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ONTUMM3AIIUSA TPAHCIIOPTHOM JIOTUCTUKHA: METO/IbI, IOKA3ATEJIA
U CTPATEI'UHA

KocanoB Amup [laypeny bl
amir.kosanovl@gmail.com
Crynent TpancnoptHo-OHepreruueckoro @akynprera rpynnel TTTuT-32 EHY um.
JL.H.I'ymunesa, Acrana, Kazaxcran

Aunomayus. B naHHOW cTaThbe paccMaTpUBAIOTCSl KJIIOYEBBIE ACHEKThl ONTUMHU3ALUN
TPAaHCHOPTHON JIOTMCTUKH, BKJIIOYas METOJbl aHaiu3a, IMokKa3aTeaun S((EeKTUBHOCTH U
COBPEMEHHBIE CTPAaTerMy YJIy4YUIEHHMs] JIOTMCTHUYECKUX IPOLECCOB. AHaNIMU3 TPaHCIOPTHON
JIOTUCTUKU T103BOJIAET BBISIBUTH NPOOJIEMHBIE 30HBI, ONTHUMU3UPOBATh MAapLIPYThI, IOBHICUTH
YPOBEHb CepBHUCa U CHU3UTh 3aTpaThl Ha TPAHCIIOPTUPOBKY. VccnenoBaHne OCHOBaHO Ha JaHHBIX U
IIpUMepax M3 Pas3JIMYHbIX OTpaciiel, NEMOHCTPUPYIOIIUX YCIEUIHbIE IMOAXOAbI K IMOBBILIECHUIO
3¢ (HEKTUBHOCTU TPAHCIOPTHBIX CUCTEM.

Beenenne. Ontumuszanusi TPaHCIOPTHON JIOTUCTHKH SIBJISIETCS KJIFOYEBBIM (PakTOpom
NOBBIIEHUS  A(P(EKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH  COBPEMEHHBIX  MPEANpPHUSTHIH.
D¢ dexkTuBHOE yMpaBieHUWE TPAHCIOPTHBIMU MPOIECCAMH CIIOCOOCTBYET CHUKEHHIO H3JIEPIKEK,
YIIYYILIEHUIO KauecTBa OOCITYyXMBaHUS KJIMEHTOB M yCTOMYMBOMY pa3BUTHIO Ou3Heca. B nmanHOM
CTaTbe€ PAcCMaTPUBAIOTCS OCHOBHBIE ACHEKThl ONTHUMM3ALMKM TPAHCIOPTHOW JIOTMCTUKH, BKJIIOYast
METO/]Ibl aHaJIN3a, KIYeBble NoKa3zaTenu 3()(PEKTUBHOCTH U COBPEMEHHBIE CTPATErnH YIIydIlEeHUs
JIOTUCTHUYECKHUX TIPOLIECCOB.

Jns >ppexTuBHON ONTUMHU3ALMU JIOTUCTUYECKUX IPOLIECCOB MPENINPUITHS NPUMEHSIOT
pasnuuHble MeToAbI aHanu3a. Cpeny HUX MOXKHO BBIJIEJIUTD:

e AyaWT JTOTHCTUYECKHX MPOIIECCOB, BKIIOYAIOIINN cOOp M aHanu3 MH(opmanuu o padorte
TPAHCIIOPTHOM CUCTEMBI, OLIEHKY MCIIOJIb30BaHUS TPAHCIIOPTHBIX PECYPCOB U OPraHU3ALMIO
nepeBo3ok [1].

e SWOT-ananu3, MO3BOJSAIOLUINI OLEHUTh TEKYIee COCTOSIHUE W MEPCHEKTHBBI PAa3BUTHS
TPAHCIIOPTHOM JIOTUCTHKH, BBISIBUTH BHYTPEHHUE W BHEIIHUE (DAKTOPHI, BIUSIOIIME Ha
3¢ (HEeKTUBHOCTH JIOTHCTUYECKUX MTPOIIECCOB.

o KoppensunoHHBI U pPerpecCUOHHBIA aHalIN3, UCMOIb3YEMBbIH Ui BBIABIECHUS (DaKTOPOB,
OKa3bIBAIOLINX HaWOOJbIIEe BIUSHUE HAa TPAHCIIOPTHBIE MTPOLECCHI U UX IPPEKTUBHOCTD.

