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DIRECTIONS OF INNOVATIVE DEVELOPMENT IN THE MANAGEMENT OF THE
TRANSPORTATION PROCESS
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© 1. Asilbekova, G. Muratbekova, Z. Konakbai

Abstract. In modern conditions, the development of railway transport requires the
implementation of innovative technologies for managing the transportation process. Efficient
organization of freight flows is a key factor in increasing network throughput, optimizing resource
utilization, and ensuring economic efficiency. The relevance of the study is determined by the need
to adapt existing management methods to the dynamically changing conditions of transportation,
the growing requirements for cargo delivery speed and service quality, and the increasing volume
of data that requires real-time analysis. The aim of the research is to study and justify the directions
of innovative development in managing the transportation process using adaptive technologies and
automated information systems. The research objectives include analyzing existing management
methods and information systems, developing an adaptive model for freight flow management,
assessing the effectiveness of the proposed solutions, and identifying prospects for further
development and practical application. The hypothesis of the study is that integrating analytical
functions into automated management systems increases the efficiency and reliability of the
transportation process. The study employed methods of system analysis, functional modeling,
mathematical forecasting, expert evaluations, and big data analysis. The research material
consisted of statistical data on railway network operations, regulatory documents, results from the
functioning of ASUJT and local automated workplaces (ARM), as well as publications of domestic
and foreign authors. The results of the study demonstrated that the implementation of adaptive
management technologies increases network throughput, reduces reaction time to train movement
changes, optimizes the use of locomotive and wagon fleets, and reduces resource waste. Adaptive

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 7
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train formation plans and analytical models ensure more accurate planning and delivery time
compliance, while the integration of expert systems allows for network condition forecasting and
real-time decision-making. The conclusion confirms that effective management of the
transportation process is possible only through the comprehensive use of adaptive information-
analytical technologies. The results are practically significant for railway companies, large
vertically integrated enterprises, and logistics operators. Future research prospects include the
introduction of artificial intelligence and machine learning methods, as well as the improvement
of forecasting and operational management algorithms.

Keywords: railway transport, transportation management, adaptive technologies, ASUJT,
analytical systems, optimization, innovation

For citation: 1. Asilbekova, G. Muratbekova, Z. Konakbai. Directions of innovative
development in the management of the transportation process // Industrial Transport of
Kazakhstan. 2025. Vol. 22. No. 85. Pp. 7-16. (In Russ.).
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Annoramusi. Kazipri jkarmaiia TeMmipiKoJ KeJITiHIH JaMybl TachIMajiay MpOIECiH
OackapyZa MHHOBALMSUIIBIK TEXHOJOTHSUIAPABI €HTi3yai Tanman ereni. JKyK arbIHIApbIH THIMIL
YUBIMIACTBIPY KENHIH OTKI3y KaOUIETIH apTTHIPY/bIH, PECYpCTapabl OHTAWIBI TaiigalaHyIbIH
JKOHE SKOHOMHUKAJBIK THIMIUTIKTI KaMTaMachkl3 €TY[iH Herisri (akrtopbl O0ibIm TaObLIaIbL.
3epTTey ©3eKTUIri OapiblFbl JUHAMHUKAIBIK ©3Tepill OTBHIPFAH TachIMalJiay >KaFaaiapbHa
Oackapy omicTepiH OeiiMIey KaKeTTUTITIMEH, KYK JKETKi3y JKbIJIIaMIBIFBI MEH KbI3MET KOPCETY
carmachblHa KOWBUIATBHIH TaJlanTapblH 6CyiMEH, COH/ali-aK HaKThl YaKbIT PSKUMIHIE Taay bl
KOKET €TeTIH aKmapar KeJEMiHIH apTybIMEH aHBIKTANaJbl. 3ePTTEYJiH MaKcaThl — aJIalTHUBTI
TEXHOJIOTUSUIAD MEH aBTOMATTaHJABIPBUIFAH aKNapaTThIK JKYHelepai TNaiganaHa OTBIPHII,
TachIMaJIIay MPOIIECiH OacKapyaa MHHOBAIMSUIBIK IaMyIbIH OaFBITTAPBIH 3ePTTEY JKOHE HETI3/Iey.
3epTTey MIHACTTEpiHE Ka3ipri Oackapy oJicTepi MEH akKMmapaTThIK JKYHelIepai Tanmay, KyK
arpIHIApbIH OacKapyAblH aJanTHBTI MOJAEIIH o3ipiiey, YCHIHBUIFAH IIEHIMIEPIiH THIMIUTITIH
Oaranmay, COHJIal-aK HOTIDKENIEPII OJaH opi JaMBITY JKOHE MPAKTHKAIBIK KOJJIaHY
NEePCIEKTUBAIAPBIH aHBIKTAY Kipeli. 3epTTey/IiH TMIOTe3achl — aHATUTUKAIBIK (DYyHKIUSIIAp 5]
aBTOMATTaHBIPBUIFAH OacKapy KyHenepiHe HHTETpalusiiay TachIMaiay MPOIeCiHIH THIMIUTIIT
MEH CeHIMJIUTITIH apTThIpaabl. 3epTTey OaphIChIHAA KYHETIK Tanaay, QyHKIIMOHAIIB MOICbILY,
MaTeMaTHKaIbIK OOJKay, capanTaMallblK Oarajay >KoHE ipi JepeKTepiAl Tanaay ojicTepi
KOJIJAHBUIIABL.  3epTTe€y MarTepHaibl pPETIHAE TEMIp)KOJ IKEJICIHIH JKYMBICHI  Typasibl
CTaTUCTUKAIIBIK  JIepeKTep, HOpMaTuBTIK  Kykarrap, ACYXT  xoHe  Keprimkri
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ABTOMATTAHABIPBUIFAH KYMBIC OPBIHAAPBIHBIH (APM) KYMBICHI, COHJAH-aK OTaHIBIK JKOHE
HIETENAIK aBTOPIAp/bIH >KapUSUIAHBIMAAPHl MaiadaHbuIIbl. 3epTTey HOTHXKENepl aJanTuBTI
0ackapy TEXHOJIOTHSUIAPBIH €HTI3Y KeJiHIH OTKi3y KaOlleTiH apTThIpyFa, MOHBI3 KO3FAIbICHIHBIH
e3repiCcTepiHe peaklvs yaKbIThIH KbICKApTyFa, JJOKOMOTHUBTEp MEH BaroHAap MapKiH THIMII
naiananyra jkoHe pecypcTapibl YHEMIeYre MYMKIHJIIK OepeTiHiH KopceTTi. ATalTUBTI TIOWBI3
KYpy >KOcTapiapbl MEH aHAJMTUKAJIBIK MOJIEIbAEP KOCMapiayabl HAKThUIal OTBIPHII, KETKIZY
Mep3iMJIEpiH caKTay MYMKIHIITIH Oepeai, an capanTamaiblK KYHeleplai WHTETpalusuiay el
KarIalapbelH 00JDKayFa )KOHE HAKThl YaKbIT PeKUMIHJIE IISNTiM KaOblIaayFa MyMKIHIIK Oepei.
KopbIThIHIBICH OOMBIHINIA, TaChIMaJIay MPOLECiH THIMII OacKapy TEK aJalTHBTI aKMapaTThIK-
aHAJIMTUKAJIBIK TEXHOJOTHSIIApJbl KEIIeHAl KOJAAaHy apKbUIbl Ky3ere acaabl. Hotmxenep
TEMIpXKOJ KOMITAHUSUIAPBI, 1Ipl BEPTUKAJIAbl HMHTETPAIlMSUIAHFAH  KOCIMOPBIHAAp JKOHE
JIOTUCTHKAJBIK OTepaTopiap YIIiH MpPaKTUKAIBIK MoHre ue. bonamiak 3eprreyiepie kacaHIbl
WHTEJIJICKT [TeH MalTMHAJIBIK OKBITY SJICTEpIH €HT13y, COH/ai-aK 00JKay MEH OIepaTHBTI OacKapy
ANTOPUTMJICPIH KETUIAIPY KOCTIapIaHFaH.

Tyiiin ce3mep: TeMipKOJI KeJIiri, TackiManaay OacKapybl, aJalTHUBTI TEXHOJOTHUsIIAp,
ACYXKT, ananuTuKanbIK Kyienep, OHTaIaHAbIpY, MHHOBALIUS
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AHHoOTanusi. B COBpeMEHHBIX YCIOBHSIX pPa3BUTHE KEIE3HOAOPOKHOTO TpaHCHOpTa
TpeOyeT BHEAPEHHS WHHOBALMOHHBIX TEXHOJOTHI YIIPaBIECHUS IEPEBO30YHBIM IPOLIECCOM.
OddexTBHAsS oOpraHU3alUs TPY30MOTOKOB CTAHOBHUTCS KIIOYEBBIM (DAKTOPOM MOBBIIICHUS
MPOIMTYCKHOW CIMOCOOHOCTH CETH, ONTUMH3AIMU HWCIIOJB30BAHMS PECYPCOB U OOECTICUeHUs
HKOHOMUYECKON A(PPEeKTUBHOCTH. AKTYalbHOCTh TEMBI OOYCIOBIEHa HEOOXOAUMOCTHIO
aganTanyuu CymeCTBYIOIINUX METOHOB YIPABJICHUA K JWHAMUYHO MCHAIOMUMCA YCIOBUSIM
MEPEBO30K, POCTOM TpeOOBaHMII K CKOPOCTH JIOCTaBKH TPY30B M KadecTBY OOCIY>KMBaHUS, a
TaKkKe yBEIMYCHHEM 00beMOB MH(pOpMaIuu, TpeOyromel ananu3a B peasibHOM BpeMeHu. Llenb
UCCIIEIOBaHMS 3aKII0YaeTcd B HM3yYeHHH M OOOCHOBAaHHMM HAIpPaBJIEHUH HHHOBALIMOHHOTO
Pa3BUTHA B YIIPABJICHUUN ICPEBO30YHBIM ITPOLECCOM C UCITIOJIB30BAHUEM aJalITUBHBIX TEXHOJIOTUHU
M aBTOMATHU3MPOBAHHBIX HMH(OPMAIMOHHBIX CcHUCTeM. JIJis JTOCTHMXKEHHsS IeNu TOCTaBICHBI
CJIEAYIOIINE 3a/1aUM: aHAIN3 CYIIECTBYIOIIUX METO/IOB YIIPaBIEHUs U HHPOPMAIIMOHHBIX CUCTEM,
pa3paboTKa aJanTUBHOM MOJENU YIpaBJICHUS TPYy30MOTOKaMH, OIleHKa 3(QexTuBHOCTU
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MPEIJIOKEHHBIX PEIICHUH, a Tak)Ke BBIABICHHE TEPCIEKTUB JaJbHEUIIEro pa3BUTHS U
MPAKTUYECKOT0 MPUMEHEHHs Pe3yNbTaToB. [ Mmore3a McciaeoBaHUs 3aKJIIOUAETCS B TOM, YTO
WHTETpaIs aHATMTHICCKUX (DYHKIUH B aBTOMATH3UPOBAHHBIC CUCTEMBI YIIPABIICHUS TIO3BOJISET
MOBBICUTH (P PEKTUBHOCTDH M HAAECKHOCTh IEPEBO30YHOIO MpoIiecca. B xone uccnenoBanus Obun
OPUMEHEHBl ~ METOJbl  CHCTEMHOTO  aHaju3a,  (YHKIHOHAJIBHOTO  MOJICITUPOBAHHMA,
MaTEeMaTHYeCKOro MPOTHO3MPOBAHMS, SKCIEPTHBIX OLICGHOK W aHanu3a OONbIINX JIaHHBIX.
MatepuranaoM uccieoBaHusl CTaal CTATUCTUUECKHUE JaHHbIE TI0 paboTe JKeIe3HOJ0OPOKHOM CEeTH,
HOPMATHBHBIC JOKYMEHTBI, pe3yiabTaThl (yHkiuonupoBanus ACYXT wu  jokaabHBIX
aBTOMAaTH3MPOBAHHBIX pabounx wmect (APM), a Takke mnyOnMKAaMM OTEYECTBEHHBIX U
3apyOexHBIX aBTOpPOB. Pe3ynbTarhl HCCIEIOBaHMUSA TMOKa3ald, YTO BHEIPEHHE aJalTHUBHBIX
TEXHOJIOTHI YNpaBieHHs] TO3BOJISET IMOBBICUTH IPOIYCKHYI CIIOCOOHOCTH CETH, COKPATHUTh
BpEMSl pEaKIMUd Ha H3MEHEHHMs B [JBWKEHHHM II0€3/10B, ONTHMH3UPOBATH HCIOJIb30BaHUE
JIOKOMOTHBHOTO W BaroHHOro IHapkKa W CHHU3UTh IE€PEpacxo]] pecypcoB. AJANTHUBHBIE IJIaHBI
dbopMUpOBaHUS TOE3J0B U HCIONb30BAaHHE aHATUTHUYECKUX MoOJeNel obecrneunBaloT Oojee
TOYHOE IIJIAHWPOBAaHUE M COOJIIOJICHHE CPOKOB JIOCTABKHM T'PY30B, @ WHTETPAllUsl SKCHEPTHBIX
CHCTEM MO3BOJIET MPOTHO3UPOBATH COCTOSIHUE CETU U IPUHUMATH PEIICHUS B PEKUME PeatbHOTrO
BpEeMEHH. 3aKIIFOUCHUE WCCIICOBAaHUS TMOATBEpPXKIaeT, dYTo dS(PPEeKTUBHOE YyIpaBICHUE
MEPEBO30YHBIM MPOILIECCOM BO3MOXKHO TOJIBKO MPH KOMILIEKCHOM HCIOIb30BaHUH aJIallTUBHBIX
MH(POPMALMOHHO-aHAIUTHYECKUX TEXHOJOTHHA. Pe3ynpTarhl paboThl MUMEIOT NPAKTUYECKYIO
3HAYUMOCTb JJISl JKEJIE3HOJOPOKHBIX KOMIAHWMA, KPYMHBIX BEPTUKAIbHO-WHTETPUPOBAHHBIX
MPEANPUITHI U TOTUCTUYECKHUX OTIEPATOPOB, & MEPCIEKTUBHI JATHHEHIIIETO Pa3BUTHS BKIIOYAIOT
BHEJJPEHHE METOJI0B UCKYCCTBEHHOT'O MHTEIJUIEKTa U MAIIMHHOTO 00Yy4YeHMsI, COBEpIIICHCTBOBAHUE
QITOPUTMOB MPOTHO3UPOBAHMS U ONIEPATUBHOTO YIIPABICHHUS.

KiloueBble  cii0Ba: KENE3HOJOPOXKHBIM  TPAaHCHOPT, YIOpaBlIEHUE TMEPEeBO3KaMH,
agantuBHble TexHonoruu, ACYXT, ananutuyeckrue CUCTEMbI, ONITUMH3AIMs, MHHOBAIIUU

HMasi uuTupoBanmsi: MK, AcwipbekoBa, I'.B. Myparbekoa, 3.E. Konak0aii.
HanpaBienuss WHHOBAallMOHHOTO pa3BUTHS B YINPaBIEHUH TEPEBO30OYHBIM IpolueccoM //
[Tombrmnennsrii  Tpancnopt Kazaxcranma. 2025. T. 22. No. 85. Crp. 7-16. (Ha anr.).
https://doi.org/10.58420/ptk/2025.85.01.001.

KondaukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIUKTA HHTEPECOB.

BBenenue

Pa3zBuTHEe IK€€3HONOPOKHOIO TPAHCHOPTAa KAaK BAKHEHILIEro 3JEMEHTa TPaHCIOPTHOU
CHUCTEMBI CTPAHBI COIMPOBOXAACTCA ITOABJICHHEM CJIOXKHBIX OPraHU3allMOHHO-TCXHOJIOTMYCCKUX U
HKOHOMHYECKHUX MpobsieM. O60CHOBaHKE BBIOOPA TEMBI HCCIIEA0BAHUS CBA3aHO C TEM, UTO, HECMOTPSI
Ha HAJIMYMe MHOTOYHCIICHHBIX Pa0OT MO OMTUMU3AIMH TEPEBO30OYHOTO mporiecca (3s0upos, 2004:
10-30; 3abpommn, 2005: 28-37), 10 HACTOSIIEr0o BpPEMEHHM HE pa3paboTaHa KOMIUIEKCHAs
MCTOAOJIOTUA aAalTUBHOIO YIIPABJIICHUA T'PY30IIOTOKaMU C y‘IéTOM JUHAMHUKHW BHCIIHUX U
BHYTPEHHUX (PaKTOPOB, BIMSIONIMX HA TPAHCIOPTHBIE omepanuu. HaOmromaercss OTCyTCTBHUE
LEJIOCTHOTO TMOJAXO0AAa K HMHTETpald HH(GOPMALMOHHBIX TEXHOJOIWH B CHCTEMY YIIPABICHUS
NepPEeBO3KaMH, YTO CO3Ja€T NMPOOJIEMHYIO CUTyalUIO Ul HOBBIIIEHHS 3(P(PEKTHBHOCTH PabOTHI
YKEJIE3HOIOPO’KHOTO KoMIuTekca (JlermapraMeHT CUrHaM3aluy, IeHTpaau3aiy 1 010kupoBkd MITC
P®, 2001: 18-33; EAV, 2008: 1).

AKTyalbHOCTh ~ TE€MBl  ONpEAENseTcsl  BO3pacTalolleldl  poOJbI0  SKOHOMMYECKUX U
TEXHOJIOTUYECKUX KpUTEepUeB B olecrieueHUH 3((EKTUBHOCTH IEPEeBO30YHOro mpoiecca. B
YCIIOBUSIX PHIHOYHOM SKOHOMMKH MPENNpUsATHAM TpeOyeTcs He TOJIbKO CBOEBPEMEHHAsl TOCTaBKa
rpy30B, HO ¥ THOKOE IJTAHUPOBAHME MAPIIIPYTOB, aJaNTaIMs K U3MEHEHHUSIM CIIPOCa U palliOHaIbHOE
UCIIOJIb30BaHuE pecypcoB. OTCYTCTBUE €IMHOM CUCTEMBI aHAJIM3a, IPOTHO3UPOBAHUS U YIIPABICHUS
NPUBOAUT K CHIKEHHIO TPOIYCKHOW CHOCOOHOCTH MKEJIE3HOJOPOKHOM CeTH M yBEIMYEHHIO
AKCIUTyaTalMOHHBIX pacxoaoB (Omynenko, 2018: 10-20). Teoperwueckass 3HAYUMOCTH PaOOTHI
3aKII0YaeTcs B pa3pabOTKe MOAXOI0B K (POPMHMPOBAHMIO JUHAMUYECKHX MOJETeH yIpaBiIeHUs
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NIEPEBO3KAMHU, IPAKTUYECKASI — B BO3MOKHOCTH IPUMEHEHUS a/IalITUBHBIX TEXHOJIOTUI Ha peaIbHbIX
KEJIE3HOJJOPOKHBIX MOJIUTOHAX.

OOBEKT uccae0BaHNs — IPOLIECC YNPaBICHUS IEPEBO3KAMH TPY30B Ha KEJIE3HOI0POKHOM
TpaHCIOpTe.

[Ipenmer uccnenoBaHus — afanTUBHBIE TEXHOJIOTUHM OPraHU3ALMU U YIIPABJICHUS TPY30II0TOKAMU C
UCIIOIb30BaHUEM MH(OPMAIIMOHHBIX U aBTOMaTU3UPOBAHHBIX CHCTEM.

Llens nccienoBaHus — M3yueHUE W pa3paboTKa HANpaBiIeHHH WHHOBAIIMOHHOTO Pa3BUTHS B
yIOpaBI€HUH  MEpPEeBO30YHBIM  MPOLECCOM Al MOBBIMEHUS  3(PeKTUBHOCTH  PabOThI
JKEJE3HOAOPOKHOTO TPAHCIIOPTA.

3aga4n UCCleI0BaHHUS:

- IIpoBecTn aHaIN3 CYLIECTBYIOLIMX METO/I0B M TEXHOJIOTHH yIIpaBJIEHHs IEPEBO3KAMHU IPYy30B.

- MHccnenoBate TpeOoBaHUS K WH(MOPMALMOHHBIM M aBTOMATH3MPOBAHHBIM CHCTEMaM,
o0ecTieurBaroIIM ONEpaTHBHOE IJITAHUPOBAHUE U KOHTPOJIb IEPEBO30YHOTO MpoLECCa.

- Pa3pa0orate MozieNIb aanTUBHOI'O YIIPABJIEHHS TPY30IMOTOKAMHU C YYETOM TEXHOJIOTMUECKUX
Y SKOHOMHMYECKHX [TapaMeTPOB.

- Ouenutb >PQPEKTUBHOCTh NPUMEHEHHs NPEUIOKEHHONM MOJENM Ha OCHOBE aHaIM3a
CTaTUCTUYECKUX U ONIEPATHUBHBIX TaHHBIX.

Meroapl ¥ MOAXOABI MCCIEIOBAaHMS BKIIOUAIOT: CHCTEMHBIM aHamu3, (QYHKIMOHAIBHOE
MOJETUPOBAHUE,  MAaTEMaTHMYECKOE M DKCIEPTHOE  IPOTHO3UPOBAHUE,  MCIOJIb30BaHHE
ABTOMATU3UPOBAHHBIX CHUCTEM YyrpaBiieHus mepeBo3odHbM mporieccom (MCOJl, ACYXKT) u
JIOKaJIbHBIX aBTOMaTU3MpOoBaHHbIX pabounx mecT (APM) (Iloctanosnenue [IpaButenscrea PK, 2022:
12-57; ®emopos, 2015: 152—157).

['vnore3a wuccienoBaHus: BHEIPEHUE AJANTHBHBIX TEXHOJOTMM W aHAJIMTUYECKUX
MH(MOPMALMOHHBIX CHCTEM B YIpPABIEHHUE HKEJIE3HOJOPOKHBIMU IEPEBO3KAMU  MO3BOJIUT
3HAUUTENIFHO TIOBBICUTH IPOIMYCKHYIO CIIOCOOHOCTH CeTH W 3()h(EeKTHMBHOCTb HCIOIb30BAHUS
pecypcoB, obecrieunBas IPUHATHE PELIEHUH B PEXXUME PEealbHOrO BPEMEHH.

3Ha4YeHUE MHCCIIEIOBAHUSA COCTOUT B CO3JAHUM TEOPETUYECKUX MU TPAKTUYECKUX OCHOB
MHHOBAIIMOHHOTO YIpPABJECHUS IEPEeBO30YHBIM MPOLECCOM, YTO CHOCOOCTBYET MOBBIIIEHHIO
HKOHOMHYECKOH A(P(PEKTUBHOCTH JKEJE3HOJOPOKHOTO  TPAHCIIOPTA, CHWKEHHIO 3aTpaT M
ONTUMU3ALIUH UCIIOIb30BAHUSI PECYPCOB.

MarepuaJjibl 1 METOBI.

MarepuasioM HcClieIOBaHUS SIBJISIOTCSL TPOLIECCHl YIPABJIECHHUs IEPEBO3KaMHM Tpy30B Ha
KEJIe3HOJIOPOKHOM TpaHcnopte Poccuu, BKITIOYAKOIIME OpraHM3alyio (OPMHPOBAHHUS I10OE3/I0B,
KOHTPOJIb 3a JBIDKEHMEM BaroHOB M JIOKOMOTHBOB, a TaKXKe€ B3aHUMOJEHCTBUE pa3IMYHbIX
NOJPA3ACICHUI JKENEe3HOW NOpOord. B KOJIMYECTBEHHOM OTHOLIEHHWH MCCIEAyEMbI Marepual
BKJIFOYAET JJAHHBIE 110 CETEBBIM U IOPOKHBIM IUTaHaM (POpMHUPOBaHUS TOE3/10B, TpaduKaM IBUKEHUS,
[apKy BaroHOB M JIOKOMOTHMBOB, OOBbEMaM MEpPEBO30K, a TaKXKe CTATUCTUYECKHE M OIepaTUBHbIC
JaHHbIE 3a nocneanue 3—5 net ([lenmaprameHT curHanM3zanuy, HeHTpaau3auu 1 onokuposku MIIC
P®, 2001: 18-33; 3a6ponun, 2005: 18-38). B kauecTBEHHOM OTHOIIIEHHH MaTepHal XapaKTepH3yeTcs
CTPYKTYpOH YIIPaBJIEHYECKUX IPOIECCOB, CXEMOM HMH(OPMALMOHHBIX MOTOKOB, HCIOJIb30BAaHHEM
aBTOMaTH3UpoBaHHbIX cucteM ympasiaenus (ACYXT, ACOVIIL, MCOH) u nokaabHBIX
aBTOMATU3UPOBaHHBIX pabounx MecT (APM) (Studref, u.11.; @enopos, 2015: 152-157).

Oco0oe BHUMaHME YJEISUIOCh BBIBICHUIO MPOOJIEMHBIX 30H, CBS3aHHBIX C HEAOCTATOYHOM
UHTErpanyeil HWHPOPMAIMOHHBIX TEXHOJOTHM ¥ HEBO3MOXKHOCTBIO TPHHATHS ONTUMAJIbHBIX
pELICHNI B pEaIbHOM BPEMEHHU Ha OCHOBE CYILECTBYIOIIMX HOPMATHBHBIX JIOKYMEHTOB U IUIAHOB.
HoBu3zHa wuccrnenoBaHust  3aKiiodaeTcs B KOMIUIEKCHOM — aHAIM3€  TEXHOJIOTHMYECKHX,
MH(OPMALIMOHHBIX W SKOHOMHYECKHUX AaCIEKTOB YIIPABIEHHSA IEPEBO30YHBIM MPOLIECCOM H
MHTErpallyy UX B aJJallTUBHYIO MOJIETIb YTIPABJICHUSI.
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Bormpocs! uccnenoBanusi:

- Kak noBbicuTh 3¢ GeKTUBHOCT yMpaBleHUs MEPEeBO3KaMHU I'Py30B Ha HKEJIE€3HOIOPOKHOM
TPAHCIIOPTE B YCIOBHUIX TMHAMUYECKH MEHSIOIIMXCS BHEIITHUX M BHYTPEHHHX (HaKTOpOB?

- Kak wucnonszoBanue HHOOPMAIMOHHBIX TEXHOJOTHM M aBTOMATH3MPOBAHHBIX CHUCTEM
M03BOJISIET O0ECTICUNTh aAaNTUBHOE YIIPABICHHUE TPY30IIOTOKaMH?

- Kakue wmerompl NpOrHO3MPOBaHHMS U MOJCTUPOBAHUS TO3BOJSIOT ONTUMHU3HPOBATH
OpraHU3alMIO MIEPEBO30K C YUETOM SKOHOMHUYECKHUX U TEXHOJOTMUECKUX KPUTEPHUEB?

BHenpenne ananTUBHBIX TEXHOJIOTHH YIpaBJIEHUs EPEBO30YHBIM MPOILIECCOM B COYETAHHUU C
UCIIOJIb30BAHUEM AHAIUTHUYECKUX WH(MOPMAIIMOHHBIX CHUCTEM IO3BOJISIET MOBBICUTH IPOIYCKHYIO
CIOCOOHOCTh  JKEJIE3HOJOPOKHOM  CeTH, YIy4IlIUTh paclpelesieHHe pecypcoB M CHHU3HUTH
OKCIUTyaTallMOHHBIE 3aTpaTbl 3a CUET NPUHATHS PEIICHUH HAa OCHOBE JOCTOBEPHOM, IOJHOW H
CBOEBPEMEHHOM HHPOPMAITHH.

Otanbl UCClIeI0BaHUS:

[epBbIii 5Tanm — aHaNW3 U HOPMUPOBAHUE TEXHOJIOTHUECKHX MpoiieccoB. PazpabarbiBasich
HOPMaTWBHBIE JIOKyMEHTHI JUIsl IUIAHUPOBAHUS (POPMHUPOBAHMS MOE3/I0B M TPAPHUKOB IBHKEHUS C
yU€TOM OXKHAAeMBIX 00BEMOB MEPEBO30K Ha cpok Oonee 3 mecsieB. OleHUBaIach 10CTAaTOYHOCTD
pECypcoB:  JIOKOMOTMBOB, BAaroHOB, IOTPY30YHO-pa3rpy30uHbIX MaIllMH, MPOIYCKHOW U
niepepadaTeIBaroleit cocoonoctu cetu (Oaynenko, 2018: 15-45).

Bropoii 3Tan — TeXxHn4ecKoe HOPMUPOBAHHE U KOPPEKTHPOBKa. [IpoBomIach KOppEKTUPOBKA
CETEeBOr0 U JOPOKHOTO I1aHa (hOPMHUPOBAHMS, HOPMHUPOBAHHE Mapka JOKOMOTHBOB M BAaroHOB,
peryarpoBaHie paOOThl JOKOMOTHBHBIX OpHraj. 3afaud peliajiuch Ha CPOK JO0 OJHOTO MecsAla C
Y4eTOM YTOYHEHHBIX 3afBOK Ha TOTPY3Ky M peajbHBIX JOTOBOPOB, MPUMEHSIIMCH METOJIBI
MaTeMaTHYECKOTO MPOTHO3UPOBAHUS U SKcniepTHBIE crcteMbl (Moluch, H.71.).

Tpetuit sTanm — onepaTuBHas pealn3alsg TEXHOJOTHUHM MepeBO30K. Bkiouan HoMepHoe
CIIE)KEHUE 3a COCTOSHMEM M JUCIOKAllMeld BaroHOB, KOHTPOJIb COOJIIOACHUS CPOKOB JTOCTAaBKH,
WCITIOJIh30BaHNE aBTOMATHU3UPOBAHHBIX CHUCTEM CeTeBOro u mopokHoro yposHs (ACOVYII, APM
MOE3IHOTO  JMCHeTYepa) JUIsi TPUHATHS pelmleHuid B peanbHOM Bpemenu (Studref, H.1.;
ITocranosnenwue [IpaBurenscrBa PK, 2022: 20-60).

YeTBepThIii 3Tall — aHAIU3 U OlLEHKA 3(PPEKTHBHOCTH. BHIMOMHSIICS cOOp CTaTHCTUYECKON
OTYETHOCTH, OIEHKA TEXHOJIOTMYECKHMX M SKOHOMHUYECKUX IOCIEJCTBUI, BBIABICHUE HApyIICHUN
raHa (popMHUPOBAHUS MOE3/I0B, AHATIM3 UCTIOIH30BAHMUS BarOHOB M CPOKOB JOCTaBKH.

Metozp! uccne10BaHus:

- CucTeMHBIH aHaIu3 — AJIs1 KOMIUIEKCHOTO paCCMOTPEHUS B3aMMOJIEHCTBUS BCEX DIIEMEHTOB
MIEPEBO30YHOTO TPOLIECCa;

- OYHKIMOHAIIBHOE MOJEIMPOBAaHUE — JJIsl IOCTPOEHUSI MOJEIIEN yIIpaBIIEHHs IEPEBO3KAMH,
OTpaXKaroOIMX BCE TEXHOJIOTUUECKHE M SKOHOMUYECKUE aCTIEKThI;

- Maremaruueckoe NMPOrHO3MPOBAHME M CTATUCTMUYECKMH aHAIM3 — JJIs KOJIMYECTBEHHOMN
OLIEHKH ME€PEBO30YHBIX HOPM, HArpy3KH BarOHOB M JIOKOMOTHBOB;

- DKCTIEpTHBIE METO/IbI — I KOPPEKTUPOBKM HOPMATHUBOB U IIAHOB, B YACTHOCTH 000pOTa
BaroHoB U pabouero napka;

- UcnonwszoBanue aBromatuzupoBaHHbix cuctem (ACYXT, ACOVIL, UCO, APM) — nns
cbopa, 00pabOTKM M aHaNIM3a JaHHBIX, MPOTHO3UPOBAHUS U BbIOOpA ONTHMAIBHBIX PELICHUI B
peaIbHOM BPEMEHH;

- Metoapl MHHOBALIMOHHOTO YIMPABICHHUS W OTKPBITBIX MHHOBALMM — Uil OpraHU3aluu
NPOEKTHOM palbOoThl HaJl yIyYIIEHHEM TEXHOJIOTHH YNpPaBiICHUS M TOBBILEHUS 3PPEKTHBHOCTH
BHenpenus naHoBarmi (Elib KSTU, v.71.).

Takum 00pa3oMm, MpeaIoKeHHasE METOI0JIOTUSl COUETAaeT KaYeCTBEHHbIH U KOJMYECTBEHHbIH
aHanu3, (YHKIMOHAJIBHOE MOJETUPOBAHUE U IMPUMEHEHHE aBTOMATU3UPOBAHHBIX CHCTEM, UTO
MO3BOJISIET  OOECIEeUNTh KOMIUIEKCHOE W3YUeHHE aJaNTUBHOTO YIIPABJIEHUS I1E€PEBO3OYHBIM
MPOLIECCOM Ha JKEeJIe3HOJJOPOKHOM TPAHCIIOPTE U JIOCTOBEPHOCTH MOJTyYaeMbIX BHIBOJIOB.
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Pe3yabTathbl M 00CyKIeHMS.

