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Abstract. This article addresses one of the most serious environmental challenges in the
world — greenhouse gas emissions. The logistics sector is among the main sources of these
emissions and, given its critical importance to the operation of any enterprise, the environmental
issue remains extremely urgent. Technological progress brings new opportunities, one of which is
analyzed in this article: the use of artificial intelligence to optimize transportation processes and
reduce harmful emissions into the atmosphere. The purpose of this study is to explore and assess
the potential of machine learning algorithms and neural networks for the development and
adaptation of freight transport chains, taking into account the increasing traffic intensity and the
growing number of vehicles, especially in large urban areas, as well as factors such as weather
conditions, delivery deadlines, and unexpected restrictions on heavy transport. The research
objectives include developing a method for evaluating the sustainability of logistics processes
using indicators such as fuel consumption, CO- emissions, and idle mileage, as well as conducting
a comparative analysis of traditional and intelligent route planning. A practical test was carried
out through urban transport simulation. Route optimization using Al resulted in a 15% reduction
in kilometers traveled and a 10-12% decrease in CO: emissions. The results confirm that
intelligent algorithms can serve as an effective tool for implementing green logistics principles
and integrating environmental criteria into transportation sector strategies.

Keywords: artificial intelligence, machine learning, green logistics, sustainable
development, route optimization, environmental efficiency
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AnHoTamusi. byn makana onmemzeri €H ©3€KTiI DKOJOTHSJIBIK MacenenepaiH Oipi —
NapHUKTIK ~ Tra3fgapAblH  IIbIFapbIHABUIApbIHA  apHanFaH.  JlormcTMka — camackl  OCHI
IIBIFAPBIHBUIAPABIH  HETI3r  Ke3JAepiHiH Oipi Oonblll  TaOBLIAABl KOHE OJ Ke3 KeJreH
KOCIMOPBIHHBIH KBI3METIH/IE MaHBI3/IBl PO ATKAPATHIH/IBIKTAaH, KOPIIaFaH OPTAHBIH YKaFJaibl oIl
Jie aca ©3eKTi Macene 0oibl Kayna. TexXHONOTHSIBIK Mporpecc »aHa LIelIiMAep YChIHAIbI,
oylapablH Oipl OChl MakajlaJa KapacTbIPbUIFAH: KOJIK IPOLECTEPIH OHTAMIaHIBIpy >KOHE
aTMocdepara 3USHABI IIbIFAPbIHABUIAPALl a3alTy VIIIH jKacaHIbl MHTEJUICKTIHI Hainanany.
3epTTey/IiH MaKcaThl — JKYK TachIMasljay TI30€KTEpiH AAMBITY 'koHE OeHiMey YIIiH MallMHAJIBIK
OKBITY aJITOPUTMJEPI MEH HEHPOHJBIK JKEIUIEP/iH dJeyeTiH 3epTTey koHe Oaranay. byn perre
KOJIIK KO3FaJIbICBIHBIH KAPKbIHABUIBIFBI MEH KOJIIK KypaJlJapblHbIH CaHBIHBIH ©CYl, acipece ipi
KajajnapJa, COHIal-aK aya paibl jkKarnailylapbl, JK€TKI3y Mep3iMzepl jKOHE ayblp KeJIKTEepHAiH
KO3FaJIbIChIHA KOMBUIATHIH IIEKTEYJIEp CHUSIKTHI (pakTopiap eckepuieal. 3epTTey MiHJETTepiHe
OTbIH HIbIFbIHBI, CO:2 MIBIFapbIHABLIAPEI KOHE OOC JKYpIC CHAKTBI KOpCETKIIITepAl naiaanaHa
OTBIPBIT, JIOTUCTUKAJBIK MPOIECTEPIiH TYPaKTBUIBIFBIH Oarajay oJiCiH d3ipiey, COHIai-ak
JIOCTYPIIl )KOHE MHTEJUIEKTYalAbl MapHIPYTTHIK >KOCIApJIay IbIH CalbICTHIPMAIbI TaJAaybl Kipeai.
Kananplk Kedik MOJENiH maijanaHa OTBIPBIN, MPAKTUKAIBIK ChIHAK KYprizinmi. JKacanmsl
MHTEJUIEKT KOMETIMEH MapUIpyTThl OHTAWIAHJBIPY KYPUIr€H KaIbIKTHIKTBI 15%-ra sxoHe CO-
mbFapeiHabapbiH 10-12%-ra  azaiityra MyMKiHAik Oepai. HoTmxenep HHTEIIEKTyas bl
ITOPUTMIEPIH KachbUl JIOTUCTHKA KaFUAATTApbIH €HI13y JKOHE KOJIIK CEKTOPbI CTPATerusChIHA
HKOJIOTHSUIBIK KpUTEPUIIEp i MHTErpalysiiay YIIiH THIMAL Kypaj 0oJia ajJaTbIHBIH JoJIeN eIl

Tyiiin ce3aep: jxacaH[bl MHTEIUIEKT, MALIMHAJIBIK OKBITY, JKAaChlI JIOTUCTUKA, TYPAKTHI
JamMy, MapIpyTTap sl OHTAMIAHABIPY, SKOJOTHUSITBIK THIMILTIK
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AHHOTALMA. OTa CTaThi ITOCBJAIICHA OJHOM M3 CaMBIX CCPBE3HBIX JKOJIOTMYCCKHUX
HpO6J1€M B MHPC — BBI6POCaM IIapHUKOBBIX I'a30B. Jloructuueckas 0Tpaciib ABJIACTCA OJHUM U3
OCHOBHBIX HUCTOYHHKOB 3THX BBI6pOCOB, H, IOCKOJIBKY 3Ta OTpacC/Ib UMCCT BAXXKHOC 3HAUYCHUC JJIA
JACATCIIBHOCTHU JI000ro0 MNpCaANpusATUd, npoGHeMa COCTOSAHHUA Oprxcanmeﬁ CpcAbl MO-IPCIKHEMY
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OCTaeTCsl YPE3BbIYANHO Cepbe3HOMU. TEeXHOIOrMYeCKUi MPOrpecc MPUBOAMT K MOSBICHUIO HOBBIX
pelleHni, OAHO M3 KOTOPBIX OyJIeT NpOAHAIU3UPOBAHO B JIAHHOM CTaThe: MHCIIOJIb30BAHUE
HCKYCCTBEHHOI'O HHTEJUIEKTa Ui ONTHUMH3AIMU TPAHCHOPTHBIX MPOIECCOB U COKpAllleHUs
BpEIHBIX BEIOpOCOB B atMoctepy. Llenb 3Toif cTaThl — HCCIe0BaTh U OUEHUTh BO3MOXKHOCTH
WCIIONIb30BAaHUSl AJITOPUTMOB MAIIMHHOTO OOY4YeHHS M HEWPOHHBIX CeTel UIsl pa3BUTUA U
ajlanTaluy LENouYeK TIpPY30BbIX IMEPEBO30K, YUWUTHIBAas, YTO HHTEHCUBHOCTb JBUXKEHMS U
KOJIMYECTBO TPAHCIIOPTHBIX CPEICTB €XKEAHEBHO YBEIWYHBAIOTCS, OCOOEHHO B KPYIHBIX
TOPOJICKHX pallOHaX, a TAaKXKe Takue (PaKTOPhI, KaK MOTOJHBIC YCIOBUS, CPOKU M HEOXKHIAHHBIC
OTpaHMYEHUS! JIBW)KEHHUS KPYIHBIX TPAHCHOPTHBIX CPEACTB. 3ajJaud BKIIOYAIOT pa3paboOTKy
METOJIa OLEHKM YCTOWYMBOCTU JIOTUCTUYECKHX IPOLIECCOB C MCIOIb30BAaHUEM IIOKa3aTesen
pacxona TomiauBa, BeIOpocoB CO: M XOJOCTBIX MPOOEroB, a TakXKe CPAaBHUTENbHBIN aHAIU3
TPAAUIMOHHOTO W  MHTEIUIEKTyaJlbHOTO IUIAHUPOBAHUS MapuIpyToB. bbul  mpoBejeH
MPaKTUYECKUI TECT ¢ MOJEIMPOBAHMEM TOPOJACKOro TpaHcmoprta. OnTuMuzanus Mapupyra ¢
nomo1isio MM no3Bosmia COKpaTUTh KOJIMYECTBO MPOHAEHHBIX KHJIOMETPOB Ha 15 % 1 BEIOpOCH
CO:2 Ha 10-12 %. Pe3ynbTaThl MIOATBEPKAAIOT, YTO UHTEIIEKTYaJIbHbIE aITOPUTMBI MOTYT OBITH
3¢ (HEeKTUBHBIM HHCTPYMEHTOM JJIsSi PUMEHEHUS IPUHIIUIIOB 3€JI€HON JTOTUCTUKU U MHTETPAIUU
9KOJIOTMYECKUX KPUTEPHUEB B CTPATETHIO TPAHCIIOPTHOT'O CEKTOPA.

