MAIITUHBI.

DNeKTpoCBapoOUYHYIO JabopaToOpUlo
U DJIeKTPOCBApOYHBIA KoMUTeT EBreHuii
IMaTon Bo3srnaBmsia ¢ 1929 mo 1934 roxsi.
B 1930 romsl oH yCOBEpIIEHCTBOBAJ TYTOBYIO
3JIEKTPOCBAPKY METAJUTMIECKUM BJIEKTPOIOM,
n300peT€HHYI0 B 1888 I. pycCKUM MHXEeHEpOM
H.T. CnaBsHoBbIM [12], 1 omTyGiMKoOBas nep-
Bble MOHOTpahUu, B KOTOPBIX 00001 OC-
HOBHBIE IPUHIIUTIBI pacy€Ta 1 MTPOeKTUPOBa-
HMSI CBAPHBIX KOHCTPYKIIUH, CHOPMYTPOBAIT
OCHOBHBIE TTOJIOKEHUSI TTO TEXHOJIOTUIECKUM
OCHOBaM 3JIEKTPOIyTOBOI CBapKU. 3aHNMAaJI-
Csl BOIIpOCaMU, CBSI3aHHBIMU CO CBapHBIMU
COCIMHEHUSIMU U KOHCTPYKIUSIMU, C UX
TPOYHOCTHIO Y OKCTUTyaTalIMOHHOM HaIEKHO-
CTh1O, ONTHMaJIbHOM (OPMOIA, C peaklueit Ha
CTaTUYECKWE U MTUHAMMWYECKUE HArpy3KH,
CBOICTBaMM 3JIEKTPOCBAPOYHOM IYTU U CBa-
POYHOTO IIIBa, MEXaHU3aIMel 1 aBTOMAaTHh3a-
LIMei 3JIEKTPOCBApOYHEIX paboTu T.o. B 19321
O] €T0 PYKOBOJCTBOM Obljia pa3paboraHa
aBTOMaTH4YeCcKas cBapoyHasi rojioBKa [ 13] mis
3JIEKTPOCBAPKU OTKPBITON ayroit. Um Ob11
COo3/aH IMTOTOYHBIN METO 3JIEKTPOCBAPOUYHBIX
paboT M X TEXHOJIOTUU B OCOOBIX YCIIOBUSIX
pa3HOM CJI0XXHOCTH, ObLIIU pa3paboTaHbl MPO-
MBIIIUIEHHBIE TTOTOYHBIE 3JIEKTPOCBAPOUYHbBIE
JIMHUU.

B 1934 r. Ha 6a3e DeKTpPOCBApPOYHOIA JIa-
O6opaTopru 1 DIEKTPOCBAPOYHOTO KOMUTETA
YY4E€HBIM OBUT OPraHU30BaH IEePBBIIA B MUpPE
Hay4YHO-UCCJeI0BaTeNbCKUI MHCTUTYT
snekTpocBapku (HUMDC) BYAH, koTopslii
¢ 1945 . Hocut nmg ITatoHa, 1 OBIT €T0 JU-
pekTopoM B 1934—1953 rogax. OcoGeHHOCTBIO
HHWHMDC 65112 BCE Ta 3Ke TeCHasI CBSI3b C IIPO-
n3BoacTBOM. HoBelillme HaydHbIE METOIBI
9JIEKTPOCBapKu M co3ganHoe B HUMBC
0o0opynoBaHUE HEMEIJIEHHO BHEIPSINCH
B HapoOJIHOE XO3S1CTBO, YTO MO3BOJSIIIO
B KpaTyaiiime CpOKM pelnaTh MpoOJeMbl
MPaKTUIECKOTO IPUMEHEHMS 3JIEKTPOCBAPKHU.
B 1940 1. oH cTay 3aciIyXeHHEIM JesITeIeM
Hayku YCCP u u300p€n HOBHIN cIoco0
3JIEKTPOCBApKM TOI (PIrOCOM, KOTOPBI
B IaJIbHEHIIIEM CTaJl OCHOBHBIM MPU ITPOKJIa -
K€ ra3oMpoBOJIOB, IMPOU3BOJICTBE BarOHOB,
KOTJIOB, 0aJlOK JUISI MOCTOB M IPYTUX KOH-
crpyknuii. B 1941 1. 3a pa3paboTKy MeTona
U anmapaTypbl CKOPOCTHO# aBTOMaTU4eCKON
3JIEKTPOCBApKM eMy Obljia TIpucyxaeHa [ocy-
JlapCTBEHHAasl PeMUSI TIEPBOM CTETIEHU.
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22 nrons 1941 ropa Esrennii [1aToH (yué-
HoOMY yke 3a 70 JIeT) BCTPETWI B TTOe3/1e — OH
HaIpaBJIsUIcs Ha YpabCKUIi TAHKOBBIN 3aBOJ
B KOMaHAWPOBKY. YUEHBIN TOKEH ObLT Op-
raHU30BaTh CBapKy OPOHEBBIX JIMCTOB CTAJIU.
'Y3HaB o Hauaste BoiiHbI, EBrenunii OckapoBuy
MPSIMO U3 BaroHa oTrnpasui nmucbmo Cranm-
HY: «Poduna 6 onacnocmu, u s xo4y ceou no-
caednue cuabl omoams eé 3aujume». I1o pexko-
MeHaanuu yu€Horo KneBCKUii MHCTUTYT
3JIEKTPOCBAPKU 3BaKyuWpoBaiu B HuxxHuMit
Tarun v pa3MmeniéH Ha YpaJBaroHsaBoje
Ne 183, rme HUMBC yxe OBIIa BHeApeHA
aBTOMaTU4ecKas cBapka B ITPOM3BOICTBE
TPY30BBIX BarOHOB M3 KOHCTPYKIIMOHHBIX
HUBKOYTJIEPOAUCTHIX CTaJIEH.

Co3naHHbIe €€ 10 BOWHBI TaHKU T-34
1 KB 1o 00JbLIMHCTBY MapaMeTpoOB MPEBOC-
XOIWJIM HeMellKue aHanoru. [1aBHas 3afgaya,
KOTOPYIO TIOCTaBWJIU TTepelt COO0M B UHCTUTY -
te [laToHa, — JOCTUYBL IPOYHOCTH CBAPHOTO
1Ba, MPEBOCXOISAIIYI0 IPOYHOCTh CaMOi
OpoHeBOW TUIUTHL. JIO TOTO MOMEHTa COBET-
CKWe TaHKW BapyJjIiv BPYYHYIO, YTO TPeOOBAIO
y4acTus CrelMaarcTa-cBapIiuKa o4eHb Bbl-
cokoii kBanmdukanuu. J1a u cam mporiecc 0bL1
OYEHb JIOJITUM U TPYINOEMKUM. ABTOMAaTU3M -
poBaHHas cBapKa NOJIKHA Oblia CHU3UTH
TpeboBaHUe K KBaJudukauuu pabouyero
M YCKOPUTB TIporiecc. DBaKyNPOBAHHBIN WH-
CTUTYT, TIO0 CYTH, TIPEBPATWIICS B OIIUH M3 1ie-
XOB TAHKOBOTO 3aBOJIA.

TexHoIOTHST aBTOMATUYECKOM CBAPKU TTO]T
¢mocoM B 1942 romy OblIa BHeIpeHa B IIPO-
M3BOACTBO TaHKOB, aBMaboOMO, Apyrux 6oe-
npunacoB. E€ npuMeHeHre B MSIThb—BOCEMb
pa3 yCKOPUJIO CBapOYHOE MPOU3BOICTBO
1 MapajuieJIbHO CHU3MJIO TPeOOBaHUS K KBa-
nudukanuu cBapinuka. Anmnapatom I[latoHa
MOT TTOJIB30BAaThCS Aake MoApocToK. [Tpoiiecc
TPOU3BOJICTBA TAHKOB HEBUIAHHO YCKOPUJICSH,
MPOYHBIE CBAPOYHBIE IIBHI BBIAEPXMBAIU
yaapbl OpoHeOOHbIX cHapsinoB. Jlo camoro
KOHIIa BOMHBI HUKTO B MUPE HE CMOT TTOBTO-
PUTH 3TY TEXHOJOTHIO! ABTOMaTUYECKU A
CBapoYHBIN ammapar [laToHa MOXHO CMeNo
MOCTaBUTh B rajiepeto opykus [1odenbl BMecTe
¢ iereHaapHbIMU «KaTiorieit», ITypMOBUKOM
Wn-2 u T-34. 3a rogsl BOMHKI 001ast JIMHA
«TTaTOHOBCKOTO I1IBa» COCTAaBUJIA IIECTh THICSY
KUJIOMETPOB!

Y100kl PeACTaBUTh CTENEHb HAAEXKHOCTU
MMAaTOHOBCKUX OPOHUPOBAHHBIX OOTaTHIpEH,
JIOCTaTOYHO MPUBECTH CJIOBA TUPEKTOPA IBa-
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kyupoBaHHoro B Huzxuuit Tarun u3 Xapbko-
Ba TaHKOBOTO 3aBoga Ne 183 FOpus Makcape-
Ba: «Ilonadobunoce pacuiupums meppumopuro
«Ypaneazonzasoda» nood yexa 0as HOBOU, Mup-
Holl npodykuyuu. A 6031e nPoOXoOHOI cmosin na-
MAMHUK — MAHK, <MpudyamoviyemeepKar»
No 35000. 26 mas nobeonoeo 1945 cooa, umenno
6 mom OeHb, K020a 34800 ObiA HAZPANCOEH Hem-
8EpMbIM 00e8bIM OPOEHOM, OHA COUIAA C KOHBEI -
epa npocmo Ha nvedecman. B 1975-m mank
2MOm pAcKoOHCep8uUposaru om 3ago0cK02o
CMA304HO20 MacAa, 3anpaguu eopiowum. U ceo-
um xodom, 6y0mo moavko 4mo, a He mpu decsi-
munemus. momy Ha3ad cowén oH ¢ KoHueelepa,
semepan T-34 nodwnsics Ha HoebLI nbedecman
8031€ HOBOU NPOXOOHOU».

3a BKJ1aJ1 B YKpeIjieHre 000pOHOCTIOC00-
HOCTH CTPaHBbI B TPYIHBIX YCJIOBUSIX BOEHHOTO
BpeMeHH B 1943 1. [1aToHy OBLIO TIPUCBOECHO
3paHue ITeposa Coumanucruyeckoro ITpyzaa.
B 1944 1. oH BepHysics U3 aBaKyaruy B Kues,
BoariaBui BocctaHoBieHrne HUMNDC, 3aHu-
MaJjicsl BOIIpOCaMM YCOBEPIIEHCTBOBAHUS
mpollecca aBTOMaTHU3aIUU 3JIEKTPOCBAPKHU
W WCCIIEOBAaHMSIMU TI0 CO3IaHUIO0 HAyYHBIX
OCHOB 3JIEKTPOCBApKH, a TAKXKE JIEKTPOCBAp-
KU B yniekucyiom raze. B 1946 u 1950 romax
ObLT U30paH aenyratoM BepxoBHoro CoBeTa
CCCP. B 1946—1953 rogax uM KOMITJIEKCHO
pazpabdaTbIBaIUCh GU3NKO-METaUTyprudyecKue
W TETJIOBbIE OCHOBBI 3JIEKTPOCBApKHU, Hayd-
HbIE OCHOBBI MEXaHUM3alIMK U aBTOMAaTU3aIuN
9JIEKTPOCBAPOYHBIX ITPOIIECCOB, CO3IABAIACh
TeopHrsl TIPOYHOCTU CBAPHBIX KOHCTPYKIIUM
W COEJIMHEHUM, penrajuch MpoodIeMbl
3JIEKTPOCBAPHOTO MOCTOCTPOEHUSI, BHEIPE-
HUS 3JIEKTPOCBAPKU B TIPOMBIIIJIEHHOCTb,
BO3IJIABISUIMCH pAOOTHI TTO TIPOEKTUPOBAHUIO
¥ U3TOTOBJICHUIO MEPBBIX IETbHOCBAPHBIX
MOCTOB C IPUMEHEHUEM aBTOMaTUYECKOU
ayiekTpocBapku. B 1953 . ObL1 caaH B 9KC-
TUTyaTalyio 1eJTbHOMETAITNIeCKUIT aBTOMO-
OunbHBIA MocT 4yepe3 p. JHenp B Kuese
ITAHOM 1542 M, KOTOPBII OBLT co3maH 6e3
€IVHOM 3aKJIETKN U CTal HOCUTh UMSI MOCT
ITaTtoHa. Bcero mo ero nmpoektam ObLIO MO-
cTpoeHo cBhiliie 100 cBapHBIX METAJUTUYECKUX
IIOCCEMHBIX U KEJe3HOMOPOXKHBIX MOCTOB.
Komnextus HUNDC permn mpobiemMy aBTo-
MaTU4YECKOM 3JeKTPOCBApKU IO QIrocoM
BEPTUKAJIBbHBIX IBOB. OH BHEC OOJBUION
BKJIaJ B CO3/IaHME HOBBIX MHAYCTPUATBHBIX
CTI0CO00B MPOM3BOACTBA METAJUIMUECKUX
TpyO, CYIOB, XeJIe3HOOPOXHBIX BarOHOB,
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IIAXTHBIX BATOHETOK, CTPOUTETHCTBO Maruc-
TPaJbHBIX TPYOOIIPOBOIOB, HETA0APUTHBIX
pe3epByapoB, TOMEHHBIX KOHCTPYKIIUiA, KOP-
ITyCOB 0AJUTMCTUYECKUX MEXKOHTHMHEHTAh-
HBIX U CITYTHUKOBBIX PAKET U IPYTUX O0beK-
TOB, a U300peTEeHUE JTEKTPOLLIAKOBOU
CBapKM pelmiIo mpobiaeMy Mpou3BOACTBA
KOHCTPYKIIMI M3 3arOTOBOK MpPaKTUYECKU
HEOrpaHUYEHHOM TOJIIIUHBI.

EBrenuit Ockaposuy IlatoH ymep 12 aB-
rycra 1953 1. Ha 84 romy XW3HU, TTOXOPOHEH
B KueBe Ha MemopuaibHOM baiikoBoM Kiaja-
ouie. ITocne cmeptu usnareabctBoM AH
YCCP 6b111 011y01MKOBaHbBI U30paHHBIE €T0
Hay4yHbIe Tpyasl [ 14; 15]. On aBTOp Gostee 300
(byHIaMeHTaIbHBIX TIEYaTHBIX HAYIHBIX TPY-
JIOB, OPTraHU3aTOP U PENAKTOP XypHasa «AB-
TOMaTU4YecKasl CBapKa», HarpaxiaeH 5 opae-
HaM¥1 ¥ MHOTOUYMCJICHHBIMU MEIaJISIMU.
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ABSTRACT

The article is dedicated to Evgeny
Oskarovich Paton, an outstanding Soviet
scientist with brilliant engineering talent. It
was he who created a unique school of
bridge building. The most famous creation
of Evgeny Oskarovich bears his name - the
famous Paton Bridge in Kiev.

E. O. Paton is the author of more than
300 scientific papers and several
theoretical courses on bridge building and
welding: «Calculation of end-to-end
trusses with rigid joints», «lron bridges» in
4 volumes, «Wooden railway bridges»,
«Automatic bare electrode welding under
a layer of flux», fundamental textbook
«Course of bridges» in 5 volumes and

Evgeny O. Paton
(to the 150" anniversary of the birth)
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others. Organizer and editor-in-chief of the
Journal «<Automatic welding» ( 1949-1953).
Many of his textbooks are still being used
in the study process.

The beginning of Evgeny Paton’s
professional, research and teaching career
was directly related to transport and
railways, teaching at the then MIIT, where
the future great scientist headed the
department «Bridges and Tunnels»
(foundedin 1896). It was there that Evgeny
Oskarovich worked until 1904. Paton’s
laboratory has survived to this day and even
continues to be used in teaching, and
documents and photographs related to the
scientist are carefully kept in the university
museum.
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scientist in the field of bridge building
Aand electric welding, academician of

the Academy of Sciences of the
Ukrainian SSR Evgeny Oskarovich Paton was
born on March 5 (February 20, old style), 1870
in Nice, in the family of the Russian consul
[1-6].

According to the archival documents of the
Heraldry Department of the Governing Senate,
he came from an old noble family, and on top
of that, his godparents were ... «His Imperial
Highness Grand Duke Vyacheslav Konstantino-
vich and Her Imperial Highness Princess
Alexandra Iosifovna, whose place was taken by
the maid of honor Duchess Keller...».

The Patons themselves explained the
rarest surname by the fact that the ancestors —
ship craftsmen — were taken out of Holland
by Peter 1. Since before the revolution the
Patons had a particle «<von» before the
surname, indicating a noble origin among the
Germans, most likely their family originates
from Germany. The mother of the future
scientist, Ekaterina Dmitrievna, came from
the family of the staff captain Shishkov.
About the birth of her son, named Evgeny,
there is an entry in the birth registers of the
Orthodox Church in Nice (this church at the
very foot of the Alps was called «Russian»)
for 1870 under No. 2: «The certificate was
given in 1870 on February 20" day (March 5
new style) that the Russian consul, retired
Colonel of the Guards Oscar Petrovich Paton,
of the Lutheran religion, and his legal wife
FEkaterina Dmitrievna, of the Orthodox faith,
both by their first marriage, had a son, Evgeny,
who was baptized by the priest Viadimir
Levitsky and the psalmist in the same year of
March 29" day by Feodosiy Gulyaev...».

The boy received an excellent education at
home. In addition to his native Russian
language, he also studied French, German and
English, which later came in handy for his
scientific research work. «There was strict
discipline in the family. There were seven of us
children in the family — five brothers and two
sisters. Most of all, my father did not tolerate
laziness and idleness. The girls were still given
concessions, but the boys in the family were asked
to the fullest extent. Father demanded that
everyone speak Russian to each other at home,
but he also insisted that all of us, in addition to
our native language, also learn French, English
and German. For this [ was grateful to my father,

Pic. 1. Evgeny Oskarovich Paton.
5 March 1870-12 August 1953.

and dozens of years later», the academician
recalled about his childhood.

The older Patons boys studied in
St. Petersburg in the Corps of Pages, and so
Evgeny was prepared to serve at the court, or,
in extreme cases, to engage in landlord farming
on his parent’s estate in Deniskovichi near
Novozybkov. However, the consul Oskar
Petrovich supported his son’s interest in the
exact sciences. In Germany, Evgeny was sent
straight to the seventh grade of a real gymnasium.
First there was a study in Stuttgart, then in
Breslau, where Oskar Petrovich was transferred
from Nice as a consul. In the senior class, the
main family battles began. The mother
continued to insist on the Corps of Pages, and
the father supported his son, whom «most of all
he wanted in life... to design bridges»!

In 1892—1893, the young man served on
conscription in the Russian army in the artillery
units of Kiev military district with the rank of
fireworker (the rank of junior command
personnel in artillery, non-commissioned
officer).

Documents from German archives indicate |
that Evgeny Paton was «included in the list of ik
students and listeners of the Royal Saxon
Technical School». It was there that the most
serious bridge-building school was located. At
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the engineering department of the Royal Saxon
Technical School since 1888, he attended
lectures by such famous professors as Zeuner,
Moor, Frenkel. But at the end of his studies,
Paton wrote to St. Petersburg: «Let me defend
my diploma at home, at the Imperial Institute of
Railways». But Petersburg, in order to receive
a silver badge of a Russian engineer, will offer
Paton to sit down again for three years at the
student’s bench.

The renowned professor Wilhelm Frenkel,
who headed the department of bridge
construction and statics of building structures
at the Royal School, will offer Paton the
position of his assistant in the technical bureau,
which is engaged in reconstruction of the main
Dresden railway station — Mr. engineer
Paton — clarifies one of the archival documents
of 1901).

On Christmas Day 1891, Evgeny Paton was
to serve his military service. Father advised: «/t
is more useful for you to breathe the air of the
Motherlandb — the consul was most of all afraid
that the children would grow up as foreigners.

In 1896, Paton received a diploma of
St. Petersburg Institute (now a university) of
railway engineers with a degree in Bridge
Construction. Here he began to teach [7]. From
1896 he worked in the technical department of
Petersburg—Moscow (now Oktyabrskaya)
railway, and in 1907 he headed the technical
department of the track service of Moscow—
Yaroslavl—Arkhangelsk (now Northern) railway.
In 1899 he was invited to teach at Moscow
Engineering School of Railways (now Russian
University of Transport), which was opened in
1896 [8; 9]. After successfully defending his
D.Sc. thesis in 1901 and publishing a two-
volume textbook, he was appointed to the post
of extraordinary (supernumerary) professor and
inspector of the school.

In 1904, Evgeny Oskarovich moved to Kieyv,
where he was appointed dean of the engineering
faculty and head of the department of bridges
of Kiev Polytechnic Institute, where the talent
of engineer Paton was fully revealed. During
the First World War, the young scientist actively
works with the military. Thanks to him, the
Russian engineering troops received special
collapsible bridges — both road and railway. He
taught at Polytechnic Institute until 1938: in
1904—1912, dean of the Faculty of Engineering,
in 1905—1929 — head of the department of
bridges, 1935—1939 head of the department of
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welding. In 1921—1931 he was also the head of
Kiev bridge testing station.

The scientist was the first to develop designs
for steel folding bridges, which won the designs
of the French engineer, builder of bridges and
viaducts, A.G. Eiffel, the author of the famous
tower, at an international competition. These
bridges are called Paton bridges. According to
his designs, over 50 riveted iron road and
railway bridges were built in 1896—1929. He
laid the foundations for the school of bridge
building (expedient design, cheaper projects
and construction of bridges due to innovations
in structural forms and the economic use of
metals) and conducted scientific research in
the field of strength, stability and dynamics of
bridges. For outstanding services in the field of
bridge building [10], in 1929 he was elected a
full member of the All-Ukrainian Academy of
Sciences (VUAN, now the National Academy
of Sciences of the Ukraine), in 1935—1953 —a
member of the Presidium of VUAN (Academy
of Sciences of the Ukrainian SSR), in 1945—
1952 — vice-President of the Academy of
Sciences of the Ukrainian SSR.

In 1928, Paton began to study the problems
of electric welding of metals, which was used
at that time in repair of iron bridges, since his
work in the field of strength and reliability of
permanent metal joints [11] theoretically and
experimentally proved high technical and
economic efficiency of replacing riveted metal
structures with welded ones.

Evgeny Paton got his first haven for his
experiments at Kiev plant «Bolshevik», where
a welding shop already worked. Paton’s
laboratory consists of just one electrical
engineer and an enthusiastic welder. The idea
of doing electric welding caused slight
bewilderment in the academic environment.
Many believed that the topic was narrow, not
for a prominent scientist, but for an ordinary
engineer. But the Academy of Sciences of the
Ukrainian SSR allocates three rooms in the
basement of the former gymnasium.

The inventor insists that he must work hand
in hand with industry! «... The electric welding
laboratory should not produce puffy scientific
reports, but really help the industry to master new
methods of metal welding. I warned them that
1 would have to go to factories a lot, help them
cope with the difficulties of mastering welding,
train personnel for factories, fight riveting
supporters...». — Evgeny Oskarovich wrote in
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his memoirs. And the work of the laboratory
was closely related to production. All
developments were immediately transferred to
production. At Dnepropetrovsk plant of metal
structures, Evgeny Paton’s long-standing
dream came true — the enterprise has begun to
produce beams for all-welded bridges. So two
main affairs of Evgeny Oskarovich’s life merged
into one.

Kharkov plant «Hammer and Sickle» sent
to the laboratory for testing the frames of two
threshers — riveted and welded. According to
the results of the tests, the Kharkovites switched
entirely to welding. In addition, Paton’s
laboratory refuses to purchase imported
scientific equipment — it was decided to build
its own test benches and machines.

Evgeny Paton headed Electric Welding
Laboratory and Electric Welding Committee
from 1929 to 1934. In the 1930s, he improved
electric arc welding with a metal electrode,
invented in 1888 by the Russian engineer
N. G. Slavyanov [12], and published the first
monographs, in which he summarized the basic
principles of calculation and design of welded
structures, formulated the basic provisions on
the technological foundations of electric arc
welding... He dealt with issues related to welded
joints and structures, with their strength and
operational reliability, optimal shape, reaction
to static and dynamic loads, properties of an
electric welding arc and a weld seam,
mechanization and automation of electric
welding, etc. In 1932, under his leadership, an
automatic welding head [13] was developed for
open arc electric welding. He created an in-line
method of electric welding and their
technologies in special conditions of varying
complexity, developed industrial flow electric
welding lines.