B oredecTBeHHOW Hay4yHOW JMTEpaType BOIMPOCHI YIIPABICHUS KEJIE3HOJOPOKHBIMU
NEPEBO3KAMHU TPAJUIMOHHO pacCMaTpUBAINCh Yepe3 NPU3MY ONTHUMM3ALMUM SKCIUTyaTallMOHHON
paboThl M TIOBBIIICHUsT OE30MAaCHOCTH TpaHCHOPTHOro mpotecca (3s10upos, Illapos, 2004: 256;
3abponun, 2005: 287). 3HaunTenbHOE BHHUMAaHHE YJENSUIOCH pa3pabOTKe HOPMATUBOB, IUIAHOB
(dbopMHpOBaHUS TTOE3/I0B ¥ OPTaHU3aIMK TEXHOJIOTHUYECKUX MPOLIECCOB Ha cTaHIMAX ([lemaprament
CHTHAIM3aIMK, eHTpanu3anun 1 onokupoBkr MIIC P®, 2001: 18-33). OnHako 3TH UCCIIeA0BaHUS
MPEUMYIIECTBEHHO OTPaHUYMBAJIMCH AHAIM30M CYIIECTBYIOIIUX MPOLEAYP, HE YUUTHIBAsT TUHAMUKY
BHEIIHUX M BHYTPEHHHUX (DaKTOPOB, a TAKKE BO3MOXXHOCTH TPHUMEHEHHS aJalTHBHBIX
MH(POPMAIIIOHHBIX TEXHOJIOTHIA /7151 OTIEPATUBHOTO YTIPABIICHUSI.

HoBele paboThl OTEUECTBEHHBIX HCCIlenoBaTeNeil nokasan d(h(GEeKTUBHOCTh MCIIOIb30BAHUS
aBTOMATU3UPOBAHHBIX CHUCTEM U JIOKAJbHBIX paboumx mecT (APM) mis mOBBIIIEHUS TOYHOCTH
IUIAHUPOBaHMUsI M KOHTPOJISl NEPEBO30K. BmecTe ¢ TeM, oTMeyaeTcsi HEJOCTaTOYHAs WHTErpanys
aHAJIUTUYECKUX (DYHKIMN U MOJETHPOBAHUS, YTO HE MO3BOJSET B MOJHOM Mepe MPOTHO3UPOBAThH
JMHAMUKY COCTOSIHUS CETH U ONTUMAJILHO PaclpeesisiTh PECYPCHI.

3apyOexHble HCCIEOBaHHUS TakKe MOATBEPKAAIOT HEOOXOJUMOCTh  HCIOJIb30BaHUS
KOMITJICKCHOTO TIOIX0/1a K YIPABIICHUIO TpaHCTIOPTHBIMU TIoTokamu. Tak, Giua (2008) u Bobrovskiy
(2014) onuchIBalOT MPUMEHEHUE CETEBBIX MOJIENICH 1 KOHEUHBIX aBTOMATOB ISl (DYHKIIMOHATBHOTO
MOJIETUPOBAHUS JKEJIE3HOJOPOXKHBIX CTAaHLMI M YNPaBIEHUS MOTOKAMH BaroHOB, YTO TO3BOJISIET
MOBBICUTh TOYHOCThH MPOTHO3UPOBAHMSA U CHU3UTH MpocTou. B paborax 3apyOe’KHBIX aBTOPOB Ha
AHTTIMHACKOM  SI3BIKE  TTOUYEPKHUBACTCSI 3HAUYMMOCTh BHEAPEHUS] TUHAMHYECKHX MOJeNeH u
MHTEJIEKTYalIbHBIX CUCTeM yrpaBieHus. OMHAaKo OONBIIMHCTBO 3apyOeKHBIX HCCIEOBaHUM He
YVUUTHIBAIOT ~ CHEUM(HUKY  KPYNHOH  BEPTUKAIBHO-MHTETPUPOBAHHOW  KEJIE3HOJOPOXKHOM
UHPPACTPYKTYPHI, XapakTepHo#t st Poccun u ctpan CHI'.

TakuM 00pa3zoM, CyIIECTBYIOIIME HCCIEIOBAHUS JTAIOT TEOPETHUECKYIO 0a3zy, HO OCTAalOTCS
npo0eIbl B BOMPOcax MHTErPalui aHATMTUYECKUX (PYHKIMI C aBTOMATU3UPOBAHHBIMU CUCTEMaMU
yIpaBlieHHs, aJallTUBHOTO IUIAHUPOBAHUS M KOMIUIEKCHOIO aHalIM3a IEPEBO30YHOIO IMpolecca.
Hacrosiiiee uccnenoBanue HampaBlIeHO Ha BOCIONHEHHWE 3TUX MpoOeNioB, Mpeaaras MOJENb
aJlaliTUBHOTO YIPABJIEHHsI TPY30II0TOKaMH Ha OCHOBE MH(OPMAIIOHHO-aHATUTHUECKUX CUCTEM.

- B xone uccnenoBanusi ObUta pazpaboTaHa M anpoOMpPOBaHA METOMOJIOTHS aJalTUBHOTO
yOpaBlieHUs [EPEeBO30YHBIM IIPOLIECCOM, BKJIIOYAIOMIAsl YEThIpE JTama: TEXHOJOIMYECKOe
HOPMHPOBaHME, TEXHUUYECKOE HOPMHPOBAHHME U KOPPEKTHPOBKA, OINEpaTHBHAs peanu3aius
nepeBo30K 1 aHanu3 padotsl cetu (Onynenko, 2018: 10-39; E¢pumenko, 1981:30-35).

- DQPEeKTUBHOCTh TEXHOJIOTMYECKOTO HOPMUPOBaHMA. AHAIM3 TOKa3all, YTO pa3padoTKa
HOPMAaTUBHBIX JIOKYMEHTOB C HCIOJIB30BaHHEM aJalTUBHBIX IUIAHOB ()OPMUPOBAHMS TMOE3/10B
TI03BOJISIET TTOBBICUTHh TOYHOCTD TUTAHUPOBAHMS M CHH3HUTHh PHCK TPOCTOEB BaroHOB. B oTimume ot
TPAJUIMOHHBIX ~ TOAXO/OB, TpeylaraéMbleé METO/Abl  YYMTBHIBAIOT  CE30HHBIE  KOJIEOaHMS,
M3MEHSIOIIUECS MAPILIPYThI U TOUHBIE JAHHBIE O JIOXOJHOCTH MEPEBO3OK.

- Ontummzaims TexHHYeckux HopM. KoppekTupoBka ceTeBoro M JOpOXKHOTO IUIaHa,
HOPMHPOBAHME MapKa JOKOMOTHBOB M BAarOHOB C MPUMEHEHHEM JKCIIEPTHBIX CHCTEM MO3BOJIMIIA
COKPaTHTh Iepepacxosl pecypcoB Ha 8—12% M MOBBICUTH 00OPOT BAaroHOB, YTO IOJATBEPHKIACTCS
pacueramu u JanHbIMU ACY KT (Ilocranosnenue [IpaButenscrsa PK, 2022: 5-60).

- OmnepatuBHas peanu3aiys MepeBO30K. BHeIpeHne JOKaIbHBIX aBTOMATH3MPOBAHHBIX
pabounx mect (APM) mnst AeKypHBIX MO CTaHIIUH, OMEPATOPOB TEXHOJOTHYECKUX IIEHTPOB H
MOE3/IHBIX JIMCIETYEPOB OOECIICUMIIO CBOEBPEMEHHYIO 00paOOTKYy OOJIBIIMX 0OBEMOB JAHHBIX U
OTlepaTUBHOE NIPUHSATHE PEIICHHUH, COKpalas CpeTHee BpeMsi peakilii Ha M3MEHEHHS B JIBIDKCHUH
noe3noB Ha 15-20% (denopos, 2015: 152-157).

- Anamm3 u oueHka 3(dexktuBHOCTH. COOp CTATUCTUYECKOW OTYETHOCTH U aHAJIMU3
UCIIONIb30BaHUSI BaroHOB W JIOKOMOTMBOB TIOKa3ajdM YJydllleHHE TIIOKa3areled MpOIyCKHOM
CIOCOOHOCTH W CHIDKEHUE HApYIIEHWA CPOKOB JOCTaBKU Tpy30B. KoMIUIEKCHOE HCIIOBE30BaHHE
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AaBTOMATHU3UPOBAHHBIX CHCTEM M AHAIUTUYECKHX MOJEJeH MO3BOJMIO MOBBICUTH 3(h(HEKTUBHOCTH
TUITAHUPOBAHUSI U YIPaBJICHHS Ha YPOBHE CETH JKEIE3HBIX TOPOT B LIETIOM.

B omnmume oT TpaAMIMOHHBIX IOJXO/0B, KOTOPHIE COCPEIOTOYEHbl Ha HOPMATHBHOW U
oreparMoHHoN aBromaru3anuu (3s6upos, 2004: 25-56; 3abpoaun, 2005: 22—57), npemnaraemas
METOJIOJIOTHS COYETAET aHATMTUIECKHE (DYHKIIMH C ONIEPaTUBHBIM yIpaBiIeHHeM. MexXayHapoIHbIe
MCCIIeIOBaHUs TIOATBEP)KAAIOT BAXKHOCTh HCIOJIb30BAHMS JAWHAMUYECKUX MOJEJel, OJTHAKO HaIlla
paboTa JOMOIHAET UX C YUETOM CrelU(UKNA KPYITHOM UHTETPUPOBAHHOM JKEJIE3HOI0POKHOM CETH U
HKOHOMUYECKUX KPUTEPUEB ONITUMU3ALIUH.

- Pa3pa0oTka n BHe/IpeHUE aJaliTUBHBIX TEXHOJIOIUM YIIPABIEHUS IEPEBO30UHBIM MPOLIECCOM
o0ecreunBaeT pPOCT MPOMYCKHOM CMOCOOHOCTH U 3 (EKTUBHOCTh HCIOJIB30BAHHUS PECYpPCOB
JKEJIE3HOIOPOKHOU CETH.

- HWurerpammsa ananutudyeckux (yHKIMNA B aBTOMATHU3UPOBAHHBIE CHUCTEMBI IO3BOJISIET
IPUHUMATh PELLIEHUS B PEKUME PEaIbHOIO BPEMEHH, MOBBIIIAs TOYHOCTh U HAZIEKHOCTD IIEPEBO3OK.

- [IpumeHeHne TUHAMUYECKUX MOJAETIEeH M SKCHEPTHBIX CUCTEM B COUYETAHUU C JIOKAIbHBIMU
aBTOMATHU3UPOBAaHHBIMM  paboYMMU  MecTaMHu  sBIsieTCS  A(PQPEKTUBHBIM  WHCTPYMEHTOM
WHHOBAIIMOHHOTO Pa3BUTHSA YKEJI€3HOIOPOKHOTO TPAHCIIOPTA.

- Hacrosiee nccneioBanre BOCIOMHSIET CYIIECTBYIOIINE MTPOOEITBI B 00JIaCTH KOMITJIEKCHOTO
yIpaBlieHUs TPy30MOTOKAMHU, COYeTas OTEUECTBEHHBIC U 3apyOeKHbIE MOIXOMBI M JEMOHCTPUPYSI
BO3MOKHOCTB IIPAKTUYECKOT0 IPUMEHEHHS TIPEITI0KEHHON METO0JIOTUH.

3aximouenne

[enpto Hacrosiiero ucciefoBaHus ObLIO H3yYEHHWE WHHOBALIMOHHBIX HAlpaBiIeHUN B
yIpaBIEHUH TEPEBO30YHBIM MPOIIECCOM Ha JKEJIE3HOJOPOKHOM TPAHCIIOPTE C HUCIMOIB30BAHUEM
aJIaNITUBHBIX TEXHOJIOTHIA M aHATUTUYECKUX MH(POPMAIIMOHHBIX CHCTEM. /151 TOCTIKEHUS L1eJTH ObLTH
MPUMEHEHBl KOMIUIEKCHbIE METOJbl: CHCTEMHBIM M (DYHKIIMOHAJIBbHBIM aHalu3, MOJAEIMPOBaHHE
TEXHOJIOIMYECKUX IMPOLECCOB, MAaTEMAaTUYECKOE MPOTHO3UPOBAHUE, SKCIIEPTHBIE METOABI, a TAKXKe
WCIIOJIb30BaHUE aBTOMATU3MPOBaHHBIX cucteM ympasienuss (ACYXXT, ACOVII, UCOJ) u
JIOKaJIbHBIX aBTOMAaTU3UpPOBaHHBIX pabounx mecT (APM). Xox uccnenoBaHus BKIIOYAN YEThIPE
KJTFOUEBBIX 3Tara: TEXHOJOTMYECKOe HOPMUPOBAHUE, TEXHUUECKOE HOPMUPOBAHHE U KOPPEKTUPOBKA,
OlepaTHBHAs peau3alys NEPeBO30K M aHAIM3 padOThl CETH JKENE3HBIX JIOPOr € IIEIbI0 OLEHKU
3¢ PEKTUBHOCTH U BBISBICHHS Y3KHX MECT.

Pe3ynbrarel paboThl TOKa3ajdHM, YTO BHEAPEHHE AaJaNTHBHBIX TEXHOJOTWH YIPaBICHUS
MO3BOJISIET 3HAYMUTEBHO TOBBICUTH J(PPEKTUBHOCTH TEPEBO30YHOIO TMporiiecca. Pa3paboTka u
UCTIOJIb30BAHHUE a/TANITUBHBIX IJTAHOB (JOPMUPOBAHUS TTOE3/I0B, YIUTHIBAIOIIUX CE30HHBIE KOIeOaHus,
M3MEHEHHE MapIIpyTOB U JIOXOJHOCTh IE€PEBO30K, OOECIEeYMBAIOT TOYHOCTH ILJIAHUPOBAHUS U
CHIKEHHE PHCKa MPOCTOEB BaroHOB. [ [puMeHeHne 3KCIepTHBIX CUCTEM U MaTeEMaTUYECKUX MOAEIEN
JUIS  KOPPEKTHPOBKM TEXHHYECKMX HOPM  IMO3BOJIIET  ONTUMM3HMPOBATh  HCIIOJIb30BAHUE
JIOKOMOTHBHOTO ¥ BATOHHOT'O NApKa, MOBBIIIasi 000POT BaArOHOB U CHUKAs IEPEPACcX0] PeCYypcoB Ha
8-12%.

OnepaTuBHas peanu3alys MePeBO30K C UCIOJIB30BAaHUEM JIOKAJIbHBIX aBTOMATU3MPOBAHHBIX
pabounx mect (APM) mnst AeKypHBIX MO CTaHIIMH, OMEPATOPOB TEXHOJOTHYECKUX IIEHTPOB H
MOE3/IHBIX JUCIIETYEPOB 00ECTIeUnBAET CBOEBPEMEHHYIO 00pabOTKy OOIBIINX 00BEMOB HHPOPMALIUH
U TIPUHSTHE pelIeHUH B PeallbHOM BpPEMEHHM, COKpalllasi CpeJHee BpeMs peakiMi Ha U3MEHEHUS B
JBIDKEHUH 110€3710B Ha 15-20%. AHanu3 CTaTUCTUYECKON OTYETHOCTH U MOHUTOPHUHT PabOTHI CETH
MOKa3aJIM YIIy4IlIeHHE IoKa3aTenell MpPOIyCKHOM CIIOCOOHOCTH, CHIDKEHHE HAapyIIEHHWH CpPOKOB
JIOCTABKH I'PY30B U 0OoJiee pallMOHAIbHOE pacIpeieiieHHe PECypPCOB.

BreiBogpl  HccnenoBaHus TOATBEPKAAIOT HCTUHHOCTH  BBIABMHYTOTO aBTOPOM — Te3Hca:
s(dexTrBHOE yIpaBIeHHE MEPEeBO30YHBIM MPOLECCOM BO3MOXKHO TOJIBKO IPU KOMILIEKCHOM
UCIIOJIb30BAHMU a/IAITUBHBIX MH(YOPMAIIMOHHO-aHAJIMTUYECKUX TEXHOJIOTHH, KOTOPBIE MO3BOJISIOT
MIPOrHO3UPOBATh JIMHAMHUKY COCTOSIHHSI CETH, ONTHUMAJIbHO PACHPENEIIATh PEeCypChl U NMPUHUMATD
peIIeHus] Ha OCHOBE JIOCTOBEpHOM MH(pOopManmu. HaydHoe 3HaHHE O JKEeIe3HOA0POKHOM JIOTUCTHKE
pacHIMpeHo 3a CUeT WHTErpalvd aHATUTUYECKUX (YHKIMH B aBTOMATU3UPOBAHHBIC CHUCTEMBI
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yIpaBIIeHHUS U Pa3pabOTKU aIaNITUBHBIX MOJIENICH TUIAHUPOBAHUS TIEPEBO30K, YTO OTKPHIBACT HOBEIC
BO3SMOXKHOCTH  JUISI  TIOBBIIICHHS 3KOHOMHUYECKOW HM  OKCIUTyaTallMOHHOH A(PQPEKTUBHOCTH
YKEJIE3HOJJOPO’KHOTO TPAHCTIOPTA.

[epcrieKTHBBI TATbHEHIIIETO UCCIICIOBAHMUS BKIIIOYAIOT Pa3BUTHE METOJOB IPOTHO3HPOBAHUS
TPY30MIOTOKOB C HCIOJB30BAaHUEM HWCKYCCTBEHHOTO WHTEUICKTA W MAIIUHHOTO OOYYeHUS,
COBEPIIICHCTBOBAHUE AJITOPUTMOB OTIEPATHBHOTO YIIPABJICHHS Ha OCHOBE aHaJH3a OOJIBIIHNX JaHHBIX,
a TaKKe BHEJPCHUE WHTETPUPOBAHHBIX CHCTEM TIOICPKKH TPUHSATHUS PEIICHUH Il BCEX YPOBHEU
YIIPaBJICHUS TEPEBO30YHBIM TIporieccoM. [IpakTHueckoe MpUMEHEHHE Pe3yJbTaTOB MCCIICIOBAHUS
BO3MOYKHO KaK Ha JKEJIE3HBIX JIOPOTrax OOIIEro MOJIb30BaHMS, TAK U B PAMKAX JIOTUCTUIECKUX IETIOUEK
KPYIHBIX BEPTUKAILHO-UHTETPUPOBAHHBIX KOMIIAHHH, Te ONTUMH3AIHS IIEPEBO30YHOTO MPOIiecca
HAMPSMYIO BIUSET HA SKOHOMUYECKYHO d3PPEKTUBHOCTH JEATEIILHOCTH.

Takum 00pa3oM, BHEJPEHUE aJalITHBHBIX TEXHOJIOTHH M aHATMTUYECKUX CUCTEM YIIPABJICHUS
HE TOJILKO TIOBBIIAET TEKYIIYIO 3(PPEKTHBHOCTh IEPEBO30YHOTO MPOLIECCa, HO U CO3/IAET YCIOBHS
JUISL TaTbHEHIIIEr0o MHHOBAIIMOHHOTO Pa3BUTHS HKEJIE3HOIOPOKHOTO TPAHCIIOPTA, (POPMHUPYST OCHOBY
JUTSL CTPATETHUYECKOTO YIIPABIICHUSI PECypCaMU U MOBBIIICHHSI KOHKYPEHTOCTIOCOOHOCTH OTpPAaciii Ha
HAIMOHAJIBHOM M MEXyHAapOJIHOM YpPOBHSX. Peanmzarys npeayio)keHHbIX PEIIeHHH CIIOCOOCTBYET
CO3JITaHHI0 COBPEMEHHBIX HMH(OPMAIMOHHO-TEXHOJIIOTHUECKUX — TUIATGOpM, 00ECIICUNBAFOIINX
MHTETPAIHIO BCEX YUYACTHUKOB TPAHCIIOPTHOTO MPOIIECCa U TOBBIIICHHE KaYeCTBa MPEI0CTABIISIEMBIX

TPAHCIOPTHBIX YCIIYT.
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AHHOTAUMs. ABTOMOOWIb KOJJAPBIHBIH Camachl JKOHE TETICTITT Ka3ipri Keik
JKYHenepiHiH THIMIUIITT MEH Kayilci3diriH KaMTaMachl3 €TyAe MaHbBI3Ibl peJl aTkapasbl. JKou
TOCEMIHIH IYpPHIC KYPBUIYbl >KOHE OHBIH Callachl KOJIK KYpPaJbIHbIH KYPBUIBIMBIHA TYCETiH
KepHeyJIep MCH JKOJIayIbLIAPAbIH XKaHIBUIBIFIHA TiKeIeH ocep eresi. OChI 3epTTeyAiH MaKCaThl
— aBTOMOOWJIb KOJIAPBIHBIH TETICTITiH Oaranay jKoHe JKOJI TOCEMJEPiH KaJlblHA KeATIpydiH
JKaHa oficTepiH a3ipiey. 3epTTey OapbIChIHIA KON MPOdHIBACPiIHIH OY3YIIBUIBIKTAPBIHBIH
OWIKTIK JUCTIEPCHUSIIAPHI TAJIAHBII, CIEKTPIIK THIFBI3IBIK diCTepl KOJIAHBUIALL Op TYpIIi
O0azamap YIIIH ecenTeysiep JKYPri3imil, KeJK KypaJJapblHbIH KO3FalbIChl Ke31HJET1
KepHEYJIepJIH MUHUMAJIIALl OONybIH KamMTaMachl3 €TETIH KOJ TOCEeMIH OHJIEy Tocuiaepi
YCBIHBUIIBL. HoTnxkenep kepceTkeH e, Oy3ybUIBIKTapIbIH JUCIICPCUSICHIH Oaraliayia eJey
0a3aChIHBIH Y3BIHABIFBI MaHBI3IbI POJI aTKapaibl, al >KOJJIBIH TETiCTIr KeJiK KYpaJbIHBIH
opraimra TepOeic KXUUIIriHe COWKeC Kenmyi THiC. 3epTTeyAiH MPaKTUKAIBIK MaHBI3BI — JKOJI
TOCEMJEPIH cally IKOHE IKOHJEY Ke3iHIe KYPBUIBIMJIBIK KEpHeyJepai a3alTyra,
KOJAYIIBIIAPBIH  JKAWIBUIBIFBIH  apTTBIPYFa MYMKIHJIK OEpeTiH JKOJ TEeXHOJOTHSIIBIK
MalIuHaIapbIiH JKobanmayFa Heri3 jkacay. byn omicreMe aBTOMOOWIL JKOJJIAPBIHBIH CAIachlH
Oaramay MEH KaJlblHa KENATIPYAIH THIMIUIITIH apTThIpyFa, COHAAN-aK »OJI KO3FaJIbICHIHBIH
Kayinci3airi MeH CeHIMIUTITIH KAMTaMachl3 eTyre OarbITTalFaH.

Tyiiin ce3xep: aBTOMOOWIb JKOJJAAPhI, KOJ TOCEMiHIH TETiCTiri, achaibTOSTOH, KO
npodIbepi, CHEKTPIIK THIFBI3IBIK, KOJ TEXHOJOTHUSIIBIK MAITHHACHI

Haiiexce3nep ymin: H. Kam3anoB. ABTOMOOWIIB KOJIIaPBIHBIH TETICTIT1H aHBIKTAY IBIH
JKOHE KaJllIbIHA KeNTipydiH kaHa oxicrepi / Kazakcran enzipic kemiri. 2025. Tom. 22. Ne §5.
17-28 6et. (Ka3. Tixn.). https://doi.org/10.58420/ptk/2025.85.01.002.
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AnHoTanusi. KayecTBO M POBHOCTh aBTOMOOWJIBHBIX JOPOT MIPAIOT BaXXHYIO POJIb B
obOecrieueHU H(PPEKTUBHOCTH U 0€30MaCHOCTH COBPEMEHHBIX TPAHCIIOPTHBIX CHCTEM.
[IpaBuiIbHOE yCTPOMCTBO JOPOYKHOTO IMOKPBITHS W €r0 KAuyecTBO HAMPSMYIO BIHSIOT Ha
HaNpsDKEHUs, JEHCTBYIOIIME Ha KOHCTPYKIMIO TPAaHCIOPTHOTO CPEIACTBa, U Ha KOMQOPT
naccaxupoB. Llenpro MaHHOTO HCCIIEOBaHMS SIBISETCS OLEHKA POBHOCTH aBTOMOOWIIBHBIX
JIOpor W pa3paboTKa HOBBIX METOJOB BOCCTAHOBJICHHUS JIOPOKHBIX MOKpHITUH. B xo1e
UCCIIeIOBaHMs aHAJIM3MPOBAIACH AMCIEPCHS BBICOTHBIX HAPYIICHUI IOPOKHBIX Mpoduiei,
NPUMEHSUTUCh METO/IbI CIIEKTPAJILHOW TUIOTHOCTU. BBUIM NpOBEIEeHBI pacyEThl I Pa3IUUHBIX
0a3, MpeI0KEHbI METOIbl 00Pa0OTKH JOPOKHOTO HOKPHITHS, 00ECIIEUNBAIOIINE MHHUMAJIbHBIC
HANpsOKCHUS] TIPU JIBUKCHUU TPAHCIOPTHBIX CPEJCTB. Pe3ynbTaThl MoKa3aid, 4YTO JUIMHA
U3MEPHUTENBHON 0a3bl UrPacT BaXKHYIO POJIb MPH OLCHKE JUCIEPCHH HAPYIICHHH, a POBHOCTh
JOpOTH JIOJDKHA COOTBETCTBOBAaTH CpEIHEH YacToTe KoJeOaHW TPaHCHOPTHOTO CpEACTBA.
[IpakTHyeckas 3HAYMMOCTh HCCIECIOBAHUS 3aKIFOYAeTCs B CO3MaHUM OCHOBBI  JUIS
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MPOCKTUPOBAHUSL  JOPOXKHBIX  TEXHOJOTMUECKHUX  MAIIWH, TMO3BOJAIONIUX  YMEHBIIUTH
KOHCTPYKTUBHBIE HANpPSDKEHHS] W TMOBBICUTH KOMGMOPT MacCa)KUPOB TMPU CTPOUTENHCTBE U
PEMOHTE JTOPOXKHBIX TMOKPHITUN. JIaHHBIN METOJ| HANpaBIICH Ha MOBBIIICHUE dPPEKTHBHOCTH
OIICHKM M BOCCTAaHOBJICHHMSI KauecTBa aBTOMOOMWJIBHBIX JOpOT, a Takke Ha olecredyeHue
0€30MacHOCTH U HAJIEKHOCTU JIOPOKHOTO JIBUKEHUS.

KiroueBbie cjioBa: aBTOMOOMIIBHBIE JOPOTH, POBHOCTH JOPOKHOTO TOKPBITHUSA,
ac(hanbT00ETOH, TOPOKHBIC MTPOPIIIH, CTIEKTPATbHAS TUIOTHOCTH, JOPOKHAS TEXHOJIOTHYECKast
MalllHa

Jdas unTupoBanusi: H. Kam3anoB. HoBble METOAbI OnpeaeneHuss U BOCCTAHOBJICHUS
POBHOCTH aBTOMOOMJIBHBIX nopor // ITombrmuienHsid Tpancnopt Kazaxcrana. 2025. T. 22. No.
85. Ctp. 17-28. (Ha ka3.). https://doi.org/10.58420/ptk/2025.85.01.002.

KondaukT HHTEpecoB: aBTOPHI 3asABISAIOT 00 OTCYTCTBUU KOH(IUKTa HHTEPECOB.

Kipicne.

ABTOMOOMIIB XKOJAAPHl — TPAHCTIOPT UH(PAKYPBUIBIMBIHBIH HET13T1 3JIeMeHTTepiHiH Oipi
OOJIBITT TAOBLTAIBI KOHE aJlaM/Iap MEH JKYKTEP/IiH Kayirci3 opi THIM/II KO3FaIbIChIH KAMTaMachl3
ereni. XKoy TeceMiHiH camachl KO3FalIbICTHIH KAYINCI3iriHe, TPAHCTIOPT KYPaIIaphIHBIH Y3aK
KbI3MET €Ty Mep3iMiHe, KOJayIIbUIAPJbIH KAWIbUIBIFbIHA, COHAAM-aK KON MEH KeJIKTepl
naiaany NIBIFBIHIAPBIHA TIKEEeH ocep eremi. Ocipece, on OeTiHae maiga 00JaThIH Keaip-
OYIBIpIBIKTApP, TOCEMHIH TO3Ybl, MEXaHHKAaJbIK 3aKbIMJAHYbl HEMece KOHCTPYKTUBTIK
€peKIIeTiKTepl HOTMIKECIHAE KAaJbIITACATBIH JUHAMHUKAIBIK JKYKTEMEJIEp TpaHCIOpPT
KYpaJlJapblHbIH OOJIIeKTEePiHIH Te3 TO3yblHa, KO3FAJIbIC CANachblHBIH TOMEHJCYIHE >KOHE
YKOJIAYIITBIIAP/IBIH JKAHIBUIBIFBIHBIH a3atobiHa okeneai. Coi cebenTi aBTOMOOUIB KOJTapbIHBIH
npoduiliH 3epTTey, OHBI Taljgay, KajlblHa KENTIpy >XKOHE HOPMATHBTIK JXaFjgaija ycray
OMICTEpiH 93ipJiey — MaHBI3ABl FBUIBIMU KOHE TPAKTUKAIBIK Mocene OOoJbI TaObLIaabl
(AcmanoBa, 2025: 401-408).

XKon mnpodunbaepiH 3eprrey IKOHE IKONIAFBl  KeAip-OyJIbIpiapIblH  TPaHCIOPT
KypanaapelHa ocepiH Oaranay >KYMBICTapbl FachIpJlaH acTaM Tapuxka ue. XX FachIpAbIH
OpTachIHIA FaIBIMAAP >KOJAAPABIH MHUKPONPOGMIBIEPIH CTAaTUCTHUKAIBIK OSIICTEp apKbLIbI
Oaramaynpl OacTajapl, KO YydYacKeJdepiHJeri OWIKTIK aybITKYJapIblH IUCIIEPCHUSICHIH KOHE
TapajybIH ©JIIeH OTBIPHII, JKOJI CAallaChIHBIH KpUTEpHiiepiH KanbmTacTeipasl ([TapxunoBckwii,
1964: 14; Suenko, 1969: 219). By 3eprreynep xoa ToCEMEPiHIH canachklH Oaranayaa Heri3
OOMBIN KBI3MET €TTi, anaiia onap keOiHece TeK CTAaTHKAaJbIK MapameTpiepre CyHeHIl KoHe
KO3FaJIBIC )KBULIAMIBIFBl MEH TPAHCTIOPT KYPATBIHBIH KOHCTPYKIIMSICHIHA OCEPIH €CETIKE aIMa/Tbl.
KeliiHri oHXbUIABIKTap/a K01 NpoduiliH Oaranay oicTepi KyYpAeJdeHe TYCTi: aMIUIUTYIAJIbIK
YKOHE KUUTIK CUITaTTaMallapblH aHbIKTayFa MYMKIH/IK O€peTiH CHEeKTPIiK Tajaay KOJJaHbUIIbI,
OWJT HYKTEJIK KOHE Y3bIH TOJKBIH Y3BIH/IBIFBIHBIH KOJIK KYpajJapblHa dCEpPiH aHBIKTAayFa KOl
amTel (Cugakos, 1973: 20-22; [1es3nep, 1964: 15-18).

Kazipri 3amanrel KazakcTanmarel KOJ camachblHa KOWBUIATHIH TajanTap TPaHCIOPT
KYpaJIapbIHBIH ~€CEeNTIK KBbUIMaMIBIKTAphIHAA pPYKCAT eTUITeH BePTHKANb YACyJepi
KaMTaMachI3 €Tyl Ke37eial. by TpaHcnopT KypangapblHbIH KOHCTPYKIMSUIIBIK dJIEMEHTTEpiHe
TYCETIH JTUHAMHKAJBIK XYKTEMEJIEep/ll a3aiTy, OeMmeKTepaiH KbI3MET MEp3iMiH Y3apTy KOHE
YKOJIayIIBIIAP IbIH JKaUIBUIBIFBIH apTTHIPY YIIiH MaHbI3bl. COHBIMEH KaTap, JKOJ KYPBUIBICHIH
JKOHE JKOHJIEY/Il J)KoOanay Ke31H/1e SKOHOMUKAIBIK THIMIUTIK IMEH TEXHOJIOTHSIIBIK aCTIEKTLIep i
eckepy Kaxker. JSIFHH, OKoIgap ¥3aK KbI3MET eTyre JkapaM[bl, Kayimnciz Oomysl,
MEXaHHUKAJAaHABIPYFa JXOHE aBTOMATTAHIBIPYFa BIHFAWIBl Oonybl THic (bapmakoBa jxoHe
Kaceimona, 2020: 200).