KiioueBble c¢j10Ba: WCKYCCTBEHHBIM WHTEIUIEKT, MAIlIMHHOE OOyuYeHue, 3ey€Hast
JIOTUCTHKA, YCTOMYUBOE pa3BUTHE, ONITUMU3ALINS MapIIPYTOB, dKoJorudeckas 3 PpexTHBHOCTH

Jus nurupoBanms: A. borpanrok IIpuMeHeHHME HCKyCCTBEHHOI'O MHTEIUIEKTA JJIA
ycTorumnBoii (3enéHoit) noructuku//Industrial Transport of Kazakhstan. 2025. T. 22. No. 88.
Ctp. 69-80. (Ha pycc.). https://doi.org/ 10.58420.ptk.2025.88.04.006.

KonduukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIUKTAa HHTEPECOB.

BBenenue.

JlorucTvka WrpaeTr KJIIOYEBYIO POJb B OOECIEUEHUU YCTOMUMBOIO DPAa3BUTHS, OIHAKO
WMEHHO TPAHCIIOPTHBIC IEPEBO3KH OCTAIOTCS OJHUM W3 OCHOBHBIX HMCTOYHHUKOB BBIOPOCOB
MAapHUKOBBIX Ta30B. MeXIyHapOAHOE SHEPTETUUECKOE areHTCTBO OTMEYAET, UTO Oojiee YeTBepTH
r100anbHBIX BBIOpOCcOB CO: MpUXOAMTCS HA TPAHCHOPT, YTO JENaeT 3aJady CHUXKCHUS

YIJIEpOaHOTO crena ocobenno akryanbHoi (International Energy Agency, 2021: 162). Onnako
YIIepOa — HE €IMHCTBEHHBIN 3arpsI3HUTENb: TPAHCIIOPTHBIE CPEICTBA TAKKE BBIJEIIAIOT OKCUIBI
azota (NOy), Makpouactuisl (PMz.s 1 PMio) 1 caxy, KOTOpble HampsSMYIO BIHUSIOT HA Ka4€CTBO
BO3/yXa M 3/10poBbe HaceieHus. 1103ToMy B aHanmm3e yUUTBIBAETCS COBOKYIIHOE BO3JIEHCTBUE
NEePEeYUCICHHBIX (akTopoB. [Ipy 3TOM pPOCT 37IEKTPOHHOM KOMMEPLHMH U INI00anu3anus BeAyT K
YBEIUYEHHUIO TPAHCTIOPTHBIX TOTOKOB, YTO YCHJIMBAET HArpy3Ky Ha HHOPACTPYKTYpY U MOBBIIIACT
9KOJIOTUYECKUE PUCKH.

B Kazaxcrane nenau mo COKpalleHHIO BbIOPOCOB YIJIEKMCIIOTO Ta3a M IEpexoay K
HSKOHOMHUKE C HU3KMM YPOBHEM BBIOPOCOB YTJIEKHCIIOTO ra3a CUCTEMaTHUECKU UHTETPUPOBAHEI B
CTpaTervio, HalpaBJICHHYIO Ha JIOCTH)KEHHUE YIriepoaHoil HeWrtpanbHocTH K 2060 rony (Yka3
ITpesunenta Ne 121 ot 2 depans 2023 r.). B aToit paboTe onpeneneHbl MPUOPUTETHBIE 00J1aCTH
JUISL COKpPALLEHUSI BBIOPOCOB BO BCEX CEKTOpaX, BKJIIOYas TPAHCIOPT U JIOTUCTHKY, a TaKXKe
HEOOXOJUMOCTh BHEJPEHUS UU(GPOBBIX U HUHTEIJIEKTYalbHBIX pELICHUN IS ITOCTHXKEHUS
xknuMarruecknx uenei (Ykas Ipesunenta PK, 2023). Kazaxcran 3 (heKTUBHO MPoIBUraeTcs K
JOCTIDKEHUIO TI00anbHbIX neieit Opranuzammu O0beanHeHHbIX Haruil B 06macT ycToiiunBoro
pa3BUTHUS, yHAeNsAs MPUOPUTETHOE BHUMAaHHE COKPAIICHHIO BHIOPOCOB YTJIEKUCIOrO rasa u
UQpoBU3aIMM B TpaHCIOpPTHOM cekrtope. Llenp B oGmactu ycroitumBoro passutus SDG 9
KacaeTcsi TMOBbIMIEHUS dS()PEKTUBHOCTH CEKTOpa 3a CUeT WHHOBAI[MOHHOTO pPAa3BUTHUS
UHQPACTPYKTypsl u mpuMeHeHHst TexHonoruii. SDG 11 cocpemoToyeHa Ha yCTOHYHMBOCTH
rOpOJIOB M Ka4yecTBE >KU3HH, YTO OCOOEHHO Ba)KHO B METAIoJUCaX, I/Ie TPAHCIOPTHBIN CEKTOp
OCTaeTcss OJAHMM U3 OCHOBHBIX MCTOYHHUKOB 3arpsi3HeHus Bosayxa. SDG 13 nmopuepkuaer
HEOOXOJUMOCTb MPHUHSITHS MPOAKTUBHBIX MEP JJIsi CMSATUYEHUS MOCIEACTBUM U3MEHEHHS KJIMMaTa
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(United Nations, 2015; United Nations, 2023). [Tnan Ka3axcrana mo TOCTHKEHHUIO yTIEPOIHON
HelTpanbHOCTH K 2060 roly 1€MOHCTPUPYET CTPATETMIO HA HAIIMOHAIBLHOM YpoBHE. [lepexon k
«3EJICHON JIOTUCTHKE» CTAJl HE TOJHKO HAYYHBIM M TEXHOJIOTUYECKHUM BBI30BOM, HO U YACTHIO
CTpaTeruy yCTOMYMBOIO Pa3BUTHS CTpaHbl. TpaJulIMOHHBIE METOABI ONTUMHU3AIMU MAPIIPYTOB,
OCHOBaHHBIC Ha KIIACCUYECKHX MOJIETSAX, IMO3BOJISIIOT CHIDKATh 3aTpaThl U BPEMs JIOCTABKH,
OJIHAKO UX BO3MO>KHOCTH OTPaHHUYEHBI PU HEOOXOAUMOCTH YUUTHIBATh AMHAMUYECKUE (PAKTOPHI,
TaKhe Kak JIOPOXKHBIC 3aTOPHI, MOTOJHBIC YCIOBUS W BpPEMEHHBIE OKHA. B 3THUX yCIOBHSX
BO3pacTaeT MHTEpeC K MPUMEHEHHUI0 HCKYCCTBEHHOTO HMHTEIUIEKTa, CIMOCOOHOIO aJanTHBHO
aQHATM3MPOBATH OOJIBIITUE MACCHUBBI JAHHBIX U ()OPMUPOBATH 0OJIEE YCTOWYUBBIC PEIICHUS.