In 1934, on the basis of Electric Welding
Laboratory and Electric Welding Committee,
the scientist organized the world’s first research
institute for electric welding (NIIES) VUAN,
which has been named after Paton since 1945,
and was its director in 1934—1953. A feature of
NIIES was the same close connection with
production. The newest scientific methods of
electric welding and equipment created at
NIIES were immediately introduced into the
national economy, which made it possible to
solve the problems of practical application of
electric welding in the shortest possible time.
In 1940, he became an Honored Scientist of

the Ukrainian SSR and invented a new method
of electric submerged-arc welding, which later
became the main one in laying gas pipelines,
manufacturing cars, boilers, beams for bridges
and other structures. In 1941 he was awarded
the State Prize of the first degree for development
of the method and equipment for high-speed
automatic electric welding.

On June 22, 1941, Evgeny Paton (a scientist
over 70 years old) met on the train — he was
heading to Ural Tank Plant on a business trip.
The scientist had to organize welding of armor
plates of steel. Upon learning of the beginning
of the war, Evgeny Oskarovich sent a letter to
Stalin right from the car: «The Motherland is in
danger, and I want to give my last strength to its
defense». On the recommendation of the
scientist, Kiev Institute of Electric Welding was
evacuated to Nizhny Tagil and placed at
Uralvagonzavod No. 183, where NIIES had
already introduced automatic welding in
production of cargo cars from structural low-
carbon steels.

T-34 and KV tanks created even before the
war were superior to their German counterparts
in most parameters. The main task set before
themselves at Paton Institute was to achieve
strength of the welded seam that exceeds
strength of the armor plate itself. Until that
moment, Soviet tanks were welded manually,
which required participation of a highly
qualified welder. And the process itself was very
long and time consuming. Automated welding
was supposed to reduce the requirement for
worker qualifications and speed up the process.
The evacuated institute, in fact, turned into one
of workshops of the tank factory.

The technology of automatic submerged-arc
welding in 1942 was introduced into production
of tanks, air bombs, and other ammunition. Its
use has accelerated welding production five to
eight times and, at the same time, has reduced
the requirements for the qualifications of a welder.
Even ateenager could use Paton’s apparatus. The
production process of tanks has accelerated
unprecedentedly, strong welds withstood the
impact of armor-piercing shells. Until the very
end of the war, no one in the world could repeat
this technology! Paton’s automatic welding

machine can be safely put into the Victory

Weapon Gallery together with the legendary
Katyusha, I1-2 and T-34 attack aircraft. During
the war years, the total length of «Patonov seam»
was six thousand kilometers!
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To imagine the degree of reliability of
Paton’s armored warriors, it is enough to quote
the words of Yuri Maksarev, director of tank
plant No. 183 evacuated to Nizhniy Tagil from
Kharkov: «It was necessary to expand the
territory of Uralvagonzavod for workshops for
new, peaceful products. And near the entrance
there was a monument — a tank, «thirty-four»
No. 35000. On May 26, 1945, the victorious
year, on the very day when the plant was
awarded the fourth military order, it left the
assembly line simply on a pedestal. In 1975, this
tank was reactivated from the factory lubricating
oil and refueled with fuel. And under its own
power, as if it had just rolled off the assembly
line, and not three decades ago, the veteran
T-34 climbed to a new pedestal near the new
entrance».

For his contribution to strengthening the
country’s defense capability in difficult wartime
conditions in 1943, Paton was awarded the title
of Hero of Socialist Labor. In 1944, he returned
from evacuation to Kiev, headed the restoration
of NIIES, was engaged in improving the
process of automation of electric welding and
research on creating the scientific foundations
of electric welding, as well as electric welding
in carbon dioxide. In 1946 and 1950 he was
elected to the Supreme Soviet of the USSR. In
1946—1953, he comprehensively developed
physical, metallurgical and thermal foundations
of electric welding, scientific foundations of
mechanization and automation of electric
welding processes, created a theory of strength
of welded structures and joints, solved the
problems of electric-welded bridge
construction, the introduction of electric
welding into industry, led the design and
manufacture of the first all-welded bridges
using automatic electric welding. In 1953, an
all-metal road bridge across the river Dnieper
was put into operation in Kiev with a length of
1542 m, which was created without a single rivet
and began to bear the name of Paton bridge. In
total, over 100 welded metal road and railway
bridges were built according to his designs. The
NIIES team solved the problem of automatic
submerged arc welding of vertical scams. He
made a great contribution to creation of new
industrial methods for production of metal
pipes, ships, railway cars, mine cars, construc-
tion of main pipelines, oversized tanks, blast
furnace structures, hulls for ballistic inter-
continental and satellite missiles and other
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objects, and invention of electroslag welding
solved the problem of producing structures
from workpieces of practically unlimited
thickness.

Evgeny Oskarovich Paton died on August
12, 1953 at the age of 84, was buried in Kiev at
the memorial Baikovo cemetery. After his
death, the publishing house of Academy of
Sciences of the Ukrainian SSR published his
selected scientific works [14; 15]. He is the
author of over 300 fundamental scientific
papers, organizer and editor of the journal
«Automatic Welding», and has been awarded 5
orders and numerous medals.
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NPECC-ARXAE

O nyTax pa3Butus XxenesHbix gopor (1910)

Mu 0

110 2em Hazao 013 npogeccuoHanbHoeo Heeae3Ho00PONCHO20 CO00ueCcmaea 0cmpo Cmosia 60npoc
0 COOMHOWEHUY KOMMEPHECKUX U 20CYOapCMBEHHbIX UHMEPECO8 8 0esMeAbHOCIU JHCeNe3HbIX
dopoe cmpanvl. [leranuce nonsimxu maccu(j}uuupoeamb omadenvHble 00pocU 8 IMUX YeasX nO

NICHUU HA UHBE(

/4

p
u lcomcypenmuoeo acnekmos. Hobntmaﬂm 60onpoc o cmp KOHMp
Ha cMpPoUmenbCmeo HoBbIX JceNe3HbIX 00poe cpedcmeamu, 06 u38./le'4enuu npubbLau Uy eé
4uu 6 Oyoyuee pa
Oblaa nocmaegaena npodaema, 8blpaxicasico CO8PEMEHHbIM ﬂ3bllCOM, CBAZAHHOCMU MePPUMOPUIL:
V6eauuU8ams AU NPOGO3HYI0 CHOCOOHOCb CYUECMBYIOUUX MASUCIPANbHIX, UL JHce CPOUMb
HOBble 6MmopocmenenHble dopoeu mam, 20e ux ewé 6000ue nem. Obpawjaem Ha cebs 6HUMaHUE
U 0moenvbHO NOOHAMAs NPobaemMa o NOGbIUIEeHUU BHUMAHUS K 9K
CHeyUuanucmos Kax ycaoguu YCReuHol KOMMEPHECKoll pabombl HeeAe3HbIX 00p0e: KAK CAYHCAUUX —
6 cemu Jicene3HO00PONCHbIX YHUNU, MAK U OYOYuUx pyKosooumenei 6 UHCMUMYmax, 4moosl <6
PACCAOHUKAX HCeNe3HOO0PONCHBIX UHIICEHEPO8, OAIOUUX KOHMUHEEHM HAYANLHUKOB JCeNe3HbIX
dopoe, — cmydenmam 0aganace NOAHAS IKOHOMUHECKAs NO020MOBKa K ux Oydyueli OesmeavbHocmu».

AUCH npod/leMbl COOMHOUWEHUSA MOHONO/IbHO20
1€ 3a 8bl0 Mu

¢ax. OmoenvHo

JLAL

0 cnp X

PSS
Kou e

KntoueBbie ¢/10Ba: MCTOPUS TPAHCIOPTA, Xe/1e3HbIe 0POoru, Tapudbl, JOXOAHOCTb, MOArOTOBKA CrieLmna-

JINCTOB.

Pepakums BelpaxaeT Npu3HaTebHOCTb COTPYAHUKaM 61bnnoTekn Poccuinckoro yHueepcuteTa

TpaHCNopTa 3a NOMOLLb B NOAroToBKE Matepuana.

Kene3HonopoxHoe 1eJ10, ABJISAACH OTHOM U3
oTpacJieii rocyIapcTBeHHOT0 X03siicTBa, eCTh
JIM MPENpHATHE YUCTO KOMMepYecKoe?

TTocTaBieHHBII HaMM 3aT0JIOBKOM BOITPOC
MMeeT TeM OOJTBIIYIO BaXKHOCTb, YTO €r0 pelie-
HUE OMpeNesieT TOT Yroa 3peHusl, Mo KOTO-
pPBIM CJIeNyeT pacCMaTpuBaTh Pe3yabTaThbl
SKCIJyaTalluM XXeJEe3HbIX TOpOr BOOOIIE,
a HalIuX B OCOOEHHOCTH.

KenezHogopoxHoe ne0 NMpeacTaBasier
co00li creunaliu3upoBaHHBIN U3BO3HBIN
TMPOMBICE]I MOHOTIOJIBHOTO XapakTepa, a mo-
TOMY OHO MOXET Ka3aTbCs JUIIb YUCTO
KOMMEPUYECKHUM JIeJIOM, 3HaYeHHE KOTOPOTO
oIpenesisieTcsl UCKIIOUUTEIBbHO PYOsIEM, T.€.
npsiMbIM OapbilioM. TaKOBBIM OHO U OBLIO
ObI, ecyiv ObI HE CYIlleCTBOBaJIa HEYyCTpaHU-
Mast MOHOTIOJIbHOCTb 3TOTO pojia Mpeanpusi-
THS, O0yCJIOBIMBaeMas Kak peibCOBO KO-
JIe€i, MPOBOAMMOM JIUIIb B pa3pelraeMbiX
HamnpaBJICHUSX, TAK U CBOUM OCOOBIM rOCy-
JNapCTBEHHBIM 3HAYEHUEM U HEU30EXHBIM
3HAYUTEJIbHBIM OTPAaHUYEHUEM CaMOYyIpaB-
JICHUS.
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C npyroii CTOpOHBI, HE BCE PEIbCOBBIC
JIMHUY MOTYT OBITH IMOABOIMMEI TTOJ OJHY
OOIIIYyI0 KaTeropuio NMpearpusITUii, TpeaHa-
3HAYEHHBIX CJYKUTh JIUIITb YIOOHBIMHU ITyTSI-
MM COOOIIEHUs] MEXITY MPOMBIIIJIEHHBIMH,
TOPTOBBIMM, IPOU3BOAUTEILHBIMU M Hace-
JEHHBIMU LIEHTPaMM, YTO AaBajio Obl UM
MpaBoO Ha UCKJIIOYMUTETbHO KOMMEpPUYECKUI
xapakTtep. EcTh peiabcoBble TTyTH, KOTOpHIE
MMEIOT ellg bosiee cepbe3HOe 3HAaUeHe, YXKe
YHCTO TOCYIapCTBEHHOTO XapaKTepa: CITyKHUTh
TpeOOBaHUSIM TOCYIapCTBEHHOUW 0OOPOHHI,
CTpaTeruyecKrM 3ajadaM, a Takke BEI3BIBATh
K XXM3HU W pa3BUBaTh MECTHYIO CEJIbCKOXO-
3UCTBEHHYIO, TOPTOBO-TIPOMBIIIJIEHHYIO
M 3aBOJICKYIO TTPOM3BOAUTENHHOCTh, pearu-
DYsI, B TO Xe BpeMsI, Ha yJIydIlIeHrue Tocynap-
CTBEHHOTO XO3SIiICTBA W yCHJIEHUE CPEACTB
rocyaapCTBEHHOTO Ka3HaveicTra.

ComnocTaBJisist MeXy cO00I0 3TH pa3HbIe
YCIIyTH, OKa3blBaeMble CTPaHE XeJe3HbIMU
JIOpOTaMM, €CTECTBEHHO IMPUXOAUTCS TOMI-
pa3aenuTh MOCIeHNE Ha:

1) Xxene3HbIe JOPOTU KaK Obl YUCTO KOM-
MEepYECKOro 3HaUYeHUSI, a TOTOMY M MOTYIIIIE




TPEACTABISATH COOO00 IPEATIPUSATUASI HEKOTO-
pOro KOMMEepPYECKOTO XapaKTepa, BHE 3aBU-
CHMOCTH OT UX BJIaJieJiblia, Ka3HbI MJIM 4acT-
HOro 00I11eCTBa;

2) XeJie3HbIe TOPOTH MCKIIOYUTETBHO
rOCylapCTBEHHOTO 3HAYEHUS, T.€. TaKue,
KOTOpPBIE€ MOJDKHBI CONEePXAaThCs BPEMEHHO
WJIN TTOCTOSIHHO, €CJIM He MOJHOCTBIO, TO
IJIaBHBIM 00Pa30M 3a CUET Ka3HblI.

Cka3zaHHOE OTHOCHUTCSI COOCTBEHHO 110
SKCITTyaTallu1 BCEX XKEJIE3HBIX JJOPOT; UTO Xe
KacaeTcsl X COOpYXeHMs, T.e. BbIOOpa Ha-
npaBJieHUs] (M3bICKaHUSI), COCTABJIEHUS pac-
IIEHKW UX CTOMMOCTHU (paciieHOYHasl BeJo-
MOCTb) ¥ TIPOM3BOJCTBA CAMOI MOCTPOIKM,
TO XOT$I 3TO ¥ HE MOXKET OBITh HE COTJIacyeMO
C KOMMEePYECKUMU COOOPaKeHUSIMU (B CMBIC-
JIe TOCTVDKEHMST IEIeBU3HBI), HO UCXOMS U3
TOTO KapJAWHAJIBLHOTO TTOJIOXEHUsI, YTO BCE
MOHOIIOJIbHBIE ITyTU COOOIIEHUS COCTABIISTIOT
HEOThEeMJIEMYIO COOCTBEHHOCTb Tocynap-
CTBa, — COOPYXEHME KeJe3HBIX JOPOT HE
JTOJIKHO pacCMaTpUBaThCs, KaK MPeANpUsITUE
KoMMepueckoe. IMeTh KoMMepUecKuii xa-
pakTep el1I€ He 3HAYMT OBbITh U TIPEAIIPUSTHEM
KoMMmepueckuM. KoMmmepueckue mipenrpusi-
THSI COOTIONAIOT MHTEPEChl COOCTBEHHUKOB,
WHaYe OHU SIBJISUTUCH OBbI 0JIarOTBOPUTETbHBI -
MU yUYpeXIeHUSIMU; TOCYIapCTBEHHBIE Xe
TIPEATpUSITUsI, HA000POT, Ha TIEPBHII TUTAH
BBIIBUTAIOT MHTEPECHI CTPAHBI, ¥ TPETHUX JIAILI.
[To oTHOIIEHNIO YaCTHBIX JHOPOT ClenyeT
UMETH elI€ B BUIY, YTO OTU TMPEINPUSITHS
YCJIOBHO YCTyITaeMbl YaCTHBIM JIUIIAM WJIA
o0IecTBaM B CPOYHOE IMOJIb30BaHUE IO
CTPOTUM KOHTpOJieM (OyayIiero?) xo3siuHa
JIOPOTH — TIPaBUTENBCTBA. TOYHO TaK Xe
1 KOHIIECCMOHHOE 3KCIUTyaTHPOBaHKE TAKOTO
MPEATPUSITHS YAaCTHBIM OOIIECTBOM XOTS
U SIBJISIETCS, KaK yXe CKa3aHO, EJIOM YKCTO
KOMMEPUYECKOTO XapakTepa, HO IOJDKHO, TI0
HallleMy MHEHUIO, TTIPOU3BOAUTHLCS TIPU 00sI-
3aTeJIbHOM y4acTUUM CaMO Ka3HbI, U TIPUTOM
HE B CMBICJIE TApAaHTUITHOTO TTOKPBITHUST HENTO-
0OpOB MO 3KCILUTyaTallMOHHBIM cOopaM,
a B CMBICJIE €T0 HeTIOCPEICTBEHHOTO YIacTHS
Kak B OCHOBHOM KaIlUTajie, TaK U JTUIHBIM
y4acTUEM CBOMX MPEACTaBUTENIEH B aIMUHM -
CTPUPOBAHUY CAMOTO KOHIIECCUOHHOTO Tpe/T-
TIPUSITUS, YTO YK€ UMEET MECTO TI0 OTHOIIIE-
HUIO HEKOTOPBIX YaCTHBIX IOpOT: Biagukas-
Ka3zckoii, Psg3aHcko-Ypanbckoii, FOro-
BoctouHoii, byasrymunckoii u Ilepsoro
OO6111ecTBa TOIBE3AHBIX KEJIE3HBIX ITyTEH.
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Joaroe BpeMsi MOUYTH BCE HAILIU XKeJIe3HbIe
JIOPOT'U CTPOMJIMCH KaK Obl HA KOMMEPUYECKUX
OCHOBaHMUSIX, UHAYe TOBOPsI, KOHLIECCUOH-
HBIX, KOT/1a MHOTHE CTPOUTENH, IIPU COOPY-
KEHUU JOPOTU, HE CUUTASICh C YCIAOBUSIMU
Oyaymeil s3kcryatTalluu, MoJjJb30BaJUCh
B LIMPOKOM CTeNEeHU MpeaeTbHBIMU YKIOHA-
MU U TIpenebHEIMU paglycaMy U, B IEJSIX
COKpallleHUsI KOJMYECTBA 3eMJISIHBIX padoT
B CBOIO MOJIb3Y, HE OCTaHABIUBAJIUCH MEepe
BpPEIHBIM JJISI 9KCIUIyaTalluu yAJIMHEHUEM
JIMHUM U 6€CI0JIE3HBIMU MPEXAeBPEMEHHbI -
MU 3aTparaMu. ITpy Ka3€HHBIX TTOCTpPOMKax
Ty Xe LeJib MpecieaoBaid MOAPSIUUKUA 3a
CUéT cy1aboro (Mo pa3HbIM MOTHUBAM) Hal30-
pa co CTOPOHBI PYKOBOJIMBIIUX U Hayallb-
CTBOBABIIMX JIUII. 3aTeM C OKOHYaHUEM TI0-
CTPOWKHU TOPOIrU, MO MPUHSTUIO €€ B DKC-
TIyaTauuio ¢ 10IycKaeMbIMU HEOIeJIKAMU,
9KCILTyaTaTopaM TOJIbKO YTO BBICTPOEHHOI
JIMHUU HEeU30€XHO MPUXOAUIOCH 3aTpayu-
BaTh HOBbIE CPEACTBA Ha €€, MOpoii, Kamnu-
TaJIbHYIO MepecTpoiiKy. B pe3ynbraTe moy-
4aj0Ch, YTO OCHOBHOM KaIUTaJl, BJIOXEHHBIN
B COOPYX€HUE JOPOTH, 3HAUUTEIBHO BO3pa-
CcTaj, a BMECTe ¢ HUM YBEJINYUBAJIOCh U KO-
JIMYECTBO MPOLEHTOB, €XKeTOAHO MPUIUTAIO-
IIMXCS Ha 3aTpayeHHBbIA KamuTal; 3TO,
B CBOIO OYepENb, IUIAYEBHO OTpaXxajaoch Ha
0o01Iel JOXOTHOCTU CETHU XKeJIEe3HBIX TOPOT.

Maio0X0AHOCTh, HO HE 0€310X0THOCTb,
TaK KaK TaKoBas He CYyIIECTBYET, HAIIIUX XKe-
JIE3HBIX IOPOT, a TAKXKE HEYIOBIETBOPUTEIb-
HOCTb CUCTEMBbI UX XO3SMCTBA, SIBASIOTCS
MOPSMbIM PE3YJBTaTOM, YK€ JaBHO yCTapeB-
IIKUX, BCEOOIIMX BO33PEHUI Ha 3HAUYECHUE
JKeJIE3HBIX JOPOT, a TaKXke elle 0oJiee B~
€TCs CIeACTBUEM CYIIIECTBYIOLIEH XKeJIe3HO-
JIOPOKHOM MOJIMTUKU, HE PUCTOCOOIEHHOM
K COBPEMEHHOMY CKJIaIly KeJI€3HOAOPOKHOMN
KM3HU U €€ TpeboBaHUsIM. CMeI0 MOXHO
cKa3aTh, YTO MOJOXEHUE HAILIETO XKeIe3HO-
JIOPOKHOTO Jiejla CTAHET COBEPILIEHHO UHBIM,
ecau IIpaBUTEIbCTBO B 3TOM OTHOLIEHUU
OyaeT AepKaThCsl CAEAYIOLIMX OCHOBAHUM.

CoopyXeH1e HOBBIX PEIbCOBEIX TOPOT,
a TakXke JajJbHelllee pa3BUTHE CYILIECTBYIO-
WX TUHUH POU3BOAUTE IO CTPOTUM He-
MOCPENCTBEHHBIM KOHTPOJEM Ka3HbI, MpU-
MEHMTEIBHO K YCIOBUSIM KaXK0I MECTHOCTHU,
CUUTasICh CO BCEMU €€ XapaKTepPHOCTSIMU,
U B 0COOEHHOCTU co00pa3ysich ¢ TpeboBa-
HUSIMU OyayLIei 3KCITyaTalluy B TOJTHOM €€
Pa3BUTUU, OTPAHUYMBASICH TPU 3TOM Havyaslb-
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HBIM OCYIIECTBJIEHUEM JIUIIb HEOTIOXHBIX
3aTpar, MHaYe TOBOPSI, CHayajIa pacxol0BaTh
JINIITb CTOJIbKO, CKOJIbBKO HEOOXOIUMO IJIst
YIOBJIETBOPEHUSI HEOTJIOKHBIX TPeOOBaHMIA
OXMIAeMOIi, IepBOHAYAIBHOM IeSITEIbBHOCTH
JIOPOTH, COTJIACHO TTPEIBAPUTEHHO YCTAHOB-
JIECHHOMY 00IeMy TJaHy HpeacTosIen
NeATeIbHOCTH 3TOU TUHWH.

3aTeM BcsiKast MOTYIIast Py COOPYKEHU U
JIOpoTru, 00pa3oBaThCsl 9KOHOMMUS ITOJIKHA
BCelIeJI0 MOCTYNaTh B 3ariacHOM (poH 1, BMecC-
T€ C HEM3pPaCXOJOBAHHBIMU CYMMaMH IO
Hegoae/KaM coopykeHuit. Takoii «3anacHbIi
(oHI» HUKOUM 00pa3oM He JOJIKEH CITYKUThb
K YCWJICHUIO TEKYIIUX IKCIUTyaTallMOHHBIX
CpEICTB JOPOTHU, a BCELE0 MpeaHa3Haya-
€IIbCsI, C HAPOCIITMMM Ha HETO MIPOILIEHTaMH,
K TIOCTYIIJIEHHIO, TI0 MepPe BBISICHSIOIENCS,
HaJTO00HOCTU, — Ha PAaCXOMAbl MO PA3BUTHIO
JIOPOTH U €€ 000pYyIOBaHMS. DTO MTONOXEHNE
JIOJDKHO OJMHAKOBO OTHOCUTBCS KaK K Ka-
3€HHBIM, TaK U K YaCTHBIM JOPOTaM.

DKCIUTyaTUPOBAHUIO XKeJIE3HBIX Ka3€H-
HBIX M YaCTHBIX JOPOT 00IIero 3Ha4YeHUs
cJemyeT MPUIaTh YNCTO KOMMEPUECKHUI Xa-
paxkTep; BpEeMEHHOE UCKIIOYEHNE MOJIKHO
OBITB AOITYCKAEMO JIMIIIH JIJIST TUHUH TTPENMYy-
IIECTBEHHO CTPATeTNYeCKOro 3HaYeHUsI, U TO
JIO TeX TOp, M0Ka BAJIOBO MOXOM He HAUHET
TOKPBIBATH X 9KCIUTyaTallMOHHBIE PACXO/IBI;
KOTJIa K€ TaKO MOMEHT HACTYITUT, TO 1 UM -
CTO CTpaTeTMIeCKUe IMHUU HE TOJIKHBI OBITh
U3BATH U3 KOMMEPUYECKOTO XapaKTepa 9KC-
TUTyaTaluu.