Hoctypmi xon mpodunbaepin Oaranay omicTepi, MbICAbl OMIKTIK aybITKYJApbIHBIH
JUCTIEPCUsICHIH eniey, Oenrini Oip mekreynepre ue. bipiHmigeH, Oy oaicTep TpaHCHOPT
KYpaJIbIHBIH KO3FaJbIC JKbUIIAMJIBIFBIH €CKepMeill, COHJIBIKTaH Oip 0y MpouUiiH SpTYpl
JKaraainapaa opkanai Oaranayra Typa keneni. ExiHmigeH, aucnepcust KOpceTKilli Kol OeTiHIH
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HEPOBHOCTAPBIH TOJIBIK CHIIATTal anMaupl: Oipied Aucrepcusira ne acGanbTOSTOH KOHE Tac
Kemip ywackeinepl apTypJi ocep eTeal. ¥3bIH, Teric TOJKbIHJIAP MUHMMAIABI JUHAMHKAJBIK
KYKTeMeTep Oepelli, an KbICKa yKoHe OMiK HEpOBHOCTAp edyip *KykTeme Tyrbi3ansl (Iles3nHep,
1964: 15; Sluenko, 1970: 22-28).

Kasipri 3amMangarsl ’oJ1 mpoQMIbAEPiH TaNIay IbIH HET13r1 9iCTepiHiH Oipi — CIEKTPIIIK
Tannay, OJ JKOJ OeTiHAeri HEepOBHOCTAp/AbIH AaMIUINTYJIANBIK-KHUUIK CHUIaTTaMajlapblH
Oaramayra MYMKIHAIK Oepemi. By omic AMHAMHKAIBIK KYKTEMEHI KOHE JKOJAyIIbUIAPIBbIH
KaMJIBUIBIFBIH aHBIKTayFa FaHa €MeC, COHBIMEH KaTap MOJAbl OPTYPJl 3SKCILTyaTalUsIbIK
JKaFIaiiapaa Kajxai e3repeTiHiH alIblH aja OoihkayFa MYMKIHIIIK Oepesii, COHIal-aK KoHIeY
JKOHE KaJIbIHA KEJTIpy MapaiapbiH THIMII xkob0amayFa xou amansl (boposckux, 1970: 51-54).

Ocwl 3eprreyaiH ©3ekTiniri OipHeme ¢akTopiaapMeH TyciHaipineni. bipinmmiaew,
Kazakcranna xenrteren >xkongap 20-30 kplUIgaH acTaM yaKbIT OOWBI IMaigalaHbLIAIbBI, KOHE
OJIApJIbIH JKaFIalbl Ka3ipri 3aMaHfbl KAYIINCI3/iK TEeH XKaMIbUIBIK TalanTapblHa cail KeIMeii.
Exinmigen, nocTypdi agicTep ko mpodririH emiey MeH Oaranayia THIMII OoJIMaraHIBIKTaH,
JKOFapPBI )KBULIAMIBIKTAFbl KO3FAJIBICTA TPAHCIIOPT KYpaJAaphlHA KOHE JKOJIAyIBUIapFa TYCETiH
JTUHAMUKAJIBIK OCEp/i Ayphic OoKai aaMalabl. Y IIHIIAEH, K0 MPOo(HUIbICpIH Tall1ay MEH
KaJIblHA KENTIPYJIiH >KaHa ONICTEpiH EHTri3y HKCIUTYaTalMsUIBIK IIBIFBIHAAPABI a3aiTyFa,
KOJAAPABIH KbI3MET €Ty MEP3IMIH Y3apTyFa jKoHEe TPAHCIOPT KbI3METIHIH CalachblH apTThIpyFa
MYMKiHIIK Oepei.

3epTTeyiH MaKcaThl — TPAHCIOPT KypajiJapblHa TYCETIH AMHAMUKAIBIK )KYKTeMe MEH
KOJAYIIBIIAPIBIH  KAUIBUIBIFBIH €CKEpPE OTBIPHIN, aBTOMOOWIb IKOJJAPBIHBIH TETICTITiH
aHBIKTAy JKOHE KaJMbIHA KEJTIPYiH jKaHa oJICTepiH o3ipiiey. MakcaTka KeTy YIIiH Kejeci
MiHAETTEp KOMBLIA B

- Konpmanpictarsl o0 mpouiabAepin oIey koHe 0arajay oICTepiH Tajaaay, oJlapIbIH
HIEKTEYJIePiH aHBIKTAY.

- OPTYpAi KOJI TOCEMJEpIHIH TPAaHCIOPT KypalJapblHa oCEpiH MXKoHE OHIKTIK
AyBITKYJIAPBIHBIH TapaybIH 3€PTTEY.

- XKon OGeriHmeri HEPOBHOCTAPIBIH aAMIUIMTYIAJBIK-KULIIK CHIaTTaMallapblH Oaranay
YIIiH CIIEKTPIIIK TalAayasl KOJIJIaHy.

- Konaiiabl TOJNKBIH Y3bIHIBIFBI MEH MHTEHCHUBTUIIIIH €CKEpE OTBIPBIIN, KOJI TOCEMiH
KaJITIbIHA KETIPY 9ICTepiH 93ipiey.

- XKox TecemiH xeHIEyTE apHAIFaH TEXHOJIOTHSUTBIK MalllMHATIAP IbI J)Ko0anay OOWbIHIIA
NPAaKTHKAJIBIK YCHIHBICTAP JKacay.

Ocpunaiima, KYpri3ulreH 3epTTey CTaTHUCTHKAJbIK, CHEKTPIIK >KOHE HHXKEHEPIiK
onictepai OipiKTipe OTBIPBIN, aBTOMOOWIIb JKOJJIApPBIHBIH CalachlH KelIeHi Oarajayfa >KoHe
KakcapTyra OarbITTalfaH. AJIBIHFAaH HOTIDKENEp KO3FalbiC KayiNCI3JIriH, TPaHCHOPT
KYpaJAapbIHbIH KbI3MET €Ty MEp3i1MiH, jKOJIayIIbUIapAbIH KalJIbIIBIFBIH aPTTHIPYFa, COHIaN-aK
YKOJI KYPBUTBICHIH JKOHE KOHJIEY i OHTAIaHABIpYFa MPAKTHKAIBIK MOHTE ne Ooaasl (AcraHoBa,
2025: 401-408; bapmaxosa, 2020: 200).

MarepuaJsgap MeH dicrep.

3epTTeyIiH NPaKTUKAIbIK MaHbI3bl aBTOMOOMIIb ’KOJIIapBIHBIH TOCEMIEPiH Oarasay xKoHe
KaJIIIbIHA KEJITIPYy SJICTepiH KeTuaipye kepineni. Kon npodunpaepiniy canacblH Oaranayna
KOJIJIAHBUIATBIH JI9CTYPJl CTATUCTHKAJIBIK KOPCETKIIITEp, MbICANIbl OMIKTIK aybITKYJapbIHBIH
opTala JUCIEPCHSICHI, TEK K011 OETIHIH >KaJIlbl TETICTITH cUMNaTTai anajabl, Oipak opTypJl kKol
TeceMmJiepl YIIIH JUHAMHKAJIBIK 9CEpAiH epeKIIeNiKTepiH ecenke anMaiasl (ITapxumnoBckwii,
1964: 14; Suenko, 1969: 219). Oceiran OaillaHBICTBI 3€pTTEYAIH HETI3r1 9MiCTepiHiH Oipi
peTiHIe CHEeKTPJIK Tajjay TaHJIalAbl, OJ XoJ OeTiHJe KaJlbINTacKaH HEPOBHOCTAPJIbIH
aMIUTUTYJAJIBIK KOHE KUK CUIIaTTaMajapblH aHbIKTayFa MyMKIHAIK Oepeni. byn Tocin keinik
KypajJapblHa TYCETIH JWHAMHUKAJBIK JKYKTeMmenepai OoipkayFfa, >KOJN NMPOQUIIIHIH CanachklH
caJbICThIpMalIbl TypJle OaranayFa >KOHE JKOHEY KYMBICTApPbIHBIH TUIMJILIITIH apTThIPyFa HETi3
6onansl (Cunakos, 1973: 20-22; I1e3uep, 1964: 15-18).
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Marepuannap

3eprreyne KazakcTanmarbsl OpTYpiil THIITETI aBTOMOOWIIBL KOJIIAPBIHBIH Tpoduiaepi
naigananeuIel. Onapra MeIHAIAP Kipei:

- ac(hanbpTOETOH TOcemaepi ((kaHa KOHE TO3FaH);

- IIEMeHT-0EeTOH TecemIepi;

- Tac TeceMepi;

- Kap MEH MY30€H aObUIFaH yyacKeyep.

Op KOJI THMI YIIH 3epTTEy y4acKeJlepiHiH Y3bIHALIFb 12—-30 M apanbIFbIHAAQ aJTbIH]IbI,
OyJ1 TMHAMUKAJBIK JKOHE CTaTHKa CHIaTTaMalapAbl aHBIKTAayFa XKEeTKIUTiKTI 00mabl. KuHanraxn
JepEKTEpre COMKeC, op MKOJI y4acKeCiHAETrT HepOBHOCTAPbIH OWIKTITIHIH JUCIIEPCHUSICHI TYPJIi
Y3BIHABIKTAFBl TOJKBIHIAPMEH AaHBIKTANANbI, Oy KOJIK KypallblHa TYCETIH JcepJi TOJIBIK
cumnarrayra MyMkiaaik 6epeni (Iles3uep, 1964: 15; Suenko, 1970: 22-28).

Kecte 1. ABTOMOOUIIB K0JIIaphl yYacKeIepiHiH O1pKeKi eMec OMIKTIT] maMalapbIHbIH
JIUCTIEPCHSICHI

2Kon Teceminiy Typi Hucnepcus [cmz] barananaTsii yqaCKenepz[[iH
MaKCUMAJJIbl Y3bIH IBIFbI M]
AcdanpTOeToH 0,14 - 0,22 -
AcdanpTOeToH 0,64 — 1,59 30
IlemenT-6eToH 0,25-1,54 30
Ac¢hanbTOETOH KaKChl XKaFnaiaa 1,55 -
Acdanbrberon 1,5+5,0 12
Tac 1,82+5,24 30

Ommey aaicrepi

Kon mpodunipepin eniiey yiIiH KEmeH i 9/1iC KOJIIaHBLIABI, 0J1 KeJiecl Kypailaap MeH
TOCIIEePAl KAMTH/IBIL:

1) MexaHuKanelKk TpOQWIb eimey Kypangapbl. POJHKTIK HeMmece JIMHEHKAaJbIK
KYpBUIFBIJIAP apKBUIBI KOJ O€TiHIH MHUKPONpPO(QWIIH aHBIKTAy KYy3ere achlppUIAbl. by omic
YKOJITaFbl MUKPO-HEPOBHOCTAP IBIH OMIKTITIH HAKTHI OJIIIeYTe MYMKIHIIK Oepeti.

2) Cnekrtpmik Ttanmay. JKon mpodumniHiH OY3YMIBUIBIKTAPBIH aAMIUTATYTATBIK-KHUTIK
cUIaTTamMajapbIMEH Oaranay Kyprizuiai. by Tocin kemik KypangapblHa TYCETiH JUHAMHKAJIBIK
KYKTeMmenepii Ooipkayra, ol MpoQUIIiHIH CalmachklH CaNBICTRIPMAIbl TYpAE Oaranayra jKoHE
JKOHJIEY )KYMBICTAPBIHBIH THIMIUTITIH apTTBIpyFa HeTi3 00abl.

3) CTtaTUCTUKAJIBIK OHJIEY

Herisri kepceTtkimrep:

Opraia qucnepcus;

CraHaapTTHIK ayBITKY;

CIHEKTPIIIK THIFBI3/IBIK;

MaxkcuMaibl )KOHE MUHUMAJIBI OUIKTIK ayBITKYJIaphl.
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6)
a) HOPMaJIaHFaH CIIEKTPIIIK THIFbI3ABIKTApP, 0) HOPMaJaH ThIC CHEKTPIIIK ThIFBI3JBIKTAP,

1-10 xm/car; 2-20 kM / car; 3—-30 km / car; 440 k™ / car; 5— 0 kM/car
Cyp. 1. Kenik KypanbIHBIH dPTYpIi KO3FaJbIC XKBUIIAMIBIFBIHA apHAIFAH TO3FaH ac(haabTOCTOH TOCEMIHIH CHEKTPIIK
TBIFBI3/IBIFBI.

3epTTey 9iCTeMECiHIH MPUHITUNITEPI.

- ToNKBIH Y3BIHIBIFBIH €CETKE Ty — KOJIIK KypaJblHa 9Cep €TETiH MaHBI3/IbI TapaMeTp;

- Kosranbic KbUIIAMIBIFBIH €CKEPY — CIEKTPIIIK THIFBI3IBIKTAD KOJIK KYpajJaapbIHbIH
HAKTHI KBUIIaMIBIFBEIHA KOOEHTIIII;

- CTaTUCTHKAIIBIK CHIIATTaMalap — JUCTIEPCUSI MEH CTaHJIAPTTHIK ayBITKY CaJIbICTHIPMAIbI
Tanuay Y Heri3 00Jab;

- Onmiey 6a3achlH TaHIay — Ipod Wb epeKIIeNiriH AyphIc Oaranay yIIiH MaHbI3/IbL.

Omniey epeKTepiH OHIEY.

3epTTeyaiH omicTeMeci koj OeTiHIH HEPOBHOCTAPBIH TYPJl >KbUIIAMIBIKTAFbl KOJIK
KYpaJIIapbIHBIH JWHAMUKAIBIK OCEPiH ecenmke allyFa MYMKIHmIK Oepeni. Jlepekrepai emHuaey
OaphICBIHIA CIEKTPIIIK THIFBI3ABIKTAD HOPMAaJlaHFaH YXOHE HOpMallaHOaFaH TYpPiHIE eCenTeii,
OyJ1 %KOJI canachIHBIH 0arachlH HAKTHI )KOHE CaJIBICTRIPMAIIBI TYpJie KOpceTyre MyMKIHAIK Oepe/i.
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3eprTey OapbIChIHIA allbIHFAH JEPEKTep KON TOCEMiH kolamay JKOHE MKOHJEy Ke3iHJe
JTMHAMUKAJIBIK JKOHE CTATHKAJIBIK JKYKTEMEJepAl €CKepe OTBHIPBIN, ONTHMAJJIbI IICUTiMaep
KaObUIAayFa Heri3 Ooa bl

HoaTnxkesep MeH TaJKbLIAy.

ABTOMOOWJIb KOJBI TPOPHIIIHIH aJamMFa >KOHE KOJIK KYpaJbIHBIH TachIMalIayIbl
Ky#ecine ocepin Oaranay (Oy3ymibl (yHKOHS) mpoduibaepaeri Oy3yIIBLUIBIKTAP OHWIKTITiHIH
TapalybIHBIH CHEKTPJIK THIFBI3IBIFBIMEH OalTaHbICThl ekeHi Oenrimi. Kazipri yakpIiTTa Keuik
KYPaIbIHBIH ~ OPTYPJIi  KO3FAllbIC  KBUIJAMJIBIKTAPBIHIAFBl ~ aBTOMOOWJIb  JKOJAAPBIHBIH
npopUIBIACPIHIH ocep eTYiHIH CHEKTPIIK THIFBI3ABIFEl OpJUHATTApABl 06y >koHe Oipiik
KBULIAMJIBIK VIIH €CENTENTeH YYaCKEHIH CHEKTPIIK THIFBI3IBIFBIHBIH a0CIUCCATapblH KOJIK
KYpPaJbIHBIH HAaKThl KbUIIAMJBIFbIHA KOOEHTYy apKbUIbl ecenTenefi. AJBIHFAH CIEKTPIIiK
TBIFBI3IBIKTAPBIH KopHici (1-cyp., a xkoHe 0).

[Ipodunbaepaid CEKTPIiK THIFBI3IBIFBI KUCHIKTAPBIHBIH CHUIIATBHIH Tajiay HOpMaJlaHFaH
CHEKTPIIK THIFBI3IBIKTAPIBIH OpMHATTAPbIHAH HOPMaTaHOAaFaH THIFBI3IBIKTAPIBIH OPAMHATTAPHI
TYpaKThl KOOSHTKIIIIEH epeKIIeIeHeTIHIH KOpCeTTi-Ke3-KeITreH Heri3ae npouibaiH OepiireH
0eJ1iMi YIIIiH aHBIKTATYbl MYMKiH gucnepcus. COHbIMEH, erep aBTOMOOMIIb JKOJIBIHBIH K€3-KEeJITeH
y4ackeciHiH mpod i 0a3aHbIH OPTYPIIl MOHAEPIMEH aJIbIHBIN TacTajlca, OHJA KOJIIK KYPAIBIHBIH
OipITIK >KbUIaMIBIFBIHA aPHAJIFAH CIIEKTPIIIK THIFBI3IBIKTAP 2-CypETTe KOPCETIITEH.
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Cyp. 2. Optypi 6a3zanap yIiIiH ecentenaret acaibT TOCSITeH aBTOMOOMITb )KOJIbI yHaCKeCiHIH HOpMaaH ThIC CIIEKTPIIK
TBIFbI3AbITbI
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ConaH KeiliH cama TajanTapblH KaHaFaTTaHIBIPATHIH ac(halbTOCTOH KaOBbIHBI yYacKeci
ywin mucnepcusuel Oaranay [ =8,2m6a3acel ymin /J =34,2wum’ - ¥a; BBB - [ =73,5um’
6asacel yuin; [ =14.4m - J =119,6 mm”, [ =27.6m Gazachl YIIiH %koHe T. 6. TeH KaObLIaHybI
MYMKiH.

Jemek, ke3-kenreH npoduipaeri Oy3ymIbUIBIKTap OWIKTITIHIH JAUCHIEPCHSICHI  OCHI
npoduIbAiH TYPaKTBICKI eMec, Oipak eiiey 0a3achblHBIH ©3TepyiMEeH e3repeli, al 0a3aHbIH
ecyiMeH Jucriepcus Memepi e eceni (3-cyp.).
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1, 2, 3-achanpTOeTOH ToceMi; 4-To3FaH acambTOCTOH TOCEMI; S-Kap MEH My30¢€H ka0buUTFaH acharbTOETOH ToceMi; 6-
KelTip TeceMi; 7-KapAbIH >KyKa KabaTbIMeH aOblIFaH achanbTOeTOH ToceMi

Cyp. 3. bazara GaiimaHbICTBI 9p TYPJIi aBTOMOOWIIB YKOJIAAPEIHBIH NPOMMIBIEPIHIH JUCIEPCUSICHIHBIH MOJIIEPI.

ABTOMOOWITH YKOJIBIHBIH MPOQIITIH OJIIICY KOHE OHJLY dicTeMeci OacKalia O0Tybl Kepek.
MyHnpait oic )kyMbIcTa YCBIHBULIBI (JIMuTpruenko, 1976: 24-25). OHbI KOJITaHYABIH HET13IUTIT1
COHFBI YIII OHXKBUIABIKTa KEH ayKbIMIbI SKCIICPUMEHT apKbLIbl aJbIHFAH YIKEH CTATUCTHKAIIBIK
MaTepUaAIMEH pacTallbl. by, MbIcajbl, OpPTYpii KeJiKTepii jkobajay Ke3CeHIHIE OJIapIIbiH
KYPBUTBIMJIBIK AJIEMEHTTEPIHETI KEPHEYIEPIiH CHEKTPIIK THIFBI3IBIFBIH €CENTeYre MYMKIHIIIK
Oepai. ¥CHIHBUIFAH OIICTEMEHIH 3aHJIBUIBIFBI KEPHEYJIEPIH CHEKTPIIK THIFBI3IBIFBIHBIH 63Tepy
cunaTbIMeH pacranajsl (4-cyp.).
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bip ke3nmepi xymeicta (Jmutpuuenko, 1976: 24-25) aBTOMOOWIB KOIAAPBIHBIH
npoMIbICpIH OJIIey JKOHE Taljgay oJicTeMeci jkobamay Ke3eHIHIe KOJiK KypaJbIHbIH
KYPBUTBIMBIHBIH )KYKTeMECi MeH OepiKTIriH Oaranay TYpPFbICBIHAH jKacaisl (4-cyp.).
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1 — skcmepuMeHTTeri jxa30a OoibIHIIA; 2 — MPOGMIBII TericTey Y3bIHABIFBIMEH [ = 25 MM; 3 — TericTey Y3bIHIBIFBI
ootibiHmma [ =V / f,

Cyp. 4. Tponneiibyc paMachbIHbIH JaH)XEPOH KMMAChIHIAFbl KEPHEY/IIH CIIEKTPIIIK THIFBI3IBIFE Ne 5, =30 kwm/car

CEHCOp) eCeNTeNreH

CoHbIMEH KaTap, KOJK KYpaJIbIHbIH KYPBUIBIMABIK JJIEMEHTTEPIHJerT aifHbIMaIbl
KEepHEeyJIep ICHIeHiH TOMEHIETY YIITiH KOJI )KaOBIHBIHBIH TETICTIT1 KOIK KYPaTbIHBIH KO3FaJIbIChI
Ke31HJEeT1 KepHeyJiep MHHUMANIsl OonaThiHAai Oomybl Kepek. JleMek, KoK KypalgapbIHbIH
MeTaUT KOHCTPYKIUSJIAPBIHBIH OCPIKTITiH apTTHIPY KOHE KOJIAYIIbIIAP MEH KYPri3ylIiiep/IiH
KYPY BIHFAHJIBUIBIFBIH apTTHIPY MACEJIEC] JKOJI TOCEMIH OpPHATY KOHE JKOHJEY Ke3iHJe xobanay
JKOHE caraHbl KaMTaMachl3 €Ty Ke3eHiHjae meminyi kepek. Cama aern aBTOMOOWIb KOJIBIHBIH
MaKpOHEPOBHOCTH TOJIKBIHIAPBIHBIH KOJIK KYPaIbIHBIH KO3FAJIbIC KbUTAAM/IBIFBIMEH OaillaHBICHI
TYCiHITEdI.

ABTOMOOWIIb KOJJIAPBIHBIH MPOQWIBICPIH ONIIey >KOHEe Talaay, KYKTEMEHi KoHe
ColiKeciHIIe yaeyai Oaranay OOWBIHIIA KYMBICTAP/IbI IOy IaH KOPIHIN TYpFaHai, aBTOMOOHIIb
YKOJIBIHBIH TPOQHIII TeK KYK KOTEpTill JXKYHEeHIH >KYKTEMECiHE XKOHE KOJK KYpaJbIHBIH Yy
MeJIIIepiHe dcep ETMEUTIH HEMece a3 9cep €TETiH TOJKBIH Y3BIHJBIFbIHA W€ OONAThIHIAN eTill
KYPBUTYBI KepeK.

Ocpinaiiia, )07 TeCEeMIH cally KOHE JKOHJEY Ke3iH/Ae KYPBUIBIMHBIH KYKTeNlyiHe jKoHe
YKOJIayIBUIAP IBIH YKalIBUIBIFBIHA 9CEP €TETIH TOJKBIH Y3bIHIBIFBI aJIBIHBII TACTAIYBI KEPEK.

KopbITbIHABI.

Ocpl 3epTTey >KYMBICHI aBTOMOOWIJIb KOJJAAPHIHBIH NPOQHIiI MEH OJapAbIH KeJiK
KYpaJlbIHBIH TachIMalAaylIbl >KyHeciHe, COHIal-aKk aJaMfa OoCepiH KaH-)KAKThl TalgayFra
apHaiFaH. 3epTTey OapbhIChIHIAa aBTOMOOWIIb JKOJIAAPBIHBIH OY3YIIBUIBIKTApEl MEH MPOQUITIHET
OWIKTIKTIH ayBITKYJapbl CIEKTPJIK THIFBI3ABIK 9/iCi apKbLIbI OarajaHblll, KOJIK KYpaJbIHBIH
OPTYPJTi KO3FAJIBIC KBUITAMIBIKTAPBIHAAFBI dCepPi aHBIKTAIBI. ByJT TOCT 5k0J PO MITiHIH HAKTHI
oCepiH CaHIBIK TYPFbIAA KOPCETYre, KOJIKTIH OIpJiK KbUIIAaMIBIFBIHAAFEI KEpHEY JEeHreHiH
OaraJiayra >KoHE YKOJI TOCEMIHIH canachlH OaKpUIayFa MYMKIHIIK Oepe/ti.

3epTTey KepceTKeHjaeH, mpoduibaeri Oy3yIIbUIBIKTApAbIH OWIKTITIHIH JUCIIEPCUSCHI
eney 0a3achIHBIH ©3repyiHe Toyeni 0obir, 0a3aHbIH ©CYIMEH CIEKTPIIIK aybITKY Ja apTajbl.
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OpTypii 0Gazanmap YIIIH ajblHFaH CHEKTPIIK THIFBI3ABIKTAPABIH TalAaybl KOJiK KYpaJbIHBIH
KYPBUIBIMJIBIK 3JIEMEHTTEPIHJErT KEpHEyJepliH e3repy CHUIaTblH HaKTbl Kepcereai. by
MOJIIMETTEp KOJIK KYpaJJapbIHbIH METaJUl KOHCTPYKIMSIIAPBIHBIH OEPIKTITiH ko0b0anay Ke3iHze,
COHJIai-aK OJI TOCEMIHIH camachlH Oaranay >KOHE JKOHJCY >KYMBICTaphl Ke3iHJe Heri3 peTiHIe
KOJIJTAaHBLIAIBI.

XKon mpoduniH enmey koHE Talfay oOJICTEMECi COHFbl YII OHXBUIABIKTA aJbIHFAH
CTaTUCTHKAJIBIK JAepeKTepre HerizaenreH. byn oxmic kemikTepai kobanay Ke3eHIHIE OJIap.IbIH
KYPBUIBIMBIK 2JIEMEHTTEPIH/IET1 KEpHEYJIep/Il ecenTeyTre, )K0JI TOCEMIHIH carachlH ko0aiay MeH
JKOHJIEY Ke31HJIe KaKETTI akmapar aayra MyMKiHaiK Oepeni. COHBIMEH Kartap, *OJIarkl KayiITi
TOJIKbIH Y3bIH/BIKTApbIH aHBIKTAI, OJap/bl ppe3epiiey apKbUIbI aJIbII TACTAy YKOJ TOCEMI apKbLIbI
KO3FaJaThIH KOJNIKTEpJiH MeTalll KOHCTPYKIMSIIAPBIHBIH OEpIKTITiH apTTBIpaJbl  KOHE
KOJIayIIbUIAP IbIH YKalIbUIBIFBIH KAMTaMAachl3 €Te/Il.

3epTTey OapBICBIH/A KOJ TOCEMiHIH CalachblH apTTHIPY YIIIH jKaHA KOJ TEXHOJOTHUSIIBIK
MalllMHaJIApbIH KOJ/IaHy YCBIHBIIABL. TO3FaH >KOJI TeceMiH (pe3epiey apKbUIbl ajblll Tacray,
(bpeseprey ydacKeciH JKOJIBIH OpTallia TOJKBIH Y3bIHIBIFPIHA OPHAJACTHIPY JKOHE MAaIIMHAHBIH
ONTUMAJIIBl KBUIIAMABIKIICH KO3FalyblH KaMTaMachl3 €Ty KeJIK KypalJapblHbIH TaOufu
TepOericTepiH a3aiiTyra MYyMKIiHIIK Oepemi. Byn Tocin KON TEXHOJOTHSUIBIK MallliHATAPIbIH
Y3BIHIBIFBIH  A3alTHIN KaHa KoWMal, MaTepHalAblK IIBIFBIHAAPABI TOMEHJAETyre, eHOeK
OHIM/IUTITIH apTTHIPYyFa JKOHE KOHEY )KYMBICTAPBIHBIH YaKbITHIH KbICKAPTYFa jKaF/aai skacaii/ibl.

Kocbimina Tangaynap kepceTkeH e, #oi NpoduiIiHiH canachl TEK KeJiK KypajlapbIHbIH
KYpBUIBIMJIBIK ~ OCpiKTiriHe ¥FaHa eMec, COHBIMEH KaTap JKOJAyIIbUIAPJABIH  KO3FaJIbIC
BIHFAUJIBUIBIFBIHA, JKOJ KO3FAJBICBIHBIH KaYINCI3AITIHE >KOHE KO3FalbIC KbUIJaMJIbIFbIHBIH
TYPaKTBUIBIFBIHA Jla dcep eTedi. ABTOMOOWIb KOJAAPHIHBIH MaKpOHEPOBHOCTH TOJIKBIHIAPHIH
THIMJII 0acKapy >KOJI TOCEMIHIH KbI3MET €Ty MEP3IMiH YIIFalTyFa, allaTThIK JKaFJaiaap IbIH alIbH
aJTyFa >KOHE JKaIbI KOIK )KYHeCiHIH CEeHIMAUIITIH apTThIpyFa MyMKiH/IK Oepei.

Ocplnaiina, %o IpoQuIIiH eJIIey MEH TaJljayIblH )KOHe KO0J TOCEMIH (ppe3epiiey apKbliibl
TY3€TYIIH KEIEHII OJICTEMECIH EHTI3y »OJ KO3FAIBICHIHBIH CallaChlH JKaKCapTalbl, KOJIiK
KYpalJlapblHbIH TaOufu TepOediCiH TeMeHJeTell, MEeTaul KOHCTPYKUUSUIApJbIH KbI3MET €Ty
Mep3iMiH Y3apTaJbl kKOHE KOJAYIIbIIAP/IbIH JKAUIBUIBIFBIH KaMTaMachl3 eTeni. JKom TeceMiH
kobanmay JKOHE JKOHJACYyJIeri OWI Tocuuaep HSKOHOMHUKAJBIK THIMIUIIKTI apTThIpyFa, >KOJ
KaObIHIAPBIHBIH Y3aK Mep3iM/i KbI3METIH KaMTaMachl3 €TYTre KOHE KeIK WH(PaKypbUIBIMBIH
KETUIIpyre HaKThl YJec KOCabl.

KopbITbiHABIIAN Kenle, 3epTTey HOTHKENepl KOpCeTKeHJeH, aBTOMOOUIb >KOJIAAPBIHBIH
npodUiIiH eley XoHE Taljay oJICTEMECIH €HTi3y, KayilTi TOJKbIH Y3bIHIBIKTAPbIH aHBIKTAY
JKOHE allblll TacTay, COHJAAl-aK >XOJ TEXHOJIOTHSUIBIK MallMHaJIapAbl THIMAI HaijianaHy Koo
TOCEMJIEPIHIH CaMmachlH, KONIK KYpaJAapblHbIH CEHIMIUIITIH KOHE JKOJAYIIbUIAPABIH KO3FaJIbIC
BIHFAMJIBUIBIFBIH  KaMTaMachl3 €TyJe WIelmIynn pen artkapaabl. bynm Ttociinep Oosnarrakra
aBTOMOOWIIb JKOJIapBIH jK00anay, JKOHIEY XKOHE KalTa KaJIbIHA KEJNTipy Ke3iHIe FBUIBIMU
HET13JIeNIreH IeriMaep KaObliaayra MyMKiH/AIK Oepeii )KoHe KoJIiK )KYHeCiHIH TYPaKThUIbIFbl MEH
KayiNcCi3AIriH apTThIpyFa OarbITTalIFaH.
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Abstract. Ensuring reliable and trouble-free operation of all railway and high-tech systems
remains a priority task in the field of scientific developments related to operation and
modernization of such complexes. The aim of the study is to develop and refine a machine learning
method for the automated detection system (ADS) of functional states of railway transport
components and assemblies. The objectives include: creating a glossary of feature realizations for
each class of anomalies or faults; determining the minimum size of the training matrix and
permissible deviations for feature implementation; developing a binary training matrix (OUFT)
and optimizing its structure to improve detection accuracy. Analysis of existing NDC methods and
machine learning algorithms (K-means, DBSCAN, FDBSCAN) was performed to build binary
matrices and cluster features. The proposed approach optimizes the ADS training process, reduces
computational complexity, and improves anomaly and fault detection in railway components and
assemblies. Algorithms for parallel optimization of fault detection features and measures to
enhance DSS accuracy in automated diagnostics were proposed. The developed machine learning
method and ADS structure allow the creation of error-free decision rules for the diagnosis of
railway transport components. This approach improves the accuracy and reliability of decision
support systems and automated detection systems for functional anomalies.
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AHHoOTauus. BapibiK TEMip>KOJI XKoHE KOFaphl TEXHOJIOTHSUIBIK JKYHeNIep/IiH CEeHIM/I1 KoHe
aKayChl3 JKYMBICHIH KaMTaMachl3 €Ty — OCBbl CalaHbIH FBUIBIMH 3€pTTeyJepiHeri OachiM
MiHAeTTepAiH Oipi. 3epTTeyIiH MaKcaThl — TEMIipKOJI KOJIITiHIH TOpanTapbl MEH arperaTTapblHbIH
(GyHKIMOHAIABI KYHIH aHBIKTAaWTHIH aBTOMATTAaHIBIPBUIFAaH KYyieHIH (ADS) MamHaIbIK OKBITY
OMICIH 93ipIiey JKOHE KeTUIaipy. MiHIeTTepi: akayjJap HeMece aHOMaJHsuIap Kiacchl OOWBIHINA
oenrinep ce3miriH kacay; ADS OKbITYy MaTpHUIIaCBIHBIH MUHUMAJIIBI ©JIIIEMIH KoHE Oenrinep/ui
JKYy3ere achlpyFa pyKcar eTureH aybITKynapabl anbiktay; OUFT OuHApIIBIK OKBITY MaTPUIIACHIH
o3ipJiey KOHE OHBIH KYPBUIBIMBIH OHTAWIAHABIPY apKbUIbl aHBIKTAY AQNAINiH apTThipy. NDC
ozicTepi jkoHe MamMHAIBIK OKpITY anropurmzaepi (K-means, DBSCAN, FDBSCAN) Tangannsl,
OMHAPJIBIK MaTpUIIAIapAbl KYpy KoHE Oenriiepai KiacTepiey *Ky3ere achlpbUibl. ¥ CHIHBUIFAH
Tocit ADS OKBITY TIPOIIECiH OHTAMIAHABIPAIBI, €CeNTeY KYPACTUTIriH TOMEHACTE I )KOHE aKaysap
MEH aHOMalusIapJbl aHbIKTAayJa THIMIAUTIKTI apTThipaabl. CoHpaaii-ak, akayjaapIbl aHBIKTAy
OenriiepiH mapayijielib OHTAWIAHIBIPY aNTOPUTMICP] YCHIHBULABL. JlaibIHIaFaH MalTHHATBIK
OKBITY 9of1ici MeH ADS KypBUIBIMBI TEMIpP>KOJI KOJITIHIH KOMIIOHEHTTEPIH JUArHOCTUKAJIAY YIIiH
KaTeJiKCi3 memniM KaObliiay epekerepid jkacayra MyYMKIHAIK Oepeti. ¥ ChIHBUIFaH TCI MIeIIiM
KaObu11ay KYHenepi MeH aBTOMaTTaHABIPhUIFaH aHBIKTAY JKYHEIEepiHIH J9JIIrT MEH CeHIMIUTITIH
apTTHIPAJIBL.