o [T'ecanamutuka u GIS-TexHONOrMM, MO3BOJSIOIINAE BU3YAJIW3UPOBATh M AaHAJIU3HPOBATH
TPAHCIIOPTHBIE MAPIIPYTHI, OLEHUBATh TOPOXKHBIE YCIOBHS U TPOrHO3UPOBATh 3aTOPHI [2].

e Meroan MOAENUPOBAHUA U CHUMYJIALIMU, WCHOJIB3YEMBIH [UIsl TECTUPOBAHUS Pa3IMUHBIX
CLICHApUEB ONTUMM3ALMH JOTUCTUYECKUX MPOLIECCOB.
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ABC- u XYZ-ananus, mpuMeHsSEeMbIH I KIacCH(PUKAIMK TPY30B 1O 3HAYMMOCTH HU
MPOTHO3UPYEMOCTH  CIpOca, YTO TMO3BOJseT Oonee A(h(EKTHBHO MIAHHUPOBATH
TpaHCHOPTHBIE onepanu [1].

MapmpyTusanus ¢ y4eTOM JWHAMHYECKUX (AKTOPOB: HCIIOJIL30BAHUE aAITOPUTMOB,
YYHUTBHIBAIOUIUX MTOTOY, MPOOKH U 3arpyKEHHOCTh I0POT B PEKUME PEaIbHOTO BPEMEHHU.
Ornenka 3 (peKTUBHOCTH TPAHCIIOPTHOM JIOTHCTUKH OCYIIIECTBIISICTCS HA OCHOBE PA3IMYHBIX

MCTPHUK, BKIIKOYasd:

CroumocTs AocTaBKH (0OOIIHE 3aTpaThl HA TPAHCIIOPTHPOBKY TPY30B).

Bpemst BeinoHeHust 3aKa3oB (Mepuojl OT pa3MEIIeHUs 3aKa3a 0 €ro JI0CTaBKU KIUEHTY).
YpoBeHb cepBuca (CTENEHb YIOBIETBOPEHHOCTH KIMEHTOB KAaue€CTBOM M CKOPOCTBHIO
JIOCTaBKH).

[IpoueHT nocTaBoK BOBpeMs (/10151 3aKa30B, JOCTaBJICHHBIX B COIJIaCOBaHHbIE CPOKH) [3].
Kosdduuuent wucnonp30BaHus TPaHCHOPTHBIX CPelICTB (OTHOLIEHHE (HAKTUYECKOM
3arpy3Ku TPaHCIIOpPTa K €10 MAaKCUMaJIbHOI BMECTUMOCTH).

CpenHsist ITMHA MapIIpyTa U CPEAHsISI CKOPOCTh JBUKECHHS TPAHCTIOPTHBIX CPEJICTB.

Jlomnst BO3BpAaTOB U MOBPEX/ICHUIN I'PY30B IIPU TPAHCHIOPTUPOBKE [4].

OHeprodPGeKTUBHOCTh TPAHCHIOPTHBIX CPEACTB, YTO BAXKHO B YCIOBHUSAX PACTYIIEH poiH
YCTOMYMBOM JIOTUCTUKH [5].

Bpemsi mpocTost TpaHCHOPTHBIX CPENCTB, BIMSIONIEE HA OOIIYI MPOU3BOIUTEIBHOCTD
¢dnoTa. AHanu3 JAHHBIX TIOKa3aTeleld IO3BOJISIET BBIABIATH NPOOJIEMHBIE OO0JIACTH U
pa3pabaThIBaTh CTPATETUH WX ONTUMH3AIUH [6].

Jns moBeimenns 3()(EeKTUBHOCTH TPAHCIIOPTHOM JIOTHCTUKU HCIOJB3YIOTCS CIIEIYIOIINe

CTpaTeruun:

ABTOMaTH3alMs  IPOLECCOB:  NPUMEHEHUE  CIELHUATU3UPOBAHHOIO  IPOrPAaMMHOIO
obecrieyeHus AJ1s YIpaBJIeHUs TPAHCIOPTHBIMU TOTOKAMH.

OntuMuzanusi MapmpyToB: pazpaborka Hambosee 3()(HEeKTUBHBIX MapIIPyTOB JOCTaBKH C
Y4E€TOM JOPOKHBIX YCIOBUH U 3arPy’KEHHOCTH TPAHCIIOPTHBIX CPEICTB.

Konconunanus rpy3oB: 00beAMHEHNE MEIKUX MMapTUH IPy30B B KPYIIHbIE OTHPABKH [7].
Hcnonp30BaHne aHAIMTHUKK JAaHHBIX: IPOTHO3UPOBAHUE CIPOCA, IJIAHUPOBAHUE 3aI1acOB U
yJIy4IlleHuEe TOYHOCTHU JOCTaBKH.