OOBEeKTOM  HCCIIEJOBaHMS  SIBIAIOTCS  TPAHCHOPTHO-JIOTHCTUYECKUE CHCTEMBI, a
NpEeIMETOM — HCIOJb30BaHWE WHTEIUICKTYaJbHBIX AalTOPUTMOB IS TOBBIIICHUS WX
9KOJIOTHUYECKOH pe3ybTaTUBHOCTU. L{enh paboThl 3aKiI04aeTcsi B TOM, YTOOBI OMPEICIUTh, KAKUM
00pa3oM METOJbl MAIIUHHOTO OOYYeHHS W HEHPOHHBIE CETH MOTYT OBITh HMPHUMEHEHBI s
ONTUMHU3AIMH MapIIPYTOB U COKPAICHUS YTIEPOIHOTO U SKOJIOTUYECKOTO CIIE/Ia MEPEBO30K.

HoBusHa wccnenoBaHuss COCTOMT B TOM, YTO HMHTEJUICKTYAIbHBIE —AITOPUTMBI
paccMaTpuBalOTCs HE TOJIBKO KaK CPEACTBO MOBBIMIEHUSI SKOHOMUYECKOH 3(h(PeKTUBHOCTH, HO U
KaK WHCTPYMEHT JOCTH)KCHHS dKOJOTHYECKUX Ieliel. B ornmune oT GonbIIMHCTBA padoT, THe
HKOJIOTMYECKUN acCIleKT OCTa€Tcsi BTOPOCTENEHHBIM, B JaHHOM CTaThe MPUOPUTET OTHaH
cokpaieHuto BIOpocoB COz, NOy, PMa.s, CHUXKEHHMIO YPOBHS MyCTBIX IPOOETOB U MOBBIILIEHUIO
TOTUTUBHOM 3 ()EKTUBHOCTH.

JI1st TOCTHKEHUS 1IeJIM PEIICHbI CIIeIYIONUe 3aaui: MPOBEAEH aHaIN3 CYIIECTBYIOIINX
npo0iieM OTpaciu, paCCMOTPEHBI COBPEMEHHbIE METO/Abl MAIUIMHHOTO OOYYEHHS U MPOTHO3HOMN
AQHAJIMTUKU, pa3pabOTaHbl MOKA3aTeNn ISl OLEHKH JKOJIOTMYECKOW YCTOMYMBOCTH, MOCTPOCHA
MOJIeTTb  ONTUMH3AlMU  MapUIpyTOB W  TMPOBEACHO CpPaBHEHHWE TPAAUIMOHHOTO U
WHTEIICKTYaJIbHOTO MOIX010B. MEeTO0I0THsI OCHOBaHA HA TIPUMEHEHUH aIrOPUTMOB 00paboTKH
JAHHBIX ¥ MOJEIMPOBAHMS TPAHCIOPTHBIX MPOIIECCOB C UCIIOJI30BAHUEM ITOKa3arteseil mpobera,
pacxo/a TOIMBa U 00bEMa BHIOPOCOB BPEIHBIX BEIIIECTB.

3HauyuMOCTh Pa0OTHI oOmpenensieTcss € TEOPEeTUYECKUM M MPAKTHUYECKHM BKIJIAJIOM.
Teopernueckass HEHHOCTh 3aKJIKOYAETCS B PAa3sBUTHUM INpencrasieHui o poiu MU B «3enéHon
JIOTUCTHKE», a MpaKTU4ecKas 3aKII04YaeTcsl B TOM, YTO MPENJIOKEHHBIA MOAXO0J MOXKET OBITh
UCIIOJb30BaH KOMIAHMIMHE JIsl MHTErpainu ESG-cTaHIapTOB M CHUKEHHSI YTIIEPOJHOTO Ciena
pu coxpaHeHuH 3P PEeKTUBHOCTH EPEBO3OK.

MarepuaJibl 1 METObI

MeTtononorndyeckass OCHOBa JAaHHOTO HCCIEJOBAHHS 3aK/IIOYaeTcs B  aHalu3e
JIOTUCTUYECKUX MPOLECCOB C TOYKHA 3PEHHUS 3KOJIOTMYECKOM YCTOWYMBOCTH. B orinnume oOT
TPaAWLMOHHBIX MOJIENIe, OPUEHTUPOBAHHBIX Ha COKpallleHHWe 3aTpaT M CPOKOB JOCTaBKH, B
JAHHOM HWCCIICJIOBAHUU TPUOPUTETHBIMHU SIBISIOTCS MHWHUMU3AIMS YIJIEPOIHOTO Cliea |
noBbllieHre 3(G(HEeKTUBHOCTH MOTpedieHus. Mcnoap30BaHHE HHTEUIEKTYalIbHBIX aIrOpPUTMOB
MO3BOJISICT MEPEUTH OT CTATUYECKUX CXEM K aJalTHBHBIM CHCTEMaM YIPABIICHUS, CIIOCOOHBIM
YYUTHIBaTh BHEIIHHUE NTEPEMEHHbIE, TAKHE KaK MPOOKH, TOTOAHbBIC YCIOBHS M KOJIeOaHHsl cripoca.
DTOT MOAXOJ COOTBETCTBYET COBPEMEHHBIM HCCIICIOBAHUSAM, B KOTOPBIX JIETACTCS aKICHT Ha
MCIIOJIb30BaHUN ABTOMATHYECKOTO OOy4YeHHs W MPOTHO3HOW AHAIUTUKHU JUISl ONTUMHU3ALUN
TpaHcopTHEIX MoToKOB (Carbonneau, 2008: 1140—-1154; Nazari, 2018: 9839-9849; Kool, 2019:
1-9; International Energy Agency, 2021: 80-92; Biesinger, 2021: 1-18; Ghosh, 2022: 130750—
130760). B kauecTBe OCHOBHBIX MHCTPYMEHTOB MOJEIUPOBAaHUS OBbLIM BbIOpAHBI aIrOPUTMbI
MaIIMHHOTO OOYYEeHHs U TEXHOJOTMH HEHpOHHBIX ceTeill. MamuHHoe o0ydeHHe HCIONb3yeTcs
JUTSI IPOTHO3UPOBAHMSI TPAHCIIOPTHBIX MOTPEOHOCTEH WM 3arpy3KH TPAHCHOPTHBIX CPENICTB, YTO
MO3BOJIIET COKPATUTh KOJIMYECTBO HEHYXKHBIX Moe3nok. [y pemieHus: mpodiieM, CBsI3aHHBIX C
BBHIOOPOM ONTHUMAIILHOTO MapuipyTa, ObLJIO HCIOJIB30BAaHO YCHIIMBAIOIIEE OOydeHHUE, KOTOpOe
MO3BOJIICT MOJICNIA AJJaITHPOBATHCS K MCHSIONIMMCS YCIOBUSM Ha JIOPOTaXx U BPEMEHHBIM
orpannueHusiMm (Carbonneau, 2008: 1140-1154; Nazari, 2018: 9839-9849). B kauecTBe
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apXUTEKTYpPhI MIyOOKOro 00y4YeHHsI UCTIONIb30BalICs MHOTOCIIONHBIN nepuentpon (MLP) ¢ tpems
CKpeITBIMH ~ ciosimu  (128-64-32  HeWpoHOB), aKTUBANMOHHBIMH QyHKIUsSMU RelLU wu
ONTUMU3ANMOHHBIM anroputMoM Adam (ckopocte o0yuenus 0,001). Kpome Toro, s
MPOTHO3MPOBAHUS METPUKHU MPOTHO3UPOBAHUS ObLT Mcnoib3oBaH anroput™M XGBoost gradient-
boosting (500 nmepeBbeB, TayOmHa 6, ckKopocTth oOydenms 0,05, subsampling=0,8,
colsample bytree=0,8). ns 3amaun TUTaHUPOBAHHMS MapuIpyTa ObUT HCIONB30BAaH AITOPHUTM
Proximal Policy Optimisation (PPO) u3 ombnuotexu Stable-Baselines3. DT1o uccrnemoBanue
coyeTtaeT B ceOe HMHTEIUICKTYaIbHYI0 MOJENb, OOYYCHHYI0 Ha CHMYJSIHOHHBIX IAHHBIX H
CIOCOOHYIO alaTUPOBATHCS K M3MEHEHHSIM BO BHEIIHEH cpejie, ¢ KIACCUYECKUMH TeXHUKaMU
VRP.