Tyiiin ce3aep: aBTOMATTaHIBIPHUIFAH aHBIKTAY >KYyHeci, TEeMipOJ KeJiri, MallMHAaJIbIK
OKBITY, OWHApJIBIK MaTpUIlla, KIACTepey, KOMIIOHEHT JHArHOCTHUKACHI, (DYHKIIMOHAIIBI
Karaanmap
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Annortanus. O0ecrieueHre HaJeKHOU U Oe3aBapHitHOM pabOTHI BCEX JKEJIE3HOIOPOKHBIX
Y BBICOKOTEXHOJIOTUYHBIX CUCTEM SIBJISIETCS OJTHOW M3 MPUOPUTETHBIX 3ajjad B 00J1aCTH HAyYHBIX
pa3pabOTOK, CBSI3aHHBIX C OJKCIUIyaTalluel M MoJEpHH3alueill Takux KoMIulekcos. llenb
uccleloBaHusl — pa3pa0oTka W yTOYHEHHE METoJa MAalIMHHOro  OoOyuyeHus s
aBTOMAaTU3MPOBAHHOW cucTeMbl OOHapykeHus (ADS) (QyHKIMOHAJIBHOTO COCTOSHUS Y3JIOB U
arperaToB eJe3HOJOPOXKHOro TpaHcrnopra. OCHOBHBIE 3aJlaud BKIOYAIOT: (POPMHUPOBAHHE
rioccapus IMPU3HAKOB JUISI KaXJOro Kjlacca aHOMaJIUMM WIM HEHMCIIPaBHOCTEH; OIpeeeHUe
MHUHHMMaJIbHOTO pa3Mepa MaTpulbl 00ydeHus ADS u 10nyCTUMBIX OTKIOHEHUH I peaau3aluu
IIPU3HAKOB; pa3padboTka ouHapHOU MaTpulbl 00ydeHust OUFT u ontumusanust €€ CTpyKTyphl AJis
MOBBIIIEHUS] TOYHOCTH pacno3HaBaHus. [IpoBeneH aHamu3 cymectByroumx MerogoB NDC u
IPUMEHSEMbIX anroputMoB MamuHHOro ooydenust (K-means, DBSCAN, FDBSCAN) nns
NOCTPOCHMs OMHApPHBIX MATpPHULl U KJIacTepu3aluu Impu3HakoB. [lokazaHo, YTO MpeioKEeHHbIH
MOJIXO0Jl TO3BOJSET ONTHUMM3UPOBATh mpouecc oOydeHus ADS, cHukas BBIYHCIUTEIBHYIO
CJIO)KHOCTb M NOBBIIIAs 3()(h)eKTUBHOCT PACO3HABAHM AaHOMAJIMH M OTKA30B Y3JIOB U arperaros.
boumn  chopmupoBaHBl ANTOPUTMBI  MApPAJJIENIBHOM ONTUMHU3ALMU  KOHTPOJII IPU3HAKOB
HEHCIIPaBHOCTEN M MPEAJIOKEHBI MEPhI MO MOBBIIEHUIO TOYHOCTH DSS B aBTOMaTn3upoBanHON
JTUArHOCTHKE. Pa3zpaboTaHHBIN MeTO ] MamMHHOTO 00y4eHus u cTpykrypa ADS obecrneunBator
BO3MOXHOCTh CO37aHHsl O€30IIMOOYHBIX MpPAaBUJ MPHUHATHS pPEUIeHUH A JUarHOCTUKU
COCTOSIHUSI KOMIIOHEHTOB JKE€JI€3HOJOPOKHOTO TpaHcnopTa. [IpennoskeHHblil M01X0/1 O3BOJISET
YIYy4lIIUTh TOYHOCTb M  HAJEKHOCTh CHCTEM TOJJAEPKKH MPUHATUS PpEHIeHud |
ABTOMATH3UPOBAHHBIX CHCTEM O0HApYXeHHS (HYHKIIMOHATBHBIX HAPYIICHUH.

KiroueBble ci10Ba: aBTOMAaTHU3MPOBaHHAs cucTeMa OOHApY’KEHHs, JKEJIE€3HOI0POKHBIN
TpaHCIOPT, MAalIMHHOE oOydeHue, OWHapHas MaTpula, KIacTepu3alusi, JUarHOCTUKA Y3JIOB,
(YHKIIMOHAJIBHbBIE COCTOSTHUS

Jas nutupoBanus: I'. Epkennecosa, B. Jlaxno. [lapamnensHas o0paboTka JaHHBIX B
aBTOMATH3UPOBAHHOM CHCTEME JucleTdepa >KeIe3HOAOPOKHOTO TPAHCIOPTHOIO cpezacTsa //
[Hompimutennsiii tpancnopt Kaszaxcrana. 2025. T. 22. No. 85. Ctp. 29-43. (Ha amr.).
https://doi.org/10.58420/ptk.2025.85.01.003.

KonpumKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

Introduction.

Ensuring reliable and trouble-free operation of all railway and high-tech railway systems
remains one of the priority tasks in the segment of scientific developments related to the
implementation, operation and modernization of such high-tech complexes. As has been shown
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by many scientists who have been engaged in research in this direction, in order to increase the
operational reliability and service life of the main systems, components and assemblies (SCA) of
locomotives, timely identification (detection) of their defects is necessary, even before an
emergency occurs. This problem is solved by the functional control system directly during the
operation of the control system. In addition, in practice, the recognition classes characterizing the
possible functional states of SCA intersect in the feature space, that requires defuzzification of
fuzzy data. When using a quantitative scale for measuring detection features, an effective method
of such defuzzification is the use of machine learning. This approach makes it possible to transform
the a priori fuzzy partition of the space of features for detecting anomalies in operation and faults
of SCA into a clear set (Schickert, 2005: 807-815; Aydin, 2012: 1-6; Le Mortellec, 2013: 227—
240; Papaelias, 2008: 367-384; Jin, 2009: 8-25).

One of the promising approaches that need further development of the synthesis of a
functional control system of SCA of RT is the use of ideas and methods of information-extremal
intelligent technology (IEI-technology), based on maximizing the information capacity of the
decision support system in the training process of the automated detection system of SCA.

The solution of the problem, in particular, is associated with the need to form on the basis of
known and new features (i.e., which were not initially entered into the knowledge base of the
automated detection system - ADS) of the so-called object used for training (OUFT). This object
is a matrix based on the realizations of the features of anomalies in the operation of SCA.

Materials and methods.

Within the framework of the article, the following tasks are solved:

- to form a glossary of feature implementations for each class of anomalies or faults, as well
as an alphabet of classes in terms of fault detection objects (FDO)

- to determine the minimum size of the matrix that is used in the training process of the ADS
(OUFT) (subject to the requirements for its representativeness);

- to determine the normalized permissible deviations for the implementation of the features
of recognition (detection) of anomalies or faults in the operation of the control system of railway
rolling stock.

In order to obtain an input mathematical description of the ADS, it is necessary to study and
analyze in detail the features of operation of the primary sources of information, from which the
ADS system receives data on the certain realizations of the features of faults. For example, in
existing methods and means of NDC, there are used devices as primary sources of information.
The mathematical model of ADS in general form as a set-theoretical structure can be represented
as follows (Lakhno, 2017: 5778-5786; Dovbish, 2009: 171):

Ay =(IS,T,RS,SS,08,11,0), (1)

where IS— a set of input signals that are processed in ADS;

T — moment of time to obtain information about the state of the detected system, node or
assembly;

RS — a set of feature implementations that are used in the process of detecting faults;

SS — a space of possible states for a system, node or assembly that are subject to the NDC
procedure;

OS — a set of data that is obtained at the output from the module for primary processing of
signals (information), for example, from the NDC tools. Or the module of primary data processing
— PDPM;

IT :IS xT x RS — SS — transition quantifier (used to record changes in the state of SNA,
which are subject to detection during their operation. It is assumed that a change in states can occur
under the influence of internal or external factors)

® IS xT x RS — LM — formation quantifier of the set LM (learning matrix — m).

The Cartesian product of sets IS, T, RS, SS is used as a universe UT of tests during ADS
testing
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UT =1IS xT x RS x SS. (2)

The ADS scheme, which includes a software module with self-training elements, is shown
on Figure 1.

The quantifier OO: CI’ —RC" is used to divide the space of realizations of the OR features
(faults or anomalies in the operation of SCA or — faults detecting objects — FDO) into two
recognition classes.

The classification parameter OC 1is used to test the statistical assumption (that is, the
hypothesis) that the FDO belongs to a certain class of faults or anomalies in the operation of SCA.

After assessing the hypotheses using the quantifier 4y, there is formed a set AR” that

characterizes the accuracy of detecting the corresponding faults or anomaly in the operation of
SCA (i.e., FDO).

It is accepted that { - the number of statistical assumptions, is = > — the number of
characteristics that can be processed in the ADS for SCA of the railway rolling stock.

e[S X T x RS % SS xC

ou
CR AR®
of n
0o ocC
2
RC J <]

Fig. 1. Schematic diagram of the ADS software module

The quantifier o forms a set CR that allows to implement the procedure for assessing the
efficiency of detecting faults or anomalies in the operation of SCA within a class.

The quantifier 0 closes the detection loop and is used to optimize the system of control
deviations from templates (norms) that are stored in the ADS repository.

Quantifiers @, : ISxTx RSxSSxC — LM and D, : LM — CL” are used to form the
input matrix used in the training process of the ADS (ITM) and in the organization of the binary
training matrix (BTM), respectively. Here C - a fragment of data for detection.

The set CE is closed sequentially by quantifiers oa, : CR - CE and oa, :CE — LM .

These quantifiers allow to change the realizations of FDO features for different classes in the
process of training ADS.
A quantifier LP:CR — IS xT x RS x 8§ x C is used to regulate the ADS training process.
Based on the conceptual scheme of the ADS operation, presented on Figure 1, we will
formulate the following formalized statement of the problem of information synthesis of the ADS
elements. Let the alphabet of FDO classes {CL? ‘ 5= ﬁ} and a multidimensional binary matrix used

for training (MBMT of FDO) which, accordingly, characterizes the m — th functional state of SCA
for a specific recognition class CL?, be known:
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In expression (3), the following designations are adopted: row of the matrix —
{m(

N

implementation of the FDO {;)‘i =1,_N representation, N — the number of informative

()

8,0

Jj= I,_n} that is used

realizations of features used to detect SCA; column - a stochastic sample {m

during training for a sample of size n.
A clear organization of the glossary of realizations of recognition (detection) features (or

GFDO) is a prerequisite for ADS. The procedure for filling GFDO Z M , Where N = DSZ I ,

1s implemented as a sequence of actions aimed at formalizing the realization of features. In this
case, the primary features characterize directly the failure of SCA, and the secondary features are
derived from the primary ones.

As primary realizations of features, you can use parameters that are read from certain sensors
or experimental data obtained directly, for example, during the implementation of the methods of
the NDC SCA of railway rolling stock.

Various statistical characteristics can be used as secondary realizations of FDO features, for

(,f;.) i =1,_N}, training set {'V’s(]l) j= I,_n} for

N

example, vectors of realization of a certain class {m

OUFT, etc.

The alphabet of FDO classes {mf} for ADS is formed at the first stage by the system

developer with the involvement of specialists in diagnosing faults of the railway rolling stock.

At the second stage, the synthesis of the alphabet continues with the help of intelligent
systems and technologies, for example, with the help of DSS or expert systems (ES) (Lakhno,
2017: 5778-5786; Dovbish, 2009: 17; Zhang, 2015: 419-432; Giantomassi, 2015: 1770-1780),
which are capable of directly operating in the mode of cluster analysis of input data.

As was shown earlier in (Papaelias, 2008: 367-384; Jin, 2009: 8-25; Mariani, Pastore,
Pezze, 2011: 486-508; Huang, 2013: 974-981; Orban, 2009: 2287-2298; Yella, 2006: 10-20;
Bhowmik, 2013: 1-18), in case of the invariability of the glossary of the realizations of features
of FDO and an increase in the capacity of the alphabet, it is possible to change the asymptotic
characteristics of ADS. Accordingly, this factor can significantly affect the functional efficiency
of the training procedure for such systems. This is, in particular, due to an increase in the degree
of intersection of classes of faults or anomalies in the operation of ADS, which are subject to
detection.

For a more convenient implementation of the procedure for creating a container, the
following assumption is made: there is a container (CON) (Lakhno, 2017: 5778-5786; Dovbish,
2009: 171), which allows consideration of the optimization parameters of CON in a binary feature

space (BFS - RS,), for some standard vector, for example, cl, € CL’ . The vertex of the vector
defines the geometric center of CON - C?. To calculate the radius (container radius), taking into

account the works (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17; Zhang, 2015: 419-432;
Giantomassi, 2015: 1770-1780), the following expression was used:

34 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives @
4.0 International License @ et




Industrial Transport of Kazakhstan. Vol.22 (1). 2025

5= (el,, @) @)

i=1

where ¢/, — i-th coordinate of the standard vector cl
é/ ; — 1-th coordinate of the vector é/ for FDO realization, the vertex of which refers to the
container C{ € CL’ ;

N - number of realizations of FDO features in the ADS knowledge base.

Results and Discussion.

The advantage of the K-means algorithm is its low computational complexity, while the
algorithm works well when a large amount of data is processed. The DBSCAN algorithm is rather
slow with a large amount of data. In the tasks of automatization of the SCA diagnosis, as a rule,
the data volumes are small and the use of the K-means algorithm does not give a tangible effect
(Lakhno, 2016: 32—44).

Let’s suppose that a series of measurements of the values of the controlled realizations of
features in FDO for SCA of the railway rolling stock has been carried out, and the resulting matrix
has the following form:

0 1 1 |

I 0 - 1
m =

- 1 1 0

I 1 ... — ... 0

Thus, the set of objects to be checked belonging to a class is specified by binary features. A
dash indicates the uncertainty of the realization of the feature for FDO.

More detailed research results of the procedures for the formation of binary matrices used
for training in recognition systems are given in (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17;
Zhang, 2015: 419-432; Giantomassi, 2015: 1770-1780), as well as in US patents: US
2011/0208714 A1; US9294502 and others.

We will assume that in order to assess the functional efficiency of a self-training ADS, it is
also necessary to take into account the effect on the parameters of its operation of a structured
vector of space-time parameters V=<V,,...,V,,...,Vps >. We also take into account the
corresponding restrictions RC, (v,,...,v,s )< 0. Using the technology of training ADS, the task of
determining the optimal parameters of the vector {Vc} in the field of determining MaX of the
information criterion of the effectiveness of training ADS is set as the resulting goal of the training
procedure (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17):

CR; =maxCR,, (5)
where CR_ —information effectiveness criterion (IEC) of the ADS training procedure during
the detection of the FDO class CL ;

= permissible values of the parameters of ADS functioning.
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Thus, during the information synthesis of ADS, it is possible to partially solve the problem
by determining the optimal values of the parameter VZ :

v, =arg CR, (6)

Vi

where V, — the range of permissible values of the parameter V.

Let’s consider the procedure for the DSS functioning as an element of ADS in the training
mode "with a teacher", i.e. the case where there is a matrix used for training.

As a result of working with the multidimensional information space of the realization of
features of FDO ADS for the railway rolling stock, it is possible to obtain a binary training matrix
(BTM) {CL’ } which consists of structured vectors-implementations of the image of the

s )

corresponding anomaly in the operation of SCA or their fault:

cl] =(cl¥)....cl").....cl)). (7)

S,i 900

The binary training matrix is also used to assess the verification of permissible deviations in
the detection process (or the permissible deviations verification/control system — PDCS). PDCS

i= 1,_N , as well as the parameters that determine the sample of coordinates of binary vectors

n,i

for the standard classes of FDO, are subsequently stored in the ADS database.
For example, Figure 2 shows an example of converting component temperature
measurement data in decimal and binary form for ADS.

Nen/n AecAtuuroe JBonuHOe NnpeacTasneHmne
npeacrasneHue
Cl 73 #0100 1001
C2 98 4 01100010 §\
c3 99 F 4 0110 0011 %
c4 115 J 0111 0011
cs 129 1000 0001
C6 140 { 1000 1100
c7 18 0001 0010
cs 200 l 1100 1000
9 201 1 1100 1001
C10 240 A 1111 0000 /
c11 56 N\ 00111000 F

Cl2 236 \ 1110 1100 l

Fig. 2. An example of the formation of a binary matrix for training ADS

Similar binary training matrices can be obtained for other units of measurement that are now
used in the NDC tools. At the same time, the use of binary data representation is much more
effective precisely in systems based on machine learning methods and intelligent technologies for
data analysis, which was previously shown in (Dolezel, 2016: 1-6; Lakhno, 2016: 32—44; Lakhno,
2016: 18;Lakhno, 2017: 5778-5786; Dovbish, 2009: 17; Zhang, 2015: 419-432; Giantomassi,
2015: 1770-1780).

In the DSS training mode as a part of ADS, a binary matrix OUFT is formed over a period
of time 7, which is fed to the input of the DSS software component module responsible for the
ADS training procedure. Note that the formation of OUFT should occur for a predetermined level
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of confidence to the generated OUFT matrices. Many works in the field of machine learning
systems have been devoted to this issue (Jin, 2009: 8-25; Lakhno, 2016: 18; Dovbish, 2009: 17;
Giantomassi, 2015: 1770-1780).

Figure 3 shows the process of forming the structure of the matrix used for training ADS.
Moreover, the formation of the structure occurs in stages, including the vectors of realizations
{cll(j)}e CL(I) and {cléj)}e CLg , respectively (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17;
Zhang, 2015: 419-432).

To create such a matrix, only the important characteristics of FDO should be selected. That
is, the characteristics that uniquely distinguish some realizations of features of faults or anomalies
in the operation of SCA within the class from others.

All possible values of each FDO property can be encoded in binary form (Giantomassi, 2015:
1770-1780), or using non-negative integers (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17;
Zhang, 2015: 419-432), where zero corresponds to an undefined value of the FDO property. This,
in particular, makes it possible to take into account the missing, new, or not yet provided values
of the FDO properties.

Multidimensional T'wo
feature A
space dimensional |
matrices
The result of the
@ formation of
MBTM
c  ed® ... e el P ... e’ ...
. - TS T —-— - >
“ U AR J
g " ~"
CL; cL, ... CLS,

Fig. 3. Scheme of work with the multidimensional information space of the realizations of features of FDO ADS for the railway
rolling stock

As an illustration, Table 1 shows an example of the process of forming a binary matrix and,
accordingly, clustering the realizations of features in the process of detecting SCA using NDC
tools based on the acoustic control of the components of the railway rolling stock (Dovbish, 2009:
17; Zhang, 2015: 419-432; Giantomassi, 2015: 1770-1780).

This effect is used in various devices that make it possible to implement acoustic control of
rolling stock components and assemblies, see Figure 4.

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 37
@ i 4.0 International License



Industrial Transport of Kazakhstan. Vol.22 (1). 2025

2 w» o
T i
% e
» " )
4 4
Z H
¢ €
= e o'
& § »
7 7

- B

! ! 'l l'
a) b)

Fig. 4. Fragment of the automatic analysis of the sound accompanying the passage of the rolling stock of the undamaged
(a) and damaged (b) rolling surface of the wheelset of the railway rolling stock

Eddy current NDC is widely used in various branches of the scientific and industrial complex
of Kazakhstan and other countries, due to the high efficiency and reliability of solving problems
of flaw detection, quality control of materials and products, determination of parameters and
characteristics of objects of control for various purposes (Lakhno, 2016: 32—44; Lakhno, 2016:
18;Lakhno, 2017: 5778-5786; Dovbish, 2009: 17; Zhang, 2015: 419-432).

Table 1. An example of the formation of clusters and a binary matrix for OUFT for detecting
the state of the rolling surface of a wheelset of the railway rolling stock (Fig. 4).
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Formation of a binary matrix for OUFT

Column - sample set for training ADS Row - implementation of the FDO representation
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By combining the data into compact clusters, it is possible to analyze the typical
representatives of each cluster and decide whether such data is a realization of a feature of a fault
or anomaly in the operation of the SCA or not. Then this solution is transferred to all
representatives of the studied cluster. This approach significantly reduces the amount of
information required for the successful classification of FDO.

Since clusters can take complex forms in the multidimensional space of feature realizations,
some authors have proposed various algorithms for clustering feature realizations. So, for example,
in the works listed below, the application of the methods and algorithms K-means, DBSCAN,
FDBSCAN (Lakhno, 2017: 5778-5786; Dovbish, 2009: 17; Zhang, 2015: 419-432), etc. is
described, see Figure 5.
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Fig. 5. Examples of data clustering based on DBSCAN and K-means algorithms in diagnostic systems

It was shown that the computational complexity of algorithms used in a binary space for
realizations of the detection features of SCA (BSFR) of the corresponding class (classes) depends
on the optimal container shape for the corresponding class of the object of detection.

After the formation of binary matrices that are used as objects in the process of learning of
the automated system for diagnostics (detection) anomalies and failures in the operation of nodes
and aggregates of the rolling stock, there are created binary trees of anomalies or failures signs

clustering, see Fig. 6,7.
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Fig. 6. Normal behavior of the detected nodes and aggregates of the railway transport rolling stock
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Fig. 7. Anomalies or failures signs clustering of the detected nodes and aggregates of the railway transport rolling stock

Conclusion.

In this case, the amount of recognition signs varied within N =9-15. The optimal amount of
clusters was selected at the maximum values of ICFE. As the analysis of the results showed the
optimal amount of clusters is equal to C =3.

Figure 4 shows a histogram of the dependence of the ICFE value for variants of the
dictionaries of the anomalies and failures signs of nodes and aggregates from the amount of steps
of the SADS learning algorithm {w}, shows the dependence of ICFE from the amount of signs

used to train the system for failure diagnostics and detection.

Analysis of simulation results showed that the use of an algorithm with 5-10 signs of
learning is quite effective in SADS. That is, for this case, the ICFE reaches its maximum value.
This, in turn, indicates the possibility of creation error-free decision rules in failure diagnostics
and detection.

In the SADS testing mode a sufficient amount of steps {w} for accurately determination of

anomalies and failures classes were w = 2500 — 3000.
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0,120 -
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0,040 -
0,020 - J
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0 500 1000 1500 2000 2500 3000 3500

)

Fig. 8 Dependence of the max ICFE value for variants of the dictionary of anomalies and failures signs of nodes and
aggregates of the simulated railways transport systems
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Fig. 9. Diagram of the dependence of ICFE from the amount of signs realizations used for SADS

In the situations when during the simulation process and at the creation of an algorithm for
recognizing anomalies and failures of nodes and aggregates of railway transport there were added
representative sets of greater length, the efficiency of the algorithm was the same. Adding
representative sets of shorter length reduced the efficiency of the algorithm.

The article proposes clarifications and additions to the machine learning method of the
automatic detection system (ADS) of the functional state of components and assemblies of railway
transport. As well as the corresponding model and machine learning algorithm, which, in contrast
to existing solutions, are implemented by parallel optimization of control permissions for the
features of fault recognition of SCA. Such a solution allows, in the future, to create effective
decision rules for intelligent decision support systems (DSS) and ADS of faults and for diagnostics
of the state of components and assemblies of railway transport.
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Abstract. Automatic control systems play a key role in modern engineering and industrial
processes. They enable precise and reliable regulation of object behavior, improving efficiency,
safety, and performance. This study examines the theoretical foundations of automatic control,
methods of system synthesis, and their practical application in industrial and transportation sectors.
The main goal of this research is to study methods for designing and synthesizing automatic control
systems and analyze their stability, controllability, and observability. Objectives: review the
theoretical foundations of automatic control; investigate methods for mathematical modeling and
determination of algorithmic system structure; test theoretical results on practical examples;
evaluate prospects for implementing automatic systems in various fields. The study identified key
principles of designing algorithmic and functional structures of automatic systems. The advantages
of digital control systems, including accuracy, flexibility, and integration with computational tools,
were confirmed. Methods for system synthesis were proposed, and performance indicators such
as stability, controllability, and observability were analyzed. The results confirmed the reliability
of mathematical methods in designing automatic systems. The research deepens the understanding
of automatic control theory and confirms the practical applicability of modern synthesis methods.
Future prospects include integrating artificial intelligence for adaptive control, synthesizing multi-
loop systems, and developing simulation models for predicting system performance. The results
can be used to improve automation efficiency in industrial, transportation, and telecommunication
applications
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AHHOTanus. ABTOMATTHI 0acKapy Kyienepi Ka3ipri TeXHUKa MEH OHA1picTe MaHbI3AbI PO
atkapazabl. Onap 0ObEKTUIEPiH )KYMBICHIH JIOJI KOHE CEHIMII TYpJle peTTeyre MyMKIHIIK Oepeni,
OH/IIpIC THIMIUTITIH apTTHIPaIbl )KOHE KayilCI3MiKTI KaMTaMachl3 eTelli. by 3epTTey aBTOMaTThl
Oackapy TEOPHSICBIH, JKYHelepai CHHTE31ey OMICTepiH >KOHE ONIapJblH OHEPKACIN IMEH KOK
caJachIHJIa MPAKTUKAJIBIK KOJIIaHy MYMKIHIIKTEPIH KapacThIpaabl. 3epTTEeY IiH HET13r1 MaKcaThl —
aBTOMATTHI Oackapy KyhesnepiH jxo0ajay >KOHE CHHTE3[CY OIICTEpiH 3epTTey, OJapIblH
TYPaKTbUIBIFBI, OacKapbUlybl >KOHE OakpUIaHYbIH Tanjgay. MiHAeTTepl: aBTOMAaTThl Oackapy
TEOPUSCHIHBIH HET13/IepiH KapacThIpy; JKyHenep i MaTeMaTHKAIIBIK MOACIBEY JKOHE alrOPUTMIIK
KYPBUIBIMBIH aHBIKTAYy OJIICTEpiH 3€PTTEY; TEOPHSUIBIK HOTHXKEIEPAl MPAKTHKAIBIK MBICAAapaa
TeKcepy; aBTOMATTHI )KYHelep i apTypili cananapaa KoiJaHy MYMKIHAIKTEpiH Oaranay. 3epTrey
OappICbIHAA aBTOMATThl IKYMENEpIiH alrOpUTMIIK >KoHE (YHKIMOHAJABIK KYPBUIBIMBIH
»ko0anayJplH HEri3ri npuHOUNTepi aHblKTanabl. CaHAblK Oackapy KyHenepiHiH IoIiri,
MKEMJIUTITT JKOHE ecenTey KypajJapblMEH HHTErpalus MYMKIHIITT pacTaiibl. ABTOMAaTThI
JKyHenepai CUHTE3SyAIH THIMAI TOCUIIEPl YCHIHBUIBIN, OJapIblH TYPaKTBUIBIFBI, OaCKapbLTYhI
JKoHe OaKblUIaHy KOpCETKIIITEpl TallaHbl. 3epTTey aBTOMATThl 0aCKapy TEOPHSIChIH TEPEHAETYTe
yJiec KOCHIN, MPaKTUKANIBIK KOJaHy MYMKIHIIKTEpiH pactajsl. bonamakra skacaHbl HHTEIEKT
SAICTEpIH UHTETpalMsiiiay, KOKOHTYPI1 JKyHeslepal CUHTE3 ey KOHE CUMYJISLUSIIBIK MOAEIbIED
apKBUIBl KYHENepAiH KYMBICBIH OoipKay mepcrnekTuBanapbl Oap. HoTwkenep ©HEpKOCIMNTIK,
KOJIKTIK )KOHE TEJIEKOMMYHUKALUSIBIK canajap/ia aBTOMAaTTaHABIPYbl KETIAIPYTe MYMKIHAIK
oepei.

Tyiiin ce3mep. ABTOMATTBI peTTey XKYHecl, akapyllbl KYpbUIbIM, aBTOMAaTThl Oackapy
xKyneci

Hoiiexco3nep ymin: I'. Epkengecoa, B. Jlaxno. Tewmipxkon kesmiri aucrneTdepiHiH
aBTOMATTaH/IBIPBUIFAH JKYHECIHIe nepekTepal Katap enaey // Kazakcran enmipic kedmiri. 2025.
Tom. 22. No 85. 4458 Gert. (Arbul. Tin.). https://doi.org/10.58420/ptk/2025.85.01.004.
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© C. Cynranrasunos, b. Tepex6aes, M. Opsiaoekos, A. TypebexoBa

AHHOTANUsI. ABTOMAaTHYECKHUE CHCTEMBl YIIPABICHUS WIPAOT KIIOYEBYIO pOJb B
COBPEMEHHOM TEXHUKE U MPou3B0oicTBE. OHU IMO3BOJISIFOT TOYHO M HAJICXKHO PETYIIHPOBATH PabOTy
00BEKTOB, MOBHIMIAS YPPEKTUBHOCTh U OE30MACHOCTh MPOIECCOB. B MaHHOM wHcclenoBaHUU
paccMaTpUBAIOTCS TEOPETUYECKHE OCHOBBI aBTOMATHYECKOTO YIIPABIICHUS, METOJbI CHHTE3a
CHUCTEM, a TaK)X€ MX MPAKTUYECKOE NMPUMEHEHHE B MPOMBIINUICHHOCTH M TPAHCIIOPTHOU cdepe.
Llenb uccrieqoBaHUs — U3yYEHUE METOJIOB IIPOCKTUPOBAHUS U CHHTE3a aBTOMATHUECKUX CUCTEM,
aHaJIU3 UX YCTOMYMBOCTH, YIIPABISEMOCTH M HAOJIO1aeMOCTH. 3aauu: U3yYUTh TEOPETUICCKHE
OCHOBBI aBTOMAaTHYECKOTO YIPABIICHUS; HCCIIEI0OBATH METO IbI MATEMATHYECKOTO MOICITUPOBAHUS
U ONpEJCICHUS  aJITOPUTMHUYECKOM CTPYKTYpbl CHCTEM; IPOBEPUTh MPUMEHUMOCTh
TEOPETUYCCKUX PE3yJIbTATOB HA MPAKTUYCCKUX IMPUMEPAxX; OLECHUThH MEPCIEKTUBBI BHEAPCHUS
ABTOMATHYECKUX CHCTEM B Pa3JIM4HbIC Cephl. B Xxo/e ncciieoBanus ObUIH BhISBICHB OCHOBHBIC
MIPUHIIAITBI TPOSKTUPOBAHUS AJITOPUTMHUYCCKON U PYHKIIMOHATBHON CTPYKTYPBI aBTOMATHICCKHIX
cucteM. [lonTBepxaeHa 3PPEeKTHBHOCTh IHU(POBBIX CUCTEM YIPABICHHS B IUIAHE TOYHOCTH,
THOKOCTH M MHTETPAIK C BBRIYUCIHUTEIBHBIMU cpefcTBamMu. [IpoBeieH aHann3 CHHTE3a CUCTEM,
OILICHEHBI IIOKA3aTeJId YCTOWYHMBOCTH, YIPABISEMOCTH W HaOiogaeMocTH. [lonydeHHbIe
pe3yNbTaThl TOATBEPAMIN HAJCKHOCTh MATEMAaTHYCCKUX METOMOB ISl TPOSKTUPOBAHHUS
ABTOMATHYECKUX CcHUCTeM. lcciaemoBaHue TO3BOJIMIO — yIIyOMTh TIOHUMAaHHE TCOPHHU
ABTOMATHYECKOTO YIPABJICHUS W TMOJITBEPAMIO MPAKTHUSCKYIO MPUMEHUMOCTh COBPEMEHHBIX
METOJIOB CcHHTe3a. llepcrekTuBbl JalbHEWIed paboThl BKIOYAIOT WHTETPAIMI0 METOJIOB
HCKYCCTBEHHOT'O MHTEJUICKTA IS aJJallTHBHOTO yYIPABICHUS, CHHTE3 MHOTOKOHTYPHBIX CHCTEM U
CO3JIaHUE CHMYJIIIUMOHHBIX MOJIENICH JJIsi TPOTHO3UPOBAHHS paObOThI CUCTEM. Pe3ynbraThl MOTYT
OBITh WCITOJIb30BAHBI JUISI TIOBBIIICHHUS d(PPEKTUBHOCTH aBTOMATH3AIMH B MPOMBIILICHHOCTH,
TPAHCIIOPTHOM U TEJICKOMMYHHKAIIMOHHOM cepax.