BHenpenne yCTONYMBBIX NPAKTHK: IPUMEHEHNE DKOJIOTHUYECKH YUCTBIX BHJOB TPAaHCIOpTa
u cokpatuierue BiopocoB COs.

Buenpenne texnomorun Warepnera Bemedt (IoT): wucnonmb3oBaHue HaTYUKOB IS
MOHHUTOPHHIA COCTOSIHUS TPAHCIIOPTHBIX CPEICTB U IPY30B B p€aTbHOM BPEMEHH.
[IpuMeHeHne MCKYCCTBEHHOIO0 MHTEIIEKTa M MAIIMHHOTO OOYYEHHUs: aHalW3 JAHHBIX IS
MIPOrHO3UPOBAHUS CIPOCA U ONTUMHU3ALMH JIOTUCTUUECKUX MPOIIECCOB.

PazButue ckmaackux xaboB W paclpelesUTENIbHBIX LEHTPOB: COKpallleHHEe BpPEMEHHU
TPAHCIOPTUPOBKH 32 CUET Pa3MEIIeHUs JOTUCTUUECKUX Y3JI0B OJIMKE K MOTPEOUTEIISM.
Hcnonb3oBaHue MyJbTH-MOJAIBHBIX TMEPEBO30K: KOMOMHANMS  pa3iIMYHBIX  BHUJOB
TpaHcrnopTa (aBTO, /I, aBMa, MOPCKHE MEPEBO3KM) A MNOBBIIIEHUS 3()PEeKTUBHOCTU
JOCTaBKH.

['uOpuaHbIe JOTUCTHYECKHUE CETHU: COUYeTaHHe TPAJULIUOHHON M HUGPOBON JIOTUCTHKU C
HCIOJIb30BAHNEM aBTOMATU3UPOBAHHBIX CKJIA/I0B U POOOTHU3UPOBAHHBIX PEIICHUH.

B kauecTBe npakTUYECKUX MPUMEPOB, HIKE MIPUBEIEHBI CIEAYIOUINE KEHChI:

Amazon aktuHo ucnonsdyeT Al u Big Data a5 nporHo3upoBanusi cripoca U yIpaBlIeHHs
3armacamu, 4To T03BOJIMIIO CHU3HUTH pacxo bl Ha 20%.

DHL npumeHsieT aHaIUTUYECKUE AITOPUTMBI JUI ONTUMHU3AIMM MapLIPyTOB, YTO CHU3HIIO
3aTtpathl Ha 15% ¥ MOBBICKIJIO TOYHOCTH JOCTABKH [8].

B Kazaxcrane Kasnoura BHenpuia nuuppoBU3aiio JOTUCTUKHA, ONTUMU3UPOBAB MPOLIECCH
COPTUPOBKH U JOCTaBKH, YTO MPUBEJIO K COKPAILIEHHIO BpeMEHN 00pabOTKH 3aKa30B.
TenruzllleBpoiin ycnemno npumenser cucteMmy GPS-monuTOopuHra nns ynpasiaeHUS
TPaHCIOPTHBIMU MOTOKaMHU, MUHUMU3HPYsI IPOCTON TPAHCIIOPTA.
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B opranumzanuy onTUMH3alUM TPAHCIOPTHOW JIOTUCTHUKU MPHUCYTCTBYIOT CIEIYIOIINE

poOIeMbl, TaKHE Kak:

KaxK:

BrIcokasi cTonMOCTh BHEIPEHUSI MHHOBAIIHIA, CIIO)KHOCTh MHTET DALMY HOBBIX TEXHOJIOTUH B
TPAaAUIIUOHHBIC TIOTUCTUICCKHUEC Hpoueccm].

I'eorpaduueckue  ocobenHoctn  Kazaxcrana:  OOJbIIME  pAcCTOSIHUSA,  CIIOXKHBIC
KIIMMaTUYECKHE YCIIOBUS, HEIOCTATOYHAS TPAHCIIOPTHAS MH(PACTPYKTYpa.

[IpoOnemMbl ~ HOPMATHBHOTO  PETYJIMPOBAHUS,  OKOJOTHYECKUE  OTPAHUYCHUS U
He00X0IUMOCTh Tepexoa K "3enenoit” norucruke [15].