TToTpe6HOCTH 0Opa3oBaHMS MPU IKCIUTya-
TalM¥ XeJIe3HBIX JOPOT OTAETLHON KOMMep-
YeCKOM CIyXObl ¢ €€ MHOTOYMCIEHHBIMU
areHTaMu SIBWJIACh BCJIEACTBUE BBISICHEHUS,
HaKOHeEIl, TOTO BaXXHOTO 3HAYEHMs, KaKoe
MMEET CIIy>K0a NBUXKEHUS BOOOIIIE, a €€ KOM-
Mepueckasi oTpacyib B 0COOeHHOCTH. B Ha-
CTOsIIIee CTPATHOE IS JKEJIe3HOIOPOKHOTO
XO351ICTBA BpeMsI, BO MHOTHX CITy4asixX, 0Ty~
CKaeTcsl Kak 10 OTHOIIIEHMIO KeJIe3HOIOPOXK -
HBIX areHTOB, TaK M MX PYKOBOAMUTENEH, 10-
BOJIbCTBOBATHCS IPOCTHIM MIEpEMMEHOBAHEM
MX B KOMMEpUYECKHUE areHThl 1 KOMMepYecKure
CITyXOBI C COOTBETCTBYIOIIMMH HayaTbHUKA -
MM, B pacu€Te Ha yxXe MpUOOPETEHHBI MU
HEKOTOPBI! HaBBIK K KOMMEPYECKHUM OTlepa-
IIUSIM, HO XKU3HEHHAsI MMPaKTHUKa TTOKa3bIBaeT,
YTO OJTHOTO TAKOTO TIepEeUMEHOBAHUS JAJIEKO
He noctatoyHo. [Ipr aTOM HEOOXOAMMO ycTa-
HOBUTB, pa3 HaBCETAA, YTO UMEHHO MBI Ha3bl-

Bae€M KOMMEPUYECKMM XapaKTepOM KeJIe3HO-
JIOPOKHOI 3KCITyaTaliu.

OCHOBHOE MpaBUJIO BCSIKOTO KOMMepue-
CKOTO JieJla — 3TO MOJy4yaTh J0XO0/ Ha 3aTpa-
YeHHBbII KalnmuTald U YBeJIUYUBaTh 000POT
MOCJeIHEr0, He OrpaHNUYMBAsCh HEOOXOIU-
MBIMU pacxojJaMH, a 3aTpauuBas, Koria
TpebyeTcs, naxe a fond perdu, HOBBIE Cpell-
CTBa JJisl HauOOJbIIEro pa3BUTUS CBOe
KOMMEPYECKOI JIesITEIbHOCTH, TIPU CO3HA-
HUM, YTO TaKas 3aTpaTa He TOJbKO BEPHETCS
00paTHO, HO €llI€ U MPUHECET XOpOIIue
miaoabl. KoHeyHo, 111 3TOro HEOOXOAUMO
WMeTb HaJJjiexXalllyl0 CMETJIUBOCTD, MOJHOE
3HaHWE CBOETO JieJia U 00JIalaTh 1OCTAaTOY-
HBbIM 000POTHBIM KaluTaaoM, COOCTBEHHBIM
WJIY K€ 3aMMCTBOBaHHBIM.

W3 sT0TrO0 MONMOXKEHUS YXKE ICHO BUIHO,
KaKoro pojia Cepbe€3HbIM TPEOOBAHUSIM JOJIK-
HbI YIOBJAETBOPATD AESITENN-PYKOBOAUTENU
MO0 3KeJIE3HOJAOPOXKHOU KOMMEpPUYECKOil ya-
CTH, a TAaKXKe€ BUIHO, YTO KaxKaask cCaMOCTOSsI-
TeJIbHas1 1opoTra JoJIXKHA 00J1aJaTh A0CTaTOY -
HBIMU CBOOOAHBIMU CPEACTBAMU UJIU KPEaU-
TaMU TSI CBOUX BPEMEHHBIX KOMMEPUYECKIX
obopotoB. Takoe TpeboBaHUe HauboJiee cy-
IIECTBEHHO IJIsI JOPOT YaCTHBIX OOILECTB,
YCTaBbl KOUX HE MPeaBUIAT 00pa3oBaHUs
TaKOIo Kanurasia, a IoTOMY HeKOTOphIE A0-
poru nolens volens BEIHYXIIeHBI ObITA TIpHOE-
raTb K Bp€EMEHHOMY 3aMMCTBOBAHUIO U3
CBOMX TEKYIIMX KACCOBBIX CPEACTB, T.€, U3
PacYETHEIX CYMM C APYTUMM JOPOTaMH, UTO
MpY TPOMATHOM JIEHEXHOM 000pOTe, 10X0-
asiieM s Bceit UMIiepckoil ceTu 10 Tpéx
MUWJIIMApAOB pyoJieii B ToJ, MpeacTaBsIeTCs
COOJJa3HUTEIbHBIM, U JaXe B HEKOTOPbIX
ciyvasx HenszoexHbiM. ClienyeT 3aMeTUTh,
4YTO Takasi Heu30eXHOCTh MpeaycMOoTpeHa
3aKOHOJaTeJeM, YCTAHOBUBIIHUM 3a TaKoe
3aMMCTBOBaHUE 8 % TEHIO B MMOJIb3y Ka3HBHI.

Jns1 co3naHusl KOMMEpUYEeCKUX areHTOB,
KOTOpbI€ MOIJIU ObI CTOSITh Ha BBICOTE CBOETO
MOJIOXEHUSI, HeoOXoauMa MnpeaBapuTebHast
UX TeopeTuyecKasl IMoJAroToBKa 1M Hajjexa-
111as1 MpakTu4yeckKasi OCBe1OMJIEHHOCTb.

BoT TyT-TO 1 BO3HUMKAET CEPhE3HbBIN BOII-
poC: U1, U3YYUBIINX KOMMEPUYECKUE HAYKH
B CYLLECTBYIOIIMX KOMMEPUYECKHUX IIKOJaX
U BBICIIIHX KypcaX, UMEETCSl HEMaJlo, U Cpeau
HUX TOJIKHBI BCTPEUYATHCS JIIOIN C MM POKUM
KPYTro30pOM, C paBUJIbHBIM YIJIOM 3pE€HMUS,
C JOCTAaTOYHOW HaOJIOIAaTEJNbHOCTHIO,
U C aHATUTUYECKUM YMOM, HO UX XKEJIe3HO-
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JIOPOXHasi OCBEAOMJIEHHOCTh OYAET MOYTH
BCeT/Ia OrpaHWYeHa y3KUM MECTHBIM paiio-
HOM MX OOLIEHMUS.

ITpuuunHy e Takoif OrpaHUYEHHOU OCBe-
JIOMJIEHHOCTH CJIEAyeT UCKaTh B TPYAHOCTHU
TPUOOPETEHUS OTIBITHBIX 3HAHWI U TIPaKTH-
YeCKOro MexaHM3ma, a Takxke C JIpyroi cTo-
POHBI, 5TOMY COJIEICTBYET OTCYTCTBUE TaKUX
CTaTUCTUYECKUX OTYETOB, KOTOPHIE TaBaJIU Obl
CBOEBPEMEHHO, a He 3aI1037aJ10 Ha HECKOJIBKO
JIET, SICHYIO U (haKTUYECKYIO KapTUHY U bec-
CTIOPHBII MaTepUall BCEX KeJIE3HOTOPOXHBIX
orneparuii Mo ABMXKEHUI0, U, HAKOHEII, TIPH-
YUHY HaJI0 UCKATh TAKXX€ B OTCYTCTBUU Y HacC,
IO HACTOSIIIEro BpeMeHU, TOCTATOYHOTO
yycia MpakKTUIECKUX MO CIYXKO0e MBVKEHUS
IIKOJI, TaK KaK TOJBbKO B MOCAEIHUE TOJbI,
criepBa YacTHas MPeaIPUUMUYNBOCTb, CO3HAB
HaCYLIHYIO MOTPEOHOCTh OPTaHU3AIIUU TAKAX
LLIKOJI, TepBoHavyaabHO B [TeTepOypre, a 3aTeM
B MockBe, OTKpbLIa KypChl IS KeJIe3HOI0-
POXXHBIX areHTOB CITYXXObI IBMXeHUsT; B Kue-
Be, Tpu KeBCKOM KOMMepYeCKOM MHCTUTY-
Te OTKPBUINCH, ¢ ceHTsI0pst 1909 rona, BEICIIINE
KYPCHI U KAHAUAATOB B XK€JI€3HOIOPOXHBIE
KOMMepYecKure areHThl. Bce aTu Kypcehl maT-
HBbIE, HO MOTYIIIME TTOCTABISITh TEOPETUUECKHU
TOJTOTOBJIEHHBIX, TOBOPUM: TEOPETUYECKHU
TOJATOTOBJIIEHHBIX, TaK KakK, MPU CIUIITKOM
KPaTKOCPOYHOM MPaKTUIECKOM ITOATOTOBKE,
TTOCTIeTHSIST €/1Ba JIU MOXKET UITH B CEPhE3HBIN
CYET, — aJIEKO HE B COCTOSIHUU YIOBJIETBO-
pUTH HacTosiIee TpeOOBaHWE 3HAIOIIUX areH-
TOB 3TOM cTyXO0bI. [ToaTOMY BBUAY Ha3peBLIEH
MOTPEOHOCTU, YUeOHbI oTAel MuHucTep-
CTBa MyTel COOOIIEHUS YXKe BbIpaboTal IiaH
U IPOrpaMMy ABUKEHYECKUX KeJIe3HOMOPOXK-
HBIX YUMUJIUII M TAaKUX K€ KYpPCOB, a TaK KakK
5TOMY BONPOCY MUHUCTP ITyTEH COOOIICHUS,
C. B. PyxyioB, npuma€r BaxxHOe 3HAUYCHUE
B JieJie YIMOPSIAOYEHUST HAIIEro KeJe3HOI0-
POXHOTO JieJia, TO SIBJSIETCS MTOJTHOE OCHOBA-
HUE BEPUTHh B YCIIEITHOE Pa3BUTUE TaKUX
YYWINIL, TOJDKEHCTBYIOIIUX TMOTHATD 1IEH3
HAaIIUX XeJIE3HOAOPOKHBIX areHTOB.

KoMmMmepcaHT, ycraHaBiMBas LIeHy Ha CBOM
TOBap, BBOAMT B PACYET: BO UTO €MY 3TOT TOBAP
Wi paboTa 000UUTUCH, TPUOABISET HAKIIA -
HbI€ PACXOIbl, CBSI3aHHbBIE C MPUOOPETEHUEM,
XpaHEHUEM U COXPAHHOCTBHIO TOBAPOB, U JI0-
OaBJIsIeT ellé CBOM OXXUIaeMblii Oaphbllil, pa3-
Mep KOTOPOT'O CTaBUTh B 3aBUCUMOCTb OT Cy-
IIECTBYIOIIEr0 PhIHKA U CKOPOCTU 000poTa
Kamnuraja; Mmpu 3TOM OH MMeeT KOHEUHOU
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LEIbI0 HAMOOIBIINI U CKOPEHILIUIA COBIT, T.€.
MpuUBJIeYeHUE HauboJiee 3HAUYUTEIbHOTO YHC-
Jia mokymnareJsieii. Takoii KOMMepCaHT SIBJISIeT-
C$1 B pOJIM MOJTHOTO XO35IMHA, 1eHCTBYIOIIETO
B Ipeeiax CBOMX KOMMEpPUYECKUX CITOCOOHO-
cTeil, pa3Mepa KanuTaaa v JMYHOTO KpeauTa.

Hajieko He TaK 0OCTOUT 3TOT BOIIPOC B CO-
BPEMEHHOM XEJIe3HOIOPOXKHOM JeJie: TaM
MOJUTUKU U KOHKYPEHLIMU HE CYIIECTBYET.
TapudHble CTaBKU YCTaHABIUBAIOTCS IO CO-
00paKeHNsSIM, COBEPILLIEHHO YY>KIbIM J€ACTBU-
TeJIbHOU CTOMMOCTHU NTEPEeBO3KMU CaMOIi 10pO-
re, U BOBce He OyneT MpeyBeJIMYeHUeM CKa-
3aTh, YTO TapU(MHEBIC CTAaBKM OIPEIEIISTIOTCS
«aKaJeMUYECKW», IPeCIeays, 3a PeAKUM KC-
KJTIOYEHUEM, JIUIITb OAHO MOHM>KEHUE IMPOBO3-
HOW TJIaThl paau CJy4alHBIX UHTEPECOB
TPETbUX JIULI, HE TOBOPS YXe O JIbIOTHBIX Ta-
pudax, He BbI3bIBAEMbIX MHTEpECAMU CaMOI
JIOPOTH.

Yro TapudHBIE CTaBKU JOJKHBI COOOpa-
30BaThCsl C PAa3HBIMU TOCYIapCTBEHHBIMU
TpeOOBaHUSIMU, TI0 OTHOLIEHUIO MEPEBO30K
HEKOTOPBIX MAacCOBBIX I'PY30B MEPBOK HEOO-
XOIUMOCTHU, — 3TO HE MOIEXKUT HUKAKOMY
ocrnapuBaHUIO, HO TIpeaesIbl pa3MepPOB MUHHU-
MaJIbHBIX Tapu@oB 00513aT€AbHO JOJKHBI
PEryIrMpoBaThCd TOW NENWCTBUTEIBHON CTOU-
MOCTBIO, B KaKyl0 00XOIUTCS TOPOTe UK CETH,
caMa IepeBo3Ka 3TUX I'Py30B; Ha 3TO 00CTOsI -
TEJbCTBO ObLIO O0palleHO BHUMaHUE el
oniBIIet KoMuccueil TaliHOTO COBETHUKA
WBamuHueBa.

KoHeuyHo, MOTYT IBASITbCS Y TAKKE PEAKIE
MOMEHTHI >KeJIE3HOJOPOXKHOM! XXU3HU, KOTAa,
3a OTCYTCTBUEM TPAH3UTHBIX U MECTHBIX I'Py-
30B, MOABUXXHOU COCTaB JOPOTrU MpeObIBaeT
B 0e31eiicTBUU U, KOrda, CJAeloBaTeJlbHO,
BBITOIHEE MPOU3BECTU KaKyl0-T1b0 padoTy 3a
YMEHBIIEHHYIO 10 yObITKA TJaTy, 1a0bl MO-
KPBITh YaCTh CBOMX HEMPOU3BOAUTEIbHBIX
Pacxo0B, HO 3TO UCKITIOYUTEIbHbIE KOHKPET-
HbIE cllydyau, 3HaueHHUe KOTOPBIX ¢ OOJIbIION
OCTOPOXXHOCTBIO JOJKHA OMpenessiTh caMma
JI0pora, CYuTasiCh C U3HOCOM CBOETO MOIBUK-
HOTO COCTaBa U APYTMMHU BO3MOXHBIMU MO-
CJIEACTBUSIMU MPU YCTAHOBJIEHUW BPEMEHHO-
ro aprotHoro tapuda. M B Takux ciaydasx,
pelapiuM PeryasiTopoM J0JXKHa ObITh
KoMMepueckasi cooOpa3uTeIbHOCTb OTBET-
CTBEHHOT0 HavyalbHUKa 10poru. BooOiiie xe,
B 3aBUCUMOCTHU OT XapakTepa U LIeHHOCTU
MepPeBO3UMBIX Ipy30B, AU GePEeHIUATBHOCTD
pa3MepoB Tapr(HBIX CTABOK JOJXKHA ObI IO -
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JIeXXaTh CBOeMY OOOCHOBAaHUIO Ha MPOLEHT-
HOM OTHOIIIEHUHU KOJINYECTBA JaHHOTO Tepe-
BO3UMOTO Ipy3a K 001leMy TOJJOBOMY, UTOTO-
BOMY, 3KCILIyaTallMOHHOMY PacXoiy J10pPOru,
U TOJIbKO B MEPUOJ 3HAYUTEIBHOTO OTCYT-
CTBUSI OOpPaTHBIX IPY30B YCUJIEHUE 3TON AU -
(hbepeHIMaTBHOCTH MOXET ObITh JOITYCKAEMO,
JI0O U3BECTHOM CTEMEeHU, 3a CUET OHKEHUS
TaKUX CTABOK, MPUMEHUTEIBHO K pa3Mepy
pacxoioB, JUIIb 3aBUCSIIUX OT IBUXEHUS.
TouHo TaK Xe cjiefoBaio Obl MPUHSTH 3a Mpa-
BWJIO, YTOOBI, MPU YCTAHOBJIIEHUU BCSIKOTO
pona JbroTHBIX TApU(OB B LEISAX HEMTOCPEI-
CTBEHHBIX UHTEPECOB XEJIE3HOW MOpOru,
TBEPIO MTOMHUTH, YTO B JIeJie TPAHCHOPTHBIX
OPEeINnpUATUIA OAUHAKOBO UMEIOT 3HAYEHUE
KOHEYHBbIE PEe3yJbTaThl KaK 3aBUCSIIUX OT
JIBUXKEHUS pacXOJ0B, TaK U HE 3aBUCSIIIUX OT
HEero; pa3Hulla Xe B3aMMHBIX OTHOIIEHUN
000MX 3TUX PACXO0B 3aKJIIOYAETCS B TOM, YTO
KOrIJa MepBbIe, T.€. 3aBUCSIIMNE OT ABUXKEHUS
pacxofibl, C MOBBIIIEHUEM TpadUrKa yBeIUUU-
BAIOTCS HA €IMHUILY PaOOTHI JOPOTH; BTOPhIE,
T.€. HE 3aBUCSIIMUE OT ABUXEHUS PaCXO[bl,
XOT$ ¥ Oymyuu pacxonamu fix, ¢ yBemndeHeM
TpaduKa MPONOPLUUOHATBHO MOHUXAIOTCS
B CBOEM COOTHOIIIEHUHU; BIIPOYEM, OTOBAPU-
BaeM, 4TO 3TO MOHUXKEHWE BO3MOXKHO JIUIIb
JI0 U3BECTHOTO IIpeesia, MEPECTYIIEHUE KO-
TOPOTO BBI3BIBAET YK€ OOpPATHBIN PE3YJbTaT.
Crenyer 3aMeTUTh, YTO B MOCJEIHEE BpPEeMs
pacxojibl, He 3aBUCSIIIUE OT NBVKEHUS, CUJIb-
HO BO3pAacTaloT U3 roJia B rOJl, HE YPETYJIUPO-
BaHHbIE HUKAKUM MEPUJIOM.

KopeHHyo MpyUYrHYy TaKOTO OBCEMECT-
HOTO KaK y Hac, TaK U Ha UHOCTPaHHBIX Xe-
JIE3HBIX JOPOTax, BO3paCTaHUSI PaCXOA0B, HE
3aBUCSIIUX OT IBUXKEHUS, CJIEAYET BUIAETD:

Bo-niepBbIX, B Hepa3pellleH!H, 10 HaCTOsI-
1LIETO BPEMEHHU, BOIIPOCA O TOM, YTO rocyaap-
CTBY BBITOJHEE NIeJIaTh: Pa3BUBATh JIU CBOIO
PEbCOBYIO CETh COOPYKEHUEM HOBBIX Maru-
CTpaJieil U CTATUBaTh €€ MEeTIU MOCTPOUKON
BTOPOCTEIMEHHBIX AJ0opor? WV e 3aTpauuBaTh
MOYTH MWIJTMAPAHBIE CYMMBI Ha YBEJTMYEHUE
MNOaBbEMHON U MPOIMYCKHON CIOCOOHOCTH,
a Takxke Ha OoJiee IoJIHOE 000pYyA0BaHUE YKe
CYLIECTBYIOIIUX TIMHUI, OCTABJISISI TPOMAIHBIE
TUTOIIAIV CTPaHbI 0€3 BCSKOM XKeJIe3HOA0POX -
HOCTU?

W, Bo-BTOpBIX, ONMHOU U3 MPUYUH BO3pa-
CTaHUS PacXoJ0B, HE 3aBUCSIIUX OT JBUXKE-
HUSI, CIENyeT TakKXe BUIETh B MPOAOJIKAIO-
1meMcs MpPOrpecCUBHOM, TOBCEMECTHOM

TpeOOBaHUU YIYUYIIEHUS XXKU3HEHHBIX YCIIO-
BUIT BOOOIIE, KaK Pe3yabTaT MOJIUTUIECKUX
Tepeapsr HBIHEITHETO BeKa, Mepenpsr, He
MOJCEYEHHBIX B CAMOM Hayajie CBOEro BO3-
HUKHOBEHUS U, IO CUX TIOp, HUTJE el He
HaIleIIINUX ITOJTHOTO CBOETO JIMKBUAMPOBA-
HUs.

751 oripeieieHUsT TEXHUYIEeCKMX M XO35IH -
CTBEHHBIX KO3(DDUIIMEeHTOB pabOTHI XeJe3-
HOM IOPOTY M CPaBHUTEIBHON OLIEHKU pe-
3yJbTaTOB AKCIJIyaTalluM pa3HbIX ITOPOT,
OOIIETTPUHSITH U3MEPUTETLHBIMU €TUHUTIA-
MU: IApOBO30-, OE3[10- X OCE-BEPCTHI, U MO
OTHOIIEHWIO O3HAYEeHHBIX KO3 DUIIMEeHTOB
5TU U3MEPUTEIU UMEIOT CBOE pellampliee
3HaUYE€HNE BO MHOTHUX CJTy4yasix, HO IeJaTh Ha
OCHOBAHUM WX CPAaBHUTETbHBIE BHIBOBI, 0€3
BO3MOKHOCTY BIIAJICHUST B KPYITHBIE ITOTPEIII-
HOCTH, O0Jiee 4eM TPYIHO; TaK, HalpuMmep,
3HAYE€HNE MOE310-BePCThl 3aBUCUT OT YKCIa
BaroHOB, BXOJSIIMX B COCTaB Moe3/a, KOTO-
pEIe OBIBAIOT M B 5, M B 45 BarOoHOB, a OCEBEP-
CTBl — OT YKCJa OCell B UMPKYJIUPYIOIINX
BaroHax — YeTBIPEXOCHBIX MPU TeeKKax,
U TPEX- U IBYOCHBIX 0€3 TeIeXeK; Jaxe 1 na-
POBO30-BepCTa TAKXKE TPEOYET NOMOTHUTEb-
HBIX yKa3aHWI: pabounil, XOJIOCTOM, MAHEB-
PUPYIOIINA, JOTIOJTHUTEbHBIN U T.1. [To3TO0-
MY IIJIS1 OTIpeIeJIeHUSI KOMMePUYeCKOil paboThl
JIOPOTH, TIPaBUJIbHEE CIMNTATh — HOPMAJIbHBI -
MU U3MEPUTEISIMU TaccaXkupo- U Mymno-
BEpCTY, TaK KaK 3TU JaHHBIE TIPEACTABIISIOT
MpsSIMbIE ¥ TOYHO OIpeAeIEHHbIE YKa3aHUs
MOJIE3HON KOMMEpPUYECKON paboThl BCEX J10-
pOTr, TMOJIyYalolliMX CBOU AOXOA OT MPoBO3a
IaccaXkupoB U IPy30B C eAUHULIBI ITYTH, UMU
MPOMIEHHOTO.

Ecnu nmoka3eiBaemasi cpeaHsisi rogoBast
CTOMMOCTbH MapoOB0O30-, MOE3A0- U OCe-
BEPCTHI HE MAET IMOJHOTO MpPEeACTaBICHUS
0 MOJIe3HOU KOMMepUYeCcKOoil paboTe xee3-
HOU poporu, To eué 6oJyiee 3aTEMHSET
npeacTraBieHue 06 3Toil pabote — mokasza-
HUE B CTaTUCTUYECKUX MaTepHajax JIMIIb
CcpelHel To0BOI CTOMMOCTHU MacCcaXupo-
U MyI0-BEPCThI, OAHO OOIllee Aas 1eJou
CETH XKeJIE3HBIX JOPOT, TaK KaK 3T MOCe -
HUE U3MEPUTENH, IS KaXI0l OTAeTbHON
JIOPOTH, BIIOJIHE CAMOCTOSTEbHbBIE U YACTO
pEe3KOo OTInYalTCa Mexay coboro. B moka-
3aTebCTBO MPUBEAEM, IJIs NMpUMepa, He-
KOTOpBIC TaHHBIE Halleir UMIiepckoii ceTu,
mo otyétam 3a 1906 roa Kak Ka3€HHBIX, TaK
U YaCTHBIX TIOPOT.