KonuuecTBeHHass oOlleHKa BKJIOYAeT TPH KIIOUEBBIX IOKAa3aTels: pacxoi, TOIUIMBA,
BBIOPOCHI YTIIEKHCIIOTO ra3a M MPOLEHT XOJIOCTHIX Mpoderos. Pacxon TommuBa oTpaxaer oOIIyio
3¢ (HeKTUBHOCTH UCTIOIB30BAHUS TPAHCIIOPTA M PACCUUTHIBAETCS 10 hopMyJie:

F=LxC/100, (1)

rae L — mpober, km; C — ynenbHbI pacxox torusa, /100 kM. Ha ocHoBe 3TOTro
3HAYEHHUS ONpeesieTcs: 00bEM BEIOPOCOB YTIEKHUCIIOTO ra3a:

E(CO2)=Fxk , (2)

rae k=2,68 kr/n — ko3ddunment smuccun IS au3enpHOro torumBa (International
Energy Agency, 2021: 162; Sarkis, 2019: 184; Dekker et al., 2012: 671-679; Mangano et al., 2019:
183-209; World Economic Forum, 2020: 36; Biesinger et al., 2021: 1-18; Kovacs et al., 2017:
115-126; Ghosh S. et al., 2022: 130750; European Environment Agency, 2021: 54 ). [lannas
MOJIeTTb YYUTHIBACT U APYTHE BUIBI 3arPSI3HEHUN, XapaKTepHbIE ISl TPAHCTIOPTHBIX cpeacTB. Jliis
OLICHKY BIIMSTHUSI UCTIOJIB30BAJIMCh pacyeTHbIe KOA(PGUIIMEHTHI BHIOPOCcOB okcuaoB a3ota (NOy),
TBepabiX yacTull (PMa.s) u uepnoro yriepoma(BC). PacueTsl mpoBOAWINUCH 1O CIEAYIOIICH

dbopmyie:
Ei=Lx ei, 3)

rae Ei — BwIOpoCHI i-T0 BemecTsa (T), L — Konn4ecTBO KUIOMETPOB, € — KO3 PHUIHEHT
BBEIOPOCOB B 3aBUCUMOCTH OT KJlacca JIBUTATEIIS U yCIIOBUH ABW)KCHUS. B TaHHOM HMCCIIeIOBaHUA
MCIIONBF30BAJINCh CPEHNE 3HAUSHUS TS ABUraTenei cranaapra EBpo-5: enox = 0,18r/km, epm,.s =
0,0051/xm, u€pHBIi yriepoa cocTaBiseT B cpeaHem 15-25 % ot maccsl PM, cienoBarensHO eBc
= 0,00075-0,00125 r/km (European Environment Agency, 2021: 54; Intergovernmental Panel on
Climate Change, 2019; European Environment Agency, 2019). OTu naHHble MO3BOJISIOT CAEIATh
aHaAJIM3 BIUSHUS HA OKPYKAIOIIYIO CPely TPAHCTIOPTHBIX MapIIPyTOB OoJiee NETaIbHO.

Koaddumument mycTsix npoOeros 3aqa€Tcsi Kak OTHOIIEHUE PACCTOSIHHUM 0€3 3arpy3Kd K
obmemy mpobery:

Kempt y= Lempty /Litotarx 100%. (4)
I[J'IH KOMIIJICKCHOT'O aHaJIn3a IMPUMCHACTCA I/IHTeraJIBHHﬁ IIOKa3aTcCJib yCTOfI‘-IPIBOCTPII
S=a- 1/F+B 1/Eco. +y: 1/Kempty 5 (5)
rac (X,B,'Y — BCCOBBIC KOB(I)(l)I/H_[I/IeHTH, ONpeaACIsICMbIC B 3aBUCUMOCTU OT MPHUOPUTCTOB
aHaiau3a. JTta (bOpMy.]'Ia ObLIa IMPUMCHCHA Ha SA3BIKC PythOIl C UCIIOJIb30BAHUEM TaKHUX (bYHKHHfI,

kak calc fuel(), calc_co2() u calc_empty share pct(). ta mporpamMmma MOCTOSSHHO BBIYHCIISET
MOKa3aTeJ B COOTBETCTBUH C 3a/IaHHOI (OpPMYJION U 3alUChIBaeT pe3ysbTathl B popmate CSV
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JUIsl JanbHedinedl Busyanuzanuu. [Iporpamma ucmosnb3yeT OTKpbIThie Oubnuorexku Python
(XGBoost, Scikit-learn, OR-Tools) 6e3 pa3paboTku COOCTBEHHBIX AITOPUTMOB. YUHTHIBAS LETh
UCCJIETOBaHMsI, aKIIeHT OBbLI CAeNlaH Ha TOYHOCTH PacyeToB, MHTEPIIPETAlUU JAaHHBIX U OLECHKE
BO3JICUCTBUS HAa OKPYXKAIOILIyI0 cpeAy. BXoaHbie JaHHbIE MOJETUPOBAHUS OBLIM ONpEIEICHBI
YHUCIIOBBIMH IOCJIEIOBATENFHOCTAMHU, OTpaKaloIllke MOBEICHNE TPAHCIIOPTHOM CeTH B AJIMAaTHI.
Kaxxnoe coenuHenne OblI0 ONPEIEIEHO C IOMOIIBIO CIEAYIOUINX TapaMeTPOB:

- Paccrosinue mexny y3namu cetu (5—30 KUI0OMETpOB)