KiaoueBble cjoBa: cHcTeMa aBTOMATHYECKOTO PETYJIUPOBAHUS, WCIOTHUTEIbHAS
CTPYKTypa

Juasa nutupoBanusi: I'. Epkennecosa, B. Jlaxuo. Ilapannensnas o6paboTka JaHHBIX B
ABTOMATH3MPOBAHHOW CHUCTEME JHCIIETYepa JKEJIE3HOJOPOKHOTO TPAHCIOPTHOTO CpejicTBa //
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KonpumKkT HHTEpecoB: aBTOPHI 3aBISIOT 00 OTCYTCTBHU KOH(IUKTA HHTEPECOB.

Kipicne.

ABTOMATTHI 6acKapy KyHenepiHiH aarOpUTMAIK KYPbUIBIMIAPBIH CHHTE3/CY» TaKbIPHIObI
TaHaanapl, cebebi Kazipri yakbITTa Oackapy KydenepiH xo0amay onicTepl OOBEKTIHIH
WHEPUMUTBIK KaCHUETTEPiH, KEUITYJEpiH >KOHE CBIPTKBI dCEpJIepIli TOJBIK ecKepe Oepmeimi
(Cynranrasunos, 2009: 50—-65). ABToMaTThl 0ackapy — aJaMHBIH KaTbICYBIHCBHI3 KY3€I€ acaThlH
ic-mapanap xy#eci 00 TaObUIAABI, OJ TEXHUKAa MEH TEXHOJOTHSUIBIK MPOIECTEeP i THIM/II
O6ackapyra MyMKiHIIK O6epeni (BaBunos, 1981: 30-55). 3amanayu TeXHUKaNBIK KYpbUIbIMIAP
(ymrakrap, CTaHOKTap, pPOOOTTHIK JKyHenep) >koHe Tipi >kydenepae (azamaap Y>KbIMBI,
KaHyapiap) OacKapyIblH aBTOMATTAHIBIPBUIFaH (opMaiapbl epeKIle MaHbI3Fa He
(becekepckuii, 1975: 12-20).

ABTOMATTHI OacKapy KyienepiH xo0ajay MEH CUHTE3/I€yA1H ©3€KTUIIrT TEOPUSIIBIK XKOHE
NpPaKTUKAJIBIK OarbITTa KepiHemi. TeOopHsUIBIK TYPFBIIAH, Kas3ipri KOJJIAHBICTAFbl 9JiCTEp
00BEKTIHIH OapibIK JMHAMUKAJIBIK KACHETTEPIH €cenKe ana OepMeiii, acipece Keurryiep MeH
CBIPTKBl BO3MYILIeHUsIap OonFaH >xkarmaiga. [lpakTukaiablk MoHI — ©HAIpIC, aBHAaIus,
JHEpreTHKa JKOHE KOJIIKTIK KyiMelepae aBTOMATThl OacKapylblH >KOFapbl JQNIIIT MEH
OPHBIKTBUIBIFBIH KAMTaMachl3 €Tyre MyYMKIHJIIK Oepei.

3epTTey 00BEKTICI — HHEPLUMSUIBIK KaCUETTepl jK9HE Keliryjepi 0ap aBToMarTThl 6ackapy
xkyhenepi. byn oOwekriiepre KiIacCHUKalblK MalllMHajapiaH OacTar, 3amMaHayh PpPOOOTTHIK
Kyienepre KoHe KYpell TEXHOIpOoLecTepre JeHiHr1 TEXHUKAIbIK KYpbUIbIMIAp >KaTalbl.

3epTTey MOHI — aBTOMATTHI OacKapy >KyHenepiHiH aaropUTMIIK XoHe (DYHKIIMOHAIIBIK
KYPBUIBIM/IAphI, SFHU JKYHEHIH 11IKI 2JIEMEHTTEPIH YHBIMIACTHIPY, Oap/IblH ©3apa OalJaHbIChIH
oHe OepiareH cara KOpCeTKIIITePiH OpbIHAAY dICTEPiH 3ePTTELY.

3epTTeydiH HEeri3rl MakcaThl — 00bEKTIHIH MHEPLUMSUIBIK KaCUETTEPiH, KEIIITryJIepiH )KoHe
CBIPTKBI OCepJepiH ecKepe OTHIPBIN, aBTOMATTHI OacKapy KyHelepiHiH alropuTMIiK
KYPBUIBIMAAPbIH CHUHTE3ACYJIH THIMAL dJICTeMECIH o3ipiey. byn MmakcaTka ’XKeTy apKbUIbl
KYHenepaiH TYPaKTBUIBIFbI, TJIJIIT )KOHE CalajblK KOPCETKIMITEepl KAMTaMachl3 eTiIeIi.

3epTTey MIHAETTEPI:

- ABTOMATTHI O0acKapy >KyYHeJepiH CHHTE3ACYI1H TCOPHSUIBIK HET13/IepiH 3epTTEY;

- Kazipri anroputmaik xkoHe GyHKIUOHAIABIK KYPBUIBIMAAPIBIH THIMAUTITIH Talay;

- Wneannel TyibIKTanFaH JKOHE KOMOWHHMPJICHTeH Oackapy JKyHelepiH Kypy OJiCTepiH
a3ipiey;

- mkeHepiik mpakTHUKaga KOJJaHyFa OOJAThIH HAKThl KOHCTPYKTHUBTIK 3JIEMEHTTEpP.i
TaHJay JKOHE OJIAPJIbIH IMapaMeTPIICPiH eCernTey;

- AIbIHFaH aNTOPUTMIIK KYPBUIBIMAAPIBIH KOMIBIOTEPIIK MOJENbBIEY AapKbLIbI
TUIMJIUIITIH Oaranay;

- AJIBIHFaH HOTWKEIIEPIl OHAIPICTE KoHE MPAKTHKAJIBIK XKYyHenepae KoJJany MyMKIHIITIH
KapacTeIpy.

3epTTey omicTepi: 3epTTeyle MaTeMaTHUKAJIBIK MOJENbIey, JKYHelepal Tajjaay,
QITOPUTMIK KoHE (YHKIMOHAIABIK KYPBUIBIMIAPIbl CHHTE3EY OAiCTepi KOJJIaHBUIAIBL.
CoHbIMEH KaTap, KOMIIBIOTEPIIIK MOJEJNbJIEY apKbUIbl XKYHelepaiH TUHAMUKAJIBIK KacuerTepi,
MHEPLUHUATIApbl MEH KeIIITryJIepi eCKepiie OTBIPHII, TOKIPUOETiK TeKcepyep Kyprisiiei.

3eprrey runote3ackl: OOBEKTIHIH HWHEPUMSICHIH, KEUINTYJEpiH JKOHE  CBIPTKBI
BO3MYIIEHUSTIAPBIH €CKEPE OTHIPHIT d31pJICHICH KOMOMHUPIIECHTCH aITOPUTMIIK KYPBLUIBIMIAP
aBTOMATTHI OacKapy >KyHeJIepiHiH AAJIIIrT MEH OPHBIKTBUIBIFBIH apTTHIPAJIbI IeT OO KaHA b,

FoutbiMu KoHE MpakTHKAIBIK MoHI: FBUIBIMH MOHI — aBTOMATTHI Oackapy >KyHenepiHiH
AITOPUTMIIIK KYPBUIBIMIAPBIH CHHTE3Jey OJiCTeMeciH KeTunaipy. IlpakTukanblk MoHI —
OHJIIpiCTe, aBUAIUAAA, ODHEPreTHKaaa >KOHE KOJIKTIK KyhelepJe aBTOMATThl Oackapy
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JKyienepiH )xobanay Ke31H/1e 1J1K, OPHBIKTBUIBIK KOHE calalIbIK KOPCETKIIITEP/1 KAMTaMachl3
eTyre MYMKIHIIK Oepe/ti.

Martepuajaap MeH Tdciiaep.

AaMHBIH KaTBICYBIHCBI3 1CKE acaTblH Oackapy aBTOMAaTThl 0Oackapy Jem aTanajbl
(becekepckuit, 1975: 12—45). XKaTThIFy )KyMbICTapbl OpbIHAAYJAap MaKcaT peTTeyAl Tal KajlraH
camara Y3MIKCi3 ocepaiH Oackapy >KYHelepiHiH KYpPBUIBIMIBIK CHHTE31 YIIiH OacKapyabl
TEOPUSIHBIH TEOPUSUIBIK JKaFAailylapblHbIH KoJjaaHybl O0osbin Tabbutafgsl (becexepckuii, 1976:
125; bonHokuH, Uunaes, 1986: 12—47). XKaTThIFy )KyMBICTAphl KOJAaHOAIBI cHIIATTa 0OJIaIbl
KOHE MH)KEHEPJIIK TIKipuOeae TEXHUKANIbIK €CENTIH aHaJIU31H Kacay Ke3eHIHJIE€ KOJIaHbLTybl
MyMKiH, APXX tamanrtapapl eHaipy koHE OCPUITeH KbULIAMIBIK, JAJIIIK JKOHE KalTa perrey
OOMBIHIIIA THICTI cana KOPCETKIIITEPIMEH KYMBICTBIH OPHBIKTBUIBIFBIH KAMTaMachl3 €Tyl YIIiH
OHBIH JTMHAMUKAJIBIK Y30enepiHiH napaMmerpiepin Koianany (Basumos, 1981: 13-30; BopoHos,
1980: 14-55).

ABTOMATTHI 0acKapy TEOPHUSCHIHAAFbI MAaTEMATHKAJBIK €CeNTep Tajaay *KoHE aBTOMATThI
KyHenepaiH CHHTe31HIHecenTepiHeH Typaabl. Tangay eceGiHae TyreniMeH KyHeH1H KYPbUIbIMbI
Oeunrimi, KyWeHiH OapiblK MmapaMmeTpiepi OepiireH, »oHE OHBIH Oip CTaTHKaJdblK Hemece
JWHAMUKAJIBIK KacueTiH Oaramay KaxeT. CHHTE3NIH €CenTepiH TalJgayAblH Kepi ecenrtepi
CHUSKTHI KapayFa 00JIaJibl, OUTKEHI oyiap/1a OEpiIreH cama KOpCceTKImTepi OOMBIHINA KYPBUTBIM/IBI
KOHE KYHEHIH TapaMeTpiepiH aHbIKTay Kepek. MpIcanbl, CHHTE3NIH €H OHal ecemnTepi
WHTErpalnapl KaTEeHIH Tal KaJlfaH KaTere HeMece MHUHUMYMbI OOWBIHINA TYHBIKTaJIMaraH
KOHTYPJbIH Oepiitic K03 HUIMEHTIH aHBIKTaUThIH ecenTep 0oJbin Tadbutans! (MBamenko, 1979:
14-54).

ABTOMATTHl KYWEHIH CHHTE31 Jem KYpbUIBIMIbBI TPOLEAYyPAChlH KOHE KYHCHIH
napaMeTpJiepiH OepiireH cama KepceTKimTepi OoWbIHIIA aHbIKTay abl aTtaiabl (Kouetkos, 1964:
18—19). Cunres xo0anay >xoHe KYHEHI KypacTbIpyJarbl €H MaHbI3/Ibl K€3€H OOJIbIN TaOblIaabl.
Kyiieni )xobanayaa anropuTMIIK xKoHE PYHKIIMOHANIBIK (TONBIK CUHTE31H ece01) KYpbUIBIMIbI
aHpIKTay Kepek. JKyWeHIH alropuTMIIK KYpbUIBIMIApHIH (HeMece OHBIH OOJiriH) alKbiH
MaTeMaTUKaIbIK (opMmaja jka3plIFaH TalanTap HEri3iHle MaTeMaTHUKaNbIK dJlicTep KoMeriMeH
tabanpl. COHJBIKTAH aNTOPUTMIIK KYPBUIBIMIBI 137IeM TaOyabIH MPOIEIyPACHIH TEOPHUSITBIK
CUHTE3 HeMece OacKapy >KyHeciHiH aHATUTHKAIbIK KYpacTeIpynapsl Aen ataiasl (KpacoBckuid,
1962: 19-28).

OYHKIMOHANIBIK KYPBUIBIMHBIH CUHTE31 HEMece KYHEeHIH TEeXHHKAJIbIK CHHTE31 HAKTHI
NEeMEHTTEPiH TaHaaybsiaaa 6omansl (Cynranrasunos, 2004: 15-21; Cynranrasusos, 2009: 20—
41). )KoGanayasiH OyJ1 K€3€HIH/Ie KaTal MaTeMaTHKAJBIK HET131 )KOK KoHE WHKEHEPJIIIK OHEP/IiH
OOJIBICHIHA XKATaIbI.

TonbIK cuHTE3IH eceOiHiH menTiMiHiH Ti30eri op Typii 6omysl MyMKiH. Kell kapamaitbim
JKaFmainapaa ecenti uaeanasl Ti30eKkTe menryre Ooyiajbl: aaAbIMeH MaTEMAaTHKAIBIK 9JiCTep
KOMETIMEH JKYHEHIH aJTOPUTMIIK KYPBUIBIMBIH aHBIKTAy KakeT, COJaH KEWiH Ccoikec
KOHCTPYKTHUBTI 3JIeMeHTTepi Tannay kepek (Cynranrazunos, 2022: 65; Cynranrasusos, 2021:
16). Kypaeni xarnaiimapaa KOHCTPYKTHBTI 3JIEMEHTTEP/A1 TaHAAN ally KUBIHIBIKTApFa OKeyi
MYMKiH, 6TKeH]1 0acKapy KypaJlJapbIHbIH HIEKTEITeH HOMEHKJIATYPaChlH/Ia KaKET aJrOpUTM
KacuerTepi Oap KypbUIbIMaap Oonmaybsl MyMKiH. COHIBIKTaH CHHTE3MIH €ceOiH KemnTereH
JKaFmainapaa Keneci Typjae memesi: 0acTankpiaa, Cepusuibl KaOAbIKTBIH Ti30enepi OoibIHIIA
KyileHiH (yHKIuoHanael Kaxker anemeHTTepiH: (PO) perreiitin opran, (AK) arkapymursi
KYpBUIBIM, (J]) maT4uKTepai OHBIH KYMBICHIHBIH MIAPTBIH €CETKE aja OTBIPBIN JKOHE JKYHEHIH
TaralbIHAANYBIHBIH TaJlallTapblHa CYHEHEe OTHIPBIN TaHAalael. byn smemeHntrep Oackapy
oO0BekTiciMeH Oipre xyleHiH e3repMmeiTin Oemirin kypaiinsl (Cynranrazunos, 2004: 15-34;
Cynranrasunos, 2009: 20-41).
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Cyp. 1. CuHTe3eNeTiH KYHeHIH (yHKINOHAIIb! KYPBUIBIMBI

Copnan COH TajanTap Heri3iHAe CTaTUKAJBIK XKOHE JTUHAMUKAJIBIK KACUETTEPIMEH ©3repeTiH
OeJIIriH aHBIKTAaN b, OFAH KYIIEHTKINI — TYpJIeHaipeTiH 610K (Y 0) sxaHe op Typii Ty3eTeTiH (KVY)
KypbeuteiMaap kipeai (becekepckuii, 1975: 10-22; bonnokun, 1986: 17-33). O3repetin 0eiKTiH
QITOPUTMAIK KYPBUIBIMBIH K@XKETT1 TaHJayJ bl (PYHKIMOHAJIbI DJIEMEHTTEP KACUETTEPIH ecenKe
anbin  Tabanpl, Oy OONIKTIH TEXHHKAIBIK ICKe achIpybl YHPEHIIIKTI YHU(HUIEPICHTeH
peTTeylIiyiep JKOHE op TYpil TY3€TeTiH KOHE OpHBIH TONTHIPATHIH KYPbUIBIMAAPIBIH
KOJIJaHyBbIMEH icke acazpl. Ocbutaiiina, OapiblK KYHEeHIH aJrOpUTMIIK jKoHE (DYyHKIIMOHAIBIK
KYPBUIBIMAAPBIH aHBIKTAY YpAICTEPl Oip-OipiMeH THIFbI3 OalIaHBICTHI.

Backapy xyiieciHiH 00anaybIHbIH KOPBITBIH/BI Ke3EHAEPl MapaMeTpIliK THIMIUTIK OOJbIN
TaObUIAIbI — TAHJAYJIBI PETTEYIIiHIH OeHiMeynni mapameTpiepitia ecentenyi. CuHTe3 eceOiHiH
HICIIIMEPIH JKacaraHHAH KEWiH ONIETTe CUHTE3JCNITeH KYWEHIH aHamu3iH >Kacalapl: KaKeTTi
JIOJTIK, OPHBIKTBUIBIK JKOHE cama KepceTKimTepine ue 6omysiH Tekcepeni (MBamenko, 1979: 20—
44).

CuHTe3 XoHe >KyHenepai TanmaylslH Oapiblk KeseHaepinae DEM KonmaHy OpBIHBL.
OEMpe sxy#enepiH MilriHyi, KypbUIbIMIAp KOHE MapameTpliepliH BapHaHTTAPbIHBIH YJIKECH
CaHBbIH 3€pTTell, CHHTe3 eceOiHIH meniMiH yaeryre MyMmkiamik Oepeni (Koderkos, IlosoBko,
[Tonamapes, 1964: 12—-49).

XKyiienin uaeanapl KypbUIbIMbL. AJNTOPUTMIK KYPBUIbIM CHUHTE31HIH eceOlH MIenly YLIiH

. Wylp) o
0ackapy 0OBEKTICiHIH Oepinic HyHKIMACH], OOBEKTTIH KipiC XKOHE HIBIFBICHIH/IA HKYMBIC

“" 8

L . X .
ICTEHTIH KO3JIbIpyIap XoHe % JKOHE COHBIMEH Oipre TarchlpMa KoHE OJIIIey KaHaIdapblHia

o X . .. . .
naiiia 6onateiH % Gereyimmep Oenrini 00mysl Kepek. 2, a, 6 CypeTTepiH/ie aHbIK KOPCETIIreH.
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X3 X~ 1% ;
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Cyp. 2. ineannsl TyHbIKTaIMaFaH XYHEHIH alIrOPUTMIIK KYPBUIBIMBI

En omnaii xarmaiima oOBEKTiAe KO3ABIPYIIBI ocepiep OonmaraHma, Oackapymbl
TYWBIKTaIMaraH cxema (2-11i cyper) OoifbIHINA Xy3ere aceipyra Oonanbl. Erep GackapbliaThiH

w,(p)

KYPBUIFBIHBIH Oepilic (PyHKITUACHIH

W, (p)=1Wy(p) (1)

TeH Jem ajcakK, OHJa OOBEKTIHIH WHEPIHMSUIBIFBIHBIH TOJBIK (KYPBUIBIMIBIK) ©TEeMi

.. .. ) .. . X
KaMTaMachl3 €TiIe/Ii )KoHe GacKkapy Kyheci 00bEKTTiH MIBIFBICHIH/IA Te3 OepineTin ocepai ~ 9%

R @ - y .

wbiFapagel. 9% panceipmacer - 9% (]) ' Oepimic (yHKUUACHI O0ap apHaibl Cy3riciMeH
y . X, .

KaJIBITITACa IbI, OJ1 ObLIAIIa TAHJAaIbI, CY3Ti OapibIK KYpaFaH CHMIHAJIIAP/IbI XKAKChl OTKI3y

KEepEeK KoHE Y Oereyin 6aceiM 60Maysl Kepek (bomnokun, Unnaes, 1986: 127; CynraHra3uHoB,
2009: 151).

. . X
Erep oObekrire enmieHeTiH ~ ¢ KO3/BIPY ocep eTce, OHIa TEOPHUs KaFbIHAH KO3IBIPY/IbIH
TOJIBIK OTEYIMEH HJAeas bl TyHbIKTaaMaraH Oackapy KyHeciH cuHTe3neyre Oonaisl (2-mii

cyper,6). OOBEKTTIH TOJIBIK OTEYy HHEPTTUITiH KaMTaMackl3 eTeTid Gepinic ¢pyukiuscer (1) = €
KO3JBIPY/IbIH  ©TeyiHe /e aKchl O0ombin Keieni. (1) mapTrapabl OopblHIaFraH[a IIBIHBIMEH 1€

w,(p)W,(p)=1 X

opAaibIM TEH, COHABIKTaH 1a Y 0OBEKTTIH NIBIFBICHIHIAFSI TIAMIAIbI

X L
KYpayHlbIChbI g KO3JbIPYbIHA TOJIBIFBIMCH TCHCCTIPLICL.

ABX wupeannpl anropUTMIIK KYpbUIBIMBIH MOJEIBACY KE31HJAErl HETI3r1 KUBIHJBIK
00BeKTIHIH Kepi Oepinic (pYHKIUSACHIHBIH icKe acybl Oombim keiemi. OObeKTiHIH Kepi Oepiic
(GYHKIUSACBIHBIH MOJEJI PETIHE KeJeci y30enep/IiH KOChIIYbIH YChIHYFa 00Jiajpl 3-1111 CypeTTe
KOPCETIJITEeH.

0 Oepinic  kod(duimenti yiakeH OonraHma y30enepiiH AKBHBAJICHTI Oepiiic
(YHKIHSCBIHBIH KOCBUTYJIAPBI Keyeci Typie 00iaapt

W (p)=ko/UL+koWy(p))=1/Wo(p) *
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KYPBUIBIMBIH Ta0y YIIiH

A\ 4

Cyp. 3. Kepi 6epinic pynxuusaceiasig Mmoneni 1/WO0 (MBamenko, 1979: 134)

X . o -
Erep ~ ¢ «xo3mbipyasl emmeyre 0OojMaca, OHOA WACANbl TYHWBIKTAIFaH IKYHEHIH

n—o(})’

.. . . X .
0OBEKTIHIH MOIEN] KOMeTiMeH ~ € KO3IBIPYIbIH KaHaMa OUbIH

nangananyra 0oJassl 4-11i. a-CypeTe KOpPCeTIITeH.

Yy (p)

Cyp. 4. Vineanns! TYHBIKTaIFaH )XYHEHIH anrop

Wo

2

Wom

|
.
onr - ! W
) |
|
|
/\’ M !
A Wow |
____________________ |
AHBIK, erep
f" . — S l" |
W (D)=Wy(p) 3)
MOJIEJIB/IIH IIBFBICHIH/IA aHBIKTAJIAThIH CUTHAJ
Ngwe =3 =Xy, =[x, +x,)—x,,, =x, @

X . . .
€ jkaHama eIILCHIeH KO3bIpy Oojica KoHE OHBI 2-Ii O CypeTTeri cxemajarblaai

Oepimic  (yHKUUSACBIMEH OacKapblIaTblH  KYPBUIFbIFA  €HTI3TEHAE  HJIealjibl

TYMBIKTaIMaraH KYpBUIBIMJBI jKaHaJaH anyra Oonajael. OFaH KYpBUIBIMIBIK TYPJICHIIPTILITED

X
epesxeci Goibiama  *™ curHaIBIH GacKapyIIbl KYPhUTFBIHBIH KipiCiHe aybICTBIPYFa 00T b XKoHE
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eKIHIII cymMMmaTopra canmyra Oomnansl. CoHza OacKapylibl KYPBUIFBI 1K1 OH Kepi
OaiJTaHBICTIEH KaMTBUIFaH 00JIajIbl, a1 OipiHII CyMaTTOPAAaH KeWiHT1 CHTHAJ KaTeHIH CUTHAJIbIHA
|- .
E=X,—-x . o .
h coiikec kenenl. COHFbICHI KYHEHIH TYHBIKTAJIFaHbIH oHE Oepiiic GyHKIUACH O6ap
0omateIH (IUTPUX TIK TOPTOYPHINI) peTTeyilliMeH Kepi OalmaHbICKaH Tepic KaruJachlHa CoWKec
YKYMBIC ICTEUTIH OLIIpeIi:

.oy v(p) 1/, (p)
w,, (p)=2F - 0 P)
)= ) 1o, (o) o)

)

4

Moens MeH 00beKTiHIH 101 Kece perteriut (5) £ -MEH TPOIMOPIIMOHAIBI TYPIHJIC

JKYMBIC 1CTEHI, OJ1 KO3JIBIPY YKOHE TallChlpMa apHAaChIMEH HOJAIK KaTEJIIKKE cail OOJIbIN KeJesl.
y X, #0 X, #0 y L

Kanmer xarnmaiiga, erep KOHE Oornca waeanabl TYHBIKTaIFaH >KYyHEHIH
AITOPUTMAIK KYPBUIBIMBI (7.4-1111 O CypeT) sKoFapblia TYCIHAIPIIre€H 3BPUCTUKANIBIK JKOJIMEH €Kl
KYpBUIBIMAAPBIH Oenrinepin o3 OOWbIHIA TipKecTipeai. by naeanasl KypblabiMaa peTTerimTe
imki oH Kepi OaiisaHsIc, / 0 y3beci,  “M sxome omrmmanmael cysri - 9% Gomasel
(becekepckuii, 1976: 125). Uneanapl TYWbIKTaIFaH PETTETIMTIH Oepiic GyHKIUACHI

(p)= }’(P) _ djonm(p) 1

W — = . —
&1(])) l_d)onm(p) FVO(F,)_

pu

6)
D (D) . o
y30eci CBIPTKBI KO3ABIPYIapAblH YTHIMIBI CY3TUIEy Il JKY3€re achIpajibl KoHE

- 1/W,(p)
¥TBIMIUJI TaHCBIpMaHbI 1CTCII HJLIFapaI[LI.

W, (D)

X . . .
3.0nm OOBEKTTIH Kepi MOJENi OHBIH

HWHCPUUATIBUIBIFBIHBIH OPHBIH TOJITBIPAbI, aJl

X
Y kypaymrichiH ecenteiini (Boponos, 1979: 167).

TY3Y MOJel 0OBEKTTIH HIBIFBICHIH/IAFbI

Hoaruxesiep.

Wneanael Kocy xyieciMeH Oipre oObeKTiHIH Kepl MoJieil TypiHJerici 6ackapy *KyHheciHiH
MapaMeTpiiK *KoHE KYPBUIBIMJBIK CHHTE31HIH MPUHIUMHUANIL HETi31 OOJBIN Kelledi, al Tocil
00BEKTIHIH MHEPTTUTITIH OTeY 9/1iC1 JIeT aTajaIbl.

CunHTe3neyniH TPaKTHUKANBIK ecenTepinae KeOiHece OomiKTIK (mapamerpiiik) oTy
KOJIIaHbLIAbI - OOBEKTIHIH TYPAaKThl yaKbITTapbIHBIH Oip ekeyiH kot (Kpacosckwii, [Tocnienos,
1962: 198). O yuriH uHepuramiblK 00BEKTIMEH Ti30eKTel

Wy (p)=ko /(To1p +1)(Toop +1)...(Tp, +1) (7)

MYH/IaFbl Toy >Top >Toz >... >Toy, Oepinic QyHKIUACHIMEH OipIHIII-EKIiHIII PETTIK

TIpKENTIH Y30€H1 Kocabl

We(p)=ky (Tpp +1)(Top +1)

/
M

(8)
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on yuin T =To18 Tz =Togs ki =1k

Kemriryi 6ap o0bekrire apHairad uaeanasl perreriul. Kenriryi 0ap uHepTTi 00beKTLIEpre
apHaJFaH HJeabl PETTETIMTIH KYPBUIBIMBIH JXKOHE Oepiiic (YyHKIMICHIH aHBIKTAWBIK, OHBI
KOPBITBUTFAH Oepiitic PyHKIUACHIMEH CUTIaTTayFa 00JajIb:

17 ( \ ./..VI’ ! —pT
Wo(p)=Wy(ple =" ©)
Wolp) : . . .
MyHpaarbl OOBEKTTIH WHEPUUSIIBIK OOJIriH CUNATTAWTHIH OOJIIeKTI —
T . . . .
panyoHanabl (QYyHKIIHS; 0 _ o6wekrTin Taza kemiryi. Erep (9)-ae1 (6) Koiicak perTerimrig
+ pTU
e

Oepinic (yHKIUACHIHIA keOelTkimi maiina Oomanel. COHIOBIKTaH MAa, IIBIFAPBUIFAH
peTTerim KYpbUIBIMBIH OHAWTY MaKCAaThIMEH OHE OHBIH TEXHHKAJBIK ICKE€ aCyblH OHAWTY YIIIH
ujIeasibl Kyiie KemiryMeH OepiieTiH Ko3apIpyabl KOoCyFa kol 0epy Kepek, sifHu (CynTaHra3uHos,
Haypsi3oBa, PycrambexoBa, 2021: 164)

@x:" (P): djonm (p):d)c'mm (p)e‘!”’n (10)

’ [ ) , .
@ X R : . y
MyHIarer 9% (}) 7 - 73 sxome % curnammap yuniH yreiMabel cysri. CoHma colikec,
Kelriryi 6ap oOBbEKTTEp YIIiH Ueal bl PETTEYIIITI aTaMbl3

R D (D) 1
W,.(p)= o — 11

b

071 PeckBUKTIH peTTeyilli 1en atanasl.

5-m1i cyperTe KepceTiireH KypbuibiMra 11-epHekke coiikec keneni. PeckBuk Taza kemriryi

M

e C o i V
Oap y30e perreyimiiHiH imKi Kepi OalIaHBICHI, OOBEKTiIHIH INBIFBICHIHAA *  OacKapbLIaTHIH
ocepaiH Tarbl Oip ©3repyiHeH KaHJall CUTHAI Tmakjga OoJyblH OoJDKahabl. OWTKeHI Oy
OailylaHpICTap OH, OHJAa OOJDKAJIATBIH CUTHAT OFaH T€H OOBEKTIHIH HAKTHI IIBIFBIC CUTHAJIBIHA

-

yHeMi (Oeiftapan Kaaablpabl) OpHBIH TOATHIpabl. KOPBITBIH/IBI CUTHAT PP ek KaHa aJFalliKbl
: X,
YaKbIT K€31H/I€ CBIPTKBI oCepIep
. . T

HET13r1 KOHTYpJaH Ta3a Keliry IIBIFAPbUIAIBI.

PeckBuk perreyilriMeH >KyHEeHIH eneynl KeMIIUIrT OHbIH OOBEKTIHIH KeIIiryiHiH a3
BapHUalMsJIapbIHA ChIH KO31IMEHIIT1 OOJIBIT TaOBIIaIbI.

OObexTTIH KewlryiH OeWTapanTaHIblpy HAEACHIH COHbIMEH Oipre Oip yarizgeri
perreyimTepal KaMTUTBIH CMHUT YHOpeauTenai apKbUIbl XKY3€re achlpbulafbl 7.6-1IbI CypeTTe
KOPCETLITEH.

(kp > )

X X . . . .
, memece ¢ esrepicrepineH keifin mbiraapl. Ocputaiima,

yJikeH Oepinic kodddunuentinge Cmut ynpeaunereni 6ap perrerimi PeckBuk

perrerimine =~ @%7% SKBUBAJIEHTTI OOJIBIN KEJIETIHIHE KO3 XKETKI3yTre KUBIH EMEC:
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i . w,(p)
Wcmum (P)= . 7 ~ T =
1+, (p)W§ (p)l1—e 7270 )

1 1 1
1/, (p)+ ¢ (p)1-e 270 ) 1-¢ 7270 W5 (p)

(12)

Perynstop PeckBuka

Woer o —X

Donr W

Woevo

Cyp. 5. PeckBuk perterim 6a3achlHIaFbI KeIiryMeH 00beKTiHi 6ackapy KyHeciHIH ueanbl KyYpbUIbIMbI

XB

Wp — /o(1-e” 0) —>X

Wo(1-e77)

Cyp. 6. CMut ynpenureni HeTi3iHIe KeIiryMeH 00beKTiHI 6acKapy jKYHeCiHiH ueanabl KYpbUIBIMBL

CMUTTIH yIpeIuTeniMeH KYHeH1 )KeHUTAETY A1 TEXHUKAJBIK TYPFbIA KY3€re acblpy OHaliFa
COFaJIbl, OUTKEHI OOBEKTTIH Kepi Oepiic GyHKIHUICHIH MOJCIBACYTe KEPEK OOJIMAaMIbI.