® MWP TPAHCIOPTA, Tom 18, N2 3, C. 225-241 (2020)
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a) Ha Ka3€HHBIX JOPOTax:
bantuiicko-ITckoBcKo-Prxkckoit
CaMapo-311aToyCTOBCKOIt
buckyHuakckoi

3abaiikaibcKOn

Cubupckoi

0) Ha YaCTHBIX JOpOrax:
Benropon-CyMmckoit
BapmaBcko-BeHckoii
BrnanukaBkasckoii
MocxkoBcko-KazaHckoit
TlepBoro O61IecTBa TOMBE3MHBIX ITyTEM

JISIeTCSI:
st EBporneiickoit Poccuu B 0,79 xor.;
11t Asuarckoit Poccun B 0,69 Korr.

a) Ha Ka3€HHBIX JOPOTax:
3akaBKa3CKOM
Huxonaesckoii
Puro-Opnosckoit
ExarepuHuHCKOMN
3abalikaibcKOn
CpenHe-a3uaTCKOM

0) Ha YaCTHBIX JOpOrax:
Ps3zaHcko-Ypanbckoit
MockoBcko-BuHnaBckoit
Benropon-CyMmckoii
TTepBoro O61IecTBa TOMBE3MHBIX ITyTEM

XapaKTepHOCTb KOJIEOAHUI 3TUX JAHHBIX
YKa3bIBa€T HATO, YTO U YCTAHOBKA MUHUMATbHBIX
Tapu@HBIX CTABOK MOJXKHA COTJIacOBATHCS
C YCJIOBUSIMU KaXIIOW OTIEIBbHOW AOPOTH, YTO
TIPUHSITUE OIHOW CPEAHEN BEJTMUUHBI [UTS U3ME-
puUTENSt COOCTBEHHBIX PACXOAOB BCEX IOPOT CETU
HEMPaBWIBHO U, 0€3 TOTTOTHUTETHOTO YKA3aHUS
HanOOJBIINX U HANMEHBIINX TAKOBBIX PACXOIOB
OTAEJIBHBIX JOPOT, BBOAUT B 3a0JTyKIEHUE, U UYTO
MO3TOMY HEOOXOIUMO, YCTAHOBJIEHHBIN €11é
15 ner Tomy Hazan, uzmepurens B 1/125 kor.
C MyJ0-BEPCTHI, Is1 COOCTBEHHON CTOMMOCTH,
TOBBICUTH U Ha Oy/ylliee BpeMsl TOABeprarh Ie-
PUIOIMYECKON MOBEPKE, NHAYE OKAXKETCS, YTO
(hbakTHUECKM 1 CyIIIECTBYET B HEKOTOPBIX CITy4a-
SIX, YTO MHBIE MACCOBBIE TPY3HI (YTOJIb, PyIa, JIeC)
JTIOPOTU MEPEBO3SIT, HECO3HATEILHO, ce0e B YObI-
TOK, a 3TO, B CBOIO OYepe/lb, TPUBOIUT JIOPOTY
KMatonoxonHocTu. KoHeuHo, HaM BO3passT, 4To

® MWP TPAHCIMOPTA, Tom 18, N2 3, C. 225-241 (2020)

1. Cpeanuii pacxoJ Ha TaccaskMpo-BePCTy BbIpa3UJIC:

1,18 korr.;
0,48 xor.;
0,28 xor.;
3,71 kor1.;
0,30 kor.

2,35 Korr.;
1,46 xor.;
0,81 xor.;
0,64 xor.;
1,24 kor.

CpenHMii XXe pacxo/ Ha Taccakupo-BepCTy AJIs Bceii pesibcoBoit cetu 3a 1906 roa ucumc-

11. Cpennuii pacxon Ha mymo-Bepcty 3a 1906 . BeIpasuics:

0,025 xom. = 1/40 xor.;
0,020 xom. = 1/50 xor.;
0,0166 xorm. = 1/60 kor.;
0,0142 kom. = 1/70 xor1.;
0,0476 xom. = 1/21 xor1.;
0,0179 kom. = 1/58 xor.

0,0212 xom. = 1/47 xor1.;
0,0140 xom. = 1/71 xor1.;
0,0104 xorr. =1/46 xor.;
0,0333 kom. = 1/30 kor.

CpenHuii Xe pacxof Ha Iya0-Bepcty 3a 1906 ron uCUKCIIeH:
s Esponeiickoit Poccuu B 0,0158 xon. = 1/63 kor.;
st Asuarckoit Poccuu B 0,256 xorr. = 1/39 xor.

TakKasi Mepa MOBBICUT CTOMMOCTb ITPOBO3a ACIIE-
BBIX TPY30B U YCJIOXKHUT PACUYETHI TIPOBO3HBIX
TIJ1aT, 1 YTO Betozy, B EBporie, cTpemsITcst KyMeHb-
IIeHUIO YKcia TapudHbIX cTaBoK. Ha 310 MbI
OTBETUM CJIEYIOILIEE:

HepanmoHaibHOCTh CyIIECTBYIONIEH XKe-
JIE3HOIOPOKHOM TapuHOI CUCTEMBI TTPUBE-
JIa K TOMY, YTO B HACTOsIIIlee BpeMsl Ha BCEX
EBponeiickux ceTsix 3amMedaeTcs KpailHe
TPEBOXHOE MOHWXEHUE TOXOTHOCTU, YEMY
HEMaJio CIIOCOOCTBYET CTPEMJIEHUE, B YTOLY
TIPOV3BOIUTENISIM U TIOTPEOUTEISIM,, TIOHKATh
IO KpalfHOCTH ITPOBO3HBIE TJIAThI, HE COO0Opa-
3ysSICh C KOMMEPUYECKUMHU YCTIOBUSIMU JAaHHOM
>KeJIe3HOU TOpPOTH, TOoTaa Kak B AMepuKe, Tie,
TP TIPOTSIKEHUU PeNIbCOBOM ceTH B 361 ThI-
CcSIYy KWJIOMETPOB TJIABHOTO ITyTH, HaXOMsI-
IIMXCS BO BiageHU! 2 313 4acTHBIX OOIIIECTB,
CaMOCTOSITEJIbHO YCTAaHABIMBAOIIUX, TIO
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CBOEMY JIMYHOMY YCMOTPEHUIO, YMEPEHHbIE"
Tapu(HBIE CTABKY, — PE3YJIbTAaThl SKCITTyaTa-
uuu 3a 1906 rog ObLIM ClIEAYIOIINE:

AKIIMOHEPHI TTOJIYIWIN B CPEIHEM TUBU-
JIeHIBI Ha CBOU aKIINH:

B 1904 r. 6,09 %;
B 1905t 5,78 %;
B 1906 . 6,03 %.

OCHOBHOI CTPOUTEJbHBIN KaluTaJl paB-
HseTcst cymMme B 75766 191 686 ¢paHKOB, 4TO
cocraBiisieT Ha 1 kunometp iyt 219 569 ¢p.
nin 89364 py6. Ha BepcTy™. AKLIMOHEPHBIIA
Karnurtaji paBHseTcs 46,69 %, a 00IMraliioH-
HBbI pa3HOro HauMeHoBaHus 53,31 % OCHOB-
HOTO KaIuiTana.

CrnenyeT, 0MHAKO, 3aMETUTh, YTO TUBUICH-
Ibl TIOJIYYMJIM HE BCE, a JUIIb HEKOTOPhIE
aKIIMOHEepHBIE 00IIIeCTBa, COCTABJISIIONINE 11O
OTHOIIEHUIO OOIIIEro KamuTajia Beeil aMepu-
KAHCKOU CeTH:

B 1904 . 57,47 % Bcero KonmMuyeCTBa
BBINTYIIIEHHEIX;

B 19051 62,84 % axiuii, ocTaabHbIE
K€ aKI[MOHEPHI;

B 1906 . 66,54 % HUYErO HE MOTyYU-

JIN.
CYMMa JUBUICHIHOI'O KalyTaljaa, BblJaH-
HOIo akMoHEpaM, paBHAJIACh:

B 1904 r. 1157 093455 ¢p.;

B 1905t 1237 415306 dp.;

B 1906 T 1418 539065 ¢p. =
523058 550 p.

TTpuBeng¢HHbIe HaMM, BbILLIE, JAHHBIE CPEI-
HETo roI0BOT0 pacxXojia Ha MaccaXxupo- v Mmya0-
BepCTy Ha Haueil IMnepckoil ceTh Ka3€HHbIX
¥ YaCTHBIX 3KeJIC3HBIX TOPOT JOBOJIBLHO OIpee-
JIEHHO YCTaHABJIMBAIOT JCHCTBUTEIBHYIO CTOM-
MOCTB ITEPEBO30K JIIST KAXKIOM YKa3aHHOM 10pO-
Y, TIOHIZKATh K€ 3TY MTOBEPCTHYIO CTOMMOCTD,
0e3 0c000i1 KOCBEHHOI BBITO/IBI 1151 Ce0s1, TOpO-
raM, B CMEBIC]Ic KOMMEPUYECKIX TCHICHIINIA, He
MIMeeTCs JIOTUIHOTO OcHOBaHMs. Ecim ke B To-
CyIapCTBEHHBIX MHTEPECaX, B NICKITIOUNTETEHBIX
CITyJastx, JOPOTH OBbIBAIOT BEIHYKIIECHEI TIOHM-
XKaTh, IS JAHHOTO Tpy3a Ha OIpeAesIEHHOE
BpeMsI, pa3Mep Tapu(HBIX CTaBOK, B yIIepO
CBOMM TIPSIMBIM MHTEPECaM, TO TAKOBAsT KepTBa
00s13aTeTbHO JOIKHA OBITh MPMHOCKMMA JIUILI 32
CYETTOCYIaPCTBEHHOIO Ka3HAYeCTBa, HO HUKAK
He 3a CYET caMOl JOPOTru, 6e3pazIMyHO Ka3€HHOM
WY YacTHOM. B AefCTBUTEIBHOCTH XKe XKeJle3-

* 3aKOH 00yC/1aBJIMBAET JUIIb YMEPEHHOCTh TapuG OB
B MHTEpecax MyOJIMKU.
** Ha 20 % menieBiie, 4eM y Hac.

HOJOpPOXKHAs MpaKTUKa HabIogaeT SBIeHUS
COBEPILIEHHO 0OPAaTHOTO XapakTepa.

IToxa Ha 3TOM OCTaHOBUMCS U TeperaEmM
K CJIeyIOLIEMY MOJIOXEHUIO XKeJIE3HOIOPOXKHOMN
TIOJTUTHKU, OT KOTOPOW CJIEOBAIO ObI OTPEIITH-
51 B LIEJISIX TTOTBEMA HAILIETO XKeJIe3HOJOPOXKHO-
TO JieJla ¥ YCTAHOBJIEHMS MPaBWJIBHOTO XO3$1i-
CTBa, TMIPUCYILIETO 0JIATOYCTPOEHHOMY, KOMMED-
YeCKH SKCIUTyaTUPyeMOMY MPEANPUSITHIO.

KenezHOMOpOXXHOE XO3SUCTBO, IO CBOEMY
XapakTepy W pe3yJbrataM, HaCcTOJIBKO TECHO
CBS13aHO C TOCYIAPCTBEHHBIMU SKOHOMUYECKUMU
MHTepecaMu, YTO KOraa MPUXOIUTCS CJIbIIIATh
BceoOIliee OTyJIbHOE U 1axe O(PUIIMO3HOIO OT-
TeHKa OOBUHEHME HAIMX XKeJIe3HbIX JOPOT BO
BCEOOI1IEM OTCYTCTBUM XO31ICTBEHHOT'O TIOPSI/I-
Ka, ¥ IIPUTOM BCJIEICTBUE BCIKOTO POJia 310YTIO-
TpeOJICHUI CO CTOPOHBI KEIE3HOTOPOXKHBIX
areHTOB M X MIPUCHBIX, TO HEBOJIbHO 3apOXKaa-
€TCs1 BOIIPOC: a4YTO, €CJTU ObI BCE 3TU 3aITOJ03PEH-
HbIE areHThI IPEBPATWIVICh B OE3YCIOBHO YECT-
HEWIIMX JIIOAE, HECTTOCOOHBIX TTO3aPUTHCS HU
Ha O[IHY Ka3¢HHYIO KOIIEIKY, TO XKeJIe3HOI0POXK-
HOE XO3SICTBO YJTy4IIIAIOCH JT ObI?, a 3KCILTya-
TaIlMOHHBIC PACXOIbl YMEHBIIUINUCH U OB
B 3HauuTebHOM creneHu? Ha Takoit Bompoc
CMeJIO U 0e301MO0YHO MOXHO OTBETUThH ClIe-
Jyroniee:

Jlo Tex mop, moka camo IPaBUTEJILCTBO HE
TIPUIIET XeJIe3HbIM TOPOraM Ha ITOMOIIb B CMbIC-
Jie OCBOOOXNIEHNS UX ITyTEM 3aKOHOAATETbHBIX
Mep ¥ aTIMUHUCTPATUBHBIX PACITOPSTKEHMIA:

1) oT coBpeMeHHBIX BAMITUPOB, BbICACHIBAIO-
KX C XKeJIe3HBIX JIOPOT MeperuiaTexu Mo MHO-
TOMWUTMOHHBIM ITOCTaBKaM, B BU/I€ MHOTOUYKC-
JIEHHBIX CUHAVKATOB U TPECTOB Pa3HOTO HaMe-
HOBAHUS1, TOIBIMAIOIIMX CTAYEYHO, DAV IMIHON
HaXXUBbI, — LIEHbI HA MACCOBBIE TIPEAMETHI Iep-
BOI HEOOXOAMMOCTH XKeJIE3HBIX TOPOT;

2) OT pa3HbIX MIPETEHAYIOIINX, HE OCTaHAB-
JIMBAIOLIMXCS Teped MoaKynaMu, daabiiaMu
U BCEBO3MOXKHBIMU 3710YMOTPEOICHUSIMU, B 11e-
JISIX HAXKUBBI 32 CYET XKeJIe3HOAOPOXKHBIX ITOPSII-
KOB U JIOMYCKAEMbIX CITy4aifHOCTEl;

3) OT XMIITHUKOB, MApa3uTOB, BbICACHIBAIO-
11X, HA OCHOBAaHUM 3aKOHHOW 00CTaBI€HHOCTU
Y XeJIe3HBIX JOPOT BCSIKOTO pofa BO3HATpaXkKIe-
HUS IO Pa3TUIHBIMH TIPEIJIOTaMy TPYIHO
OCMapyBaeMbIMU.

Jlo Tex Top U XeJIe3HOMOPOXHAsT aTMUHU-
cTpaLus, Oy/Ib TO YaCTHasl WM Ka3€HHas1, Oyaer
HaXOIUTHCS BHE BO3MOXHOCTH YTO-TMOO ClIe/IaTh
CEPBE3HO, TS OHVKEHUS IKCIUTyaTallMOHHBIX
YOBITKOB.

® MWP TPAHCIOPTA, Tom 18, N2 3, C. 225-241 (2020)
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C npyroii CTOpoHbI, 6€30TBETCTBEHHOCTD
HEKOTOPBIX BBICIIINX M CPETHIX areHTOB, IIOKPBI-
BaeMBIX B CBOMX HE3aKOHOMEPHBIX JEHCTBUSIX
CaHKIIMe#l pa3HBIX KOMUTETOB M KOMUCCHIA,
TaKXKe COBEPILIEHHO OE€30TBETCTBEHHBIX, B CUITY
CBOEH KOJUIETMAIbHOCTH, @ paBHO U HETIpUMe-
HeHWe TPUHIMIA (DUCKATTBHOM OTBETCTBEHHOCTH
caMUX pacriopsimuTesiell KpeauToB 3a YOBITKH,
TIPUIMHEHHBIE IOPOTE MX MATIOPAIIMOHATTEHBIMU
PACTIOPSDKEHUSIMA, BEI3BIBAIOIITMI TPOMaIHbIC
HETIPOM3BOANTEIILHBIE PACXOIBI, TOXE HEMAJIO
CITOCOOCTBYIOT TOMY, YTO aHTUKOMMeEpYeCKast
XO3SIUCTBEHHOCTh HEKOTOPBIX HAIIMX JOPOT He
TOJIBKO JEPKUTCS CTOMKO, HO €1IIE BO3pacTaeT U3
rona B rofl.

Ho naubosnee cuIbHBIMU pbluaraMu, MOTY-
IIIMMM BO3/IEHCTBOBATH Ha YJTyUIIIEHHE KeJIe3HO-
JTIOPOXKHOTO XO3STMCTBA 1 Ha TTOCTAHOBKY €T0 Ha
JIECTBUTENILHO O1ar0yCTPOEHHYIO KOMMepYe-
CKYIO HOTY, TIO HallleMy MHEHUIO, ObIITH OBl

1) HacTOWYMBOE BHYIIIEHHE BCEM 3KeJIe3HO-
JIOPOXXHBIM areHTaM, B OCOOEHHOCTH BBICIIEH
WHCTAHIIMM, YTO TTOTepsI BPEMEHU eCTh 3HAUM-
TeJIbHOE MPeCcTyIUIeH!Ee, KOTOPOE TOJIKHO CTPO-
TO TIPECTIeIOBATHCST;

2) 9TOOBI B pacCagHNKAX KeJIe3HOTOPOKHBIX
WHXEHEPOB, NAIOIINX KOHTUHTEHT HAYTbHUKOB
JKeJIE3HBIX JIOPOT, — CTYIEHTaM IaBajIach ITOJTHAst
SKOHOMMYECKas ITOATOTOBKA K UX OyIyIIei
JIeSITeITbHOCTH;

3) ybexxmeHe TeX, KOTro CJISIyeT, B TOM, U4TO
KpacHOOANCTBO, CBSI3U M TIPOTEKIINST, BBIIBUTAIO-
IIasT HEKOTOPHIX JIMII, 3aTEMHSTIOT CKPOMHBIX,
JIeSITeJTbHBIX CBEIYIIMX, a TIOTOMY OoJIee TIoJe3-
HBIX, aT€HTOB.

3areM, eclii KaKI0ro Ha9aIbHUKA XKeJIe3HON
JIOPOTH, BCE KOHEYHO, TIPY YCJIOBUH TTPEIOCTaB-
JIEHUSI eMy HEOOXOIMMBIX IITMPOKKX TTOJTHOMO-
YUIii, TTOA CTPOTUM OTYETOM 3a MOCIICACTBUS
CBOVIX PacTIOpsDKEHMI, — BO3BECTU B TIOJIOKEHME
MECTHOTO TJIABHOTO, OTBETCTBEHHOTO KOMMED-
YECKOT'0 JeSITeIs1, UTO ObLIO Obl O€3yCIOBHO pa-
LIMOHAIBHO, TO IIEHTpaIbHAS aAMUHUCTPAIIST
SIBJISTIACH ObI XO3TMHOM BCEH 3KeJIe3HONOPOKHOM
CETH, YIIPABIIIEMOi1 KaK ObI areHTaMU (ITO KOM-
MEPUYECKOMY BHIPAXKEHUIO, TIPUKA3INKaMI) Ha
OTYETe; TOrJa He CTau Obl MPOSIBIISITLCS TAKKE
HEeCTeCTBEHHOT'0 XapakTepa (DaKThl, Kak, Harp.
BHE3aITHOE TIPeBpaIlleHNe JOXOMHOM JOpOoTH
B 0€3M0XOIHYIO, 3a CUET BHOBb BO3BEIEHHBIX
COCEeTHUX JIMHUI JAMaroHaJIbHOTO, T.e. OoJee
KpaTKOTo pacCTostHMs. Toria Takoi XO3sIMH CETH,
TIPENBUIS U3MEHSTIOIINECS YCIIOBYST BHITOMTHOCTH
HaIpaBJIeHUS TPY30B, HE OCTaBWJI ObI IOPOTY,
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YTPaTUBIIYIO OOJIBIIYIO YaCTh CBOMX I'PY30B,
riepenayeli ux Ha Ipyryto, — paboTaTh CAMOCTOSI-
TEJIBHO Y CO3HATEJTHHO B YOBITOK,  IIPUCOSIMHIIT
Obl €€, HO yKe, KaK JIMHUIO MECTHOTO 3HAUEHMST
M CITy>KallIylo, KaK pa3rpy304HO-00X0IHasT, K TOI
JIopore, KoTopasi HauboJsiee OTTsHyJIa e€ paboTy;
U 3TO OBUTO OBI TTOCTYIIEHO 10 KOMMEPYECKH,
aTo, celfuac, Mbl BUIM, HAITpUMeD, CIIEIYIOIIYIO
KapTHHY, U3BJIeKaeMyI0 HaMU M3 3aITUCKHU TTPei-
cenaresst Oco6oii BhICITIe KOMMCCHY TTO UCCIe-
JIOBAaHUIO 3KeJIe3HOMOPOXHOTO neyia B Poccun,
uHxeHep-reHepana H. I1. Tletposa.

JlaHHBIE TIO JlaHHbie
CBEICHUIO 0 cMeTaM
TocynapctBeH- | MuHHCTEp-
HOTO KOHTPOJISL | CTBa IyTeit
(py6.) COOOILIEHUs
(py6.)
Ha Puro-Opiosckoii nopore 3a 1906 ron
Basnooii noxon 24000 059 18854 997
DKCIUTyaTallMOHHbIE 14319 774 12874 571
pacxomst
YHucTelit foxon 9680 285 5980 426
OO0s13aTebHbIE TTATEXN 5964 159 5964 159
YKCTBIN OCTATOK 3716 126 16267
Ha Crizpano-Bsisemckoii nopore 3a 1906 rog
BasoBoii noxon 24086 081 12593 265
DKcITyaTallMOHHbIE 15221434 13991 260
pacxonsl
YuCThblil 10X01 8864 647 Hedbuuur
1397995
O06s13aTeTbHbIC TTATEXHU 3989 250 3989 250
YucTblit 0cTaTOK 4875397 Heduumt
5387 245

TTpumeuanue: OTyéThl [ocymapcTBEHHOTO KOHTPOJIS,
BHOCSILIIETO B CBOM OTYETHI COOCTBEHHYIO MEPKY, MHOTAA
pacxonsITcsl C OTYETAMU CaMOU JOPOTH.

Ho Tak Kak Ha ycuieHre 1 yTyqIleHre 3THX
nopor u3 TocynapctBeHHoro KasHaueiicTpa 3a-
TpayeH JOTOTHUTETbHBII KaIuTall, Ha MepBYIO
W3 TIpUBeNEHHBIX 52473 358 p., a Ha BTOPYIO
27198 112 p., TO 03HAYEHHBII YUCTHII OCTATOK
npuHec [ocynapcTBeHHOMY Ka3HAYeiCTBY:

ITo Puro-OpnoBckoit mopore 3a 1906 .
7,88 %, Torma kax 1o cMmete Ha 1909 & oxumaer-
ca Beero b 0,03 %.

ITo CeizpaHo-Bsizemckoii gopore 3a 1906 t.
17,9 %, a o cMmeTe Ha 1909 I. HUKAKOIA OTUIATBI
He TIPEeIBUANTCSL.

Takue pe3yabTaThl, SBUBIIMECS BCIICACTBUE
OTTSDKKU IPY30B Ha HOBBIE IMarOHaJIbHbIE JOPO-
Y, TIPSIMO YKAa3bIBAIOT Ha TO, KaK CJIEI0BAJIO ObI
MTOCTYITUTh HACTOSIIIIEMY KOMMEPUECKOMY XO35T1 -
Hy neia. Y mpuBenéHHbIe HAMM TIpUMEPhI He
eIMHUYHBI.
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CyliecTByeT TBEPIO YCTAaHOBUBIIIEECS MHeE-
HME, YTO Ka3€HHbIE TOPOTU XYKe SKCILTyaTupy-
I0TCSI, YEM YaCTHbIE, MHAYe TOBOPS, YaCTHbIE
JIOpPOTY MHOTO JIy4ilie BeayT cBo¢ aeio. C aTum
MbI HE COIJIAaCHBI; HEKOTOpasi aBTOHOMHOCTb
YACTHBIX JOPOT, IEUCTBUTEIBHO, a&T BO3MOX-
HOCTb MECTHBIM YIIPABJIEHUSIM MOCJISIHUX Tyl
U CO3HaTeIbHee aIMUHKCTPUPOBATh CBOE MPe/i-
MpUsITHE, TOTIA KaK MO OTHOLIEHUIO Ka3€HHbIX
JIOPOT, yIaIEHHAs LICHTpaIu3aLus aIMUHKUCTpa-
IIUM CUJIBHO TOPMO3UT MPOSIBICHUE XKUBOM
W YYTKOM IesITeIbHOCTA MECTHOI aAMUHUCTpa-
LIMM 3TUX Topor. Byyuu moctasieHa B OAMHAKO-
BbI€ YCJIOBHMSI C YACTHBIMM JIOPOTraMM, JesTe b~
HOCTb Ka3€HHBIX IOPOT He OYJIeT OTJIMYaThCs OT
JIESITEJIbHOCTU YaCTHBIX JOPOT, KOTOPbIE HbIHE
BO3BBIIIIAIOTCS JIMIIb 32 CYET Ka3EHHbBIX XKee3-
HBIX JOPOT; Ha YaCTHBIX JOPOrax caMoyIipaBJie-
HUe 000CHOBAHO Ha TIOBEPUU, YETO Ha Ka3EHHbIX
He cyliecTByeT. Masiast xo3511CTBEHHOCTb ITOUTH
BCIOTy OTMHAKOBA, 11O TPUYMHE CBOMCTBEHHOCTU
3TOT0 HEOCTAaTKa CJIaBSIHCKOM HaType BOOOIIIE.