- Cpennsst ckopocTh JBUkeHHS (25—-60 KHUIOMETpOB B 4Yac, B 3aBHCHUMOCTH OT
YCIIOBUM ABM>KEHUSA)

- Pacxox tormBa (26—30 nutpoB Ha 100 KuIOMETPOB)

- Tpancnoprthas Harpyska (0,7-0,9)

- Koaddumuent padotsr Ha xomoctom xoay (0,15-0,25)

- Jliist Bcex MapuipyToB ObUTH pacCUMTAHBI 3HAUCHUS PACCTOSHUS MPOE3/Ia, pacxoaa
TOIJIMBA, BBIOPOCOB BBIXJOMHBIX Ta30B U KoddduuueHTa pabOThl Ha XOJIOCTOM XOIy.
CUMYJIALIMOHHBIN aNrOPUTM TEHEPUPYET CllydailHble W3MEHEHHS BpPEMEHHM W BPEMEHHBIX
dakTopoB (HampuMep, yTPEHHUE U BeUEepHHUE Yachl MMUK), YTOOBI CIIeHapUi ObLT peaTuCTUYHBIM.
[Toydyennsie pe3ynbraThl coxpasstorcss B gopmare CSV m ucnonbs3syrorcs mjiss oOydeHUs
BBHIIICYIIOMSHYTBIX Mojesied MamuHHOoro oOydenus (XGBoost m MLP). bnaromapst stoit
CUMYJISIIIUU MOKHO OIICHHUTDH BIIMSIHUE aJAITUBHBIX AITOPUTMOB Ha 3((HEKTHBHOCTH MapIIPyTOB
Y BBIOPOCHI BBIXJIOITHBIX ra30B 0€3 HE0OXOAMMOCTH UCIIOJIB30BaHNUS peabHBIX OPraHU3aIlHOHHBIX
naHHbIX. MccnenoBanue 0XBaTbIBaeT CeTh U3 12 MyHKTOB JIOCTAaBKU. bbUIM MPUHATHI CIEAYIOIINE
JOTIYIICHUS: TPY30BUK I'PY30MOIBbEMHOCTBIO 5 TOHH, CpEAHMI pacxo/l ToruuBa 28 nutpos Ha 100
KHJIOMETPOB, TPy30I0AbEMHOCTh 4,2 TOHHBI (84 % Tpy30MOABEMHOCTH) U MOKA3aTeb MyCTHIX
peiicoB 18 %. bbum cpaBHeHBl [Ba TOAXOJa. B TpaguIIMOHHOM TMOAXOAE MAapUIPyTh
TeHEPUPOBAJIICH C UCIONIb30BaHUeM Kiaccuueckunx moneneit VRP u TSP (Dantzig, 1959: 80-91;
Toth, 2014: 93-86). B wmHTEIEKTyaJbHOM TIOJIXOJI€ HMCIOJIB30BAIMCh METOJbIl MAIIMHHOTO
oOyueHust 1 00yUeHHs C MOJKPEIUICHHEM JUIsl yueTa auHamuueckux QaxtopoB (Nazari, 2018:
9839-9849; Kool, 2019: 3-10).

[Ipumep pacuéra HEKOTOPBIX MMOKa3aTesei, a UMEHHO OOIIMIA PAacX0/] TOIUIMBA:

F=215%28/100=60,217. (6)
CoOTBETCTBYIOIINE BBIOPOCHI YTIIEKUCIIOTO Ta3a OMPEAeISIOTCS KaKk
Ec02=60,2x2,68=161,3 kr. (7)
Pe3ynbTatel cpaBHEHUS MIPEICTaBICHBI B Ta0wIe 1.

Tabmuua 1. CpaBHeHHe MOKa3aTesel 0 U Mociie ONTHMH3ALUU MapIIPYTOB

[TokazaTenn Jlo onTuMu3anumn Hocze N3menenue (%)
ONITUMHU3AINH
[IpoGer, kM 215 182 -15,3%
Pacxon Torummsa, i 60,2 51,0 -15,3 %
Bri6pocst CO2, kT 161,3 136,7 -15,2 %
Brei6pocst NOx, T 38,7 32,8 -15,4 %
Teépnpie yactuupl (PMz.s), r 1,075 0,910 -15,4 %
Uépnsrii yrnepox (BC), ¢ 0,215 0,182 -15,4 %
[Tycteie mpoberu, kM 39 21 —46,2 %
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[TpuMmeHeHre MHTEIIEKTYaJIbHOM ONTUMHU3AIMU MO3BOJIUIO COKPATUTh MPOOEr U pacxon
ToruBa Oojnee yem Ha 15 %, a BeIOpockl CO: cam3uth Ha 15,2 %. HanbGonbimuit 3¢pdexr Obit
JOCTUTHYT B COKpAIICHUU MYCTHIX MPOOETOB, A0S KOTOPBIX YMEHBIIWIACH MMOYTH BJABOE. DTU
PEe3yIbTATHI MOATBEPKIAAIOT MPAKTHYECKYIO IIEHHOCTh MHTEIUIEKTYyalIbHBIX aJlTOPUTMOB B 3a/1a4e
dbopMupOBaHUS yCTOWYUBON JTOTUCTHKH.

Pe3yabTaThl u AMCKycCHUs.

Hoctrnxenuss B 00macT UUGPOBBIX TEXHOJOTHH, HCKYCCTBEHHOIO HWHTEIJIEKTA H
AQHATUTHKK OOJIBIIMX JaHHBIX HE TOJBKO TO3BOJIAIOT ONTHMU3MPOBATH MAapUIPyTHl, HO H
00JieryaloT OLEHKY BO3/JCWCTBUSA JIOTUCTHMUECKHUX pEHICHHH Ha OKPYKAIOLIyI Cpemdy.
UccnenoBanus Carbonno et al. mokaszanu, 4TO HCIOJIB30BAHWE MAIIMHHOTO OOYYEHUS IS
MIPOTHO3UPOBAHMUS CIIPOCa MPUBOIUT K COKPAILLIEHUIO HEHYKHBIX IIEPEBO30K, YTO B HAILIEM ClTydae
BBIPA)KAETCsI B MEHBIIEM KOJIMYECTBE KHJIOMETPOB U MEHBIIEM pacxoje TorumBa. Nazar et al. ¢
MOMOIIbI0 YCHJIGHHOTO 00y4eHHs Takke Habmoganu Oosiee KOPOTKHE MapLIPYThl M OOJBIIYIO
riuOKocTh B TuHaMu4aHO# cpene. MccnenoBanus Kula (2024), Carbonneau (2008), Nazari (2018),
Kool (2019) moka3siBatroT, 4TO MeXaHU3Mbl BHHUMAaHMS TOBBIIIAIOT KAueCTBO IJIAHUPOBAHUS
MapUIpyTOB B CIIOXKHBIX CETSIX, YTO COBIAIAET C HAIIUMHU pe3ylibTaTaMu. HenaBHue rcciaenoBanus
MOKAa3bIBAIOT, YTO HCIOJb30BaHUE IU(PPOBBIX TEXHOJOTUH B JIOTUCTHKE MOMKET CHU3UTH
AHEpronoTpedneHre U 00ecneyuTh MOHMTOPUHI BBIOPOCOB yrIiepoia B PEXHUME PEalbHOIO
BpeMenu (Biesinger, 2021: 1-18). B mocnennue roasr HaOMIOAAETCS POCT YHCIIA UCCIICTOBAHHM,
MOCBAILICHHBIX OICHKE OOIIEero BO3ACHCTBHS Ha OKpyXkawouryto cpexay. OaHa u3 Takux pador,
Zhang (2024) cmonenupoBanu BeiOpockl NOx 1 PMa.s, oO6pasyroiuecs: B pe3yabTaTe ropoJICKOro
TPAHCIOPTA, M MOKA3aJIM, YTO WHTETPaLUs MOJeNei MPOrHO3UPOBAHUS B CUCTEMBI YIIPABICHHS
MapuIpyTaMy TMOBBIIIAET TOYHOCTh IPOTHO30B BO3JEHCTBUS Ha OKpyXKarollyko cpeay. B
uccnenoBannn  Fernandez (2024) Obim1  mpeUio’KeH  MHOTOLEJIEBOM — alTOPUTM IS
OJIHOBPEMEHHOTO MHUHUMU3HPOBaHUS BbHIOPOCOB CO2, NOy u PMio, 4TO MO3BOJIUIO JTOCTHYB
OanmaHca MEXJy CKOPOCTBbIO TPAaHCIOPTAa U YPOBHEM 3arpsi3HEHUs. AHaJOTMYHbIE KOHLEMIUU
opn uccienoBanbl Kula (2024) m Nazar (2023) B paborax, TOCBSIICHHBIX aTalTHBHON
ONTUMH3AIMHA MapHIPYTOB B PEATbHOM BPEMEHH C HCIIOJIb30BAaHHEM OOYYArOIIUXCS areHTOB
(Zhang, 2024: 105688—-105698; Fernandez, 2024: 99—117; Carbonno, 2024: 3559-3569; Nazar,
2023: 101-118; Kula, 2024: 91-110). HecMoTps Ha pa3BUTHE HAYYHBIX MTOIX0I0B, OOJIBIINHCTBO
Mojeneil Bce emie orpannuuBaroTcs yuyetoM CO:, Torga kak jokaibHble 3arps3Hutenu (NOy,
PM:.s, 4epHbIil yriepos) yYUThIBAIOTCS HE MOJHOCTHIO.