B kadecTBe JOMOIHUTEIBHBIX METOJOB ONTUMHU3AIMH XOYETCS BBIICIHTH TaKHE PEIICHUS

Hcnonb30BaHue JPOHOB M @BTOHOMHOTO TPAHCIIOPTA JIJIS YCKOPSHHS JTOCTABKH M CHHKCHUS
U3JIePIKEK.

Bnusaue 5G Ha ynpaBiieHUE JIOTUCTHYECKMMHM ITPOLIECCAMH, YIIyYIICHUE MOHHUTOPHUHIA U
KOHTPOJIS

Hossie Tpenast: nudpossie npoiinuku (digital twins) st MOA€TUPOBaHUS U ONTUMHU3AIUN
JIOTUCTUYCCKHUX CUCTEM, OJIOKYCHH ISl IOBBIMICHUS TIPO3PAYHOCTH IIETICH TTOCTABOK.

Crarucruka. Gartner: 1mpoBu3aLys JOTUCTHKHA CHIKaeT u3uepxku Ha 20% [9]. Kasaxcran:
ypoBeHb 1udpoBu3au Joructuku — 35% (2023) (Puc.1)

YpoBeHb yngpoBoid rpamoTHOCTH HACENEHKWA B Bo3pacTe 6—74 net
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Pucynok 2: Poct uncna snexrpomobuieit B PK

B nepuon ¢ 2018 mo 2020 o6mmii rpy30000poT B Topojae AcTaHa BBIpOC Oojiee YeM Ha
6% (Puc. 3) [12].
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Pucynok 3: I'py3o6opor 1. Actansr 2018-2022

TpaHCHOpTHOﬁ JIOTUCTUKH P eCHY6J'II/IKI/I KaSaXCTaH, BO3MOXHO

JLtst

«O3CIICHCHUA»

WCIIOJIb30BAaHUE TEPCIIEKTUBHBIX BUIOB TPAHCIIOPTA: SJIEKTPOMOOWIH, BOIOPOAHBIN TPAaHCIOPT,
I'PY30BHKHU Ha IIPUPOJHOM Trase.

[Tpumepsr "3enenoit moructuku": Tesla Semi B CLIA, skonoruusbie Tpy30BUKH Volvo B

EBpore, ncmnoiab30BaHuEe COTHEUHBIX Oarapeid B JOrHUCTHYECKUX HeHTpax [13][14].

3akaiouenue

OHTI/IMI/I?)aLII/ISI TpaHCHOPTHOﬁ JIOTUCTUKH HrpaeT Ba)KHYIO pOJH) B ITOBBIIIICHU N
s¢dekTHBHOCTH Om3Heca. Mcmosib30oBaHME METOJOB — aHaIM3a, KIFOYEBBIX  IOKa3aTelei
3 PEKTUBHOCTH U COBPEMEHHBIX CTpPAaTEruil CIOCOOCTBYET CHIDKEHUIO 3aTpaT, MOBBIIICHUIO
KauecTBa OOCTYyXMBaHUS U YKPEIUICHUIO TO3UIMI KOMMaHMM Ha pblHKe. HWHTerpamus

MHHOBAIITMOHHBIX TEXHOJIOTHI U yCTOﬁ‘IHBLIX IMPaKTUK B TPAHCHOPTHYIO JIOTUCTHUKY CHOCO6CTBy€T
AOCTHIKCHUTIO JOJITOCPOYHOIO YCIICXaA.
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OCHOBHOW IETBIO SBISIETCA HCCIECIOBAHUE KOHCTPYKTHBHBIX OCOOEHHOCTEH pOOOTOB Ha
KoJjecax ¢ 010koM ympasieHus Ha ocHoBe MU, Tak u ux cnocoOHOCTH paboTaTh B crielu(DUUHBIX
YCIIOBHSIX, HampuMep, B TOPHBIX pallOHaX C HECTaOWJIBHBIM penbedoM, N3MEHYNBBIMU
re0JOrM4eCKUMH OCOOEHHOCTSMU W TPYAHOIOCTYNHBIMU y4yacTKaMHu. B nanbpHeiileM Ha OCHOBE
MIOJIyYEHHBIX [JAHHBIX IUIAHUPYETCS CO3JaHHE€ M MPOBEACHHUE WCIBITAHUA KOHCTPYKIUH
POOOTOMOOUIIS C STEKTPUUECKUM MPUBOJIOM Ha KOJIECHOM XOJY.