BbisicHuB, TakviM 00pa3oM, YCIIOBUSI KOMMEP-
YECKOTo 3HaYeHHUsI BOOOIIEe U KOMMepPYeCKOM
JIeSITeIbHOCTH KeJIE3HBIX JI0POT, U JaB OTpULIa-
TEJIbHBIN OTBET Ha MOCTaBJIEHHBIN B 3ar0jIOBKE
BOITPOC, TIEPEXOAMM K PACCMOTPEHMUIO BOIIpOCa,
CJIeyeT JId TIpU3HaBaTh 32 BCEMU JKEJIe3HbIMU
JIoporaMy Ka3¢HHBIMM U YaCTHBIMU TOCynap-
CTBeHHOe 3HaueHue? Ha 3ToT Bompoc MOXHO
OTBETUTD JIUIIIb YTBEPAUTEIbHO, TaK KaK KOM-
MEPUYECKUIA XapaKTep AeSITeIbHOCTH XKeJIe3HOIO-
POXXHBIX ITPEANPUSATUI KacaeTcsi COOCTBEHHO MX
JKV3HU U TTUTAHVS, KAKOBBIE 3TU JOPOTY TOJKHbI
U3BJIEKATH U3 HETIOCPEICTBEHHOM CBOEH JIESITEN b~
HOCTHU, HO, TTO pe3yJibTaTaM 3Tol caMoil iesiTe b~
HOCTH, OT3bIBAOIIIENCS Ha BCEX MPOSIBICHUSIX
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TOCY/IapCTBEHHOM KM3HU CTPAHbI KaK B CTpaTe-
TMYECKOM, TaK U B KYJIBTYPHO-3KOHOMUYECKOM
OTHOIIIEHWM, — FOCYIapCTBEHHOE 3HAYeHUE
KeJIE3HBIX JIOPOT HEOTHEMJIEMO OT HUX. MBI y3ke
HMMeJTY CJTydaii yKa3aTh, B OHOM U3 HaIlIMX 9KC-
KYPCOB™, YTO COBPEMEHHBII KOJIOCCATbHBIN
pa3Mep ToCyIapCTBEHHOI POCIIMCHU TOXOI0B
3MDKIETCS] IMEHHO Ha JIESITEIbHOCTH XKEJIe3HbIX
JIOPOT; TOCYIapCTBEHHOE XO3SMCTBO 0e3 TyTeit
COOOIIIEHUS, M TJIABHOE, — PEJILCOBBIX, HE MOXET
HE TOJIbKO CUMTAThCSI 0JIar0yCTPOSHHBIM, HO, TIPY
COBPEMEHHBIX TOJIMTUYECKUX YCIOBUSX, HE
MoIJIO OBl CYIIECTBOBAaTh BOBCe. B cuity cero,
MpsiMast 3a1a4a TpaBUTETbCTBA, B COOCTBEHHBIX
CBOMX MHTEpecax, He OCTaHABIMBAsICh HU ITepe]t
KaKMMM KepTBaMHM, COIICICTBOBATh BCEMU Mepa-
MU pa3BUTHIO U MpeycrieBaHuio B Poccum Hau-
0OJIBILIETO KOJTMYECTBA XKeJIe3HOMOPOXKHOCTH, He
TOJIBKO MarucTpajibHOro, HO M BTOPOCTENIEHHO-
O 3HAUCHMS, TAMSATYsT HEYCTaHHO, YTO:

CrpaHa, U3001IyIo1Last XKeIe3HbIMU JOPOTra-
MU, OyIeT Bcerna Haubojiee Ky IkTypHOI 1 Hau-
0oJiee CUITbHOMA.

C pa3BUTHEM CETH XKeJIE3HBIX JIOPOT, YIOpSI-
JTIoYeHrEeM e€ 00CTAaBICHHOCTH U CO CTSTHBAHUEM
e€ MeTIeid, BO3BBICUTCS U POCT ITPOU3BOIUTEb-
HbIX cu1 [ocymapceTsa U HapoOIHOTO OOraTCTBa,
a 3T0, B CBOIO 04Yepe/ib, YpaBHOBEIIIMBAsI ITPOTH-
BOITOJIOXKHBIE CTPACTH, TApAHTUPYeT BHYTPEHHU I
TTOKOI, BHEIITHUIA MMP U1 TTPOLIBETAHUE CTPAHBI.

DHA3Ch.
(Kene3znomopoxHoe aeno. — 1910. —
Ne 23. - C. 127-132) ®

*% JKenesHoTOpoKHOE X03sICTBO Tiepea O01IecTBeH-
HBIM cynoM: «XKejie3HOmopoxxHoe nesio», 1909 r, Ne 41.




NEWS FROM THIE ARCHIVES

On the Ways of Development
of Railway Business (1910)

110years ago, the professional railway community conducted sharp discussion on the
ratio of commercial and state interests in domestic railway activity. There were attempts
to use that criterion to classify the existed railways by directions and main business
purposes. The discussion also referred to the aspects of monopolism and competition,
strict government control over the costs of rail construction, distribution of dividends or
their investment in future development, fair tariffs. The problem of, in modern terms,
connectivity of territory touched upon the choice between enhancing transit capacity of
main railroads and constructing of new less important railways in the regions where they
have not been built yet.

Quite particular topic referred to the need to pay more attention to training of economic

skills of employees as to condition of successful commercial activity of railways. It
concerned training of technical employees in railway vocational schools, and of the
future executives in higher schools, provided that «in the nurseries of railway engineers
who provide a contingent of heads of railways, students are given complete economic
preparation for their future activities».

Keywords: history of transport, railways, tariffs, profitability, railway construction, railway training.
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the material.

Railway business, being one of the branches
of the state economy, is it a purely commercial
enterprise?

The question posed by our title is all the
more important because its solution
determines the point of view from which the
results of operation of railways in general,
and ours in particular, should be considered.

The railway business is a specialized
transport business of a monopoly nature, and
therefore it may seem only a purely
commercial business, the value of which is
determined exclusively by ruble, i.e. direct
profit. It would have been like that if there
had not been an unavoidable monopoly of
this kind of enterprise, which is conditioned
by both rail track, which runs only in
permitted directions, and by its special state
significance and inevitable significant
restriction of self-government.

On the other hand, not all rail lines can be
brought under one general category of enterprises
intended to serve only as convenient routes of
communication between industrial,
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commercial, productive and population
centers, which would give them the right to
an exclusively commercial nature. There are
rail tracks that are of even more serious
importance, already of a purely state nature:
to serve the requirements of national defense,
strategic tasks, as well as to bring to life and
develop local agricultural, commercial,
industrial and factory productivity, while
responding at the same time to improvement
of state economy and strengthening of funds
of the state treasury.

Comparing with each other these different
services provided to the country by railways,
it is naturally necessary to subdivide the latter
into:

a) railways, as it were, of purely commercial
importance, and therefore capable of
representing enterprises of a certain commercial
nature, regardless of their owner, treasury or
private society;

b) railways of exclusively national
importance, i.e. those that should be kept
temporarily or permanently, if not completely,
then mainly at the expense of the treasury.

News from the Archives. On the Ways of Development of Railway Business (1910)



The foregoing applies to actual operation
of all railways; as for their construction, i.e.
choice of direction (research), drawing up a
price for their cost (price list) and production
of the building itself, although this cannot be
inconsistent with commercial considerations
(in the sense of achieving cheapness), but
based on the cardinal position that all
monopoly routes of communication
constitute the inalienable property of the
state — construction of railways should not
be regarded as a commercial enterprise. To
have a commercial character does not mean
to be a commercial enterprise either.
Commercial enterprises respect the interests
of their owners, otherwise they would be
charitable institutions; state-owned
enterprises, on the other hand, prioritize the
interests of the country and third parties. In
relation to private roads, it should also be
borne in mind that these enterprises are
conditionally assignable to individuals or
societies for fixed-term use under the strict
control (future?) of the road owner — the
government. In the same way, the concession
exploitation of such an enterprise by a private
company, although, as already mentioned, is
a matter of a purely commercial nature, but,
in our opinion, should be carried out with
obligatory participation of the treasury itself,
and moreover not in the sense of guaranteeing
coverage of shortfalls in operating fees, but
in the sense of its direct participation both in
the fixed capital and personal participation
of its representatives in administration of the
concession enterprise itself, which already
takes place in relation to some private roads:
Vladikavkaz, Ryazan-Ural, South-Eastern,
Bugulma and the First Society of Access
Railways.

For a long time, almost all of our railways
were built, as it were, on commercial
grounds, in other words, on concession
grounds, when many builders, when
constructing a road, regardless of conditions
of future operation, used to a wide extent the
limiting slopes and limiting radii and, in
order to reduce the number of earth work in
their favor, did not stop at the detrimental to
operation of lengthening the line and useless
premature costs. With state-owned buildings,
the contractors pursued the same goal at the
expense of weak (for various reasons)
supervision on the part of leaders and
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superiors. Then, with completion of
construction of the road, after its acceptance
into operation with allowable imperfections,
exploiters of the newly built line inevitably
had to spend new funds on its, at times, major
restructuring. As a result, it turned out that
the fixed capital invested in construction of
the road increased significantly, and with it
the number of interest annually owed to the
capital spent increased; this, in turn, had a
deplorable effect on overall profitability of
the railway network.

The low profitability, but not the non-
profitability, since such does not exist, of our
railways, as well as the unsatisfactory system
of their economy, are a direct result of long-
outdated general views on importance of
railways, and is also even more a consequence
of the existing railway policy, which is not
adapted to the modern way of railway life and
its requirements. We can safely say that the
situation in our railway business will become
completely different if the Government in
this respect adheres to the following grounds.

Construction of new railways, as well as
further development of existing lines, should
be carried out under the strict direct control
of the treasury, in relation to the conditions
of each locality, taking into account all its
characteristics, and in particular in
accordance with the requirements of future
operation in its full development, while
limiting itself to initial implementation of
only urgent costs, in other words, first spend
only as much as necessary to meet the urgent
requirements of the expected, initial activity
of the road, according to the previously
established general plan for the forthcoming
activity of this line.

Then, any savings that may be generated
during construction of the road should be
entirely transferred to the reserve fund, along
with the unspent amounts for the incomplete
work of structures. Such a «reserve fund»
should in no way serve to strengthen the
current operating facilities of the road, but
to be entirely intended, with interest accrued
on it, to receive, as it becomes clear, the
need — for the costs of developing the road
and its equipment. This provision should
apply equally to both public and private
roads.

The exploitation of public and private
railways of general importance should be

.18, Iss. 3, pp. 225-241 (2020)

News from the Archives. On the Ways of Development of Railway Business (1910)




given a purely commercial character; a
temporary exception should be allowed only
for lines of predominantly strategic
importance, and then until gross income
begins to cover their operating costs; when
such a moment comes, then purely strategic
lines should not be removed from the
commercial nature of exploitation.

The need for formation in operation of
railways for a separate commercial service
with its many agents was due to clarification,
finally, of the significance of the traffic
service in general, and its commercial branch
in particular. In the present difficult time for
the railway industry, in many cases, it is
allowed, both in relation to railway agents
and their leaders, to be content with simply
renaming them into commercial agents and
commercial services with corresponding
superiors, relying on some skill they have
already acquired in commercial operations,
But life practice shows that such renaming
alone is far from enough. At the same time,
it is necessary to establish, once and for all,
what exactly we call the commercial nature
of railway operation.

The basic rule of any commercial business
is to receive income on the capital spent and
increase the turnover of the latter, not
limiting ourselves to the necessary expenses,
but spending, when required, even fond
perdu, new funds for maximum development
of their commercial activities, with the
knowledge that such an expense is not only
will come back, but it will also bear good
fruit. Of course, it is necessary to have proper
sharpness, complete knowledge of your
business and have sufficient working capital,
either your own or borrowed.

From this provision it is already clear what
kind of serious requirements should be met
by the leaders in the railway commercial part,
and it is also clear that each independent road
must have sufficient free funds or credits for
its temporary commercial turnover. Such a
requirement is most essential for the roads of
private companies, whose statutes do not
foresee formation of such capital, and
therefore some roads nolens volens were
forced to resort to temporary borrowing from
their current cash resources, that is, from the
calculated amounts with other roads, which,
with a huge monetary turnover, reaching for
the entire Imperial network up to three
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billion rubles a year, seems tempting, and
even in some cases inevitable. It should be
noted that such an inevitability is provided
for by the legislator, who established an 8 %
penalty for such borrowing in favor of the
treasury.

To create commercial agents who can
stand at the height of their position, their
preliminary theoretical training and proper
practical awareness are required.

This is where a serious question arises:
there are many people who have studied
commercial sciences in existing commercial
schools and higher courses, and among them
there should be people with a broad outlook,
with the right angle of view, with sufficient
observation, and with an analytical mind, but
their railway awareness will almost always be
limited to their narrow local communication
area.

The reason for such limited awareness
should be sought in difficulty of acquiring
experience and a practical mechanism, and
on the other hand, this is facilitated by the lack
of such statistical reports that would give a
clear and factual picture and indisputable
material of all railways in a timely manner, and
not several years late, operations for movement,
and, finally, the reason must also be sought in
the absence, up to the present time, of a
sufficient number of practical schools in the
service of movement, since only in recent
years, at first, private enterprise, realizing the
urgent need to organize such schools, initially
in St. Petersburg and then in Moscow, opened
courses for railway traffic agents; in Kiev, at
Kiev Commercial Institute, in September
1909, higher courses for candidates for railway
commercial agents were opened. All these
courses are paid, but they can supply
theoretically trained, we say: theoretically
trained, since, with too short-term practical
training, the latter can hardly go into serious
consideration, — it is far from being able to
satisfy the real demand of knowledgeable
agents of this service. Therefore, in view of the
urgent need, the Educational Department of
the Ministry of Railways has already developed
a plan and program for movement railway
schools and similar courses, and since the
Minister of Railways, S. V. Rukhlov, attaches
great importance to this issue in streamlining
our railway business, it is there is good reason
to believe in successful development of such
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schools, which should raise the qualifications
of our railway agents.

The merchant, setting the price of his
product, takes into account: what this product
or work cost him, adds overhead costs
associated with acquisition, storage and safety
of goods, and adds his expected profit, the
amount of which is dependent on the existing
market and capital turnover rate; at the same
time, he has the ultimate goal of the greatest
and fastest sales, i.e. attracting the most
significant number of buyers. Such a merchant
is in the role of a complete owner, acting
within the limits of his commercial abilities,
the amount of capital and personal credit.

This is far from the case in the modern
railway business: politics and competition do
not exist there. Tariff rates are set for reasons
completely alien to the actual cost of
transportation by the road itself, and it is not
at all an exaggeration to say that rates are
determined «academically», pursuing, with
rare exceptions, only one reduction in the
carriage charge for random interests of third
parties, not to mention preferential tariffs not
caused by the interests of the road itself.

That tariff rates should be consistent with
different state requirements, in relation to
transportation of certain bulk goods of basic
necessity — this is not subject to any dispute,
but the limits of the size of the minimum
tariffs must necessarily be regulated by the
actual cost, which costs the road or network,
the very transportation of these goods; this
circumstance was drawn to the attention of
the former Commission of Privy Councilor
Ivashintsev.

Of course, there may be such rare moments
of railway life when, due to the absence of
transit and local cargo, rolling stock of the
road is inactive and, therefore, it is more
profitable to perform any work for a fee
reduced to a loss in order to cover part of its
unproductive expenses, but these are
exceptional specific cases, the significance of
which should be determined with great care
by the road itself, taking into account wear
and tear of its rolling stock and other possible
consequences when setting a temporary
preferential tariff. And in such cases, the
commercial acumen of the responsible road
manager should be the decisive regulator. In
general, depending on the nature and value of
the transported goods, the difference in size

of tariff rates should be subject to its
justification on the percentage of the amount
of this transported cargo to the total annual,
final, operating cost of the road, and only in
the period of significant absence of return
cargoes, strengthening of this differential can
to be admissible, to a certain extent, by
lowering such rates, in relation to the amount
of expenses that only depend on movement.
In the same way, it should be taken as a rule
that, when establishing any kind of preferential
tariffs for direct interests of the railway, it
should be firmly remembered that in the
matter of transport enterprises, the final
results of both costs dependent on movement
and not dependent on it are equally important;
the difference in the mutual relations of both
these costs is that when the first, i.e. traffic-
dependent costs, with increasing traffic,
increase per unit of road work; the second, i.e.
traffic-independent costs, although being fix
costs, with an increase in traffic, proportionally
decrease in their ratio; however, we stipulate
that this decrease is possible only up to a
certain limit, overstepping of which already
causes the opposite result. It should be noted
that in recent years, costs that do not depend
on movement are growing strongly from year
to year, not regulated by any measure.

The root cause of such a ubiquitous
increase in costs that do not depend on traffic,
both here and on foreign railways, should be
seen:

Firstly, in non-solution, until now, of the
question of what is more profitable for the
state to do: should it develop its rail network
by building new highways and tighten its loops
by building secondary roads? Or spend almost
billions of dollars on increasing the lifting and
carrying capacity, as well as on more complete
equipment of existing lines, leaving the vast
areas of the country without any railway?

And, secondly, one of the reasons for the
increase in costs that do not depend on movement
should also be seen in the continuing progressive,
widespread demand for improving living
conditions in general, as a result of the political
troubles of the present century, troubles that were
not cut at the very beginning of their occurrence
and, before until now, which have not yet found
their complete liquidation anywhere.

To determine technical and economic
coefficients of operation of the railway and
comparative assessment of the results of operation
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of different roads, it is generally accepted
measuring units: steam locomotive, train and axle
versts, and in relation to the indicated coefficients,
these meters have their decisive importance in
many cases, but based on their comparative
conclusions, without the possibility of falling
into large errors, is more than difficult; so, for
example, the value of a train-mile depends on
the number of cars that make up the train, which
are in both 5 and 45 cars, and the axle versts
depend on the number of axles in circulating
cars — four-axle with bogies, and three- and
two-axle without bogies; even a steam locomotive
verst also requires additional instructions:
working, idle, maneuvering, additional, etc.
Therefore, in order to determine the
commercial operation of a road, it is more correct
to consider it as normal meters of passenger and

pood-versts, since these data represent direct and
precisely defined indications of the useful
commercial work of all roads that receive their
income from transportation of passengers and
goods per unit of distance traveled by them.

Ifthe displayed average annual cost of a steam
locomotive, train and axle-mile does not give a
complete picture of the useful commercial work
of the railway, then it further obscures the idea of
this work — indication in statistical materials of
only the average annual cost of passenger and
pood-versts, one common to the whole network
of railways, since these latter gauges, for each
individual road, are completely independent and
often differ sharply from each other. As proof, we
will cite, for example, some data from our
Imperial network, according to reports for 1906
of both state and private roads.

1. Average expenses per passenger-verst are represented as:

a) on state roads:
Baltic—Pskov—Riga
Samara—Zlatoust
Biskunchakskaya
Zabaikalskaya
Siberian

b) on private roads:
Belgorod—Sumy
Warsaw—Vienna
Vladikavkaz
Moscow—Kazan
First Society of Access Roads

1,18 kopecks;
0,48 kopecks;
0,28 kopecks;
3,71 kopecks;
0,30 kopecks.

2,35 kopecks;
1,46 kopecks;
0,81 kopecks;
0,64 kopecks;
1,24 kopecks.

The average expenses per one passenger-verst for the entire rail network for 1906 are calculated:

for European Russia as 0,79 kopecks;
for Asian Russia as 0,69 kopecks.

I1. Average expenses per one pood-verst” for 1906 are expressed as:

a) on state roads:
Zakavkazskaya
Nikolaev
Riga—Oryol
Ekaterininskaya
Zabaikalskaya
Middle Asian

b) on private roads:
Ryazan—Ural
Moscow-Vindavskaya
Belgorod—-Sumy
First Society of Access Roads

0,025 kopecks = 1/40 kopecks;
0,020 kopecks = 1/50 kopecks;
0,0166 kopecks = 1/60 kopecks;
0,0142 kopecks = 1/70 kopecks;
0,0476 kopecks = 1/21 kopecks;
0,0179 kopecks = 1/58 kopecks.

0,0212 kopecks = 1/47 kopecks;
0,0140 kopecks = 1/71 kopecks;
0,0104 kopecks =1/46 kopecks;
0,0333 kopecks = 1/30 kopecks.

Average expenses per one pood-verst for 1906 are calculated:
for European Russia as 0,0158 kopecks = 1/63 kopecks;
for Asian Russia as 0,256 kopecks = 1/39 kopecks.

* Pood is equal to 16 kg, verst is equal to 1066 m (or 1,066 km).
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The character of fluctuations in these data
indicates that setting of the minimum tariff
rates must be consistent with the conditions
of each individual road, that the adoption of
one average value for the meter of own costs
of all roads in the network is incorrect and,
without additional indication of the highest
and lowest such costs of individual roads,
introduces delusion, and that is why it is
necessary, set 15 years ago, a meter in 1/125
kopecks from pood-verst, for its own value,
to increase and subject it to periodic
verification for the future, otherwise it turns
out that in fact it exists in some cases, that
other bulk cargoes (coal, ore, timber) are
transported by roads, unconsciously, at a loss,
and this, in turn, leads the road to low
profitability. Of course, we will be objected
that such a measure will increase the cost of
transporting cheap goods and complicate
calculation of freight charges, and that
everywhere, in Europe, they are striving to
reduce the number of tariff rates. To this we
answer the following:

The irrationality of the existing railway tariff
system has led to the fact that at present on all
European networks there is an extremely
alarming decrease in profitability, which is
greatly facilitated by the desire, for the sake of
producers and consumers, to lower freight
charges to the extreme, not complying with the
commercial conditions of this railway, then as
in America, where, with the length of the rail
network of 361 thousand kilometers of the main
track, owned by 2313 private companies,
independently setting, at their own discretion,
moderate” tariff rates, the results of operation
for 1906 were as follows:

Shareholders received on average dividends
on their shares:

in 1904 6,09 %;
in 1905 5,78 %;
in 1906 6,03 %.

The basic construction capital is equal to
the sum of 75766 191686 francs, which is
219 569 francs per kilometer of travel or 89 364
rubles per verst™. The share capital is 46,69 %,
and the bond capital of various names is
53,31 % of the share capital.

It should be noted, however, that not all
received dividends, but only some joint stock

* The law stipulates only moderation of tariffs in the
interests of the public.
**20 % cheaper than ours.

companies, which in relation to the total capital
of the entire American network:

in 1904 57,47 % of the total number
of issued shares;

in 1905 62,84 % shares, the rest
shareholders;

in 1906 66,54 % received nothing.

The sum of dividend capital given to the
shareholders, was equal to:

in 1904 1157 093455 francs;
in 1905 1237 415306 francs;
in 1906 1418 539065 francs =

523058 550 rubles.

The data given by us, above, of the average
annual expenses per passenger and pood-verst
on our Imperial network of state and private
railways quite definitely sets the actual cost of
transportation for each specified road, while
lowering this verst cost, without much indirect
benefit for itself, to the roads, in terms of
commercial trends, there is no logical basis. If,
in the public interest, in exceptional cases, the
roads are forced to lower, for a given cargo for
a certain time, the size of tariff rates, to the
detriment of their direct interests, then such a
sacrifice must necessarily be made only at the
expense of the state treasury, but not at the
expense of the road itself, whether public or
private. In reality, however, railway practice
observes phenomena of a completely opposite
nature.