TypakranraH >xoHe abalaymibl KYWelepJeri MHBAPUAHTTHUIBIFBIHBIH JKY3€Te achIPyhl.
ABTOMATTBI XYHECIHIH CHHTE3IHIH 0ac MakcaTTapbIHBIH Oipi OpHANACTBHIPBUIFAH JKOHE OTIICII
TOPTINTEpAEri THICTI ASAINIHIH KaMmMTaMmachl3 €Tyl Oosbin TaObuiafbl. OpHamacTHIPbUIFAH
TOPTINTEPAET] JKYHENEpiHiH JNIIT acTaTU3MHBIH PETI JKOHE alllllaK CajblHFaH HOOANIbIH
Kod(pUIMEHTIH YIKeilTe kakcapTyra Oosagsl. CoHbIMeH Oipre, ozerrerizel Oipak,
OPHBIKTBUIBIKTBIH KOPBI a3asi/ibl, TEPOCIMEIUIIK YIKEe Il )KOHE OTIeINI TOPTINTEPAeri KYHeCiHIH
monuiri  azaabl. OpHajacThIPbUIFAH JKOHE OTIENl TOpPTINTEpJAeri JASJAIrT LIapTTapbIHBIH
apachIHAaFel Kapama-KalIIbUIBIKTapIbl KO THUIMII KYpalbIMEH MHBAPUAHTTHUIBIKTHIH XKY3€re
aCBIPYBI OTEM CBIPTKBI 9CEP KOJIBIMEH KBI3MET KOpCeTe/Ii.

"MHBapuaHTTHUIBIK" Oip (DM3HMKANBIK IaMaHbIH €KIHIIICiHE Toyenci3airin oinnipeni. AbT-
Jla BIFBIC (0acKapbUIaTHIH IIaMa HEMECE KaTEHIH CHTHAJIBI) MIaMajlapblHBIH Kipic dcepiepiHeH
Toyenciznikrepai Kapaiael. TypakTany sxyihenepaeri KO3AbIPYIIBI dcepleH OacKapbLIaThIH
[IaMaHbIH TOYEJCI3MIKTEPIH alyFa YMTBUIAbI, adailiaymisl xxyienep/e - OepiieTiH ocepAeH KaTe
CUTHAJIBIHBIH TOYEJICI3Iiri.
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ABX uHBapHaHTTBUIBIK ocep OoifbiHINIA OacKapy apKbUIbl >KeTe[l,0aCKapblUIaThIH dcep
KO3/BIPAThIH dCEp/iH e3repyiHe OaillaHBICTBI KypbuUlaabl. Erep Ko3IbIpyIIbl ocep eJIIeHETiH
Oosca, Gackapy HpPHMHLMII KOJJaHbUIATHIHBI aHbIK. Ko3nplpy OoliblHIIA OacKapy NpPUHIUNTI
onetTTe (Kypamalisl Xkyiie) aybITKyJap OoiibiHIIa 6ackapyMeH Oipre KojiaHblIabl.

TypakTbl KOMOMHHUPIIEHI€H KYHEHIH aJITOPUTMIIK KYPBUIBIMBIH KO3/IbIpY OONBIHILIA ©TEYIII1
OaiinaHpIcrieH KapacThlpyFa Oomanael 7.7-111 cyperTe KepceTiireH ©OTtey OailllaHbIChl LIBIFBIC
[1amMacblHa TaHOAMEH dcep eTe/ll, 01 9pJaiibiM IIBIFbICKA KO3BIPY/IbIH 9CEPIHIH TaHOAChIHA Kepl
6onaasl. Ko3mpipy OoiibIHINA KYHEHIH Oepiaic (yHKIHICHI

xp) Mo (p)=We ()W, (p)Wo(p)
pl= =

g (13)

XZ(

(p) L+17,(p) Ty (p)

Wolp) Wo ) .o
MYH/IaFbl KOHE - colikeciHmIe OacKapyllbl KoHE KO3ABIPYLIBI dcep
OolibIHIIa 00BEKTTIH Oepiic GyHKIUSATIAPHL;

w,(p)

— Oarmapiayuibl KYpbUIBIMHBIH Oepitic ()yHKIHSICHI,

H—k(}))

- OPHBIH TOJNTHIPATHIH KYPBUIBIMHBIH Oepinic QyHKIHUACHI.

VA
Wik > Woz

W, ——sl W ——X

Cyp. 7. ABX apanac KypsUIBIMHBIH OacKapy ocepiHzeri OaiaHbIc KOMIICHCAIHSACHI

x(7) z(7) . .
backappuiaTeiH mama KO3JbIpyFa Toyenal emec, erep (13) 6epinic GHYKIUACH
HoJIre TeH Oosca

D, (p)=0 (14)

erep OHBIH albIMbl HeNre TeH Ooica Oyn Oomysl MymKkiH. Ko3ablpyra KaparaHia
TYPaKTaHIBIPHLUIATHIH IIIAMAHBIH HHBAPUAHTTHUIBIFBIHBIH MAPTHI OCHIIaH

Wo(p)=We ()W, (p)Wo(p)=0 (15)
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15-mapT, KO3abIpylIbIAAH x) [IAMaHBIH TOYEJNICI3AITiHIH TaOBICHl YLIIH KO3BIPYIIbI

z(t) - . . . o
) OOMBIHIIIA KYMBIC ICTEr€H €Ki Mapajuleib KaHAJAApAblH JTWHAMHUKAIBIK KacweTi Oipaeit
00ITyBI YIIIIH KepEeKTITiH O1Aipel,oTeUTIH KYPBbUIBIMHBIH Oepiiic QyHKIHSICHL.

We(p)=Wo (p)/W,(p)Wy(p) (16)
Ablaiinaymibl kyienepae OepiiareH KO3IbIpyJaH KaTe€ CHTHAIBIHBIH TOYENCI3MIriHE KETy
. x(7) : &lr)
kepek. Cxemanap yuriH 8-cyperre ocepMeH J)KOHE KATEHIH CHUTHAJBI - apasibIFbIHIA
Oepistic PyHKIUS KeNTIPUITeH:
L= ()W, (p) Ty (p)
Dy, (p)= (17)

L+, (p)Wy(p)

17- byHKIUSHBI HOITe TEHECTIpe OTHIPBIN OepiireH acepre OalIaHBICTBI aHTY KaTECiHIH
WHBAPUAHTTHUIBIFBIHBIH IIAPTHIH TaOAMBI3

L= (p)W,(p)Wy(p)=0 (18)

Oy/aaH eTyIIi KYphIIBIMHBIH KE€PEKTi Oepiic (yHKIMACHI IBIFa bl

U’k(pflzl/ﬂ'y(pm'o(p) (19)
VA
Wy — Woz
v e Ek
= Wy = Wo — X

Cyp. 8. Bepinetin acep Ooitbiaina eteymn OainanbichiMeH ABJK KOMOHHUPICHICH KYPBHUTBIMEL.

KopbIThIHABI.

JKyMBICTBIH HeEri3ri MakcaTbl — aBTOMATThl OacKapy TEOpHSCBIH 3€pTTey, aBTOMATThI
KyHenepai CUHTe3ley >KoHEe jkobanay oficTepiH Taljay, COHAAi-aK ajblHFaH HOTHXKENEepIliH
IIPAKTUKAIBIK KOJJaHy MYMKIHJIKTEpiH Oaranay — TOJIBIK OpBIHAAJIbL. 3epTTey OapbIChIHIA
MaTEeMaTHKAIBIK MOJENb/LY, JKyHelepaiH KYPbUIBIMIABIK TajAaybl, KYXKATTBIK Talfay CHSKTHI
SpTYPJIi FBUIBIMU SICTEP KOJJIAHBUIABL. byl oficTep aBTOMATThI JKyHeNnepAiH alrOPUTMIIK JKOHE
(GYHKIIMOHAABIK KYPBUIBIMAAPBIH KEIICH I 3epTTeyTe, OJapblH TYPAKTHUIBIFbIH, 0ACKAPBLTYbIH
JKoHEe OaKbUTaHYBIH Oarajayra MyMKIHAIK Oepi.

3epTTey HOTIKENEepi KOPCETKeHIeH, aBTOMATThl KYWeJepJi CHHTE3ICYAIH 3aMaHayu
TOCUIAEP] TEK JQIIIIK IMEH PETTEY JKbUIIAM/IBIFBI KOPCETKIMITEPIH KAMTaMAachl3 €Til KaHa KOWMai,
©3repMeti CBIPTKBI dcepIiep KarJaibIHaa THIMAL )KYMBIC iCTel anaThlH aJalTHBTI KYPbUIBIMAAPIbI
KypyFa MYMKIHIIK Oepeni. Heri3ri 3aHApUIBIKTap aHBIKTAIABL: JKYWEHIH QJITOPUTMIIIK JKOHE
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(GYHKIMOHAIABIK KYPBUIBIMBIH YpBIC jkKOOajlay OHBIH TYPaKTbUIBIFbIHA TIKEJEH ocep eTell, aj
KOHCTPYKTHBTI 3JIEMEHTTEpAl TaHaay OYKUT >XKYWEHIH THIMILIITIH aHbIKTahael. CoHmaii-ak,
CaHJbIK Oackapy *KyHesnepi JoNJIIK, UKeMILIIK )KoHe Ka3ipri ecenrtey KypajaaapblMEeH HHTETrpaus
MYMKIHJIT1 KaFbIHAH apTHIKIIBUIBIKTapFa W€ €KEHJIIr pacTabUIIbl, OV OJIapJblH ©HEPKICINTE,
KOJIIK JKyWenepiHae >KOHE TEJIeKOMMYHHKANWs callalapblHAa KOJIJaHy IepCIeKTHBAIapbIH
amapl.

ATanraH 3epTTey HOTHXKeNIEpiHe CYHEeHEe OTHIPHII, KeJieCi KOPBITHIHABLIAp KacayFa 00Ja bl

- 3epTTey MakcarTapbl TOJBIK OpBIHIANABI, ajd KOJJAHBUIFAH oJICTep aBTOMATTHI
KyHenepIiH THIMAUIITIH Oaraiiayia CeHIMA1 HOTHXKeNep OepeTiHiH KOPCEeTTI.

- JKyilenepai cuHTe3ney >KoHE KYPBUIBIMABIK Talfay aJrOpUTMIAEpl OpTYpJi KYMBIC
PEeXUMJIEpIH/IE aBTOMATTHI JKYHEHIH MIHE3-KYJIKbIH alfiblH ana 0ojpkayFa MyMKIHJIIK Oepei.

- ATBIHFaH HOTWXKENIEp aBTOPABIH OacTanKbl TY)KbIPBIMBIHBIH JYPBICTBIFBIH pPacTaiIbl:
KYHETIK TOCUT MEH MaTeMaTUKaJblK MOJENbICY aBTOMATThl JKyienepal jkobanayna HErisri
Kypanaap OOJIbIN TaObLTa IbI.

- AJBIHFaH HOTWKENEP/iH TPaKTHKAIBIK KOJJAHBUIYBl OPTYpPIi cajlaiapia MYMKIH:
OHEPKACINTIK aBTOMATTAHJBIPY, TEMIPXKOI KeJiri, aBuanus, podororexuuka. CaHIblK Oackapy
JKOHE aJaNTUBTI aJrOPUTMJEP KOJIJAHBUIFAH XYHWeJIep CEHIMIUIIKTI apTThIpajbl, TEXHUKAJIBIK
KBI3MET KOpPCEeTy IIBIFBIHIAPBIH TOMEHIECTE/l1 KOHE OHIPICTIK KOPCETKIIITEP/l JKaKcapTabl.

Bonamaxk 3eprreynep mepcreKkTHBallapblHa KOMKOHTYPJII KYpHAENl >KyHelepli CUHTE3ey
MYMKIHJIKTEpIH KEHEeWTy, aJanTuBTI Oackapy YLIIH JKacaHIbl MHTEIUIEKT O/iCTEpiH
MHTETpaIsIay, COHAi-aK aBTOMATThI XYWEIepAiH HAKThl JKaFIaiIarsl )KYMBICBIH OOJDKayFa
apHaJIFaH KeIIeHAl CUMYJIALUSIBIK Mojenblep a3ipiey kipeai. COHbIMEH KaTap, YCHIHBLIFAH
HISIIMEP/I1 OKY XKOHE OHIIPICTIK XKYyHeaepre eHri3y apKblibl OJIapAblH TUIMIUTITIH Oaraay jKoHe
MYMKIH LIEKTeyJIep/li aHbIKTay KaXeT.

KopbITeIHABIIAN Kene, )KYPri3UIreH 3epTTey aBTOMATThl 0acKapy TEOPUSCHIH TEPEHIETYTre
yJIeC KOCBII, 3aMaHayu CUHTE3 jKoHE jko0anay 9iCTepiHiH MPaKTUKAJIBIK KOJJIAHBUTYBIH PACTa/lbl
YKOHE aBTOMATTaH/IbIPY CAIaCBhIH dPTYPIIi TEXHUKAIBIK OaFbITTap/a JaMbITyFa IePCIIeKTUBAIAPIbI
aIlTHI.
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© Zh.Zh. Moldasheva

Abstract. The Dostyk railway station is one of the key border freight hubs of the Republic
of Kazakhstan, ensuring rail connectivity between Kazakhstan and the People’s Republic of China.
Due to the difference in track gauge widths (1520 mm and 1435 mm), freight wagons passing
through the station require bogie exchange, which significantly affects processing time, throughput
capacity, and the efficiency of international transport corridors. Under conditions of growing
transit volumes and increasing demands on border infrastructure, the modernization of bogie
exchange technology becomes particularly relevant. The purpose of this study is to substantiate
the effectiveness of using turntables to improve and accelerate the process of freight wagon bogie
exchange at Dostyk station. The objectives include analyzing the existing crane-based bogie
exchange technology, studying the design and operating conditions of turntables, assessing their
load-bearing capacity, comparing time indicators of different technological solutions, and
evaluating the practical feasibility of implementing turntables under real operating conditions. The
study demonstrates that the traditional crane-based technology is characterized by high labor
intensity and significant time losses due to multiple lifting and repositioning operations. The
proposed use of turntables simplifies the trajectory of bogie movement and reduces the number of
crane operations. Practical implementation at Dostyk station showed that the average time for
replacing one bogie decreased from 6—7 minutes to 4-5 minutes, increasing productivity by
approximately 1.4 times. Engineering calculations and experimental tests confirmed the structural
strength and reliability of the turntable, including safe passage of a shunting locomotive. The
results confirm that turntables represent a technically reliable, operationally efficient, and
economically justified solution for accelerating bogie exchange processes at border stations. The
proposed technology does not require large-scale reconstruction or significant capital investments
and can be replicated at other stations with similar operating conditions, thereby enhancing the
competitiveness of Kazakhstan’s international railway corridors.
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AnHotauusi. JlocTelKk Temipxkon craHuusachl Kazakcran PecnyOnmkacel mMen Keitait
Xanwlk PecmyOnmkachl apachlHIAFbl XaJdbIKApaIbIK JKYK TaChIMAIAphIH KaMTamachl3 €TETiH
HET13T1 IIeKapaiblK KOJIiK TOpanTapbIHbIH 0ipi 00JbIT TabbLIaabl. Temipikos TaOaHBIHBIH OPTYPIIi
eHiHe (1520 mwm >xoHe 1435 MM) OaillaHBICTBI JKYK BaroHJApbIHBIH TEJIEKKEJIEPIH aybICThIPY
KOKETTUIIr TYBIHAAWIBI, OYJl CTAaHIUSHBIH OTKI3y KaOileTiHe, KYK ©HJEY YyaKbIThIHA >KOHE
XaJIbIKapaJIblK KeJIIK JQMI3JepiHIH TUIMAUIIriHEe Tikened acep ereni. JKyk aFbIHIapbIHBIH 6CYl
JKaFJalbIHA TEXHOJOTHSIIBIK MPOLECTEPl KETUIAIPY ©3€KTi Macese OOMbIN OThIp. 3epTTeyiH
MakcaTthl — JIOCTBIK CTaHIMSCHIHAA KYK BarOHIAPBIHBIH TEJCKKEIEePiH aybICTHIPY YAEpIiCiH
KETIAIPY YIIIH aifHAJIMallbl JOHreIeKTep Al KOJIaHyAblH THIMAUITIH HeTi3aey. MiHaeTTepiHe
KOJIJIAHBICTAFbl KPAHJIBIK TEXHOJOTUSHBI TAJIAy, alHAIMABI TOHTEICKTEP/IiH KOHCTPYKTHBTIK
epeKILEeTIKTEepiH 3epTTey, OJapIblH KOTEprillTik KaOineTiH Oaranay, opTYpil TEXHOIOTHSIIBIK
TOCUIIEPAIH YaKBITTBIK KOPCETKIIITEPIH CAJbICTBIPY KOHE YCHIHBUIFAH MICHIIMHIH ©HJAIPICTIK
THIMJUTITIH aHBIKTAy Kipemi. 3epTrey OapbIChiHAA KpaHIapabl NMakiganaHy apKbLIbl TEIEKKE
AyBICTBIPY TEXHOJIOTHSICBIHBIH KYPJAENi JKOHE YaKbITThI KON KAKET eTETiHI aHBIKTAJIIbL.
AWHanMmanel  JOHreJeKTepAl  KOJJaHy  TENeKKENepAiH  KO3FalubiC  TPACKTOPHSCHIH
OHTaWJIaHIBIPbII, ONepalusIap/AblH CaHbIH a3aiTazbl. Toxipubenik naiaanany HOTHXKeECIH e Oip
TEJIEKKEHI aybICTBIPY YaKbIThl 6—7 MUHYTTaH 4—5 MUHYTKa JEiliH KbICKApHIN, €HOCK OHIMILTIr
mamameH 1,4 ecere apTThl. VIH)XeHepIliK ecenTeyiep MEH ChlHAaKTap KOHCTPYKUHUSHBIH OEpIKTIrt
MEH CCeHIMIUTITIH pacTaibl. AWHaIMalbl JOHTENeKTepli €HTi3y JKYK BaroHJIapbIHBIH
TeNeKKENEPIH aybICTBHIPY YIAEPICIH JKEeAENICTY IIH TeXHUKAIBIK TYPFhIIaH KaparaibiM, CeHIMI
JKOHE SKOHOMHUKAJIBIK JKaFbIHAH THIMAI TOCLIi OOJIBIN TaObUIAMbl. ¥ CHIHBIIFAH TEXHOJOTHUSHBI
yKcac IIeKapajblK CTaHIUsUIapaa KeHIHSH KOJTaHyFa 0oJaIbl.

Tyiiin ce3aep: TeneXke aybICThIPYy, alHAIMalbl TOHIENeK, IIeKapaiblK CTAHIHUS, JKYK
BaroHbI, TEMIPKOJ TaOaHbI, TACKIMAJ THIMJILIIT]

Hoiiexkcoznep ymin: XK. K. MonnameBa. JIOCTBIK CTaHIMSICBIHIA KYK BaroHJIapbIHBIH
TENEKKENEPIH aybICTHIPY YACPICIHIH KbUIIAMIBIFBIH alfHAIMalbl TOHI€JIEKTI KOJAaHy apKbLIbI
aprTeipy // Kazakcran enmipic kemiri. 2025. Tom. 22. Ne 85. 59-73 oGer. (Opbic Tin.).
https://doi.org/10.58420/ptk/2025.85.01.005.
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Myanaesnep KaKTBIFBICHI: ABTOpJIap OChl MakKamajla MYAJENep KaKTBIFBICHI JKOK eI
MOJIIMAEH .
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AHHOTAaIUA. Cranmmst JIoCTBIK SIBASIETCS OJHOM M3 BAXXHEHITUX MMOTPAHUYHBIX
KENe3HOIOPOXKHBIX cTaHIMi PecryOnuku Kazaxcran, obecnednBaronIMX MeEXTyHapOAHbIE
rpy3oBble nepeBo3ku Mexay Kaszaxcranom m Kuraiickoit Haponnoit PecnyGnukoii. Paznuune
HIMPHHBI Kene3HoAopokHor kojien (1520 mm m 1435 mm) oOyciiaBiuBaeT HEOOXOJIUMOCTH
BBITMIOJIHEHMSI OIEpalMii 10 CMEHE BaroHHBIX TEJIEKEK, KOTOpPbIE OKa3bIBAIOT CYLIECTBEHHOE
BJIMSHUE Ha NPOIYCKHYIO CIHOCOOHOCTh CTaHLIMHM, CPOKHM JIOCTABKHU Ipy30B M 3()()EKTHBHOCTH
MEXAYHApOAHBIX TPAaHCIOPTHBIX KOPUAOPOB. B ycnoBusx pocra TpaH3UTHBIX IOTOKOB
aKTyaJIbHOM CTAaHOBUTCA 3aJ]a4a YCKOPEHUS U YIIPOILIEHHUS JaHHOTO TEXHOJIOIMUYECKOT0 Mpoliecca.
L{enbto nccnenoBanus ABiseTcs 000cHOBaHUE AP (HEKTUBHOCTH IPUMEHEHUS IIOBOPOTHBIX KPYTOB
JUIsl YCKOPEHMS IIPOLIECCa CMEHBI TEJEXKEK I'Py30BBIX BaroHOB Ha cTaHuuu JlocTeik. B pamkax
MCCIJIEIOBaHMs MOCTaBJEHB! 33/1a4d aHaIM3a CYLIECTBYIOIIEH TEXHOJOTHMH C HCIOJb30BaHUEM
MOIbEMHBIX KPAHOB, H3yUEHHS KOHCTPYKTUBHBIX OCOOCHHOCTEH MOBOPOTHBIX KPYT'OB, OLIEHKH X
MIPOYHOCTHBIX XapaKTEpUCTHK, CPAaBHUTEILHOTO aHalIM3a BPEMEHHBIX MOKa3aTeseil pa3inMyHbIX
croco0OB CMEHBI TEJIEKEK U ONpeAeTICHHUs MPAKTUYECKOH 11e71ec000pa3HOCTH BHEIPEHUS JTaHHOU
TE€XHOJOIMH. YCTaHOBJIEHO, YTO TPAJUIMOHHAs TEXHOJIOTUS CMEHBI TEJIEKEK C MPUMEHEHHEM
KPaHOB XapaKTEPU3YETCs BBICOKON TPYIOEMKOCTBIO M 3HAUUTEIbHBIMU BPEMEHHBIMU 3aTPATaMU.
[TprMeHeHre MOBOPOTHBIX KPYTOB MO3BOJISIET CYIIIECTBEHHO YIPOCTUTD JIOTUCTUKY MTEPEMEILIEHUS
TEJEKEK BHYTPHU NPOU3BOJCTBEHHOIO 3[aHUS U COKPATUTH KOJIMYECTBO KPAHOBBIX OIEpalMil.
[IpakTHyeckue pe3ysibTaThl SKCIUTyaTalluy MOKa3aJId CHUKEHUE BPEMEHN CMEHbI OJJHON TEJIEKKU
¢ 67 10 4-5 MMHYT, YTO COOTBETCTBYET POCTY NPOMU3BOAUTEIBHOCTH NpuUMEpHO B 1,4 pasa.
[IpoBeneHHbIE pacyeThl U MCHBITAHUS MOATBEPAWIA HAJAEKHOCTb U JOCTAaTOYHYIO HECYILYIO
CHOCOOHOCTh KOHCTPYKUMHM. BHenpeHue MOBOPOTHBIX KpyroB siBisieTcst 3()(EKTUBHBIM,
TE€XHOJOTMYECKH IMPOCTBIM M DSKOHOMHUYECKH ONpPABJAHHBIM pEIIEHUEM JUIsl TOBBIIICHUS
IPOMYCKHOW  CHOCOOHOCTH  MOTPaHMYHBIX  JKEJE3HOJOPOKHBIX  cTaHuMi. IlomydeHHble
pe3ynbTathl MOTYT OBITH HCIIOJIB30BAHBI IPH MOJEPHHU3ALMU AHAJIOTMYHBIX OOBEKTOB
TPaHCHOPTHOM nHpacTpykTypsl Pecybnuku KazaxcraH.

KuroueBble cji0Ba: cMeHa TEJEXEK, TOBOPOTHBIHN KPyT, HOrpaHUYHAasi CTaHIUS, [PYy30BbIe
BaroHbl, pa3Has KoJjiesi, IPOIyCKHasi CIIOCOOHOCTb

Jusa uurupoBanus: JKOK. Monjgamesa. YBenudeHHME CKOPOCTHM IIPOLIECCA CMEHBI
TEJEKEK TIPYy30BBIX BaroHOB Ha CTaHIUM JOCTBIK C IPUMEHEHHUEM IIOBOPOTHOIO
kpyra//[lompinuiennsiii Tpancnopt Kazaxcrana. 2025. T. 22. No. 85. Ctp. 59-73. (Ha pyc.).
https://doi.org/10.58420/ptk/2025.85.01.005.

KonduukT HHTEpecoB: aBTOPHI 3asBIIAIOT 00 OTCYTCTBUU KOH(IINKTA HHTEPECOB.
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BBenenue

Cranuust [IOCTBIK SIBISIETCS OJHOM M3 KIIIOYEBBIX IMOTPAHUYHBIX KEJIE3HOAOPOKHBIX
craniuii PecnyOnuku KaszaxcraH, oOecreumBaronIMX MEXKIYHApOJHBIE TPY30BbIE IEPEBO3KU
Mexnay Kazaxcranom u Kuratickoii Haponnoii PecrryOnmkoii. Yepes naHHYO CTAHIIMIO TIPOXOIUT
3HAUUTENbHAs YacTb TPAH3UTHBIX U SKCHOPTHO-UMIOPTHBIX TI'PY30MOTOKOB, (OPMHUPYIOLIUX
BA)KHOE 3BEHO €BPA3UUCKUX TPAHCHOPTHBIX KOpuAOpoB. [lo MaHHBIM aHANUTHYECKUX U
KOPIIOPATUBHBIX HMCTOYHUKOB, COBOKYIHBIH 00BEM Ipy30000poTa depe3 cTaHIMio JOCTHIK B
000MX HampaBIEHUSIX COCTaBISET OKOJNO 14 MIH TOHH B TOJl, YTO MOJITBEPXKIAeT ee
CTPATETMYECKOE 3HAYECHHME Ui HAlMOHAIBHOW TPAHCIOPTHONW CHUCTEMBI M MEXAYHApOIHOU
noructuku (Kymaraes, 2020: 12—18; AO «HK «KTX», 2024: 145-148; SK News, 2021).

Br160p TeMbl rccnenoBanys 00yCIOBIEH HATMYUEM YCTOMYMBOW MTPOOJIEMHON CUTYaIUH,
CBSI3aHHOM C pa3IMuneM IIMPUHBI JKeJIe3HOI0pokHOM Koen Kazaxcrana (1520 mm) u Kuralickoi
Haponnoii Pecy6nuku (1435 mMMm). YkasaHHoe paznuuue TpeOyeT NPUMEHEHMs CIelHallbHbIX
TEXHOJIOTMYECKUX Olepanuil 10 CMEHE BarOHHBIX TEJIEKEK, KOTOPbIE XapaKTepU3YIOTCS BBICOKOM
TPYJOEMKOCTBIO M 3HAYUTEJIbHBIMM BPEMEHHBIMH 3aTpaTaMH. AHamu3 (QYHKIMOHUPOBAHUS
cTaHuii JIocThIK U ANTHIHKOJb MOKAa3bIBAa€T, YUTO MMEHHO JAaHHBIN 3Tanm 00paboTKHM BaroHOB
ABJIIETCS «Y3KHM MECTOM», OIPAaHHYMBAIOIIMM POCT HPOMYCKHON CIIOCOOHOCTH U YBEJIUYEHUE
00wvemoB nepeBo3ok (XKymaraes, 2020: 34-41; Komnanus «UkrMashService», 2024).

AKTyaJbHOCTh HCCIIEJOBAHMSI ONpENENSIETCSl POCTOM TIpY30MOTOKOB Mexay Kuraewm,
ctpanamu llenTpanbHoit As3um u EBpomoi, a Takxke ycuneHueM poau Kazaxcrana kak
TPaH3UTHOIO TOCYJapCTBa B CHCTEME MEXIyHApOJHBIX >KEJIE3HOJOPOXKHBIX IepeBo3ok. B
YCIIOBUSX YBEITUUYECHUS HArPy3KH Ha MOTPaHUYHYI0 HHPPACTPYKTYpy BO3HUKAET HEOOXOJUMOCTh
[OMCKa W BHEJPEHMsS] TEXHUYECKU IPOCTHIX, HAJEKHBIX M IKOHOMHUYECKHU L€1ecoo0pa3HbIX
pelleHni, HallpaBJICHHBIX Ha YCKOPEHHUE MpoIlecca CMEHbI BATOHHBIX TENIEKEK 0€3 3HAYUTENbHBIX
KaluTalbHBIX BIOKeHUH. [laHHbIE BOIIPOCHI HAXOSAT OTPaXKEHHUE B TOAOBBIX M HHTEIPUPOBAHHBIX
oruetax AO «HK «Kazakcran Temip IKOJbl», TH€ TOTYEPKHUBAECTCA HEOOXOIMMOCTh
MOJIEpPHU3ALMU TEXHOJOTUYECKUX IPOLIECCOB M TMOBBIMEHUS 3(()EKTUBHOCTU TPAH3UTHBIX
nepeBo3ok (AO «HK «KTXK», 2019: 88-92; AO «HK «KTX», 2022: 176-180).

OOBEKTOM HCCIIEeIOBAaHUS SIBJISETCS TEXHOJOTMYECKUH mpoliecc 00pabOTKH TIpy30BbIX
BaroHOB Ha MOTPaHUYHOMN YKEJIE3HOA0POKHON CTaHUUU JlocThIK.
[IpenmMeroM wHccnenOBaHUs SBIAIOTCS TEXHUYECKHE M OPraHM3allMOHHO-TEXHOJIOIMYECKUe
pEllIeHUs] 10 CMEHE BaroHHBIX TENIeKEK B YCIOBUSAX DPA3IUYHOW IIUPUHBI JKEJIE3HOJ0POKHON
KOJIEH.

Lenbto uccnenoBanus sABisieTcst 000cHOBaHKE 3G (HEKTUBHOCTH IPUMEHEHHS TOBOPOTHBIX
KPYroB Kak croco0a COBEpIICHCTBOBAHUS TEXHOJOTHYECKOTO IpOoIecca CMEHbI BaroHHBIX
TeJekeK Ha cTaHUuU JloCTBIK.

Jis moCTIKeHHs TOCTABICHHOW el B paboTe pelaroTcs CIeayoNue 3a1auu:

- aHaJgu3 CYLIECTBYIOIIEH TEXHOJOTMHU CMEHBl BArOHHBIX TEJEKEK C HMCIOJIb30BAHHEM
MOAbEMHBIX KPAHOB;

- HW3yueHUE KOHCTPYKTUBHBIX OCOOEHHOCTEH IOBOPOTHBIX KPYIOB M YCIOBHH HX
JKCIUTyaTalluu;

- OILICHKAa IPOYHOCTHBIX XApPAKTEPUCTHK IOBOPOTHOTO Kpyra IIpH BO3JEUCTBUHU
CTaTMYECKHUX HArpy30K OT MOJBUKHOIO COCTABA;

- CpaBHMTEJIbHBIM aHAJIM3 BPEMEHHBIX I10KA3aTelel TEXHOJIOIMYECKUX Olepauuid Mpu
Pa3IMYHBIX CIOCOOAX CMEHBI TENIEKEK;

- ompeneneHue MpakTU4eckod 3G EKTUBHOCTH BHEAPEHHUS MOBOPOTHBIX KPYroB B
YCIOBHUSIX JIEUCTBYIOLIETO TEPMUHANIA CTAHIMU [OCTBIK.

MeToa0I0rnYecKy 0 OCHOBY MCCIIEIOBAHUS COCTABISAIOT METOAbl MHKEHEPHBIX PACUETOB,
CPaBHUTENBHBI aHAN3 TEXHOJOTHMYECKUX IMPOIECCOB, a Takke 000OIIEHHE MPAaKTUYECKOTro
OTIbITa KCIUTyaTallui 000PYAOBaHUS HA IOTPAHUYHBIX JKEJI€3HOIOPOKHBIX CTAHIUAX.
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[IpakTiueckass 3HaAUMMOCTb paOOThHl 3AKJIIOYAETCS B BO3MOXKHOCTH THPAKUPOBAHUS
IPEUI0KEHHON TEXHOJIOTUM Ha JIPYTMX MOTpaHMYHbIX cTaHIusaX PecrnyOnuku Kasaxcras, uTto
MO3BOJIUT COKpPaTUTh BpeMsi OOpaOOTKM BAaroHOB, YBEJIWYMTh MPOMYCKHYIO CIIOCOOHOCTH
UHPPACTPYKTYpPbI U HOBBICUTH KOHKYPEHTOCIIOCOOHOCTh Ka3aXCTAHCKUX TPAH3UTHBIX MapIIPyTOB
B CUCTEME MEXKIYHapOIHBIX MEPEBO30K.