[IpakTuueckue uccieqOBaHMUsI MOKAa3bIBAlOT, 4YTO HHTEJUIEKTyaJbHOE IUIAHUPOBAHHE
MapuUIpyTOB 3HAUYUTENIBHO YJIyUlIaeT KaKk SKOJIOTHYECKHE, TaK U HKCIUTyaTallMOHHbIE TOKA3aTeH .
Korpma paccrosiuue moe3aku Obuto cokpaimieHo ¢ 215 go 182 xkumomeTpoB, obiiee nmoTpebdieHne
TorMBa cHU3MWIOCh ¢ 60,2 o 51,0 nuTpoB, a BEIOpOCH! yraekuciaoro raza — ¢ 161,3 no 136,7
kwiorpaMmoB (tabs. 1). B pesynprare onTuMuzaiusi MapuipyTa oOecnedmsia CHUKEHUE B
cpenneM Ha 15 %. HaumbGonee 3HauuTenbHbI 3G ¢GeKT ObLT JOCTUTHYT 3a CUET COKpPALICHHUS
pPacCTOSIHUSL XOJIOCTOrO XOJa: OHO COKpatuioch ¢ 39 no 21 KuioMerpa, 4TO COOTBETCTBYET
yayuwenuto noutu Ha 50 %. Kak BuaHo Ha PucyHnke 1 u PucyHnke 2, Bce OCHOBHBIE TIOKa3aTeNN
JEMOHCTPUPYIOT TEHACHIUIO K CHIDKEHUIO B PA3JIMYHBIX TOPOJICKHUX YCIIOBHUSX, @ PUCYHOK 2
HATJISTHO MTOKA3bIBAET TMHAMUYECKOE COKPAIIEHHE PACCTOSHUS XOJIOCTOT0 X0 1a.

B uactHOoCTHM, cleyeT OTMETHTb, 4YTO CHHXKEHHE BBIOPOCOB YIJIEKHCIIOIO rasa
IPOMOPLHUOHATIBLHO PKOHOMHMHM TOIIMBA, KaK yKa3aHO Ha PucyHke 3, 4TO MOATBEPXKAAET, UTO
sKoyornueckasi 3(pQEeKTUBHOCTh SBISIETCS TAaKUM K€ BaKHBIM ITOKAa3aTelIeM TPAaHCIOPTHBIX
CHCTEM, KaK M pe3yibTaThl onTUMM3auuu. Hambonbliee BIMSHHE HA 3TOT Pe3yjbTaT OKa3ajo
COKpallleHue paloThl JBUTaTedsl HAa XOJOCTOM XOAY, MOCKOJBKY 3TO HAaINpsIMyIO CBS3aHO C
Ype3MEepHBIM PAcXOJIOM TOIUIMBA U Teperpy3koi MHPpacTpykTypsl. CoKpalleHue paccTOSHUN
MOE3/10K U BPEMEHHU MPOCTOSI MOMOTaeT CHU3UTh M BBIOPOCHI OKCHJAa a30Ta, MEJIKHX YacTHIl,
KOTOpbIE HamNpsAMYIO BIMSIOT Ha Ka4eCTBO BO3AyXa. AHAIM3UPYS PE3yJIbTaThl MOKHO C/AEIaTh
BBIBOJI, YTO HCITOJIb30BAaHUE MHTEIUICKTYAIbHBIX METOAOB IUTAHUPOBAHMS MapIIPYTOB HE TOIBKO
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MIPUHOCUT SKOHOMHUYECKYIO BBITOAY, HO U OJIarOTBOPHO BJIMSIET HA OKPYKAIOIIYIO Cpelly, CHUXKas
Harpy3Ky Ha ropo.

[Cymma MpoBer, km n Gymma BoiBpock! CO-, kr no Ycrnosua u Moaxoa
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Puc. 2. CpaBHCHHS{ TOKa3aTeen npo6era 1 XOJIOCTOI'0 X0Ja 10 U MOCJIC BHEAPCHUS 141483 Pa3HbIX YCIOBUAX

HecMmoTpss Ha 3TH MOJOXKUTENbHBIE pE3YyJbTAaThl, HCCIEAOBAaHHE HMEET HEKOTOphIe
orpaHuveHusi. Bo-TiepBBIX, HCIONB30BaHHME TAHHBIX MOCITUPOBAHHS JIMIIb MPUOIUIUTECIHHO
OTpa’kaeT peajbHble CIIEHApUU TOPOJICKOM JIOTUCTHKH. Bo-BTOpBIX, NpuMeHeHne Meto1oB RL n
rIyO0OKOTO 00yUueHus TpeOyeT 3HaYNTEIFHOTO 00beMa TAHHBIX U BBIYUCITUTEIIBHBIX PECYPCOB, UTO
MOJKET OIpaHMYMBATh MX MUCIOJb30BaHME. Pacuersl BEIOpOCcOB okcunoB a3zora (NOy), TBepAbIX
yactull (PM) u gepnoro yrinepona (BC) ocHoBaHBI Ha cpeHMX 3HAYEHUSAX cTaHmapta Euro 5,
MO3TOMY  pe3yJbTaThbl IOKa3bIBAIOT OOILIMe T[OKa3zaTelu. B-TpeTbux, 3KoJOrHyeckKas
3¢ (EeKTUBHOCTh OLIEHMBAlTach B OCHOBHOM Ha OCHOBE IOTPEOJICHHS TOIJIMBA M BHIOPOCOB

YTJIEKUCIIOTO Ta3a. XOTs TH MOKa3aTen cuuTaroTcs ocHoBHbIMU (International Energy Agency,
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2021: 100-152; European Environment Agency, 2021: 24-34), oHH HE OXBaTBHIBAIOT TaKUE
(bakTOopbl, KaK IIyMOBOE 3arpsi3HEHUE UM U3HOC JJOPOT.