For now, let us dwell on this and move on
to the next provision of railway policy, which
should be abandoned in order to improve our
railway business and establish the correct
economy inherent in a well-maintained,
commercially exploited enterprise.

The railway economy, by its nature and
results, is so closely connected with state
economic interests that when one hears a
general indiscriminate and even official shade
accusation of our railways in the general
absence of economic order, and moreover, as a
result of all kinds of abuse on the part of railway
agents and their associates, then the question
involuntarily arises: what if all these suspected
agents turned into undoubtedly honest people,
unable to covet a single state penny, would the
railway economy improve? and operating costs
would decrease significantly? To such a
question, the following can be boldly and
unmistakably answered:

Until the government itself comes to the aid
of the railways in the sense of freeing them
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through legislative measures and administrative
orders:

a) from modern vampires who suck
overpayments of multimillion-dollar deliveries
from the railways, in the form of numerous
syndicates and trusts of various names, raising
strikes for personal gain — prices for massive
necessities of railways;

b) from various applicants who do not stop
at bribery, falsehoods and all kinds of abuses,
for the purpose of profit at the expense of
railway orders and admitted accidents;

¢) from predators, parasites, sucking, on the
basis of legal furnishings at the railways, all
kinds of remuneration under various pretexts
that are difficult to dispute.

Until then, the railway administration,
whether private or state-owned, will be beyond
the ability to do anything seriously to reduce
operating losses.

On the other hand, the irresponsibility of
some top and middle agents, who are covered
in their illegal actions by sanction of various
committees and commissions, also
completely irresponsible, due to their
collegiality, as well as non-application of the
principle of fiscal responsibility of managers
of loans themselves for losses caused to the
road by their unreasonable orders, causing
enormous unproductive costs, also contribute
to the fact that the anti-commercial economy
of some of our roads not only holds firm, but
is still growing from year to year.

But the most powerful levers that could
influence improvement of the railway economy
and put it on a really comfortable commercial
footing, in our opinion, would be:
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a) persistent suggestion to all railway agents,
especially the highest instance, that time loss
is a significant crime that must be strictly
prosecuted;

b) that in the nurseries of railway engineers
who provide a contingent of heads of railways,
students are given complete economic
preparation for their future activities;

¢) convincing those who follow that
rhetoric, connections and patronage, which
put forward some individuals, obscure modest,
active knowledgeable, and therefore more
useful agents.

Then, if every head of the railway, of course,
subject to granting of the necessary broad
powers, under strict accountability for the
consequences of their orders, is elevated to the
position of a local chief, responsible commercial
figure, which would be absolutely rational, then
the central administration would be the master
of the whole the railway network, managed as
if by agents (in commercial terms, clerks) on
the report; then such unnatural facts as, for
example, a sudden transformation of a
profitable road into a non-profitable one, due
to the newly erected adjacent diagonal lines,
i.e. shorter distance. Then such an owner of the
network, foreseeing the changing conditions of
profitability of the direction of goods, would
not leave the road, which had lost most of its
goods, by transferring them to another — to
work independently and deliberately at a loss,
but would connect it, but already, as a line of
local importance and serving, as an unloading-
bypass, to the road that most delayed its work;
and this would have been done commercially,
otherwise, now, we see, for example, the
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following picture, extracted by us from a note
by the chairman of the Special Higher
Commission for the Study of Railway Business
in Russia, engineer-general N. P. Petrov.

Data on the Data on the
information of | estimates of
the State Audit | the Ministry of
Office! (rub.) Railways (rub.)
On Riga—Oryol road for 1906
Gross income 24000 059 18854997
Operating expenses 14319774 12874 571
Net income 9680 285 5980 426
Obligatory payments | 5964 159 5964 159
Net income 3716 126 16267
On Syzran—Vyazma road for 1906
Gross income 24086 081 12593 265
Operating expenses 15221434 13991 260
Net income 8864 647 Deficit 1397 995
Obligatory payments | 3989 250 3989 250
Net balance 4875397 Deficit 5387 245

'The reports of the State Audit Office, which makes its own
standard in its reports, sometimes differ from the reports of the
road itself.

But since additional capital was spent from
the State Treasury to strengthen and improve
these roads from the State Treasury, for the first
of the above 52473 358 rubles, and for the
second 27198 112 rubles, then the indicated
net balance brought the State Treasury:

On Riga—Oryol road for 1906 7,88 %, while
according to the estimate for 1909, only 0,03 %
is accepted.

On Syzran—Vyazma road for 1906 17,9 %,
and according to the estimate for 1909 no
payment is expected.

Such results, which appeared as a result of
pulling of loads onto new diagonal roads,
directly indicate how the real commercial
owner of the business should have done. And
the examples given by us are not isolated.

There is a well-established opinion that
public roads are less well maintained than
private ones, in other words, private roads are
much better at doing business. We disagree with
this; some autonomy of private roads, in fact,
makes it possible for the local administrations
of the latter to better and more consciously
administer their enterprise, while in relation to
state roads, remote centralization of the
administration greatly inhibits manifestation
of the lively and sensitive activity of the local
administration of these roads. Being placed in
the same conditions as private roads, the
activities of state roads will not differ from the

activities of private roads, which now rise only
at the expense of state railways; on private
roads, self-government is based on trust, which
does not exist on public roads. Small economy
is almost the same everywhere, due to the
peculiarity of this shortcoming to the Slavic
nature in general.

Having thus clarified the conditions of
commercial importance in general and the
commercial activity of railways, and having
given a negative answer to the question posed
in the title, we proceed to consider the question
of whether all railways should be recognized as
state and private state importance? This
question can only be answered in the affirmative,
since the commercial nature of the activities of
railway enterprises concerns their own life and
nutrition, which roads should derive from their
direct activities, but, according to the results of
this very activity, responding to all manifestations
of the country’s state life as in a strategic and
culturally and economically — the state
importance of railways is inalienable from
them. We have already had the opportunity to
point out, in one of our excursions™, that the
colossal size of the state’s income list today is
based precisely on the activities of railways; a
state economy without means of communi-
cation, and most importantly, railways, cannot
not only be considered comfortable, but,
under modern political conditions, could not
exist at all. By virtue of this, the direct task of
the government, in its own interests, without
stopping at any sacrifices, is to promote by all
measures the development and prosperity in
Russia of the greatest number of railways,
not only mainline, but also of secondary
importance, remembering tirelessly that:

A country teeming with railways will always
be the most cultured and strongest.

With development of the railway network,
ordering of its furnishings and its tightening in
a loop, the growth of productive forces of the
State and the national wealth will also rise, and
this, in turn, balancing opposite passions,
guarantees internal peace, external peace and
prosperity of the country.

Enaes.
(Zheleznodorozhnoe Delo [Railway
Business], 1910, No. 23, pp. 127—132) ®

*#* Railway facilities before the Public Court:
«Zheleznodorozhnoe delo», 1909, No. 41.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 3, pp. 225-241 (2020)

News from the Archives. On the Ways of Development of Railway Business (1910)




maprta 1910 romga BriepBbIe camo-
JET B3JIETEN C BOMAHOM MOBEPX-
HOCTU Ha CBOEM MOTOpE.

B 3TOT IeHB MapceTbCKUii aBUAKOHCTPYK-
top AHpu Pabp Ha o3epe bep 6113 ero poxa-
HOTO TOPOJia OTOPBAJ OT BOABI CBO CAaMOJIET
«[unpasuon» (Hydravion). Kcratu, B MoMeHT
IMOJIETa CAMOJIET OCTaBajICA OE3bIMSIHHBIM U
ObLI Ha3BaH TaK YyXe I10 MPOIIECTBUU BpeMe-
HU.

A. ®abp nposeren okoao 500 MeTpoB Ha
BBICOTE 5 METPOB, B 3TOT K€ JI€Hb COBEPIIT
ewé 3 rmoséra, a 3a HEJAEIIO HAJIETAT 5,6 KM.

Camonér Pabdpa He OBbLT CIeATEHO CKOH-
CTPYMPOBAHHBIM THIPOCAMOJIETOM, 3TO OBLI
MOAU(PULIMPOBAHHBIN U amanTUPOBAHHBIN
BapUaHT «CYXOITyTHOM» KOHCTPYKLMH. VIMeH-

n March 28, 1910, the plane took off
o from water under its own power.
That day Henri Fabre, engineer
from Marseilles, took off his Fabre Hydravion
at at Etang de Berre, Martigues, Bouches-du-
Rhéne. By the way, at that moment the plane
was unnamed, and was called so later.

H. Fabre flew for about 500 metres at the
altitude of 5 m, then the same day he flew the
floatplane successfully three more times, and
within a week he had flown a distance of 5,6 km.

The plane was not purposely designed
seaplane, it was modified and adapted version
of «inland» aircraft. That is why, strictly
speaking, the memorable date refers to the first
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STOT rof B WETERPWH TpaKcnopTa: 1910
The year n the history of transport: 1910

®oto: © My3eri Buckapocchl (konnekuus cembu Pabp) / Photo: © musée de Biscarosse (collection famille Fabre).

NEPBbIA B3JIET CAMOJIETA C BOAbI

HO I03TOMY IaMsITHAasl JaTa OTHOCUTCS, CTPO-
IO TOBOPSI, K IEPBOMY B3JIETY C BOABI CAMOJIETA
3a CYET TATU COOCTBEHHOTIO IBUTATENIS.

CaMoJIET OBLI 000PYIOBAaH JABUTATEIEM
«I'HOM» MOIIHOCTBIO B 50 J1.C., CKOHCTPYUPO-
BaHHBIM OpaTbsiMu CersH, pa3Max KpblJIbeB
cocTaBysl 14 MeTpoB IIpH IIMHE (ro3eiska
8,5 MeTpoB. B3nérHas Macca cocraBisia
okoJyio 475 Kr, MakcuMajbHasi CKOPOCTh
89 km/u.

Jlono/THUTE IbHbIE HCTOYHHKM:
https://www.kommersant.ru/doc/3255439
https://www.ville-martigues.fr/loisirs/
culture/archives-communales/le-saviez-vous/
ler-vol-en-hydravion-h-fabre ®

FIRST PLANE TO TAKE-OFF FROM WATER

take-off of a plane of water under its own power,
and not to the first seaplane.

The plane was equipped with Gnome motor
of 50 h.p., designed by Seguin brothers,
wingspan was of 14 m, the fuselage was 8,5 m
long. The take-off weight was of about 475 kg,
and maximum speed attained 89 km/h.

Further sources:
https://www.kommersant.ru/doc/3255439
(in Russian).
https://www.ville-martigues.fr/loisirs/
culture/archives-communales/le-saviez-vous/
ler-vol-en-hydravion-h-fabre (in French) ®

ITOT roa, B uctopum TpaHcnoprta: 1910. lNepBbivi B3NET CaMONETa C BOAbI
The year in the history of transport: 1910. First Plane to Take-off from Water
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3BECTHBIM OPUTAHCKUI JTUHTBUCT, CaMbIit

BbIIAIOLIUIICS MTpenoaaBaTellb aHIIMICKOTro

ga3bika B mupe Panponbd KBHpk, kak-To
OIKCHIBAs CIOKUBLIMECS «CJIOBAPHBIE» CTEPEOTHUIILL,
nepedpasupoBan bubauio: «Brauane 6vin0 He c1060,
a crosapv». CioBapH TS yIEHOTO — 3TO CBOoeoOpas-
HBIi HOPMATUBHBIN KOIEKC, «JIMHTBUCTUYECKAS
Bubnus».

Haneroch, HUKTO He cTaHeT OCTIapyBaTh U IPYTYIO
aKCHOMY: CJIOBaph — 9TO ApeBHElIlIee 1 caMoe 3Ha-
YUMOE TOCTIKEHNE MUPOBOI JIMHIBUCTUKU. «bym
cJioBapeii», KOTOPbIi HA0MIONAETCS CETOIHS BO BCEM
MMpe, Hadasics eié B cepenrHe XX Beka. Torma cra-
JIO TIOHSITHO, YTO JII00OH CJIOBapb — 3TO HE MPOCTO
TOJICTasi KHWATA, B KOTOPOIi B Topsiike andaButa
Pa3BSICHSIIOTCSI HETIOHSTHBIE CJIOBA, YTO Ha CAMOM
JieJie CJI0Baphb — 9TO MPOBOAHUK HAyKU U KyJIBTYpBI.

B 90-¢ roms! mporuioro Beka B Benmukobpuranum
OIVH U3 OITPOCOB MOKA3aJI, YTO CAMOU MOMYJISIPHON
KHUTOM Y aHIJIMYaH SIBJISIETCST He KyJTMHAPHBIH cIipa-
BOYHUK U naxe He bubmust. Y 90 % GpuraHCKuX ce-
Meil B Te TOIbl Ha KHVXXHBIX TOJIKAX CTOSJI, IO
KpaitHeii Mepe, OIH TOJIKOBBI cioBapb. Ha Bropom
mecre nuta butmus ¢ 80 %, 1 TOIBKO Ha TPETBHEM —
MoBapeHHble KHUTU ¢ MoYéTHbIMU 70 %.

3ayeM BOOOI1IE HYXEH cJIoBaph? 3agaya Jioooro
CJIOBapst — OTPa3UTh PEATbHO JICHCTBYIONINE TEPMU-
HbI 1 IOHATHST. UMEHHO B TEpMUHOIOTUM KOHLIEH-
TPUPYETCsl TJIABHBII CMBICI JIIOOOTO SIBIEHUS, TEM
6onee HayaHOTO. ClI0Baph GUKCUPYET U CUCTEMAaTH-
3UpyeT 3HAYEeHMSI CJIOB, X UICTOPUIO, TiepenaéT Oyiy-
MM TIOKOJIEHUSIM HaKoIJIeHHbIe 3HaHus1. U 3nech
He BaXKHO, UIET JIV Pedb O IMHTBUCTUKE, (DUITOTIOTUN
VIV TEXHUYECKUX HAYKaX...

OueBUIIHO, YTO CJIOBAPb OTPAXAET U3MEHEHUSI
B TIOHATUITHOM arlapare HayKu, HO €TO POJib B CTa-
OWJIbHOCTY TEPMUHOJIOTMU TOXKE HEJIb3sT HEeloOoLe-
HMBaTh. CJI0BO, BKJIIOYEHHOE B CIOBAPb, HAYMHAET
HOBYIO, COBEPIIIEHHO IPYTYIO XXMN3Hb. 3aMeHa OITHOTO
CJIoBa Ha pYyroe B HayKe He TaK 0e3001aHa, Kak Ka-
JKEeTCs1 Ha MepBblii B3nIsA. Hampumep, BeIOOp Tpa-
BIWJIBHOTO CJIOBA TS TIOMCKA HAYYHBIX ITyOIMKATTI —
CErofHs KpaeyrojibHas npobema. JIrobass HaydHast
paboTa UMEET CMBICJT, €CJIU 3aMHTEPECOBAHHBIE STON
TEMOW y4EHBIE MOTYT HAWTU pabOTy U UCTIONb30BATh
e€ B CBOEM uccaenoBaHuy. [103ToMy OT mpaBUIIbHO-
TO YHOTpeOIeHNsI TEPMUHOB U TTOHSITHI TOPOI MOXKET
3aBUCETH IAXe CyIb0a HAYUHOTO OTKPBITHS.

HoBblit TepMUH, KOTOPBI BKJIIOYAIOT B CJIO-
Bapb, — 3TO BCEIa «MCTOYHUK MpobieMbl». C poxie-
HIEM HOBOTO CJIOBA MOSIBIISIETCSI HOBOE HATIPABJIEHUE
B HayKe.

Hanpumep, TepMUH «MarieB» o MepKaM MUpo-
BOU UCTOPWY TTOSIBUJICS] HE TAK TABHO U «TTOIpa3yMe-
Bae€T MAarHUTHYIO JIEBUTALIMIO TPAHCIIOPTHBIX
CPEJICTB...».

Benukast taitHa teButarum B XX Beke repecrana
ObITh TaiiHOM. B 1911 romy, Kak cunTaeTcsi, poccuii-
CKHe YYE€HbIC B JJAOOPATOPHBIX YCIOBUSAX OMCKOro
WHCTUTYTA TIPOAEMOHCTPUPOBATIH, YTO TPAHCTIOPT
0e3 KpbUIbeB U KOJIEC BO3MOXEH, a B 1945 romy Mo-
CKOBCKMI1 yu€HbIil Bragumup ApkanbeB 3acTaBUI
«JIEBUTUPOBATH» HEOOJIBIIION MATHUT HAJT CBEPXITPO-
BOJISILIVM CBUHLIOBBIM IMCKOM.
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MarHuTHas JeBUTalMs peajibHa U OTBeyaeT
BCEM 3aKOHaM (pU3UKU. A TepMUH, €€ 0003HaYal0-
IIWiA, ye Ha CITyXy Aaxe y oosiBaresneit. OueBum-
HO, UTO 3TMM HOBBIM HallpaBJIeHUEM 3aHUMAIOTCS
MHOTHE CTpaHBbl, IMyOJUKYeTCSI MHOTO paboT Ha
Temy JieButauuu. [loaromy npobiema u He0OXO0-
JNMMOCTb CTaHIAPTU3ALMU JIEKCUKU B POCCUMNCKUX
U 3apyOeXXHbIX paboTax BUTAIOT B BO3IYXE.

[MosaBneHUsT aHTIO-PYyCCKOTO CIOBaps-
CcIpaBOYHUKA TOJ pelaKiiMeil Jo0KTopa 3KOHO-
MUYECKUX HayK, npodeccopa A. A. 3aiiueBa
«MarHuTONeBUTAIMOHHBIE TPAHCIIOPTHBIE CUC-
TeMbl» Xaaau MHorue. CiaoBapb co3aaBajics
B Hay9HO-00pa30BaTeIbHOM WHXEHEPHOM KJlac-
tepe «Poccuiickuit Marnes». M3nan B CaHkT-
[Terepbyprckom m3matenbcTBe «Hayka». Kak
Hamuca pelieH3eHT KHUTHU, TIpe3ueHT MeXy-
HapOJHOTO YIpPaBISAIOIIEr0 KOMUTETa MarjieB
(IMB) Hoxannec Kmowmmnuc: «B mupe HemHozo
cmpat, 061a0aowux cmoab 3HAHUMeAbHbIM NOMeH-
UUAN0M 045 8b1200H020 GHEeOPeHUS N0e3008 MEXHO-
no0euu maenes, kakum obaadaem Poccus... I[Ipodon-
Jcerue uccaedosanuti nompebyem ooueeo NoHUMAa-
HUsL OCHOBHBIX (YU3UYECKUX U MEeXHOA02UUEeCKUX
KoHyenyui. /las nauara y4éHoiM HaA0o NPUHSIMDb
00Uy MePMUHOA0RUIO NO KAIOHEBbIM ACNEeKMAM...
Cmandapmusayus u ycmaHnosgaenue HopM 8A5H0M -
Csl 21A8HBIMU MPEOOBAHUAMU» .

[To TMHTBUCTUYECKUM MEepPKaM 3TOT CJIOBaph
He caMblil 60Jb10i1. OH BKJIIOYaeT B ce0s1 BCETO
513 TepMMHOB U MOHSITUI, IPUMEHSIEMBIX TTPU
pa3paboTKe, U3TOTOBJICHUU U IKCIIyaTalluU
MAaTHUTOJIEBUTAIIMOHHBIX TPAHCIIOPTHBIX CUCTEM,
C omnpeneNeHusIMU U TosicHeHUusiMU. Ho 1151 Ho-
BOIi o0OylacTu 3HaHUN — 3TO yxXe MHoro! W 3To
BAXHBIA 1IAT UIS MEXAYHAPOIHOW HAay4YHOU
IUCKYCCUM, KOTOpasl AOJXHa «TOBOPUTb» Ha
OJTHOM $I3bIKE€, YTOOBI MOHMUMATh APYT Apyra.
OueHb MTOKa3aTeNbHO, YTO UMEHHO POCCUIiCKUE
y4€Hble BHOCSIT OCHOBHOU BKJaa B co3laHueE
Takoro cioBapsi. HecoMHeHHO, YTO OH TOMOXeT
3a7aTh MPaBUJIbHBIE BOIIPOCH ¥ HAMTU JIydIlIue
OTBEThI HA MEXIYHAPOIHOM YPOBHE.

CrienraTbHBIH CJIOBaph CTAHET TOMOIITHUKOM
HE TOJIbKO COCTOSIBIIMMCS 3KCIIepTaM, OH ITOMO-
XeT B 00y4eHUHU U MOJATOTOBKE HOBBIX KaapOB.
Kak mo6oit cioBapb, OH OyIeT MOCTOSIHHO 00-
HOBIISITbCSI U TOTIOJHSATHCS HOBBIMU CJIIOBaMU,
TepMUHAMU, TTOHSATUSIMU...

...HekoTopbie cuMTaoT, 4TO CJIOBapu, Kak
Bua, cebs uzxuau. Ho ceromHs, 4To0bl UATU
B HOTY CO BpeMEeHEM, HY>KHO BJIaJIleThb OTPOMHBIM
KOJNWYeCTBOM MHbOpMAIUuu, 006bEM KOTOPOU
pacTé€T neHb OTO AHS. Tak Xe CTpeMUTEIbHO
OOHOBJSIOTCS 4YesJoBeyeckue 3HaHUsA. PacTér
KOJIMYECTBO TEPMHUHOB, MOSIBISIIOTCS HOBBIE
cJioBa M yXOMST U3 00MX0ja cTapble, U3MEHSIOT-
Cs1 CMBICJI CTaphiX CJIOB U MpaBujia. A yeioBeue-
CKWUi pa3yM, K COXaJIEeHUIO, He MOXET yIepKaTb
Takoil 00bEM crenMpuuyeckoil nHOOPMaAILIUU.
XoueTcsi, YTOObI HOBBII CJI0Bapb CTajl B 3TOM
BEPHBIM ITOMOIITHUKOM BCEM, KTO UAET B HOTY
¢ Oerymum BpeMeHeM. Y HEero ecTh Bce Mpeano-
CBIJIKU JJISI 9TOTO. L
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The peer-reviewed explanatory dictionary is
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reference, which includes terms used in design,
manufacture and operation of maglev transport
systems. In this case, the actual terms are
accompanied by definitions and explanations.

The explanatory dictionary is structured into
16 thematic sections and includes a total of 513
terms and definitions. Each section is dedicated
to a specific subject area of maglev transport
systems: from the physics of magnetic levitation
to operation and maintenance.

The publication is addressed to specialists of
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who are interested in development of maglev.
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The famous British linguist, the most outstanding
teacher of the English language in the world,
Randolph Quirk, once describing the prevailing
«dictionary» stereotypes, paraphrased the Bible: «/n the
beginning there was not a word, but a dictionary». For a
scientist, dictionaries are a kind of normative code, a
«linguistic Bible».

I hope no one will dispute another axiom: the
dictionary is the oldest and most significant achievement
of world linguistics. The «<boom of dictionaries», which is
observed today all over the world, began in the middle of
20" century. Then it became clear that any dictionary is
not just a thick book in which incomprehensible words are
explained in alphabetical order, that in fact the dictionary
is a guide to the world of science and culture.

In the 90s of the last century in Great Britain, one of
the polls showed that the most popular book among the
British was not a culinary reference book or the Bible. 90 %
of British families in those years had at least one dictionary
on their bookshelves. The Bible was second with 80 %, and
cookbooks were third, with an honorable 70 %.

Why do you need a dictionary at all? The task of any
dictionary is to reflect the actual terms and concepts. It is
in terminology that the main meaning of any phenomenon,
especially scientific, is concentrated. The dictionary
records and systematizes the meanings of words, their
history, transfers the accumulated knowledge to future
generations. And here it doesn’t matter whether it is about
linguistics, philology or technical sciences ...

It is obvious that the dictionary reflects changes in the
conceptual apparatus of science, but its role in stability of
terminology should also not be underestimated. The word
included in the dictionary starts a new, completely different
life. Replacing one word for another in science is not as
harmless as it seems at first glance. For example, choosing
the right word to search for scientific publications is a key
problem today. Any scientific work makes sense if scientists
interested in this topic can find work and use it in their
research. Therefore, even the fate of a scientific discovery
can sometimes depend on the correct use of terms and
concepts.

A new term that is included in the dictionary is always
«the source of the problem». With the birth of a new word,
a new direction appears in science.

For example, the term «maglev» by the standards of
world history appeared not so long ago and «implies
magnetic levitation of vehicles...».