Hayunas paboTa COCTOMT M3 HECKOJIKHX STaloB: HAy4HOe OOOCHOBAHHWE KOHCTPYKIHH
poOOTOMOOUIIST C ANEKTPUYECKUM TMPUBOJAOM HA KOJECHOM XOHy; pa3pabdoTka ONTHUMAIbHOM
KOHCTPYKLIMHM pOOOTOMOOUJIS; HAaydyHOE UCCIIEJOBAHME CEHCOPHBIX CHCTEM U JIaTYMKOB C
MOJKIIIOUEHUEM K HCKYCCTBEHHOMY HWHTEIUIEKTY; pa3paboTka OJIoKa ympaBieHHs C CUCTEMOM
HCKYCCTBEHHOT'O MHTEJJIEKTA.

B nporuecce uccrnenoBanuil iaHUpyeTcss UccieoBaHle, 000CHOBaHHE U BBHIOOP METOJIOB U
CPEICTB JUISl TPOBEIEHHUS NPOMBIIUIEHHBIX HCHBITAHUNH 1O TOUCKY U MOJEIMPOBAHUIO
ONTUMAJIbHBIX KOHCTPYKIIMU KOJIECHBIX POOOTOMOOHIIEH.

Koneunoil 1menpio uccienoBaHWM — gBIsSETCS  pa3padOTKa KOHCTPYKLIMHU  KOJIECHOTO
poOGOTOMOOUIIS ¢ IPUMEHEHHEM HCKYCCTBEHHOTO MHTEIIIEKTA.

O030p Hay4YHOH JIMTEPATYPHI

MexaHu3M yIOpaBICHUS 3a CYET CKOJBKEHHS IIHPOKO MPHUMEHSETCS B KOJECHBIX U
IYCeHMYHBIX MOOMJIBHBIX pobOoTax [1]. DTOT MeTox pyJeBOro yHpaBieHHUsS OCHOBAaH Ha
peryJIUpOBaHUH OTHOCHTEIBHBIX CKOPOCTEH MPHUBOIOB, PACIIOIOKEHHBIX M0 OOKaM TPaHCIIOPTHOTO
cpeacTBa. B cimyuae KoJIeCHBIX MAaIIMH JJIs1 COBEPIIEHUS OBOPOTa HEOOXOIUMO MPOCKaIb3bIBaHUE
Komec. [lOCKONBKY KOJECHbIE W TYCEHWYHBIE CHCTEMBI HWCIHOJB3YIOT CXOXHE MPHUHITUITBI
yTpaBJIeHUs, OHU 00J1a/1al0T PSAAOM OOIIMX XapaKTepUCTHK [2, 3].

[TogoOHo muddepeHnranTbHOMy yIPABICHHUIO, CUCTEMA CKOJIBKEHUS 00ECIIeYMBAET BHICOKYIO
MaHEBPEHHOCTH [4, 5], a Takke OTIMYAeTCA MPOCTOM M HAAS)KHOW MEXaHWYECKOH KOHCTPYKIHEH.
DTO MO3BOJISIET BBIAEIUTH OOJIBIIE TPOCTPAHCTBA JIJIsl YCTAHOBKH HEOOXOIMMOT0 000pyAoBaHus |3,
6]. Kpome Toro, maHHbIi MeXaHHM3M CIIOCOOCTBYET BBICOKOW MPOXOAMMOCTH B Pa3IHUHBIX
YCIIOBHSIX, YTO JIETIAET €T0 IMOIXOISIINAM JIJIsl HCTIOIB30BAHUS BO BHEJOPOKHBIX MUCCHSX.

OnHako 3TOT cmoco0 MEepelBUKEHUS  YCIOXKHSAET CO3/1aHue KHHEMAaTUYeCKHX U
TMHAMHUYECKUX MOJIeNel, KOTOpBhIE MOTJIHM OBl TOYHO OINMCHIBATH JIBIKCHHE TPAHCIIOPTHOTO
cpeactBa. M3-3a ocoOeHHOCTEH KHHEMATUKU CKOJBKEHHUS TPYAHO IpeACKa3aTh IepeMelleHue
MAaIllMHBI, OCHOBBIBASCh JIMIIb Ha YIPABISIOMUX curHamax. CienoBaTelbHO, TpPaJAWIIUOHHBIC
KMHEMaTHU4YeCKHe MOJENH, TpEeANoJaralolie YuUCToe KayeHue 0e3  MpOoCKasb3bIBaHUS,
HETIPUMEHUMBI I TOJ00HBIX cucTeM [2]. [lomuMo 3TOrO, Y AaHHOTO METOAa €CTh W JPYTHE
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