< Hasaa x oTuety CYMMA BbIEPOCHI CO:, KI' ¥ CYMMA TONNWMBC, N NO NoOXO4 U YCNOBWUA

@ Cymma Buibpoces CO;, kr @Cymma Tonaweo,

BBIXOAHLIE. HU3KHI Cnpoc [lopoiKHBIE patoTsl, 0GBk

Cymma BoIBpochl COz K M Cy.

OO6kLIYHBIA GYOHWA AeHE TTHK CE30Ha, BLICOKHIA CpoC

Cynma BelBpock! COz kI W Cy..

Al-Optimized Traditional Al-Optimized Traditional

Mogxopn, Moaxon
Puc. 3. CpaBHeHus moka3areseil BHIOPOCOB YTIIEKHCIIOT0 ra3a U UCIOIb30BaHHs TOILTUBA

[TpakTHdeckoe 3HAYCHHE PE3yJbTATOB 3aKIIOYACTCI B WX MPUMEHEHHH B TPAaHCIOPTHBIX
KOMIIAHUSX M TOopoAckux cucrteMax. CokxpaiieHue mpobera M pacxoAa TOIUIMBA CHHKAeT
TPaHCIOPTHBIE PACXO/IbI, @ OJHOBPEMEHHOE cOKpatieHne BHIOpocoB CO2, NOy U TBEPBIX YaCTHII,
OCOOCHHO C y4eToM pacTyieil BaxkHOCTH cTaHaapToB ESG, yKkpemiseT mMoioXuTeabHble
TEHJICHIIUU B 00J1aCTH OXpaHbl OKpyskarorieit cpess (Sarkis, 2019: 100-104; Dekker, 2012: 671—
679). DTu mpeuMyIIecTBa MOTYT OBITH eI1le 00JIee 3aMETHBI B TOPOJCKUX palioHAX C HHTCHCUBHBIM
JIBUKEHHEM, MOCKOJIbKY COKpAIEHHE MYCThIX KUJIOMETPOB YMEHBIIUT MEPerpy3Ky AOPOKHOM
CeTM M OTrPAaHUYUT €€ BO3JACHCTBHE Ha OKpyxaromyto cpexy. Hms Kasaxcrama um crpan
LlenTpanpHOii A3MM 3TOT TOIXOJ OOECHeYMBaeT JAOMOJHUTENbHBIE KOHKYpPEHTHBIC
MIPEUMYIIIECTBA, OBBIIIAS YCTOMUYNBOCTh €BPA3HIICKOTO TPAHCIIOPTHOTO KOPUIOpa.

Takum 06pa3oM, UCTIOIB30BaHHE HHTEIIEKTYyaIbHBIX aIFTOPUTMOB MOKHO pacCcMaTpuBaTh
KaK 3(pPEeKTUBHBI WHCTPYMEHT ISl ONTUMH3AIMHU JIOTUCTUIECKONM IKOCUCTEMBI. B oTiimuue ot
OOJNBIIMHCTBA MPEABIAYIIUX HCCIEJOBaHMW, B JaHHOW CTaTbe YyJensieTcs BHUMaHUE
IKOJIOTHYECKUM aCIEKTaM, YTO IMO3BOJISICT PACIIUPHUTH 3HAHUS HAYYHOTO COOOIIECTBA O POJIU
HCKYCCTBEHHOT'O MHTEJJIEKTa B 00ECIIEYEHUN YCTOMYUBOCTH TPAHCHIOPTHBIX CUCTEM.

3akJiroueHue.

B xonme mnpoBenéHHOro wucciaenoBaHus OBLIM BCECTOPOHHE HU3YYEHBI BO3MOKHOCTH
IPUMEHEHNS METOJO0B MCKYCCTBEHHOIO MHTEJJIEKTa B O0JAacTH YCTOMYMBOM (3€N1EHOI)
norucTtuku. L{eas paboTsl — BBISIBUTH, KAKUM 00pa30M HHTEIUIEKTYaIbHbBIE aITOPUTMBI, BKIIIOUYast
METOJIbIl MAITUHHOTO OOYYEeHHS W HEHPOHHBIC CETH, MOTYT CIOCOOCTBOBATH ONTHMHU3AINU
TPAHCIIOPTHBIX MAapIIPyTOB U CHIDKEHHIO SKOJOTHYECKOro cjiela — Obla IMOJTHOCTHIO
peanm3oBana. [|Jiss 3TOT0 UCTIOIB30BAIMCH COBPEMEHHBIE HHCTPYMEHTHI TPOTHO3HOW aHATMTHKH,
anropuTMsI Tiryookoro ooyuenus (MLP) u o6yuenue ¢ nogkperienuem (PPO), uyTo mo3Bomiaumio
aJalNTHBHO YYHUTHIBATh JUHAMHYECKHE YCJIOBHSI TOPOJCKOM JIOTHCTHKH, TaKUe KaK MPOOKH,
MOTO/IHbIE KOJICOaHUs U BPEMEHHbIE OKHA TOCTABKH.

Mertononornyeckas 0a3a wucciemoBaHus oOecneumsna Mepexox OT TPaaUuIHOHHOTO
IUTAHUPOBAHMSI MAPIIPYTOB K UHTEIUIEKTYaJIbHOW ONTUMHU3ALMHU C DKOJIOTHUYECKUM MPUOPUTETOM.
B ornmume OT KJIACCUYECKUX MOIXOMAOB, TJ€ TJABHBIMH KPUTEPUSMU SIBISIFOTCS MUHUMH3AIUS
3aTpaTr ¥ BpeMEHH, JaHHBIN MTOAXO0/] aKIIEHTHPOBAJI BHUMaHUE Ha CHUKEHUHU BEIOPOCOB COz2, NOy,
PM..5s 1 4epHOTO yTiepoaa, a TakKe Ha COKPAIICHUH ITyCTHIX MTPOOETOB U TOBBIIIICHUH TOTUTHBHON
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spdexTuBHOCTH. bbutn  pa3paboTaHbl W MCIOJIB30BaHbl  IIOKA3aTENM  KOJOIMUYECKOH
YCTOMUMBOCTH, HHTErpAJIbHAS METPUKA S, YUUTHIBAIOIIAsl BECOBbIE KO3(PULIMEHTHI A1 pacxoaa
TOIJIMBA, BEIOPOCOB yriiepoJa U A0JIH IyCThIX peiicoB.