The great mystery of levitation in 20" century has
ceased to be a mystery. In 1911, it is believed, Russian
scientists in the laboratory of Omsk Institute demonstrated
that transport without wings and wheels is possible, and in
1945 Moscow scientist Vladimir Arkadiev made a small
magnet «levitate» over a superconducting lead disk.

Magnetic levitation is real and meets all the laws of
physics. And the term denoting it is already on hearing even
among the inhabitants. Obviously, many countries are
engaged in this new field, many works are published on the
topic of levitation. Therefore, the problem and the need to
standardize vocabulary in Russian and foreign works are
in the air.

Many were waiting for appearance of the English-
Russian explanatory dictionary edited by D.Sc.
(Economics), professor A. A. Zaitsev «Magnetic
Levitation Transport systems English-Russian explanatory
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dictionary». The dictionary was created in the scientific
and educational engineering cluster «Russian Maglev».
It was published by St. Petersburg publishing house
«Nauka». As the book reviewer, President of the
International Maglev Steering Committee (IMB)
Johannes Klushpis wrote: «There are few countries in the
world that have as much potential for profitable
introduction of Maglev train technology as Russia has...
Continued research will require a common understanding
of basic physical and technological concepts. To begin
with, scientists need to adopt a common terminology on
key aspects... Standardization and norm setting are key
requirements».

By linguistic standards, this dictionary is not the
largest. It includes a total of 513 terms and concepts used
in development, manufacture and operation of maglev
transport systems, with definitions and explanations. But
fora new field of knowledge, this is already something! And
this is an important step for international scientific
discussion, which must «speak» the same language in order
to understand each other. It is very significant that namely
Russian scientists have made the main contribution to
development of such a dictionary. There is no doubt that
it will help you ask the right questions and find the best
answers at the international level.

A special dictionary will become an assistant not only
to well known experts, it will also help in teaching and
training new personnel. Like any dictionary, it will be
constantly updated and supplemented with new words,
terms, concepts...

...Some believe that dictionaries, as a species, have
outlived their usefulness. But today, in order to keep up
with the times, you need to own a huge amount of
information, the volume of which is growing day by day.
Human knowledge is also rapidly updated. The number of
terms is growing, new words appear and old ones go out of
use, the meaning of old words and rules change. And the
human mind, unfortunately, cannot hold such a volume of
specific information. I would like the new dictionary to
become in this a faithful assistant to everyone who keeps
up with the running time. It has all the prerequisites for
this. ®
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Adanacoes B. C. KommiekcHas 3KcriepumMeH-
TajlbHAas OlleHKA IHHAMHYECKHX NMapaMeTpoB
NPOJIETHBIX CTPOEHHII 0AJOYHBIX MOCTOB / ABTO-
ped. muc... KaH1. TexH. HayK. — M.: PYT, 2020. —
25¢.

OCHOBHOI1 11€J1b10 pabOTHI SIBJISIOCH COBEP-
IIICHCTBOBAHME CUCTEMBbI OLICHKM JMHAMMYE-
CKMX ITapaMeTPOB IPOJIETHBIX CTPOCHMIA OaI0u -
HBIX MOCTOB B IIEPHOJI 3KCILTyaTalliu IS ITepe-
X0JIa OT IUIAHOBBIX MEPOIIPUSITUI TI0 ColepKa-
HUIO K MEPOITPUSTHSIM Ha OCHOBE (PAKTUYECKOTO
COCTOSTHMSI COOPYXXEHUSI B paMKax BHEIPCHUS
«IIPOMBIIILICHHOTO MHTEpHETA Bellleit». Permén
psin 3amad. OGOCHOBAHO MPUMEHEHUE METoIa
BUOPALIMOHHOTO KOHTPOJISI IPOJIETHBIX CTPOE-
HUIi GaJIOYHBIX MOCTOB [UIS OIIPEACIICHUS TEX-
HUYECKOI0 COCTOSIHUS COOpyxeHus1. Pazpabo-
TaHa TOCJIA0BATEIbHOCTh PACUETOB, TIPE/IIIIC-
CTBYIOIIMX TMHAMUYCCKMM MCIIBITAHUSIM IIPO-
JNETHBIX CTPOCHUI 6aJlOYHBIX MOCTOB.
Peanu3oBaH onepalvOHHBIM MOJAIbHBINA aHA-
JIM3 MPU HATYPHBIX UCIIBITAHUAX IIPOJIETHBIX
CTpOeHM 6amoyHbIX MOCTOB. Pa3paboTtana
METOJUKA OINpeAeIeHUs TPY30IIOAbEMHOCTHI
MPOJETHBIX CTPOEHMIT GAJTOYHBIX MOCTOB I10
JAHHBIM 00 MX ITMHAMMYECKHUX ITapaMeTpax.
PaccMoTpeHbI MeTOIbI y4€Ta BIMSIHUS TEMIIC-
paTypHBIX U3MEHEHUI TIPOJETHOIO CTPOCHUS
MOCTa Ha ero AMHAMUYECKUE MTapaMeTphIL.

OCHOBHOI1 Hay4HBIi pe3ybTaT paboTHI 3a-
KJII0YAeTCs] B COBEPIICHCTBOBAHMU CUCTEMBbI
OLICHKY TeXHUYECKOTO COCTOSTHUSI MOCTOB M CO3-
JAHWY IPEATIOCHLIOK BHEAPEHUS «IIPOMBIILICH-
HOTO MHTEpHETA Bellei» B chepPY MOCTOBOM
nHppacTpyKTyphl. HayuHast HoBu3Ha Hanbonee
CYILIECTBEHHBIX PE3y/IBTaTOB 3aKJII0YACTCSI B CJIe-
JyIolieM: pa3paboTaHbl CTATUCTHYECKUE MOMIEITN
PErpeCcCMOHHOr0 aHaIM3a IS OIpeaeICHUS
KOPPEJISLIMOHHON 3aBUCMMOCTU MEXIY TPy30-
MOIBbEMHOCTBIO M IMHAMUYECKIUMM ITapaMeTpa-
MU IPOJIETHBIX CTPOCHUIA OaJOYHBIX MOCTOB;
BIIEpBbIE MCITOJIb30BaHbI MATEMAaTHYECKIE ME-
TOJBI CTATUCTUKY 1 MAIIIMHHOTO O0YYEHMS ST
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yuéTa BJIMSTHUS TEMITEPaTYPHBIX MU3MEHEHMI Ha
Pe3YJIBTaThl OLIEHKK IMHAMUYECKIX TAPaAMETPOB
MPOJIETHBIX CTPOESHMIT MOCTOB.

IpennoxeHa MeToaMKa TTPOrHO3MPOBAHUS
IPY30IOABEMHOCTH TTPOJIETHBIX CTPOSHUM OfI-
HOTHUITHBIX OaJIOYHBIX MOCTOB 10 JAHHBIM 00 X
JUHAMUYECKMX IapaMeTpax, pa3padoTaHa rpo-
rpaMma st 9BM npu noaroToBke K JUHAMM-
YECKUM MCIBITAHUSIM OATOYHBIX MOCTOB C IIe-
JIBIO OTIpeeNIEHHUsT ONTUMAaJIbHOIO BpEMEHU
HM3MEpEHMs KOJICOaHMIA, YYTEHO BIMSHUE TEM-
MepaTypHbBIX U3MEHEHHH MPOJIETHOTO CTPOEHMS
MOCTa Ha ero JMHaMU4eCcKHe IapaMeTphI.

05.23.11 — Ilpoexkmuposarue u cmpoumens-
€mMeo 0opoe, MemponoAUmeHos8, aapoopomos, Mo-
CMoe u mpaHcnopmHuix moureneii. Paboma évi-
noauena 6 Poccuiickom yHusepcumeme mpamc-
nopma.

Topionos . O. OcoGeHHocTH BbIOOpa mapa-
METPOB TATOBBIX JIEKTPHYECKHX MAIIMH C YYETOM
Noa00Hs 3JIEKTPOMATHUTHBIX NPOLECCOB / ABTO-
ped. mc... KaHa. TexH. HayK. — M.: PYT, 2020. —
24c.

Ha ceromHsiHuMii 1eHb MPEAIOYTUTEIHHO
TI0JIb30BaThCs YMCIEHHBIMM METOIAMHM Pacu€Ta
MarHUTHBIX ITOJICi. B HacTosiiee BpeMst MMeeT
MECTO IMPOKOE IMPUMEHEHNE KOMIIbIOTEPOB,
YTO ITO3BOJISIET ITPOBECTH C BHICOKOI TOYHOCTBIO
pacy€Thl MATHUTHOTO IOJIS 3JEKTPUYECKHMX
MaiH. OJHaKO METO/IbI, OCHOBAaHHbBIE HA IIPH -
MeHeHUM 3akKoHoB Kupxrodda, He B MOJTHOM
Mepe MO3BOJISIOT PELIUTH TIOCTABICHHYIO 3a1a4y.
[Ipu aHamm3e GpU3MIECKMX MPOLIECCOB IIUPOKO
MPUMEHSIOTCS METOIBI Teopuu nofoous. [1pu-
MEHUTEJIbHO K MATHUTHBIM ITPOLIECCaM B 3JICKT-
PUYECKMX MAIlIMHAX METOIbI TECOPUU MOA00MS
MPUMEHSIIOTCS He3HauuTesbHO. [ToaToMy co-
BEpILICHCTBOBAaHUE METOIOB PAacy€Ta U aHaIM3a
MAaTrHUTHOTO TI0JISI B 3JIEKTPUYECKUX MalllMHAX
¢ MPUMEHEHUEM METOJOB TEOPUHU MOI00MS
MPeACTABIISICT COOOM aKTyaJIbHYIO 3a/1auy.

ITomo6ue MarHUTHBIX IIPOLIECCOB B KOJLIEK-
TOPHBIX TSITOBBIX 3JIEKTPUYECKMX MalIMHaX
MOXHO XapaKTepu30BaTh HA OCHOBAaHUU H-T€O-
pembl. B KauecTBe Ge3pa3MepHBIX KOMILUIEKCOB
1LIeJIECO00PA3HO MCIOJIb30BaTh CCAYIOIIIE CO-
OTHOILICHUSI:

* cootHoueHue mexay M C skopsi v TnaB-
HBIX TI0JTIOCOB;

* cooTHoieHue mexay MJIC sikopst u go-
MOJIHUTEIBHBIX TI0JIIOCOB;



* cooTHouieHue Mexay MJC riaBHBIX
U TOTIOJTHUTETBHBIX MOJTIOCOB.

TloTepu 3Hepruu OT MepeMarHu4uBaHUS
CTaJIV COCTABJISIIOT OTHY U3 BaXKHBIX COCTaBJISTIO-
1IMX OOIMX TIOTEPh SHEPTUU MIPU JIEKTPOMEXa-
HUYECKOM ITpeobpa3oBaHuu 3Hepruu. C momo-
1IBI0 MAaTEMATUYECKOTO MOJETUPOBAHUS ObLIU
TOATBEPKIEHBI TAHHBIE O TOM, YTO HAUOOJIbILIE
TOTEPU B CTAJTU SIKOPS 3JIEKTPOIBUATATENST HAXO-
JSTCS Ha AHe Ma3a. ITOroBbIM KpUTEPUEM, Xa-
pakTepusyomuM 3¢@eKTHBHOCTb Mpeodpaso-
BaHUSI SHEPTUU BJIEKTPUYECKUMU MalllMHAMU
TOCTOSIHHOTO U IMyJIbCUPYIOIIETO TOKA U B TOM
YUCJIE TATOBBIMU KOJIJIEKTOPHBIMU 3JIEKTPOJIBU-
raTeyisIMU, SIBJISIETCSI COOTHOIIIEHUE MEXIy To-
TEepSIMM IHEPTUU MPU MepeMarHNIMBaHUU
B CTajld SIKOpS U MOTpedsgseMoil aHepruei
(TIOJTHBIMU TIOTEPSIMMU).

PeleHue kputepraabHOI 33124 MO3BOJIM-
JIO OMNpeneanuTb Ko3MGhUILIMEHTHI A1 pacyéra
IIaBHBIX pa3MepoB TOJ, onpeneauTs 3aBUCH-
MOCTU MEXIY IJITaBHBIMU Pa3MEpaMU C YUYETOM
TIJTOIIA/IA T1a32a SIKOPSI.

Cneyuanvrocms 05.09.01 — Snexmpomexaru-
Ka u anexmpuueckue annapamot. Paboma évinon-
Hena 6 Poccuiickom ynusepcumeme mpancnopma.

Hexkpacos I'. 1. I1oBbinenue 3¢h(peKTMBHOCTH
CHCTEMbI OXJIAXKIEHHS TEIJIOBO3HOIO IM3eNs
C HCNOJIb30BAHHEM MHAMBUIYAJILHOIO NMPHUBOIA
BOJISIHBIX HACOCOB / ABTOped). JNUC... KAH/A. TEXH.
Hayk. — M.: PYT, 2020. — 24 c.

ITocne TpoBeneHNS TTaTeHTHO-UH(pOpMa-
IIMOHHOTO TIOVCKA YCTAHOBIICHBI ITPHOPUTETHBIC
HaIpaBJICHUSI Pa3BUTHS 3JIEMEHTOB CHCTEMEI
OXJIXKIEHHS ¥ CPOPMYITMPOBAHEI TCXHUIECKIE
TpeOOBaHMUSI, TIPEIbIBISIEMBIC K CUCTEME C WH-
JTUBUIYaTbHBIM IIPUBOIOM BOISHEIX HACOCOB.

Pa3zpaboraHa mMaTemMaTuyeckasi MoJesb
OIICHKU pacIpelesIcHUs TeMIlepaTyp U CKOpO-
CTeil TEIJIOHOCUTEIIS TI0 (PPOHTY pagriaTopoB
IUTS pacu€éTa MUHUMAJIBHOM TPOU3BOIUTEThb-
HOCTHY BOISTHOTO Hacoca, o0ecrieurBaiomast
paboTty e€ 6e3 mepeoxJaxkaeHus U TMeperpena
TETIOHOCUTENS TIPH JTIOOBIX 3HAUYCHUSIX U3
Ppac4YETHOTO IUAITa30Ha TEMIIEPATYpP OKpYyKaio-
mei cpenbl. Pe3yabpraTel MOOEIUPOBAHUS
TTOATBEPXKACHBI pe3yJIBTaTaM1 CPaBHUTEILHEIX
WCIBITAHUH, TTOTPEITHOCTh MOJIEINPOBAHUS
coctaBuna 3 %.

TTocTpoeHEI AITOPUTMEI YIIPABJICHUS CUCTE-
MOM OXJIAXICHUS, ITO3BOJISIONINE TTOIIEPXKHU-
BaTh PEKOMEHIOBAHHYIO TEMITEPATypy TEITIOHO-
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CUTeJIel XOJIOMHOTO U TOPSTYEro KOHTYPOB MTPU
MUHMMAaJTbHOM 3HEPronoTpedeHUU Ha TPUBO,
CHCTEMBI OXJIAXICHUS.

Pa3paboTaHbl aITOpUTMBI CUCTEMBI YIIpaB-
JICHUSI MTHIUBUIYaTBHBEIMY TPUBOIAMY BOISHBIX
HaCOCOB TEIIOBO3a TSI XOJIOAHOTO U TOPSIYEro
KOHTYPOB, MTO3BOJISIIOLIYE TI0 CPABHEHHUIO C Ce-
PUITHOH CUCTEMOIA:

* obecreyrBaTh LUPKYJISLMIO TEMUIOHOCKU-
TeJIs TTOCJIe OCTAHOBKY JU3EJS;

* YBEJIMYMBATh BPEMSI ITPOCTOS IOKOMOTHBA
C OCTaHOBJICHHBIM TU3€IbHBIM JBUTATENEM 0€3
MepeoXJIAXKICHUS TETTIOHOCUTEISI BO BCEM pac-
YETHOM JMaNa30He 3HAYEHUI TeMIepaTyphbl
OKpPYXarolen Cpebl;

* MUHUMU3UPOBATH OTOOP MOIIHOCTU Ha
TPUBOJ CUCTEMBI OXJIAXXIEHUS TEIJIOBO3HOTO
T3ensl.

Pa3zpaboraHHast MaTemaTuueckasi MOJEb
CHUCTEMBI OXJIAXIEHUS TETUIOBO3HOTO NU3eJIs
B 9KCIUTyaTallMy MoKa3ajua, YTO IPUMEHEHNE
WHAMBUIYAJILHOTO MTPUBOA BOASHBIX HACOCOB
MTO3BOJISIET YMEHBIIUTh CyMMapHBIA pacxon
TOTUTVBA, 3aTpaurBaeMbIil Ha MPUBOJ] CUCTEMBI
oxJaxaeHus Ha 22,4 % 3a CYET YMEHBIIIEHUS
BpeEMEHM pabOThl BEHTUJISITOPOB XOJOAWIBHOM
KaMepbl, U IIPUBOAUT K YMEHBIIIEHUIO SKCIITya-
TAllMOHHOTO pacxoja JU3EJbHOIO TOIUIMBA Ha
2,5 %.

Cneyuanvrocms 05.22.07 — Ilodsuxcroii co-
CMas Jcene3nblx dopoe, msea noe3006 u 3NeKmpu-
guxauusn. Paboma evinoanena 6 Poccuiickom
YHUBepcumeme mpaHcnopma.

Oo6yxos 0. B. IMuranmonnsie Moaeu, ai-
TOPHTMBbI M IPOrPAMMBI /ISl AHAJIN3A 0€30MACHOCTH
NO0JIETOB B CHCTeMe YNPaBJIEHUS BO3AYIIHBIM
JBIKeHueM / ABToped. IUC. .. KAH/I. TeXH. HAyK. —
M.: TocHUHMAC, 2020. — 22 c.

B cBs31 ¢ NOCTOSTHHO BO3pacTarolleil MHTeH-
CHUBHOCTBIO BO3AyIIHOTO ABMXKeHus (B/1) B Ha-
1Iei cTpaHe B TeYEHUE HECKOIbKHUX JIET POBO-
JIUTCS MONEPHU3AIMS CUCTEMBI YIIPaBICHUS
Bo3nyirHbiM ABuxxeHueM (CYBI). besomnac-
HocTb noJietoB (BIT) sBigeTcs npuoputeToM
pa3BUTUS rpaxgaHcKoil aBuanuu. [ToaTomy
usmeHeHus B CYB]I TpeOyoT TIIATEIbHOTO
aHaIN3a C LIEbIO0 ONpPEeSIEHUsT TOr0, YTO OHU
HE MPUBOJAT K HENOMYCTUMOMY U3MEHEHUIO
ypoBH# BII.

Lenb nccnenoBaHus 3akiodaiach B pa3pa-
0O0TKEe UMUTALIMOHHBIX MOJIENIE, alTOPUTMOB
U TIporpaMM, MpeaHa3HAYEHHBIX JJIS aHAIU3a




0€301acCHOCTH TIOJIETOB B CUCTEME YIIpaBIECHUS
BO3IYIITHEIM JIBIKCHUCM.

J1st NOCTYKeHMST TIOCTaBJIEHHOM 11EJTN B TUC-
CepTallMOHHON paboTe OBUTN PEeeHBI CIIEMyI0-
II1e 3a0a4M; aHAIM3 CYILIECTBYIOIIUX METOJOB
u Moaeneit oueHku BIT; pazpaboTka meTonoB
1 aaropuTMoB aHaiu3a BII ¢ mpuMeHeHHEM
MMHTAIIMOHHOTO MOJEIMPOBAaHMUSI; pa3paboTKa
MMUTALMOHHOU Monenau ynpasaseMmoro B/,
OCHOBaHHOWM Ha MOJPOOHOM MOJAEIUPOBAHUU
omnepanuii [ucreTyepoB Mo ynpasieHuo B/,
O00HAPY:KEHHIO W pa3pelleHNI0 KOH(INKTOB;
pa3paboTtka mporpammHoro cpenctsa (I1C),
npeaHa3HaueHHoro i aHaiau3a bIT B cucreMax
YIpaBJICHNS BO3MYIITHEIM JIBIKCHUEM.

bbiu pa3paboTaHbI:

» Mmeton anaym3a BIT B CYB/I ¢ nucnomn3o-
BaHMEM MMUTALIMOHHOTO MOIEJIUPOBAHUSA
(MM);

* aNropuT™ (POPMHUPOBAHUS CIIyJaTHBIX
HCCIIeAoBaTeIbCKUX TTOTOKOB BJl Ha ocHOBe
peaTbHBIX (PAKTUUECKUX TJIAHOB IOJIETA IS
MpoBeeHNs cTaTUcTUYecKoro UM;

* QJITOPUTM ITOJYICHUS CTATUCTUICCKUX
JAHHBIX TTOCPEICTBOM COXpaHEHUST COCTOSTHUS
CHCTEMEI B OTpefe/IEHHbIE MOMEHTHI M BO3Bpa-
Ta K COXpaHEHHBIM COCTOSTHUSIM;

* IMHTAIIMOHHAS MOJEIIh, IIOAPOOHO MOJIE-
JIMpylolIas onepauuu no ynpasieHuto B/,
no3BoJistolas aHanuzuposatb bII ¢ yuétom
COBOKYITHOCTH J€TepPMUHUPOBAHHEIX U CITyJaii-
HbIX (haKTOpOB, Biustomux Ha bIT;

* CTPYKTYpa M COCTaB ITPOTPaMMHOTO CPEI-
CTBa, MpeaHa3HauyeHHoro s aHaau3a bII
B cekTope OBJI.

PazpaboTaHHbIe MOJEIN U aITOPUTMBI SIBU-
JINCb OCHOBOW IS IPAKTUYECKON pean3aliu
nporpammHoro cpeactsa (I1C), mpegHazHayeH-
Horo st aHaymsa bIT B CYB/I.

Ha ocHoBe mostydeHHBIX B paboTe pe3ybra-
TOB OBIIM ITPOBEICHBI UCCIICTOBAHMS 10 OLIEHKE
BI1 npu opraamzanuu Cankr-IleTepoyprckoro
ykpymHéHHoro 1ieHTpa OBJI. Takske ObLIHM Tpo-
BeJeHbI MccienoBaHus mo oueHke bIT mns
MEePCIEKTUBHOM CTPYKTYPBI BO3AYIIHOTO IPO-
crpancTBa (BIT) MockKoBCKOTO paiioHHOIO
JIMCTIETYEPCKOTO LIeHTpa. PesynbraThl uccneno-
BaHMIA OB YITCHBI IIPU IPUHATAN PEIICHUS
0 BHEIPEHMH MEePCIeKTUBHOM CTPYKTYphI BIT
B 9KCILTyaTalmio.

Cneyuanvrocms 05.13.18 — Mamemamuue-
CK0e MoOeauposanue, HucaeHHble Memoobl U KOMA-
sexcol npoepamm. Paboma eévinoanena ¢ Tocyoap-
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CMEEHHOM HAYHHO-UCCACO08AMENbCKOM UHCIUMY -
me aBUAUUOHHbIX CUCMEM. 3auuma cocmosaach
6 Mockosckom asuayuoHHoM uHcmumyme (Hayuo-
HAAbHbIIL UCCAe008aMeNbCKULL YHUBEDCUME,).

ITommep A. B. Pa3paboTka aqropuTMos 1ist
pacno3HaBaHus KOMaH] pe4eBoro uurepdeiica
KaOuHbI muyioTa / ABToped. AMC... KaHI. TEXH.
Hayk. — M.: M®TH, 2020. — 23 c.

Pa3paboTaH aBTOMaTUYECKUI alTOPUTM
pa30ueHusT CJI0B Ha OJHOPOIHBIE YacTH, B OC-
HOBE KOTOPOT'0 HAXOXKIEHUE TIOJIOKEHWSI TPAHUI]
YacTeii MPOM3BOMTCS C TOMOIIIBIO0 MHOTOTIApa-
MeTpudeckoit ontummsaty. ChopMyIpoBa-
HBI KpUTEPUH, PEATH3YIOIINE TTPUHIIAIT MaKCH-
MU3aIU1 MEPHI CXONCTBA (POHETUIECKOTO MaTe-
puaia BHYTPU YacTH ¥ MEPHI Pa3IMIUs MEXIY
COCEIHUMU YacTsIMU. 1151 YMCIIEHHOTO pelieHusT
331241 C BEICOKUM OBICTPOAEHCTBHEM TIPEIIIO-
KEHBI aJITOPUTMbI, OCHOBAaHHBIE Ha METOE
JMHAMUYECKOTO TIPOTPaMMMPOBAHUSI.