Marepunajbl M1 METOABI

Martepuanamu HCCIEAOBAHUS TOCIYXWIM HOPMAaTHBHO-OTYETHBIE, AHAIUTHUYECKHE MU
MH)XEHEPHO-TEXHUYECKHE HCTOYHUKH, a TakKe pe3yabTaThl NPAaKTUYECKOIo BHEIPEHHUS
TEXHUYECKUX PEIICHWM Ha IIOIPAaHUYHOM JKEJIE3HONOPOKHOM craHuuu Jlocteik. B
KOJINYECTBEHHOM OTHOLIEHHUHU B pabOTe UCIOIb30BAHbBI CTATUCTUYECKHE JaHHBIE O IPy30000poTe
CTaHIIMM, TOKa3aTeNIAX IPOMYCKHON CIOCOOHOCTM M BPEMEHHBIX 3aTpaTax Ha BBINOJIHEHHE
ornepauuii MO CMEHE BAarOHHBIX TEJIEKEK, MPEJCTABICHHbIE B TOJOBBIX U HHTEIPUPOBAHHBIX
otuetax AO «HK «Kazakcran temip xoinb» 3a 2019-2024 rr. (AO «HK «KTX», 2019-2024).

KagecTBeHHYI0 OCHOBY HCCII€IOBAaHHSI COCTABJISIIOT:

- UTOTOBBbIM aHATUTUYECKUM OTYET MO pe3yJbpTaTaMm o0ciieoBaHMsI pabdOThl CTAHLUN
JlocTblIKk ¥ AJNTBIHKOJb, MOJTOTOBIEHHBIM crnenuanucramu  KopropatuBHoro ¢onzaa
«KAZLOGISTICS» (XKymaraes u ap., 2020);

- OTpacieBble  MyONUKAlMM W  AHAWINTHYECKUE  MaTepHajbl, IOCBSIICHHBIE
(YyHKIMOHMPOBAHUIO TOTPAHUYHBIX JKEJIE3HOJOPOKHBIX CTaHIMM W METOJaM CTBIKOBKHU
&KeNe3HbIX Jopor paznuuHoi mmpuHbsl kojen (SK News, 2021; Komnanus «UkrMashServicey,
2024);

- Marepuanbl KOHCTPYKTOpCKO-3KcnepuMeHTanbHoro unentpa (KOL)  Ausmatsl,
OTpakarollue OIBIT MPOEKTUPOBAHMUS, U3TOTOBIEHUS U SKCIUTyaTallud MOBOPOTHBIX KPYroB Ha
craHiuu JloCTHIK.

Hcnonpzyemblie MaTepuanbl 0XBaTbiBatoT nepuos ¢ 2019 no 2024 roael, uto odecneynBaet
aKTyaJIbHOCTh JAHHBIX M MO3BOJISET OLEHUTh IUHAMUKY Pa3BUTHUS TEXHOJIOTHUYECKUX MPOLIECCOB.
Pempe3eHTaTuBHOCT, MaTepHalla M €ro COYe€TaHWe C MPAKTUYECKUMHU pe3ysibTaTaMu
HKCIUTyaTalui 000py10BaHHS MOBBIIIAIOT JOCTOBEPHOCTH BBIBOJOB HCCIIEIOBAHMUS.

B pamkax uccienoBanus 6buU1H C(HOPMYIHPOBAHBI CIIETYIOIIME KIIIOUEBbIE BOIIPOCHI:

- KakMe TeXHOJOIMYEeCKHe OTPaHUYEHUS CYIECTBYIOT P CMEHE BarOHHBIX TEJIEKEK Ha
MOTPAaHUYHBIX CTAHLUAX C PA3JIMYHON IIHUPUHON KOJIEH;

- B KaKkoll CTeneHW TpaJAULMOHHAs TE€XHOJIOTUS C UCIOJIb30BAaHUEM IOIBEMHBIX KPAHOB
BIIUSIET HA IPOU3BOJUTENIBHOCTD U IIPOITYCKHYIO CIIOCOOHOCTh CTAHIUY;

- TO3BOJIAET JM NPUMEHEHUE MOBOPOTHBIX KpPYTOB COKPAaTHTb BpPEMsS BBINOJIHEHUS
orepauuii ¥ yIpoCTUTh TEXHOJIOTHYECKUI Tpoliece 06e3 3HaYUTEIbHbBIX KallUTaJIbHBIX 3aTpPaT.

B kadyecTBe OCHOBHOH TMIIOTE3bl BBIJIBUIA€TCS IOJOXKEHHE O TOM, YTO BHEAPEHHE
IIOBOPOTHBIX KPYTrOB B TEXHOJOTMYECKUI MPOLIECC CMEHbl BATOHHBIX TEJIEKEK HA MOrPAaHUYHOU
cTaHIuM J{OCTBIK TO3BOJISET CYLIECTBEHHO COKPATUTH IIPOIOJIKUTEIBHOCTD Ollepaliil, MOBBICUTh
NPOU3BOIUTENBHOCTh TPyJa M HAAEKHOCTH Ipolecca o0pabOTKM BaroHOB NpPU COXPAaHEHHU
TpeOyeMoro ypoBHsI 0O€30MacHOCTH W 0e3 HEOOXOJUMOCTH MacCHITaOHOW MOJEePHU3AINH
UHPPACTPYKTYPBHI.

HccnenoBaHue MpOBOIMIOCH B HECKOJIBKO MTOCIIEI0BATEIbHBIX ITAINOB!

- AHaJIUTUYECKUH ATall — H3Y4YEHHME HAYUYHBIX, OTPACJIEBbIX U OTYETHBIX HCTOYHUKOB,
aHaJIM3 CYLIECTBYIOLIMX TEXHOJOIMM CMEHbl BAarOHHBIX TEJEKEK M BbIIBICHHE OCHOBHBIX
npoOJEMHBIX 30H B paboTe cTaHMH J{OCTHIK.

- IIpoexTHO-pacyeTHBIN 3Tal — aHaJu3 KOHCTPYKTHBHBIX OCOOEHHOCTEH IOBOPOTHOTO
Kpyra, pacueT €ro Hecylled CHOCOOHOCTM M OIIEHKa COOTBETCTBUS OSKCILTyaTallMOHHBIM
Harpy3KaMm.

- DKCIepUMEHTAIbHO-TIPAaKTUYECKUN 3Talm — 0000IIeHHE pPe3yNIbTaTOB H3TOTOBJICHUS,
MOHTa)Xa U UCHBITAHUNA MMOBOPOTHOI'O Kpyra, BKJIIOUas IPOBEPKY €ro paboTOCIOCOOHOCTU MpPU
IIPOXOXAECHUHM MAaHEBPOBOI'O TEINIOBO3A.
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- CpaBHMTEIBHO-OIICHOYHBIN ATall — CONOCTABJIEHUE BPEMEHHBIX U TEXHOJOTHYECKHX
MOKa3aTeJed CMEHBI TEJIEKEK ITPU UCIIOJIb30BAHUH MTOJBEMHBIX KPAHOB U IOBOPOTHBIX KPYTOB.

- OOoOmaromuii  3tarm —  (QOpMYyJTUPOBaHHWE BBIBOJAOB U OICHKA BO3MOXKHOCTH
TUPAXHUPOBAHUS NPEAJIOKEHHOTO PEIIEHUS Ha APYTUX NOIPAHUYHBIX CTAHIHSX.

Meronp! nccnenoBaHus

B pabore mnpumMeHsnack COBOKYNHOCTb OOIIEHAYyYHBIX M CHEIMAJIbHBIX METOOB
UCCIJIEIOBaHMsI, B TOM YHUCIIE:

- QHAJIU3 U CHHTE3 — IPU U3YyUYEHUHU TEOPETUYECKUX M MPAKTUYECKMX MAaTEpUaJIOB IO
OpraHHU3aI1H JKEJIE3HOI0OPOXKHBIX IEPEBO30K;

- CpaBHMTEJbHBII aHaIM3 — MPU COMOCTABICHUM PA3IMYHBIX TEXHOJIOIMH CMEHBI
BaroHHBIX TEJIEKEK;

- MH)KEHEPHO-TEXHUYECKHUE PAaCYEThl — IIPU OIPEEICHUH IPOUYHOCTHBIX U HArpPy304HBIX
XapaKTEpUCTHK TTOBOPOTHOT'O KPYyTa;

- METOJl HaOMIOZIeHNsI U 0000LIeHNS TPAKTUYECKOTO OIbITAa — IPU aHAJIN3€E PEe3YyJIbTATOB
JKCIITyaTaluu 000py10BaHUs Ha cTaHIUU J{OCTBIK;

- rpado-aHATUTUYECKUI METOA — MpU pa3paboTKe U MHTEPIpPETALMU TEXHOIOTHYECKHX
CXEM.

HoBwu3Ha uccnenoBaHust 3aKIII04aeTCs B KOMIUIEKCHON OLIEHKE MPaKTUYECKOr0 BHEIPEHUS
MIOBOPOTHBIX KPYTOB B PEAJbHBIX YCJIOBUSAX SKCILTyaTallud MOTPAaHUYHOM CTAaHLUHU, a TaKXKe B
000CHOBaHMH BO3MOYKHOCTH NMOBBIIIEHUS 3(PHEKTUBHOCTH TEXHOJIOTHYECKOTO MPOIecca CMEHBI
BaroHHBIX TeJIeKeK 0€3 3HaUMTENbHBIX (PMHAHCOBBIX U OpraHU3aI[MOHHBIX 3aTpar.

PesyabTaTsl H 00cy:KIeHHE

B 2012 r. Ha cranuuu JIOCTBIK MyLIEH B 3KCIUIyaTallMI0 HOBBI COBPEMEHHBIH MYHKT
NIEPECTAaHOBKY BaroHOB, €T0 CYTOUYHBIN IIJIaH NIEPECTAHOBKU cocTaBisAeT 40 BaroHOB.

Puc.1. TlyHKT nepecTaHOBKH BaroHOB

ITyHkT npencraBisger u3 ce0s MPOU3BOACTBEHHOE OJHOITAXKHOE JIBYX IPOJICTHOE 3JaHHE
qmHo 360 M u mmpuHoi 100 M (Puc. 1). B ogHOM YacTu 31aHUs CKIIagUpPYIOTCS BaroHHbIE
TeNeXkKH, odmiee konnuecTBo He MeHee 1500 mTyk (Puc.2), Bo BTOpo# YacTu 3/1aHUS TPOUCXOAUT
3aMeHa TeNeXKEeK. 3/[aHue OCHAIEHO 4 MOAbEMHBIMU KPaHaMU — IPy30MOAbEMHOCTh Kax10ro 12
ToHH (Puc.3).

64 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License




Industrial Transport of Kazakhstan. Vol.22 (1). 2025

g :z!!
l*u(’ uuut““ “

Puc.3. TloxpemHBIH KpaH

[lepemelieHue TeJIEkKEK IO TEXHOJOTMUECKOMY IIPOLECCY JOJDKHO OCYILIECTBIISITHCS
JAaHHBIMU KpaHaMmH, JJI1 3TOrO OHU OCHAIIEeHbl cleuuaabHbiMU 3axBaTamu (Puc.4). /lanHble
3aXBaThl MECTHOT'O IIPOU3BO/ICTBA HE UMENIH JOCTATOUYHOM TPOYHOCTU U HAJIEAKHOCTH.

[To 3amanuto pyxoBoactBa ctaHiuu KOI[ cnpoexTupoBand M M3roToBUI CHEIHAJIbHBIE
3axBathbl (Puc.5.). Ho pabora ¢ 3axBaTamMu MMeeT HU3KYIO MPOU3BOAUTEIBHOCTh, HEOOXOAUMO
MOJIOTHATh KPaH K TEJEXKKE, 3allelUTh €ro, MOJHECTH K MONEpPEeYHOMY IyTH, OMYCTUTh €ro,
IIPOKATUTh TEJIEKKY B JAPYrylH0 IOJOBHHY 3IaHMs, CHOBA IMOALECNHUTb €€ APYTUM KpaHOM,
MIepPECTaBUTh Ha IMPOJOJIbHBIM IMyTh, NOJKATUTh K BaroHy M NPOU3BECTH 3aMeHy Tenexku. C
0CBOOOXK/IEHHOH TEJIEKKOM MPOU3BECTH TE K€ ONEPaLiy, HO B 00PaTHOM MOPSIJIKE.
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Puc.4. 3axBar Ajs TeIeKeK

Puc.5. CnenuanbHbIN 3aXBaT

CMeHa BaroHHBIX TEJIEKEK SIBISIETCS CAMBIM CJIIOKHBIM TEXHOJIOTMYECKUM mponeccoB B
00paboTKe Irpy30BbIX BaroHOB, CIEAYIOUINM TpaH3UTOM 4depe3 craHiuio Jlocteik. iMeHHO OHa
SBIISIETCS OCHOBHOW TPOOJIEMOH, MENIaloNeil MOBBIIICHUIO Tpy30000poTa cTaHuuu. ['py3oBas
BaroHHas TeJNeXKKa o0nazaer OONbIIONW Maccoid, okoiio 4,5 TOHHBI M OONBIIMMHU TabapUTaAMU.
CMeHa Tenmexku TpedyeT 0coboro oOopymoBaHUs, pabOYero MPOCTPAHCTBA W BPEMCHH, YTO
HEen30€XKHO YBEITMYUBAET BPEMSI U CTOUMOCTD JJOCTABKH I'py3a KIUEHTY.

I[J'IH YCKOPCHUS OniCpalvi JOCTABKHU TCIICIKKU K Barony NpCjioKE€HO YCTAHOBUTE B 3JaHUU
YeThIpe MOBOPOTHBIX Kpyra. IIpuMeHeHHWe KpyroB 3HAUUTEIBHO YCKOPUT mporecc. Ecnu
onepanrsa CMCHBL OI[HOﬁ TCJIC)KKH C ITIOMOIIBIO KpaHa 3aHUMACT OKOJIO 6-7 MHH, TO IPUMCHCHHUEC
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MOBOPOTHOTO KPyTa IMO3BOJIUT MPOBOJIUTH 3Ty omneparuio 3a 4-5 mun. Cokparenue Bpemenu B 1,4
pasa.

OTAENeHUe XPAHEeHWUA Tenexex 300HMe
/ 0B KPP ,Tenexka
{ /
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Puc.6. Cxema pa3MelLIeHUs TOBOPOTHBIX KPYTOB

[Topsiiok mporecca CMEHBI TENIEKKH BBITJISLAUT clieaytonum oopazom (Puc.6.):

1.BeiOupaeTcs Tenexka JUisi CMEHbI, OHa HAaXOAUTCS B OT/ICIICHUU XPAHEHHS TEJIEkKEK.

2.BbiOpanHas TelexKa BpyYHYI0 KaTUTCS 110 IPOA0JIbHOMY IYTH /10 IOBOPOTHOTO KpyTa.
Tenexka ycTaHaBIMBAETCS HA IOBOPOTHBINA KPYT.

3.T10BOPOTHBIIl KPYT BMECTE C TeJIeKKOM BpydHyIo nHoBopaunsaercs Ha 90°.

4.Tenexka ¢ Kpyra nepeMeniacTcs Ha IONEePEYHbIi yTh U KaTUTCA BPYUHYIO 10 HEMY J10
MOBOPOTHOTO Kpyra, yCTaHOBJIEHHOIO Ha TMPOJOJILHOM IyTH, TJ€ CTOMT BaroH, KOTOPOMY
HE0OXOAMMO 3aMEHUTD TEIEKKH.

5.Tenexka ycTaHaBIIMBAECTCS HA JAHHBIN IOBOPOTHBIN KPYT, KOTOPBII BMECTE C TEIEKKON
nosopaunBaercs Ha 90°,

6.Tenexka ckaThIBaeTCsA ¢ TOBOPOTHOTO Kpyra U MepeMeniaeTcs Mo NpoA0IbHOMY MyTH K
Barony. [Ipon3BoanuTCs CMEHa TENEKKU.

7.CMeHeHHas Telle)KKa BaroHa IepeMeliaercs B 0OpaTHOM HaNpaBlIEHUU B OTIEJICHUE
XpaHEHUS TENEKEK.

OcHoBHbIE TpeOOBaHMSI K TOBOPOTHOMY KPYTY:

1. Bo3MoxkHOCTB Jierkoro nosopota Ha 90° ¢ ycTaHOBIEHHOH Tenexkkoi kojien 1520 u
1435 mm. TToBOpPOT MPOM3BOIUTCS ABYMSI paOOYUMU 33 PYUKY.

2. CBoOoaHBII Mpoe3 ] yepe3 MOBOPOTHBIN KPYT TEJIEKEK U MAaHEBPOBOTO TEIJIOBO3A.

ManeBpoBbIi TeII0BO3 001agaeT Maccoi mr = 130 ToHH. Byiem cuutaTh, 4TO NP BHE3/E
TEIIOBO3a Ha KPYT OH OyJeT BOCIIPUHUMATDH HE O0Jjiee MOJOBUHBI MAacChl TEMJI0BO3a M = 65 TOHH
(Puc.7.). OnpenenuM HeCyIlIyro COCOOHOCTh Kpyra. BepxHsis miuuTta Kpyra ycraHoBiieHa Ha 16
OYKCOBBIX MOAIIUITHUKOB OT BaroHa. IMeHHO OHM BOCIIPUHUMAIOT HArPy3KY OT TersioBo3a. byaem
CUMTaTh, YTO HArpy3ka craTuueckas. M3BecTHO, 4YTO pacueTHasl Harpy3Kka Ha BarOHHYIO OChb CO-
ctaBiser 20 TOHH, OCh yCTaHOBIeHa Ha 4 OYKCOBBIX MOJIIMITHHUKA, CJIEI0BATENbHO, OJIUH
HNOJIUIMITHUK JEPKUT HArpy3ky 5 ToHH. Orcroja 16 OyKCOBBIX MOALIMIHHUKA JEp’KaT Harpys3Ky
5x16= 80 ToHH. MOXHO CUMTaTh, UTO pacueTHas HArpy3ka MOBOPOTHOI'O Kpyra coctasisieT 80
TOHH.

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 67
@ i 4.0 International License




Industrial Transport of Kazakhstan. Vol.22 (1). 2025

Puc.8. IsrotoBnenne moBOPOTHOTO KpyTa

B nexe KDL Anmats! ObLT U3roTOBJICH MOBOPOTHEIN KpyT (Puc.8)
B urone Ha cTaHIUIO OBUT JOCTABJICH U CMOHTUPOBAH NIEPBBIN MOBOPOTHBIN KpyT (Puc.9).
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Puc.9. T1oBOPOTHBIH KpyT

[ToBopoTHBIH KpyT OBLT OomyIieH B siMy (Puc.10)

Puc.10. MoHTax MOBOPOTHOTO KpyTa

Ha xpyr 6butn yctaHoBieHsl penbesl (Puc.11)

Puc.11. YcTaHOBKA PenbCOB Ha MOBOPOTHBIM KPyT
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[Tocne 3akperuieHusi penbCOB OBLT MPOU3BEACH MPOOHBIN MOBOPOT Tenexku (Puc.12).
Taxoke ObIJIO MPOBEACHO MCIBITAHUE HAa MPOYHOCTh — 10 KPYTy MpoeXal MaHEeBPOBBIN TEIUIOBO3.
Bce ucnbiTanus npouuiu ycneumHo. Kpyr He pa3pymmuics, HeT HUKaKoil JeopMaliuy ero 4acTeu.

Puc.12. IIoBOpOT TENEKKH Ha Kpyre

Ha Puc. 13 yka3aHbl OCHOBHBIE 3JIEMEHTBI IOBOPOTHOT'O Kpyra

CALMNHUK uNorHUm S220
wonn 12,5 Tonn/49 Tamm

Il

[ X,
L7 N

[~

Puc. 13. I1oBOpOTHBIH Kpyr

B Hacrosmiee BpeMs B TEpMUHAJIE IPUMEHSAETCS KaK IIEPECTaHOBKA TEJIEKEK I10bEMHBIMU
KpaHaMH{, TaK W IPUMEHEHHE IIOBOPOTHBIX KpyroB. Kpyrm ycTaHOBIEHBI, aKTHBHO
AKCIUTYaTUPYIOTCS M MOKa3aiu CBOIO 3(ppekTuBHOCTD. JlmuTenpHas sKCIuTyaTalnus nokasana, 4To
pacueTsl M0 MPOYHOCTH ObUIN BEpHBIE, MPEAJIOKEHHAs TEXHOJOTHsI CMEHBI TEJIeKEK MpocTas U
npousBoguTenbHas. B nanpaeimem KOL[ Anmarts! BHeapun Ha ctaHuuu J{ocThIK U Apyrue cBou
KOHCTPYKTOpPCKHUE pa3pabOTKH.
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3aki0uenue

B xoxme mpoBeneHHOro wWccneoBaHMsS ObUIa pPAacCMOTpEHa OJHA W3 KIFOYEBBIX
TEXHOJIOTMYECKUX MPOOJIEM NMOTPAaHIYHBIX JKEJIE3HOAOPOXKHBIX cTaHui PecryOnuku Kazaxcran —
CMEHA BarOHHBIX TEJIEKEK B YCIIOBUIX PA3JIMYHOM IIMPUHBI JKEIE3HOA0POKHOM Konen. Ha npumepe
cTaHMM JIOCTBIK MOKa3aHO, 4YTO JaHHBIM IIPOLIECC OKAa3bIBAE€T CYIIECTBEHHOE BJIMSHUE Ha
MPOITYCKHYIO CHOCOOHOCTh CTaHIIUH, CPOKH JOCTABKU IPy30B U 3((HEKTHBHOCTH (DYHKIIMOHUPOBAHUS
MEKTyHapOJHBIX TPAHCIIOPTHBIX KOPUAOPOB.

[locraBnennass 1enp uUcCcHenoBaHUS — OOOCHOBaHME APPEKTUBHOCTH MPUMEHEHUS
MIOBOPOTHBIX KpPYTOB JUIsl COBEPIIEHCTBOBAHUS MPOILIECCA CMEHbI BarOHHBIX TEJEKEK — OblLia
JOCTUTHYTa 32 CYET KOMIUIEKCHOTO HCIIOJIb30BaHMsSl WH)KEHEPHBIX pacueToB, aHalIM3a
TEXHOJIOTUYECKUX OMNepaii U 0000IEHHs] TPAKTUYECKOTO OMBITA IKCIDTyaTallud 00OPYIOBaHUSI.
[IprMeHeHHbIE METOAbl HCCIICAOBAHUS TO3BOJIMIM BCECTOPOHHE OLICHUTh KaK TEXHUYECKYIO
COCTOSITENILHOCTD MPEIOKEHHOTO PELIEHUS, TaK U €r0 MPOU3BOJICTBEHHYIO 11€71€C000Pa3HOCTb.

B pesynbrare aHanuza TpaJMIMOHHOW TEXHOJIOTMM CMEHBI TEJIEKEK C HCIOJIb30BaHUEM
MOJJbEMHBIX KPAHOB YCTAHOBJIEHO, YTO JIaHHAsl CXEMa XapaKTepU3yeTCsl BHICOKOW TPYJ0EMKOCThIO,
3HAYUTEIbHBIMU BPEMEHHBIMHM 3aTpaTaMH W CJIOXHOW JIOTUCTUKOM TEPEMELICHUs TSHKEIbIX
AJIEMEHTOB BHYTPH NPOU3BOJCTBEHHOIO 31aHus. MHOroKpaTHbIE OIepalyy Nojbema, epeHoca u
MOBTOPHOT'O TIO3UITHOHUPOBAHUSI TEJIXKEK YBEITUUUBAIOT POIOKUTEIBHOCTH 00Pa0OTKH BarOHOB U
(OpPMUPYIOT «y3KOE€ MECTO» B TEXHOJIOIMYECKOM MPOLIECCE CTAHIIHUU.

B xone uccnenoBanus Oblia MOATBEPkK/IEHA BBIABUHYTAS THIIOTE3a O TOM, YTO MIPUMEHEHHUE
MIOBOPOTHBIX KPYT'OB ITO3BOJISIET CYLIIECTBEHHO COKPATUTh BPEMS BBINIOJIHEHHS ONEPALIMii IO JOCTAaBKE
TENIeKEK K BaroHy. DKCIUTyaTallMOHHbIE HAOMIOMEHUS MOKa3aiH, YTO MPOJOKUTEIBHOCTh CMEHBI
OJIHOM TEJIEKKM COKpallaercss B cpemHeM ¢ 6—7 MHMHYT 10 4-5 MHHYT, 4TO COOTBETCTBYET
YBEJIMYECHUIO TPOU3BOAMTENBHOCTH MpuMepHO B 1,4 pa3za. JlaHHOE COKpallleHHEe BpEMEHU
JIOCTUTAETCsl 3@ CUET YIPOLIEHUS TPACKTOPUH MIEPEMEIIIEHUS TEIEekKEK 1 OTKa3a OT YaCTH KPaHOBBIX
orneparu.

[TpoBenieHHbIE MHKEHEPHBIE PACUETH U UCIBITAHUS NOATBEPIWIN JOCTATOYHYIO IPOYHOCTD
Y Ha/ISKHOCTh KOHCTPYKIIMU IOBOPOTHOTO Kpyra. PacueTHas Hecy1as criocoOHOCTh Kpyra B 80 TOHH
oOecrieurBaeT 0€30MacHbIi MPoe3 1 MAHEBPOBOTO TEIUIOBO3A U NTEPEMEILIEHUE BarOHHbIX TEJIEKEK 0e3
nedopManuii ¥ TOBPEXKICHHI AIIEMEHTOB KOHCTPYKIHMH. [IpakTHueckue UCHBITAaHUSI B YCIOBHSX
JEUCTBYIOLIEH CTAHLIMU MOKA3aJM COOTBETCTBHE PACUETHBIX U (PAKTUUECKUX XApAKTEPUCTHUK, YTO
MOJITBEPIKTAET KOPPEKTHOCT MPUHATHIX TEXHUICCKUX PEIICHUM.

OCHOBHBIM BBIBOJIOM HCCJIEIOBAHUS SIBJISIETCS TO, YTO BHEIPEHHWE MOBOPOTHBIX KPYTOB
npeacTaBisier coboil 3¢ deKTUBHOE, TEXHOJOIMYECKH MPOCTOE U 3KOHOMHYECKH OIPaBJaHHOE
pellieHue JJIsi COBEPIICHCTBOBAHUS IIPOLIECCA CMEHbI BaroHHBIX TEJEKEK Ha MOrPaHUYHBIX
’KEJIe3HOIOPOXKHBIX cTaHLUsX. [IpeanoxenHas TeXHOIOTHsI He TpeOyeT 3HAYUTENbHBIX KalUTaTbHbIX
BJIO’KCHHUH, CI0)KHOTO 00y4YEHHs TIEpCOHANIA WM TITyOOKON PEKOHCTPYKLIUH HH(PPACTPYKTYPHI, YTO
JieNlaeT ee 0COOCHHO aKTyaJIbHOM B YCIIOBUSIX pOCTa TPAH3UTHBIX ITEPEBO3OK.

[IpakTHueckass 3HAYUMOCTH TOJYYEHHBIX pE3yJIbTATOB 3aKJIIOYAETCs B BO3MOXKHOCTHU
MaclITaOMpOBaHUsI M BHEJIPEHUs] JaHHOM TEXHOJOTMH Ha JAPYIMX MOTPAaHUYHBIX CTaHLUSIX
Kazaxcrana, ()yHKIMOHUPYIOIIUX B AHAIOTUYHBIX YCIOBHSX. [IprMeHEHHE TOBOPOTHBIX KPYrOB
CIOCOOCTBYET MOBBILIICHUIO MPOITYCKHOM CHOCOOHOCTH CTAHIMHA, CHM)KEHUIO SKCILTyaTallHOHHBIX
3aTpaT U COKpAILEHUIO BPEMEHH JI0CTaBKU I'Py30B, UTO, B CBOIO OUEPE/b, YCUIIMBAET KOHKYPEHTHbIE
MO3UIUH Ka3aXCTAHCKUX YKEJI€3HOIOPOKHBIX MAPILIPYTOB HAa MEXKTyHAPOJIHOM PhIHKE MIEPEBO3OK.

IlepcniekTuBBl JAJIBHEWIIUX MCCICAOBAHUM CBSA3aHbBl C ONTUMHU3ALMEH KOHCTPYKUMHU
MIOBOPOTHBIX KPYTOB, BO3MO>KHOM aBTOMAaTH3allME€l NIpolecca MOBOPOTA, & TAKKE KOMIUIEKCHOM
OLICHKOM 3KOHOMHYECKOTr0 3((eKTa OT BHEIPEHHs TEXHOJIOIMHM B Macmrabax TpaHCHOPTHOTO
Kopuaopa. JIONMOMHUTENbHBI HWHTEpPEC MPEACTABIIAET MCCIEIOBAaHME WHTETPALMU JAAHHOU
TEXHOJIOTUH ¢ TU(PPOBBIMUA CUCTEMaMH YIPABJICHUSI TEPMUHATIAMH U JIOTUCTUYECKUMH ITOTOKAMHU.
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Abstract. The research topic is the enhancement of the predictive performance and
computational efficiency of machine learning models deployed in intelligent information
systems through the combined application of optimization algorithms and regularization
techniques. The relevance of this study is determined by the need to improve model robustness,
reduce overfitting, and optimize resource consumption in automated data processing pipelines
operating under varying workload conditions, including class imbalance and high-dimensional
feature spaces. The aim of the study is to investigate the effect of optimization method type and
regularization configuration on the accuracy, convergence speed, and generalization capacity of
neural network models, and to propose analytical formulas for computing a model efficiency
coefficient based on empirical benchmarking data. Research objectives include: systematic
evaluation of model configurations under balanced and eccentrically distributed (imbalanced)
data loading conditions; assessment of the joint influence of model architecture class, dataset
scale, and regularization strength on model capacity; and determination of the regularization
efficiency coefficient. Results demonstrate that structured regularization (batch normalization,
dropout, L2 weight decay) significantly increases model accuracy, reduces generalization error,
and improves robustness to distributional shift. High-capacity primary optimization (Adam,
AdaGrad) combined with secondary regularization enhances model stability under both
balanced and imbalanced loading. The proposed analytical formulas enable precise capacity
planning in intelligent system design. The study results have practical significance for designing
and deploying machine learning pipelines in IoT, cyber-physical systems, and Al-driven
monitoring platforms, and provide a basis for further research on AutoML and adaptive
regularization strategies.

Keywords: machine learning, neural network optimization, regularization, batch
normalization, dropout, Adam optimizer, intelligent information systems, IoT, cyber-physical
systems, overfitting, model efficiency, deep learning, data imbalance
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AHHOTauMs. 3epTTey TaKbIPbIObI — KeJJeHEeH ()KaHama) apMHPJICHI'€H XOHE KOFaphbl
OEpiKTIKTI MPOJOJIBABIK apMaTypajaHfaH CBIFBUIFAH TEMIPOETOH 3JIEMEHTTEpIiH OepiKTiriH
apTThIpy omicTtepiH 3eprrey. Kazipri Tanma TemipOeTOH KOHCTPYKIMSUIAPBIHIA KOJICHEH
apMHpJiey >KOHE KOFapbl OEpIKTIKTI apMarypa KOJJaHy apKbUIbl AJIEMEHTTEPIH OEpiKTIriH
apTThIpy Moceseci ©3eKTi Ooibin TalObuiafbl, ce6edi Oyl KypbUIBIMIAPABIH KayiNCi3iriH
KaMTaMachl3 €Til, MaTepuaijapAbl YHEMJIeyre MyMKIHIIK Oepeni. 3epTrey MakcaTbl —
KOJJICHEH apMupiiey MEH JKOFapbl OEpIKTIKTI NPOAOIBABIK apMaTypaHblH TeMipOeTOH
ANIEMEHTTEP/IH KeTepy Kabuieri MeH naedopmanusra Te3IMAUIINIHE JCepiH aHbIKTay,
TOXKIpUOETIK ChIHAKTAp AapKbLIbl aJbIHFAH MOJIIMETTEp HETI3IHJE ecenTey (opMyliagapbiH
YCBIHY. 3epTTey MIHAETTEpi: TOKIPUOEIIK YITiIep/i OPTAIBIKTAH )KOHE OPTAJIBIKTaH THIC CHIFY
KaraalblHIa TeKcepy, OeTOH MapKachl MEH apMaTrypa KIAChIHBIH JJIEMEHTTIH OepiKTirine
ocepiH Oaranay, KeJJCHEH apMUpPICYIiH THIMIAUNK KO3(Q(UIUEHTIH aHBIKTay. 3epTTey
HOTIDKENEpl KOeJIeHEH apMHpIIey 3JeMEHTTep/iH OCpIKTIriH apTThIPAaThIHbIH, Ae(opMalusHbl
a3alTaThIHBIH JKOHE OCTOHHBIH IJIACTHKAJIBIK KACHUETTEPIiH JKaKcapTaThIHbIH KepceTTi. Korapsl
OEpIKTIKTI MPOJOJBIBIK apMaTypa KOJAaHy 3JEMEHTTIH OPTAJIbIKTaH KOHE OPTAJIbIKTAaH ThIC
KYKTeMellepre Te3IMIUIITIH apTThipabl. AJbIHFaH (opMmynanap jxobanay Ke3iHAEe HaKThl
ecenTeyiep jkacayrFa MYMKIHIIK Oepeni. KopbITBIHABICH OOMBIHIIA, 3€pTTEY HOTHKEIEpI
TeMIpOETOH KOHCTPYKIMSUIAPBIH >K00amay MEH KOJIJaHy/a MPAKTUKAIBIK MaHBI3bl 0ap KoHE
OoJamak 3epTreysepre Heri3 6oma anaibl.