Pe3ynbpTarel  uMcciieoBaHMsI  MOKa3bIBAIOT MPAKTUYECKYH) LEHHOCTb  BHEIPEHMUS
MHTEJUIEKTYaJIbHBIX aIrOpUTMOB. Tak, IpUMEHEeHHEe METOA0B MAlIMHHOIO 00y4YeHUs U 00yUYeHUs
C MOJKpEIJIEHHEM MO3BOJWIO CHU3UTH mpoder Ha 15,3 %, pacxox torummBa — Ha 15,3 %,
BbIOpockl CO2 — Ha 15,2 %, a BbiOpockl NOy, PMa.s u yepHoro yriepoma — Ha 154 %.
HauOonpmmit 5pPexT ObL1 JOCTUTHYT B COKPAILIEHHH MYCTHIX IPOOETOB, YTO MOATBEPKIAET, YTO
aJlallTUBHOE IUIAHUPOBAHHME MapIIPYTOB MOKET 3HAYUTENBHO YJIyYIIUTh HKCIUIyaTallUOHHBIE U
HKOJIOTHYECKUE TMoKa3aTenu. [lomydyeHHble JaHHbIE IEMOHCTPUPYIOT, YTO COKpAIlleHHe padOThI
JIBUTaTelll Ha XOJOCTOM XOJy HalpsMYH0 CHMKAeT BbIOPOCHI BPEAHBIX BELIECTB, MOBBIIIAET
HKOHOMHYECKYIO 3()(hEeKTUBHOCTH MEPEBO30K U CIIOCOOCTBYET YIIyULICHHIO KayecTBa BO3AyXa B
TOPOJCKHX paliOHaX.

Hayuynas HOBU3HA WHCCIEIOBaHMSA 3aKIIOYACTCI B CHCTEMATUYECKOM OOBEIMHEHHU
HDKOHOMHUYECKUX U IKOJIOIMYECKHX AaCHEKTOB JIOTUCTUKU C IPUMEHEHUEM HHTEJUIEKTYaJIbHBIX
TexHojoruil. B orimumne ot OosbmmHCTBa padot, rae UM paccMmarpuBaeTcst Kak MHCTPYMEHT
ONTUMM3ALMM 3aTpPaT MJIM CKOPOCTH JIOCTaBKM, B JAaHHOM paldoTe NpUOPUTET OTAAH
HKOJIOTHUECKUM LeNsAM. Takoi MoAX0 1 pacIupsieT NpeCTaBIeHU HAyqHOT0 COOOIIECTBA O POJIU
MCKYCCTBEHHOI'O MHTEJIJIEKTA B PeaIu3allii KOHLENINH «3€JIEHON JIOTUCTUKM» U (POPMUPOBAHUU
YCTOWYMBBIX TPAHCIOPTHBIX CUCTEM.

ITpakTHyeckast 3HaYUMOCTb MCCIIEA0BAHUS MPOSIBISIETCA B BO3MOXHOCTH HUCIIOJIB30BAHUS
IPEJIOKEHHOW METOAOJIOIMM TPAaHCIOPTHBIMM M JIOTMCTUYECKUMHU KOMIIAHUSMHU, a TaKKe
TOpPOACKMMHU ciayxkOamu. HHTerpanuss HMHTEIEKTYaJbHBIX aJITOPUTMOB B IUIAHUPOBAHME
MapIIpyTOB IO3BOJIAET OAHOBPEMEHHO COKpalllaTh TPAHCIOPTHHIE pPACXOIbl M CHHXKATh
HKOJIOTHUECKYI0 Harpysky, 4To cooTBeTrcTByeT npuHuunam ESG u coBpeMeHHBIM TpeOOBaHUAM
KOPIIOPATHBHOM U TOCYAapCTBEHHOW MOJIMTUKU B 00JACTH YCTOWYMBOTO pa3BUTHs. B ycioBusx
MHTEHCUBHOI'O JIBXKEHHMsS B MeEramnojucax JaHHbBIH IOAXOJ CIIOCOOCTBYET YMEHBIIECHUIO
HIEPETPY3KHU T0POKHON CETH, CHUKEHHUIO BBIOPOCOB U MOBBILLIEHUIO KaYECTBA T'OPOICKON CPEJIbI.

[TepcnexTuBb! JanbHeHed paboThl BKIIOYAIOT CEIYyIONUE HamnpaBieHus. Bo-nepBbIx,
IIEPEX0/l OT MOJEIHMPYEMBbIX AAHHBIX K MCIOJIb30BAHUIO PEAIbHBIX JAHHBIX TPAHCIOPTHBIX
KOMIIAaHUH TI03BOJIMT IOBBICUTH TOYHOCTH IIPOTHO3MPOBAHMS M OLICHKY OKOJIOIMYECKOIO
BO3JEHCTBUA. BO-BTOpBIX, MHTErpanus WHTEIUIEKTYAJIbHBIX alrOpUTMOB ¢ cucreMamu loT u
1M (GpPOBBIMU JIBOMHUKAMU JIOTUCTUYECKUX CETEH CO37acT yCIOBUS JIIsl MOHUTOPHHTA B pealbHOM
BPEMEHM M JMHAMHUYECKOM ajanTalud MaplIpyTOB K HM3MEHSIOIIMMCS YCIOBHUSM. B-TpeTbux,
paciirpeHue Mojesnei ¢ y4éToM HIyMOBOTO 3arpsi3HEHUs, U3HOCA 10POKHON HHPPACTPYKTYPHI U
JIPYTUX JIOKAJBHBIX (AKTOPOB MO3BOJIUT (OpMUpOBaTH Oosiee KOMIUIEKCHBIE MOKa3aTeau
YCTOMYUBOCTH.

Takum o00pa3om, TNpoBeIEHHOE HCCIEAOBAaHME IMOATBEPXKIAECT, 4YTO MpPHUMEHEHHE
HCKYCCTBEHHOI'O MHTEJUIEKTa sBJseTCs 3(()EKTUBHBIM MHCTPYMEHTOM Ui JOCTHOKEHHUS Iiesei
YCTOWYMBOTIO Pa3BUTHUS B TPAHCIIOPTHOM JOrMCTUKE. VIHTEIEKTyaIbHbIE METO/IbI INIAHUPOBAHUS
MapIIpyTOB HE TOJBKO MOBBIIIAIOT SKOHOMHUYECKYIO 3((EKTUBHOCThH MEPEBO30K, HO M CO3JAIOT
OLYTUMBIN TOJOXKUTENbHBIM SKOJNOrH4YecKuid 3PQeKT, cokparias BbIOPOCH HNApHUKOBBIX HU
JIOKQJIbHBIX 3arpsi3HuTeseil. BHeapeHue NpensoKeHHBIX PEIIeHUH MOXET CTaTh KIHYEBBIM
JJIEMEHTOM CTpaTeruu «3eJ€HOM JorucTukyw» B KaszaxcraHe W Jpyrux CTpaHax, Ize
TPAHCIIOPTHBII CEKTOP SIBIISIETCSA 3HAYUTEIIbHBIM HCTOYHUKOM SKOJIOTMUECKON HArpys3Ku.

B wmenom, pabora JAE€MOHCTpPHUPYET, UTO COuYeTaHHE LUQPPOBBIX TEXHOJIOTHIH,
HCKYCCTBEHHOI'O MHTEJJIEKTa U aHAJUTHKU OOJBIIMUX JAHHBIX OTKPBHIBAET HOBBIE BO3MOXKHOCTHU
JUIsl yCTOMYMBOIO DPAa3BUTHUS JIOTUCTUYECKUX CHUCTEM, CO3/aBas yCJIOBUS IJIsl HMHTErpaluu
HKOHOMUYECKUX, SKOJIOIMYECKMX U COLHUAIbHBIX LeJied, YTO COOTBETCTBYET COBPEMEHHBIM
MEXIYHAapOAHbIM CTaHJapTaM M CTPAaTerMYecKHMM HAIMOHAJBHBIM 3ajjayaM B 00JacTu
KJINMAaTHYECKOU U 9KOJIOTUYECKOMN MTOJIUTHKHU.
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