PaspaboTaH aroput™ yydllieHHs KauecTBa
3TaJlOHa, OCHOBAHHBII Ha BBIICJIEHUU W OTITH -
MU3alLUH TIAaBHBIX KOMITOHEHT. DTaJIOH, TIONy-
YEHHBIN C TTOMOIIBIO ONTUMU3ALNK K03 du-
LIMEHTOB MPH TJIABHBIX KOMITOHEHTAX, ITOKAa3ajl
3HAYUTEJIPHO MEHBIIIEEe YMCIO0 OIMOO0K MpHU
pacro3HaBaHUM OOJTBIIMHCTBA 3aIUCE.

M3ydeHsl criocoObl 1 pa3pabOTaHbI auro-
PUTMEI CXaTHsI MH(GOPMAIINH O TTapaMeTpude-
CKOM TIOPTPETE C TIOMOIIBIO TTPUMEHEHMUSI 110~
JMHOMOB YeObImeBa. DKCIIepMMEHTHI ITOKAa3a-
JIY, YTO CXKaTHe MOXET MPOUCXOAUTh KaK OT-
JIeJTLHO TI0 YacTOTaM U TI0 BpEMEHM, TaK U 110
000MM M3MEPEHMSIM OTHOBpeMeHHO. B rocten-
HEM cJIyyae MOXKHO COKPaTUTh MECTO IS Xpa-
HeHUs MapaMeTpuueckoro moprpera B 5—10 pa3
MpaKTUYECKM 0e3 yXyAIIeHUS KadecTBa pacrio-
3HaBaHUSI.

PaszpaboTaHbl anropuTMbl Ha OCHOBE (Dop-
Mysbl baiieca u MeTo1a KOMUTETORB, TIO3BOJISTIO-
1€ 3aMETHO YMEHBIIIUTh KOJIMYECTBO OIIMO0K
pacrio3HaBaHUs TIPY MCTIOIb30BaHUM HECKOJTb-
KHMX 3TaJOHOB. PaboTocnocoOHOCTh 060UX
pa3paboOTaHHBIX AJITOPUTMOB TIOATBEPXKIAETCS
pesysisTaTaMu TecTipoBaHus. [1pu ucnomnb3o-
BaHUU 7 3TAJOHOB, MOJYYCHHBIX IO 3aITHCIM
Pa3IMYHBIX TUKTOPOB, JOCTUTAETCS 3aMETHOE
CHIXXEHUE TIPOIeHTa OIMOoK B 1,5—2 paza —
cpenHssl omrbKa I aJropuTMa Ha OCHOBE
dopmyisl Baiteca cHusuiace ¢ 8,42 no 5,62 %,
a IS aJITOpUTMa Ha OCHOBE METOIa KOMUTETOB
10 5,3 u 10 3,13 % npu UCIONB30BAHUM IO -
CTPOWKM TTO0 BpEMEHH.



W3y4yeHB! 1 MOTU(UIIIPOBAHEI aJITOPUTMBI
pacIio3HaBaHUs peYeBLIX KOMaHI Ha OCHOBE
HMCKYCCTBEHHBIX HEMPOHHEIX CeTel TITyOOKOTo
00yueHusI.

Cneyuanvrocms 05.13.01 — Cucmemnbiit ana-
Au3, ynpaenerue u oopabomra ungopmayuu. Pa-
boma eévinoanena 6 Mockoeckom Qusuxko-
mexHu1eckom uncmumyme (HAUUOHAAbHbII UCCAe-
dosamenvcKuil yHugepcumenm). 3auuma cocmosi-
aacy 8 Mocko8ckom asuauuoHHOM UHCIMUmMYme
(HAUUOHAABHBII UCCAC008aMENbCKULL YHUBEDCU-
mem).

IIporonomnos A. JI. 2KuBy4yecTs JIUTBIX AeTANIEl
NOJIBIZKHOTO COCTABA C TEXHOJIOTHYECKHUMH AedeK-
Tamu / ABroped. auc... Kaua. TexH. HayK. — M.:
PVYT, 2020. — 24 c.

BrimosiHeHHBIE pacuyE€THO-9KCITEpUMEH-
TaJIbHbIE MCCIIEOBAaHUS TTOATBEPXKAAIOT, YTO
TIPENCTABIISIETCS BO3MOXHBIM C TIpPUEeMJIEMOM
TOYHOCTBIO MIEHTU(DUITMPOBATH CIIEKTP IKC-
TUTyaTallMOHHOW HArpyXXeHHOCTH HEeCYIIUX
3JIEMEHTOB TPEXJIEMEHTHBIX TeJIEXeK MOJIEIe
tuna 18—100 cpeacTBaMu BUPTYaabHOTO MOJIE-
JupoBaHus. B yactHocTu, co3nana 3D-Monens
TPY30BOTO BaroHa Kak MexaHWdyecKasi CucTeMa
a0COJTIOTHO TBEPABIX T€ U YIPYTUX OOKOBBIX
pam, TMHAMWYeCKOe MOBeIeHNE KOTOPBIX MOJIe-
JIMPOBAJIOCH METOIOM TMHAMUIECKOU PEYKITM
Kpeiira—bemmnroHa.

Ananu3 HC 60K0BO# pamMbl TeIEXKHU TPy-
30BOT0 BaroHa IOKa3bIBaeT, YTO HauboJjee
OIACHOM 30HOM, C TOYKU 3PEHUS 3aPOXKICHUS
W Pa3BUTHS YCTAJIOCTHOM TPEIIMHBI, SBISIETCS
yroy 0ykcoBoro npoéMa (3oHa paauyca RS55).
DTO MOATBEPXKAAETCS MHOTOUMCICHHBIMU TTPU-
MepaMU WX pa3pyllIeHus B 9KCIuTyataiuu. Mo-
JIeTTMPOBAaHNE PA3BUTHS YCTAJIOCTHOM TPEIIMHbI
JI0 IOTepHY Hecyllei CIOCOOHOCTU paMbl IyTEM
BOCITPOM3BEACHNS IMTEITHOTO TEXHOJIOTUIECKO-
ro nedexra B 30He yrjia OyKCOBOro rmpoéma Io-
Ka3bIBACT €€ yIOBIETBOPUTEILHOE COOTBETCTBIE
JIBYXCTaIMITHOCTH ITPOTEKaHUS (MTOBEPXHOCTHASI
1 CKBO3Hasl). DTO TIOATBEPXKAAETCST MCCIIENOBA-
HMSIMM MECT U3JIOMOB, Pa3pyIIUBIIUXCS B 9KC-
TTyaTaluy O0KOBHH.

HocTurHyro 0J11M3K0e COBMaJEHUE pacyeT-
HBIX PE3yJIBTaTOB Ha pa3paboTaHHOU Momenn
Pa3BUTHS TPEIIMHBI CO CITyYasiMU pa3pylieHust
paM B 3KCILTyaTallnu.

OnpenesieHo, 4To BpeMs ITpopacTaHus BHYT-
peHHero aedeKTa JIUThs MeTajlla B Ty OyKco-
BOTO TIPOEMa paMbl TEJIEXKH JI0 BHIXO/IA €T0 Ha
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TTOBEPXHOCTb paMbl B 3aBCUMOCTH OT ITyOMHBI
3ajieraHust (3—6 MM) U IJIOLIAAM CXEMATU3aLUN
(25—120 MM) 51TMNTHYECKOI TPEUTUHOUN HAXO0-
JIUTCSI B UHTEpBaAJIE OT mosyrona no 40 jiet.

YcTaHOBNIEHO, YTO TIEPUOM PA3BUTHS JO
pa3pyuieHus: ((KMBy4eCTb) PaMbl CO CKBO3HOM
TPEIIMHOM cocTaBisieT 2—5 % ot obIero Bpe-
MEHU HaKOIUIEHUST MIOBPEXAECHU 110 pa3pyliie-
HUSL.

[Tno1ans ycTaaocTHOM TPEIMHBI TIPY XPYTT-
KOM M3JIOME B 3aBUCIMOCTH OT CE30Ha 3KCIITya-
Talu MOXET cocTaBIITh OT 20 10 50 mpoLeHTOB
TUTOIIAIM CEYSHMST paMbl B 3TOM MeCTe (MEHbIIIee
3HaYeHUEe — B 3UMHUI TIEPUON).

st 6e3omacHol (¢ HanéxHocThIO 0,999)
9KCIUTyaTalliy IPy30BbIX BATOHOB B MEXXPEMOHT-
HBII TIEpMO TTPETaraeTcsl yCTaHOBUTh MUHU -
MaJIbHBIA J0oMmycKaeMblii KoaddUuimeHT 3amaca
XUBYYECTH [n, | HECYIIMX JIUTHIX IEMEHTOB
TeaexXKu paBHbIi 2,0. [IpruMeHUTeNbHO K e -
CTBYIOIIIEH B HACTOSIIIIEE BPEMSI ITEPUOIMYHOCTH
peMoHTOB rpy3oBoro BaroHa (100—200 Teic. KM
npobera) 3TOT MoKa3aresib 00ecreunBaeTcs,
€CJIY TPELIMHA IITyOMHOM’ 10 2,6 MM U ILIUPUHOM
110 5,6 MM.

'YcTaHOBIIEHA 3aBUCUMOCTD BeJTMUMHBI 3ar1a-
ca XUBYYECTH [n, | OT 3HAYEHUS TUIONIAIN TI0-
BepxHOCcTHoOro nedekra S. Ucxoas us aToro,
TIPEICTaBIISIETCSI BO3MOXKHBIM Ha3HAYaTh Mepro-
JMUIHOCTh OCMOTPOB OOKOBBIX paM MeTOdaMK
HepaspylIaoIero KOHTPOJIS ¢ 3alaHHBIM YPOB-
HeM 3araca I1o YCJIIOBUSIM 0e30MacHOCTU UX
9KCIUTyaTalluy B 3TOT ITEPUO]L.

[IpennoxeHHass METOAMKA MCCIIEAOBaHUS
akcryaTaimonHoro HIC 6okoBoit pamMbl Te-
JIEXXKH TPY30BOTO BaroHa MOXET OBITh IIpUMe-
HEHa Ha 3Tare NMPOeKTUPOBAHMSI HOBBIX KOH-
CTPYKLIUI TPEXINEMEHTHBIX TeJIeXKeK MoJeei
tuna 18—100 aj1s1 oLeHKU ¢ TpUeMJIeMOi TOY-
HOCTBIO CIIEKTPa 3KCIUTyaTallMOHHOM Harpy>KeH -
HOCTU MX HECYIIUX BJIEMEHTOB CpPEeICTBAMU
BUPTYaJIbHOTO MOJICTUPOBAHUSI.

JanbHeiile mepcrekKTUBBl pa3paboTKu
TEMBI MOTYT OBITh CBSI3aHBI C BOITPOCOM yTOYHE-
HMS pa3BUTHS MTOBEPXHOCTHBIX ¥ BHYTPEHHUX
nedeKToB B OYKCOBOM MpoEéMe OOKOBOI pambl
IPYy30BOTO BaroHa He TOJIHKO I10 TIepBOii hopme
(OTPBIB) HO U MO BTOPOM (CABUT) U TPEThEM

(cpe3) opMmam.

Cneyuanvrocmv 05.22.07 — Ilodsuxcroii co-
Cmas Jcene3nblx dopoe, msea noe3006 U 31eKmpu-
guxauusn. Paboma evinoanena 6 Poccuiickom
YHUBepcumeme mpaHcnopma. L
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Afanasyev, V. S. Complex experimental
evaluation of dynamic parameters of span structures
of girder bridges. Abstract of Ph.D. (Eng) thesis
[Kompleksnaya eksperimentalnaya otsenka
dinamicheskikh parametrov proletnykh stroenii
balochnykh mostov. Avtoref. dis... kand. tekh. nauk]).
Moscow, RUT publ., 2020, 25 p.

The main goal of the work was to improve the
system for assessing dynamic parameters of span
structures of girder bridges during the operation
period for transition from planned maintenance
measures to activities based on the actual state of
the structure within the framework of the industrial
Internet of Things implementation. A number of
tasks have been solved. The application of the
method of vibration control of span structures of
girder bridges to determine the technical condition
of the structure has been substantiated. A sequence
of calculations has been developed prior to dynamic
testing of span structures of girder bridges.
Operational modal analysis for field tests of span
structures of girder bridges has been implemented.
A technique has been developed for determining
carrying capacity of span structures of girder bridges
based on data on their dynamic parameters.
Methods for considering the effect of temperature
changes in the bridge span on its dynamic
parameters are considered.

The main scientific result of the work is to
improve the system for assessing the technical
condition of bridges and to create prerequisites for
introduction of the industrial Internet of Things in
the field of bridge infrastructure. The scientific
novelty of the most significant results is as follows:
statistical models of regression analysis have been
developed to determine the correlation between
carrying capacity and dynamic parameters of span
structures of girder bridges; for the first time,
mathematical methods of statistics and machine
learning were used to consider the influence of
temperature changes on the results of assessing
dynamic parameters of bridge spans.

A method is proposed for predicting carrying
capacity of span structures of the same type of
girder bridges based on data on their dynamic
parameters, a software has been developed for
dynamic testing of beam bridges in order to
determine the optimal vibration measurement
time, while the effect of temperature changes in the
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bridge span on its dynamic parameters was
considered.

05.23.11 — Design and construction of roads,
subways, airfields, bridges and transport tunnels. The
work was carried out at Russian University of
Transport.

Goryunov I. O. Particularities of selection of
parameters of traction electric engines considering
the similarity of electromagnetic processes. Abstract
of Ph.D. (Eng) thesis [Osobennosti vybora parametrov
tyagovikh elektricheskikh mashin s uchyotom podobiya
elektromagnitnykh protsessov. Avtoref. dis... kand.
tech. nauk]. Moscow, RUT publ., 2020, 24 p.

Today it is preferable to use numerical methods
of calculating magnetic fields. Currently, the
widespread use of computers allows to make high-
precision calculations of the magnetic field of
electric engines. However, methods based on the
application of Kirchhoff laws do not fully solve the
problem. Methods of similarity theory are widely
used in the analysis of physical processes. In the case
of magnetic processes in electric engines, the
methods of similarity theory have not been widely
used. Therefore, improving the methods of
calculating and analyzing the magnetic field in
electric engines using the methods of similarity
theory is an actual task.

The similarity of magnetic processes in collector
traction electric engines can be characterized based
on n-theorem. The following ratios should be used
as dimensionless groups:

« the ratio between anchor and main poles’
MMF,

« the ratio between anchor and additional poles’
MMEF;

« the ratio between main and additional poles’
MME

Loss of energy from steel magnetization reversal
is one of the important components of the overall
loss of energy in electromechanical energy
conversion. Mathematical modelling confirmed that
the greatest losses in the steel anchors of the electric
motor are at the bottom of the groove. The final
criterion, which characterizes the efficiency of
energy conversion by electric engines of constant
and pulsating current, including by traction collector
electric motors, is the ratio between energy losses
during magnetization reversal of steel anchors and
energy consumed (total losses).

The solution of the criterion problem allowed to
determine the coefficients for calculating the main
dimensions of traction electric engine, to identify
dependencies between main dimensions considering
the area of the anchor groove.

Specialty 05.09.01 — Electrical mechanics and
electrical devices. The work was performed at Russian
University of Transport.



Nekrasov G. 1. Improving the efficiency of cooling
system of locomotive diesel engine using individual water
pump drive. Abstract of Ph.D. (Eng) thesis [ Povyshenie
effektivnosti systemy ohlazhdeniya teplovoznogo dizelya s
ispolzovaniev individual’nogo privoda vodyanykh nasosov.
Avtoref. dis... kand. tech. nauk)]. Moscow, RUT publ.,
2020, 24 p.

After conducting patent and information search,
priority areas for the development of cooling system
elements have been identified and the technical
requirements for the system with individual water
pumps drive have been formulated.

A mathematical model has been developed to
estimate the distribution of heat and coolant velocity
on the front side of the radiators and to calculate the
minimum performance of the water pump, ensuring
its operation without overcooling and overheating of
the coolant at any values from within the design range
of ambient temperatures. The results of the simulation
are confirmed by the results of comparative tests, the
simulation error was 3 %.

Cooling system control algorithms have been built
to maintain the recommended temperature of cold and
hot circuits with minimal energy consumption by the
cooling system drive.

Algorithms of the system of control of individual
drives of water pumps of locomotive for cold and hot
circuits have been developed, allowing, as compared
to the serial system, to:

« ensure the circulation of the coolant after the
diesel stops;

« increase the idle time of the locomotive with the
stopped diesel engine without overcooling of the
coolant within the entire calculation range of ambient
temperature values;

* minimize power consumption of diesel cooling
system.

The developed mathematical model of the diesel
cooling system in operation showed that the use of
individual water pump drive reduces the total fuel
consumption spent on the cooling system drive by
22,4 % by reducing the operating time of the cooling
chamber fans, and reduces the operating consumption
of diesel fuel by 2,5 %.

Specialty 05.22.07 — Railway rolling stock, train
traction and electrification. The work was performed at
Russian University of Transporty.

Obukhov, Yu. V. Simulation models, algorithms and
programs for the analysis of flight safety in the air traffic
control system. Abstract of Ph.D. (Eng) thesis
[Imitatsionnie modeli, algoritmy i programmy dlya
analiza bezopasnosti poletov v sisteme upravieniya
vozdushnym dvizheniem. Avtoref. dis... kand. tekh.
nauk]. Moscow, GosNIIAS, 2020, 22 p.

Due to the constantly increasing intensity of air
traffic (AT) in our country, modernization of the air
traffic control system (ATCS) has been carried out for
several years. Flight safety (FS) is a priority for
development of civil aviation. Therefore, changes in
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ATCS require careful analysis in order to determine
that they do not lead to an unacceptable change in the
level of FS.

The purpose of the study was to develop simulation
models, algorithms and programs designed to analyze
safety of flights in the air traffic control system.

To achieve this goal in the thesis, the following tasks
were solved: analysis of existing methods and models
for assessing FS; development of methods and
algorithms for FS analysis using simulation;
development of a simulation model of a controlled air
traffic based on detailed modelling of dispatchers’
operations during air traffic controlling, conflict
detection and resolution; development of a software
tool (ST) intended for the analysis of FS in air traffic
control systems.

The following was developed:

* method for analyzing FS in ATCS using
simulation;

+ an algorithm for generating random searching
of air traffic flows based on real actual flight plans for
statistical simulation;

« algorithm for obtaining statistical data by saving
the state of the system at certain moments and returning
to the saved states;

* a simulation model, which simulates in detail
operations for air traffic control, which makes it
possible to analyze FS, taking into account totality of
deterministic and random factors affecting FS;

« structure and composition of the software tool
designed for analysis of FS in the ATCS sector.

The developed models and algorithms were the
basis for practical implementation of the software tool
intended for the analysis of FS in the ATCS.

On the basis of the results obtained in the work,
studies were carried out to assess F'S during organization
of St. Petersburg Integrated Air Traffic Safety Center.
Also, studies were carried out to assess the FS for the
prospective airspace structure of Moscow regional
dispatch center. The research results were taken into
account when making a decision on introduction of a
promising airspace structure into operation.

Specialty 05.13.18 — Mathematical modelling,
numerical methods and program complexes. The work
was performed at State Research Institute of Aviation
Systems. The defense took place at Moscow Aviation
Institute (National Research University).

Polyev A. V. Development of algorithms to recognize
the commands of the cockpit speech interface. Abstract
of Ph.D. (Eng) thesis [Razrabotka algoritmov dlya
raspoznovaniya rechevogo interfeisa kabiny pilota.
Avtoref. dis... kand. tekh. nauk]. M., MIPT, 2020, 23 p.

An automatic algorithm for splitting words into
homogeneous parts has been developed, the
positioning of the boundary of the parts is made with
the help of multiparametric optimization. Criteria
have been formulated that implement the principle
of maximizing the similarity of phonetic material
within the part and measure of difference between the
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neighbouring parts. Algorithms based on the dynamic
programming method are offered for numerical
solution of a high-performance problem.

An algorithm for improving the quality of the
reference standard has been developed, based on
selection and optimization of the principal
components. The reference standard obtained by
optimizing the coefficients for the principal
components showed a significantly lower number of
errors in recognition of most of the records. Methods
have been studied and algorithms have been developed
for compressing information on a parametric portrait
using Chebyshev polynomials. Experiments have
shown that compression can be attained either
separately for frequency and in time, or for both
dimensions simultaneously. In the latter case, it is
possible to reduce the storage space for the parametric
portrait by 5—10 times with practically no deterioration
in the recognition quality.

Algorithms based on Bayes formula and the
method of committees have been developed, allowing
to significantly reduce the number of recognition
errors when using multiple standards. The
performance of both developed algorithms is
confirmed by the test results. When using 7 sample
standards obtained from the recordings of various
speakers, a noticeable decrease in the percentage of
errors by 1,5—2 times is achieved: the average error
for the algorithm based on Bayes formula decreased
from 8,42 to 5,62 %, and for the algorithm based on
the committee method to 5,3 and to 3,13 % when
using time adjustment.

The algorithms for recognition of speech
commands based on artificial neural networks of deep
learning have been studied and modified.

05.13.01 — System analysis, management and
information processing. The work was carried out at
Moscow Institute of Physics and Technology (National
Research University). The defense took place at Moscow
Abviation Institute (National Research University).

Protopopov, A. L. Survivability of cast parts of
rolling stock with technological defects. Abstract of
Ph.D. (Eng) thesis [Zhivuchest’ litykh detalei
podvizhnogo sostava s tekhnologicheskimi defektami.
Abvtoref. dis... kand. tekh. nauk]. Moscow, RUT publ.,
2020, 24 p.

The performed computational and experimental
studies confirm that it is possible to identify with
acceptable accuracy the spectrum of operational
loading of the load-bearing elements of three-element
bogies of 18—100 type models by means of virtual
modelling. A 3D model of a freight wagon was created
as a mechanical system of absolutely rigid bodies and
elastic side frames, the dynamic behaviour of which
was simulated by the Craig-Bampton dynamic
substructuring method.

Analysis of the stress-strain state of the side frame
of a freight wagon bogie shows that the most dangerous
zone, from the point of view of initiation and development
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ofafatigue crack, isthe axle box opening’s corner (radius
zone R55). This is confirmed by numerous examples of
its destruction during operation. Modelling the
development of a fatigue crack before the loss of the
frame’s bearing capacity by reproducing a casting
technological defect in the zone of the axle box opening’s
corner shows its satisfactory correspondence to the two-
stage (surface and through) development. This is
confirmed by investigation of the fracture locations of
the sidewalls that collapsed during operation.

A close coincidence of the results simulated on
the developed model of crack propagation with cases
of frame failure during operation has been achieved.

It has been determined that time of growth of an
internal defect in casting metal in the corner of the
axle-box opening of the bogie frame until it reaches
the surface of the frame, depending on the depth
(3—6 mm) and the area of schematization (25—
120 mm), by an elliptical crack is in the range from
six months to 40 years.

It was found that the period of development before
destruction (survivability) of a frame with a through
crack is 2—5 % of the total time of damage
accumulation before destruction.

The area of a fatigue crack in a brittle fracture,
depending on the season of operation, can be from
20 to 50 percent of the cross-sectional area of the
frame in this place (the smaller value is in the winter
period).

For safe (with a reliability of 0,999) operation of
freight wagons during the period between overhauls,
it is proposed to establish the minimum allowable
survivability margin [n] of bearing cast elements of
the bogie equal to 2,0. Regarding the current
frequency of freight wagons’ repairs (per 100—200
thousand km of run), this indicator is provided if a
crack is up to 2,6 mm deep and up to 5,6 mm wide.

The dependence of the magnitude of the
survivability margin [n] on the value of the surface
defect area S'was determined. Based on this, it seems
possible to foresee the frequency of inspections of the
side frames by non-destructive testing methods with
a given level of margin for the safety conditions of
their operation during this period.

The proposed method for studying the operational
stress-strain state of the side frame of a freight wagon’s
bogie can be applied at the stage of designing new
three-element bogies of 18—100 type models to assess
with acceptable accuracy the spectrum of the
operational loading of their load-carrying elements
by means of virtual modelling.

Further prospects for development of the topic
can be related to the issue of clarifying development
of surface and internal defects in the axle box opening
of the side frame of a freight wagon not only for the
case of detachment but also for the cases of shifting
and cutting.

05.22.07 — Railway rolling stock, train traction and
electrification. The work was performed at Russian
University of Transport. L
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