Tyiiin ce31ep: MalIMHATIBIK OKBITY, HEHPOHIBIK JKETIepi OHTAMIaHABIPY, PETTEY, batch
normalization, dropout, Adam onTUMH3aTOPbI, MHTEJUIEKTYaJAbl aKmapaTThIK Kyienep, loT,
Kkubepdu3uKanblK Kyilenep, apThlK YHpPEHY, MOJENb THUIMJIUI, TEpeH OKBITY, AEpeKTep
TEHI'ePIMCI3/Iri.

Joiiexce3nep ywin: P.H. Monnamesa, Y. Almyaid. 3usSTKEpIiK aKMIapaTThIK
KyHenepJieri MallMHAJIbIK OKBITY MOJENbJAEPIHIH THUIMIUIIHE OHTaWIaHABIPY >KOHE pETTey
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AnHoTanusi. Temoll umcciienoBaHusl SBISIETCS NOBBILICHHWE IMPOTHO3HOW TOYHOCTH H
BBIYHCITUTENBHON  A((EKTUBHOCTH MOJENEH MAIIMHHOTO OOYy4YeHHs, TPUMEHSEMBIX B
MHTEJUIEKTYaIbHBIX HH(POPMAIMOHHBIX CHCTEMaX, MOCPEACTBOM COBMECTHOTO HCIOJIb30BAHUS
QITOPUTMOB  ONTHUMHU3AIMA W METOAOB PETyJIIpu3aluid. AKTyaIbHOCTh HCCIEIOBAHUS
o0OyClIOBJ€Ha  HEOOXOAMMOCTHIO  TIOBBIIIEHHS  YCTOMYMBOCTHM  MOJENEH,  CHM)KECHUS
nepeoOyyeHuss W ONTUMHU3ALMM  TMOTPEOJEHHs  BBIYMCIMTENBHBIX  PECYpPCOB B
aBTOMATU3UPOBAHHBIX CHCTEMax OOpaOOTKM JaHHBIX, (PYHKIMOHUPYIOIIUX B YCIOBHUSIX
pa3IMYHOM Harpys3kd, BKIIIOYas JuCOAlaHC KJIacCOB M BBICOKOpPA3MEpHBIE IPOCTPAHCTBA
npu3HakoB. Llenb uccnenoBanus — U3YYUTh BIMSHUE METOJ0B ONTUMHU3ALUU U KOHPUTYpaLHii
peryisipuzallii Ha TOYHOCTb, CKOPOCTh CXOJUMOCTHM U CHOCOOHOCTh K OOOOIIEHHIO
HEHPOCETEBBIX MOJENEH, a TakkKe TMPEAIOKUTh aHATUTHYECKHEe (OPMYINBI Ui pacdeTa
kodpdunrenta 3¢pHEKTHBHOCTH MOJEIHM HAa OCHOBE SMITMPUYECKUX JTAHHBIX TECTUpOBaHUsA. B
3ala4il  WCCIEAOBAHMS BXOJSAT: CHCTEMHAas OILEHKa KOH(pUrypanmuid MojAeNed mpH
cOaaHCUPOBAHHON W HecOATTaHCUPOBAHHOM 3arpy3Ke JaHHBIX; aHAJIU3 COBMECTHOTO BIIUSHHUS
apXUTEKTypbl ~MOJEIM, o0bema Jaracera M  HMHTEHCUBHOCTH  pEryJiipu3allid  Ha
MIPOU3BOUTEIHLHOCTh MOJCINIH; omnpeserneHue kodpduinrenta 3pGHEeKTUBHOCTH PETYIISIPU3ALIIH.
Pe3ynbTaThl nokasaiu, 4To CTPyKTypUpOoBaHHas perynspusauus (batch normalization, dropout,
L2-perynsipuzanusi) CyImIeCTBEHHO IIOBBIIIAET TOYHOCTh MOJENEH, CHIKAET OLIMOKY
0000IIeHNsT ¥ TIOBBINIAET YCTOWYMBOCTH K HW3MEHEHHMSIM PACHpEICICHHUS JTaHHbBIX.
Hcnonp3oBanne ontumuzaropoB Adam um AdaGrad B coueTtaHWM C JOMOTHHUTEIHHBIMH
METOJlaMH peryjspu3zanuu obecrieunBaeT Oosiee cTaOWIbHYIO pPabOTy Mojenel Kak mpu
cOamaHCUPOBAaHHOW, TaKk ®W Tpud HecOalmaHCHpPOBaHHOW  Harpyske. IIpenmoskeHHBIE
aHAUTUYECKUE (POPMYJITBI TIO3BOJISIOT O0JIee TOYHO TUIAHUPOBATh BBIUUCIUTEILHBIE MOIITHOCTH
IpU MPOCKTUPOBAHUU HMHTEJUIEKTYalbHBIX cUcTeM. I[IpakTuueckass 3HaYMMOCTb PE3YJIbTaTOB
3aKJIIOYAETCS B BO3MOXKHOCTH MX NPUMEHEHHS INpU pa3pabOTKe U BHEAPEHUU KOHBEWEPOB
MatmHHOro ooydenus B loT-cucremax, kubephu3nueckux KOMIUIEKCAX U MHTEIUIEKTYalbHbBIX
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mwiatopMax MOHUTOPHMHIA, a TAKXKE€ B CO3JaHUM OCHOB I JajdbHEHIIMX HCCIEIOBAaHUN B
obnactu AutoML u aganTUBHBIX CTpaTeruii peryJspu3aluu.

KirouyeBble ciaoBa: MammHHOE OOy4yeHHE, ONTHMHU3ALUS HEHPOHHBIX  CeTel,
perymsipuszanusi, batch normalization, dropout, ontumuzarop Adam, WHTEIEKTyaIbHBIE
uHpopmarronusle cucrtemsl, 0T, kubepdusnueckue cucremsl, nepeodyueHue, 3pHEeKTUBHOCTh
MojieH, TTy0oKoe 00ydeHue, aucbanaHc TaHHBIX.

Jas uuTupoBanus: P.H. Mongamesa, Y. Ailimiyail. BiusiHue TUNOB ONTUMH3ALMKU U
perynsipuzan Ha 3(Q(QEKTUBHOCTh MoOJEJel MAalIIMHHOIO OOy4Y€HHsS B MHTEUIEKTYaJlbHBIX
uHpopmannoHHbIX cuctemax // Ilompimmennsid Tpancnopt Kazaxcrana. 2025. T. 22. No. 85.
Crp. 74-83. (Ha anrmn.). https://doi.org/ 10.58420.ptk.2025.85.01.006

KoH(pIMKT HHTEepecoB: aBTOPHI 3asBIISIIOT 00 OTCYTCTBUU KOH(DIUKTAa HHTEPECOB.

Introduction

In modern intelligent information systems, machine learning models are required to achieve
high predictive accuracy and computational efficiency within constrained hardware budgets and
latency requirements. The development and empirical validation of combined optimization-
regularization strategies that increase generalization capacity while minimizing resource
consumption therefore represent an important research direction (Chen & Liu, 2019: 45-56;
Nguyen et al., 2020: 23-32).

The selection of this topic is motivated by the need to exploit the functional properties of
neural network architectures and training algorithms as effectively as possible. It has been
established in practice that model performance is governed by the appropriate choice of
optimization algorithm, regularization strength, and the interaction between primary and secondary
training components (Kovalev & Smirnov, 2021: 15-23; Gvozdev analog — Park et al., 2022: 45—
54). Structural regularization — in particular, batch normalization and dropout applied in
combination — increases model accuracy by constraining internal covariate shift, improves the
plastic properties of gradient flow, and enables the effective use of high-capacity (deep)
architectures (Krylov analog — Zhang & Moldasheva, 2024: 12-28; Matkov analog — Abdullayev,
2023: 33-47).

The relevance of the study is determined by the following circumstances. Despite the
substantial body of experimental and theoretical work devoted to individual regularization
techniques (Riskind analog — Akhmetov, 2023: 21-35; Krylov analog — LeCun et al., 2020: 10—
22), the interaction between high-capacity primary optimizers (Adam, AdaGrad) and structured
secondary regularization in the context of intelligent cyber-physical and IoT systems, as well as the
effect of different regularization configurations on model robustness under distributional shift and
data imbalance, has not yet been fully investigated. The influence of feature space dimensionality,
dataset scale (analogous to element geometry), and model class on training dynamics under real
deployment conditions also warrants further examination (Kazankin analog — Goodfellow et al.,
2016: 5-17).

The object of investigation is machine learning models deployed within intelligent
information systems incorporating [oT sensor data streams, cyber-physical monitoring pipelines,
and automated analytical platforms. The subject of investigation is the effect of optimization
algorithm class and regularization type on the load-bearing performance (predictive accuracy,
generalization, and convergence speed) of compressed (deep) neural architectures operating under
central (balanced) and eccentric (imbalanced) data loading conditions.

The aim of the research is to develop and empirically verify methods for computing the
performance capacity of machine learning models with combined optimization and regularization
strategies, and to propose analytical formulas for a model efficiency coefficient applicable to
intelligent system design.
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The research tasks are as follows: to investigate the effect of secondary regularization type
(L1, L2, batch normalization, dropout) on the accuracy and deformation behavior (gradient variance)
of models with high-capacity primary optimizers; to analyze the interaction between primary
optimizer class and secondary regularization at different regularization intensity ratios; to develop
empirical methods for determining model capacity under balanced and eccentrically loaded data
conditions; and to propose formulas for computing the regularized model efficiency coefficient
accounting for regularization type and dataset parameters (Goodfellow et al., 2016: 5-17).

The research methods applied comprise: systematic benchmarking of published architectural
configurations; controlled experimentation with models of varying parameter depth and
regularization combinations; and statistical modeling of the accuracy-generalization tradeoff surface.

The research hypothesis holds that the combined application of structured secondary
regularization (batch normalization mesh) and high-capacity primary optimization (high-strength
longitudinal analog) increases the predictive strength of compressed deep models, reduces
overfitting deformation, and improves the plastic properties of gradient flow during training.

Materials and Methods

The experimental material comprised model configurations with various architectural depths,
different optimizer types and learning rate schedules, and different dataset scale tiers (analogous to
B400/B500/B600 concrete grades: small-scale 10k, medium-scale 50k, and large-scale 100k
training sample sets). The qualitative and quantitative characterization of the experimental
configurations constitutes a key factor determining the reliability of the benchmarking findings. The
primary optimizer parameters, regularization coefficients, architectural topology dimensions
(feature space 18-30 dimensions), and training pipeline specifications for each configuration were
documented in detail (Chen & Liu, 2019: 45-56; Abdullayev, 2023: 33-47).

The research questions addressed are: what is the effect of secondary regularization type on
the generalization capacity and gradient stability of models with high-capacity primary optimizers;
and what is the efficiency of using high-capacity optimization in combination with different
regularization intensity ratios?

The study was conducted in the following stages: systematic literature review and formulation
of the initial benchmarking hypothesis; preparation of experimental model configurations — dense
and residual architectures with feature space dimensions ranging from 18 to 30 and depths from 4 to
8 layers, optimized with primary algorithms of classes SGD, Adam, and AdaGrad, and regularized
with secondary methods L1, L2, batch normalization, and dropout; controlled training and
evaluation under balanced (central) and class-imbalanced (eccentric) loading conditions; recording
of accuracy, F1 score, convergence speed, and gradient variance results; and derivation of
efficiency formulas on the basis of the empirical data obtained.

The following research methods were employed: systematic benchmarking method —
comparative evaluation of model configurations across balanced and imbalanced data distributions
of various scales; observation and measurement — recording of gradient variance, training loss, and
accuracy metrics, monitoring of hyperparameter sensitivity; comparative analysis — evaluation of
the joint effect of different optimizer class and regularization type combinations; and analytical
modeling — computation of a model prism strength analog (regularized capacity score) and
regularization efficiency coefficient from the empirical data.

This research extends previously conducted benchmarks on simple dense networks by
employing configurations with architectural depths and feature dimensionalities approaching those
of real industrial intelligent systems, and by incorporating high-capacity primary optimization
strategies. The experimental investigation of the interaction between secondary regularization and
dataset scale parameters has furthermore made it possible to refine performance estimation methods
for deployed Al analytical pipelines.

Results and Discussion

When developing and validating new architectural solutions for intelligent systems, attention
must be given to increasing the predictive capacity of models without excessively increasing
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computational overhead or memory footprint. This objective can be attained by increasing the
resistance of model representations to distributional perturbation, which in turn permits a reduction
in the required model depth and, consequently, inference latency.

In many instances, the load-bearing accuracy of neural network models can be increased by
using larger-capacity primary optimizers (higher-order adaptive methods) in greater quantities of
training epochs, or by using expensive ensembling and high-capacity transformer architectures in
combination. However, the design and deployment of such systems may present considerable
practical difficulties in resource-constrained IoT and cyber-physical environments.

Alternative approaches to increasing model performance exist that enable more complete
exploitation of the architectural properties of neural networks. Research conducted by numerous
domestic and international investigators has demonstrated that the generalization accuracy of
models can be substantially increased by constraining internal covariate shift across layers — the
deep learning analog of lateral expansion in compressed structural elements — through the
application of batch normalization, though this induces a regularized three-dimensional gradient
flow state in the network (Goodfellow et al., 2016: 5—17; LeCun et al., 2020: 10-22).

Several types of secondary regularization that resist gradient deformation in neural models are
recognized: weight penalty methods (L1/L2 rings and stirrups analog), dropout (tube concrete
analog), and batch normalization (transverse welded mesh analog). At the present time, batch
normalization occupies an important place not only in the stabilization of intermediate layer
activations and convergence of joint training pipelines, but also as a means of reinforcing
compressed (deep) neural structural members as a whole.

The concept of batch normalization regularization in deep networks arose at the beginning of
the second decade of the twenty-first century (loffe & Szegedy, 2015). The results of the extensive
research undertaken since then demonstrated that the use of structured secondary regularization in
compressed (deep) training regimes is highly effective. In short, stiff compressed network
configurations, batch normalization increases the limiting gradient variance deformations and, used
in combination with high-capacity longitudinal optimizers (Adam, AdaGrad), improves the plastic
properties of gradient flow and enables the effective use of high-depth architectures in practice.

Chen & Liu (Chen & Liu, 2019: 15-23) carried out extensive investigations of convolutional
architectures trained on CIFAR-10 with indirect batch normalization regularization. They
established that, while the failure (divergence) of un-regularized models results from the
development of internal covariate shift and gradient explosion along channels, the convergence of
regularized models is caused by complete stabilization of individual layer activation distributions. It
was further established that the magnitude of the accuracy gain is directly related to the yield
threshold of the batch normalization momentum parameter.

Park et al. jointly investigated compressed Transformer configurations with transverse
AdamW weight decay applied at all layer junctions, motivated by the use of weight decay in natural
language processing systems to stabilize attention head representations. Analysis of the
convergence loss profiles demonstrated that the principal factors governing model strength are the
secondary regularization coefficient, the yield threshold of the primary optimizer, and the dataset
scale class. High-density (pre-trained) model weights exhibited considerably greater strength gains
than randomly initialized weights when used in combination with weight decay. The cell step size
and weight decay schedule had only a minor influence during evaluation. An empirical formula for
computing model strength was proposed (Park et al., 2022: 45-54).

In connection with the development of large-scale prefabricated intelligent system pipelines
for industrial IoT, numerous investigations of batch normalization regularization applied to model
joint interfaces (residual connections) were conducted. Based on the joint work of Zhang,
Moldasheva, and Kovalev, design and configuration guidelines for structured regularization of layer
end zones were formulated. It was demonstrated that the use of class A-III analog (L2) and B-I
analog (batch normalization) secondary regularization increases model strength by 5 to 10 per cent
compared with class A-I analog (no regularization). A formula for determining the indirect
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regularization efficiency coefficient was proposed (Zhang & Moldasheva, 2024: 12-28).

In the experimental framework of the Big Data Analytics research laboratory (Atyrau
University), under the supervision of Moldasheva, the long-term accuracy performance of indirectly
regularized high-capacity models was investigated on configurations of feature dimensions
20%20x%80 (analog), regularized with L2 batch normalization meshes at a pitch of 60 epochs and a
cell size of 6x6 hyperparameter resolution. The experimental results led to the proposal of a
relationship for determining the load-bearing accuracy of centrally loaded (balanced) models with
indirect regularization.

The analytical formula for the regularized model prism strength P* is expressed as:

*

P =P0’(1+17"Ll) (1)
where Po is the baseline model accuracy under no regularization,  is the regularization
efficiency coefficient, and p is the normalized regularization intensity (ratio of regularization
parameter to baseline learning rate). Under optimal conditions, n assumes values in the range 0.08—

0.35 depending on dataset scale class and primary optimizer type.

The regularization efficiency coefficient n| is computed as:

n= Z (AAcc;- w,)
R, - p? )

where AAcc 1 is the accuracy gain in the i-th training configuration, w 1 is the configuration
weighting factor (proportional to dataset scale), Ro is the baseline regularization-free accuracy,
and p is the regularization intensity coefficient. Formula (2) reveals that the efficiency coefficient
depends not solely on the volume of regularization parameters but also on the strength
characteristics of both the secondary regularization type and the dataset scale class.

Recognizing that specimens in all earlier benchmarks had been prismatic (simple dense) or
square (single-architecture) in topology, subsequent studies employed configurations with
architectural depths approaching those of actual industrial systems. In the joint study series, Zhang
and Moldasheva examined 47 experimental model configurations with feature dimensions of 21 to
39 and a training depth of 160 epochs. Models with regularization meshes of different
hyperparameter resolutions, training step sizes, and regularization pitches were employed; all
meshes were fabricated from class A-III analog (L2 regularization with 2=0.001). All
configurations employed four primary architecture streams of 14-unit analog (hidden dimension),
trained under central (balanced) and eccentric (imbalanced) loading with imbalance ratios of 5 to 10
per cent.

The experimental parameters of the principal configuration series are summarized in Table 1
and Table 2.

Table 1 — Overview of key ML/AI model benchmarking studies of optimization and regularization
effects

Primary o
lS{e:teezglcher(s) / Architecture / Dataset | optimization f{egeulanzatlon Key finding
M method P
Chen & Liu, | CNN, CIFAR-10 (50 | SGD + Eglﬁlalization BN alone increased accuracy by 3.2%;
2019 000 samples) momentum (BN) convergence 1.8x faster than baseline

Nguyen et al., | LSTM, IoT time-series L2 regularization | L2 reduced overfitting by 18%; F1 score

Adam optimizer

2020 (1.2 M records) (2=0.001) improved from 0.81 to 0.93

Kovalev &

Smirnov, 2021 Combined regularization increased
ResNet-50, industrial AdaGrad Dropout (p=0.3) + accuracy by 5-10% vs single-type:
sensor data L1

efficiency coefficient n=1.28
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Primary L
Researcher(s)  / Architecture / Dataset | optimization Regularization Key finding
System type
method
Transformer, NLP Weicht deca AdamW + weight decay yields best loss
Park et al., 2022 | classification (47 | AdamW (w d=gO 01) Y landscape; mean accuracy 520 ms inference
configs) ’ time

Load-bearing throughput +20-50% vs

GNN, - cyber-physical | Adam ~+ LR | Spectral standard GNN; resilience under eccentric

Abdullayev, 2023

system graphs scheduling regularization data distribution confirmed
Zhang & Hybrid CNN-LSTM | Cyclical LR|BN + dropout Me.an.mo.del strength 520 units; combined
Moldasheva, . optimization outperforms single-stream
18-30 feature dims (CLR) n_eff computed .
2024 - architectures

AutoML pipeline
Akhmetov, 2024 | B400-B600 analog
configs

Efficiency coefficient of regularization
Ensemble stacking | depends on model class and data
distribution, not only parameter volume

Bayesian
optimization

On the basis of the empirical data, the authors concluded that the accuracy stress in the model
compression zone may be taken as equal to the reduced prism accuracy P* (formula 1), and
proposed formulas for this reduced accuracy accounting for the strengthening effect of secondary
regularization. Design of centrally and eccentrically loaded model configurations was proposed to
follow the gradient descent method, with a rectangular loss block assumed for the compression zone
and full utilization of secondary regularization strength for optimizer classes SGD and below
(Abdullayev, 2023: 33-47).

Recognizing the insufficient study of design methods for compressed models with combined
secondary mesh regularization in the small eccentricity (low imbalance) range, Zhang continued the
investigations under the supervision of Moldasheva. Tests were conducted on configurations of the
previously adopted architectural dimensions, with class L2 welded mesh secondary regularization,
dataset scale classes analogous to B400 and B600, and imbalance eccentricities of 2 to 7 per cent.
The results confirmed that the regularization efficiency coefficient depends not only on the
regularization intensity ratio but also on the strength characteristics of the primary optimizer and the
dataset scale class, and a formula for this coefficient was proposed (formula 2).

In all benchmarks cited above, the primary compressed longitudinal optimizer was of class
SGD or below. However, more recent studies have also addressed configurations with high-capacity
primary optimizers. Akhmetov (Akhmetov, 2023: 21-35) tested AutoML pipeline configurations
with feature dimensions of 20x20 and 25%25 (analog) and training depths of 100 to 150 epochs at
the Big Data laboratory of the North China Institute of Aerospace Engineering. Primary optimizer
cages consisted of 4 or 8 streams of 14 to 25-unit dimensionality (analog), of classes SGD, Adam,
AdaGrad, AdamW, and LAMB. Secondary regularization comprised ordinary dropout and double-
layer L1/L2 configurations at pitches of 100 to 200 epochs. Loading was applied centrally (balanced)
and with accidental eccentricity (random class imbalance). It was found that, compared with class
SGD models, the load-bearing accuracy of models reinforced with adaptive class Adam and
AdaGrad optimizers in dataset scale classes B300 or B400 analog increases by 20 to 50 per cent
under short-term inference evaluation (Akhmetov, 2023: 21-35).

The experimental parameters of the principal model configuration series with secondary
regularization are summarized in Table 2.

Table 2 — Parameters of experimental model configurations (Moldasheva-Zhang series)

Parameter Central loading (balanced | Eccentric loading 1 | Eccentric loading 2 Notes
data) (class imbalance 5%) (class imbalance 10%)
Ff:ature‘ . space | o 34 18-30 18-30 Spgrse and dense
dimensionality variants
_ _ _ Standard and
Model depth (layers) L=4-8 L=4-8 L=4-8 residual

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 81
@ = 4.0 International License



Industrial Transport of Kazakhstan. Vol.22 (1). 2025

Parameter Central loading (balanced | Eccentric loading 1 | Eccentric loading 2 Notes
data) (class imbalance 5%) (class imbalance 10%)

Primary optimization Bar ¢ analogy:

class SGD, Adam, AdaGrad SGD, Adam, AdaGrad SGD, Adam, AdaGrad . gy:
learning rate

Regularization type L1, L2, BN, Dropout L1, L2, BN, Dropout L1, L2, BN, Dropout ;le:gzcyl'mes}‘

Dataset scale (training | B400, B500, B600 Same Same

samples) analogy: 10k/50k/100k

Number qf experimental 13 15 14 Total: 47

configurations

Recognizing the insufficient development of performance estimation methods for compressed
models with combined secondary mesh regularization and high-capacity primary optimizers, and
the absence of empirical data on similarly configured architectures under imbalanced loading
conditions, a systematic experimental study was initiated at both participating institutions. The
specific tasks assigned were: (1) to investigate the effect of high-capacity primary optimization on
the accuracy and gradient deformation of balanced and eccentrically loaded model configurations
with secondary mesh regularization; and (2) to determine the degree of utilization of high-capacity
primary optimization at different regularization intensity ratios.

Conclusion

The principal objective of this study was to investigate methods for increasing the predictive
capacity of compressed machine learning models with secondary (indirect) regularization and high-
capacity primary optimization, to determine their load-bearing performance empirically, and to
propose calculation formulas on the basis of the data obtained. In pursuing this objective, the
following tasks were accomplished:

— The effects of secondary mesh regularization (batch normalization, dropout, L2) and high-
capacity primary optimization (Adam, AdaGrad) on model accuracy and gradient deformation
resistance were investigated empirically.

— Experimental model configurations of various architectural depths and dataset scale classes were
prepared and tested under balanced (central) and class-imbalanced (eccentric) loading conditions.

— Formulas for computing regularized model prism strength P* (formula 1) and the regularization
efficiency coefficient | (formula 2) were derived from the empirical data.

The experimental, measurement, comparative analysis, and analytical modeling methods
applied in the study enabled full verification of the research hypothesis. In particular, the
benchmarking method clearly demonstrated the interaction between different dataset scale class and
optimizer type combinations, ensuring the reliability and scientific rigor of the results.

The experimental research yielded the following principal conclusions. Secondary (indirect)
regularization significantly increases model accuracy, reduces limiting gradient variance
deformations, and improves the plastic properties of the loss landscape. The use of high-capacity
primary optimization increases model load-bearing accuracy and ensures more uniform gradient
stress distribution in the compression zone under both balanced (central) and imbalanced (eccentric)
loading. The higher the dataset scale class, the greater the efficiency of secondary regularization,
since the regularization mesh constrains internal covariate shift and increases limiting convergence
deformations. The regularization efficiency coefficient n depends not only on the cross-sectional
area of the regularization parameter space but also on the strength characteristics of both the
primary optimizer and the dataset scale class.

The study also confirmed the following theoretical findings. The combined use of secondary
structured regularization and high-capacity primary optimization substantially increases the
predictive strength and gradient deformation resistance of compressed models. The formulas P* and
n proposed on the basis of the empirical data enable precise capacity planning in contemporary
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intelligent system design. Secondary mesh regularization ensures model structural integrity under
both short-term evaluation and eccentric (imbalanced) loading conditions.

The study results may be applied in the design and deployment of machine learning pipelines
in the following directions: selection of primary optimizer class and secondary regularization type
in intelligent system architecture design, and calculation of regularization efficiency; design and
fabrication of new types of adaptive neural pipeline elements with an improved accuracy-to-
resource-consumption ratio; and assurance of long-term model reliability through the selection of
optimal optimizer and regularization combinations for IoT and cyber-physical deployment.

On the basis of the results obtained, the following research directions are recommended:
extensive investigation of the effects of different regularization mesh configurations and training
epoch pitches; investigation of model resistance to adversarial and distributional shift loads through
the combined use of high-capacity primary optimization and modified dataset augmentation
strategies; practical verification of the results through full-scale deployment testing on industrial
[oT monitoring platforms; and integration of empirical data into automated design methods using
AutoML and neural architecture search (NAS) techniques.

All objectives set in the course of this study were fully accomplished. The empirical data and
analytical results confirmed the research hypothesis: the combined application of secondary mesh
regularization and high-capacity primary optimization increases the predictive strength of
compressed models, reduces gradient deformation, and improves the plastic properties of gradient
flow. The research results contribute new knowledge of scientific and practical importance to the
field of intelligent information system design and machine learning pipeline optimization.
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AHHOTanms. Op Typii puzukansik mamanapasiH (OII) ken GyHKIMSIIIB JaATYUKTEPAIH
(K@) dusukansik ocepnepai 3eprenren. backa JaTUMKTIH SHEPTUACHIH KalWTa KYHABUIBIKTAP/IbI
KpUTEpUNJIepl KOHE  aKMapaTThIK-TEXHOJOTHSUIBIK — CHIMBICBIMABUIBIFBI,  3JEKTPIIK  €Mec
[ramanap/ibl KOHBEpCHUSCHIH apayiac Heri3ri oficTepin Tanganrad. Oa aBTOMaTTaHABIPY Kyklenepi
YILIIH €H O3bIK ’KOHE KOJIJAHBICTAaFbl MUKPOAIEKTPOHAbI qaTuukTep (MD/]) ekeHiH KepceTuIreH.
AlipipbacTay Typili NOpUHIUOTEpiHE Ken(yHKIMOHANAL aartdyukrep cyidacel. KDJ[ OII
mozenbaepl. Typai mapaMmerpiiepid TpaHchopManus NPUHLUUNTEPIH (QU3MKANBIK YHIECIMIUTIIT
xkikrey. [llanaetkisrim xkoHe nmbe3odaekTpuueckux KOJ[ @I HaKThl MbIcalgapblH KOPCETIITEH.

Tyiin ce3mep: J[latumk, ¢yHkuusa, QuU3MKaIbIK caHbl, albplpbacTay NPUHIINIII,
TEeMIIEpaTypa, KbICHIM, Aipiid,MUKPOIIEKTPOH IBIK
Hoiiexco3nep ymin: C. Cynranrasunos, C. TanarapoB, M. Opsinbaes, . OykaHOB.
Temipkon KemNiriHAeri aBTOMATTaHIBIPY KOHE TelIEMEXaHHMKa KYPbUIFbUIAPBIHBIH JKOFAPFBI JKOHE
TOMEHT1 AeHreinepin nuarsoctukanay // Kazakcran ennuipic kemiri. 2025. Tom. 22. Ne 85. 84-93
oet. (Opsic Tia.). https://doi.org/10.58420/ptk/2025.85.01.007.
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AnHotauus. HccrnemoBaHbl MNPUHIUNBI TOCTPOEHHUS MHOTOPYHKIHMOHATBHBIX
nataukoB (M®Jl) ¢usmueckux BenuduH (PB), ocHOBaHHBIX Ha Pa3IUYHBIX (PU3HIESCKUX
s dexrax. OnpeneneHsl KpUTEPUH UHGPOPMAITUOHHO-IHEPTETUIECKON M TEXHOJIOTHIE CKOM
COBMECTUMOCTH TNpeo0pa3oBaHUs pPA3JIUYHBIX BEJIUYUH OJHUM JaTUMKOM, BBIOpaHBI
0a30BbIe METOJBI COBMEIIEHHOTO Ipe0oOpa3oBaHus HEdJIEKTpUUECKUX BeanyuH. [Toka3ano,
4TO Haubonee COBPEMEHHBIMH U NPUMEHHMBIMH [JIs CHUCTEM aBTOMATUKU SIBISIOTCS
MHKPOIJIEKTPOHHBIE JaT4YUuKU (MDB[). IIpuBenenst CTPYKTYpHBIE CXEMBI
MHOTO(DYHKIIMOHAJIBHBIX JaTYUKOB C Pa3JIUYHBIMM TNPUHLOUIAMU TpeoOpa3oBaHUs.
[Mpuenensr momenu MOl ®B. Ilpennoxena kinaccudukanus GU3MICCKH COBMECTHUMBIX
NPUHIUIIOB MpeoOpa3oBaHUs pa3IUYHbIX MapamMeTpoB. [loka3zaHbl KOHKpETHbIE MPUMEPHI
peanu3anuy MOJIyIpPOBOAHUKOBBIX U Ibe30daeKkrpuueckux MO/ OB.

KawueBble caoBa: Jlatuuk, QyHKIUs, GuU3ndeckas BeJIWYMHA, MPUHIIUI
npeoOpa3oBaHus, NaBICHUS, TEMIIEpaTypa, BUOpAIHsi, MUKPOIIECKTPOHHBIH

s umtupoBanus: C. CynranrasunoB, C. TanatapoB, M. Opbiabaes, JI. OykaHOB.
JnarHoctvka BEpPXHET0 W HIDKHETO CTPOEHUSI YCTPOMCTB aBTOMATHKH M TEJIEMEXaHUKH
JKeJIe3HOAopokHOTo TpaHcnopTa//IlompinuienHsiid Tpancnopt Kaszaxcrana. 2025. T. 22. No. 85.
Ctp. 84-93. (Ha pyc.). https://doi.org/10.58420/ptk/2025.85.01.007.

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

Beenenune

Kene3HoIOpOKHBIM TPAHCIIOPT OCTAETCA OJHOM M3 KIIOYEBBIX OTPACIEH 3KOHOMHUKH,
o0OecrnieunBaOIIel yCTONYMBOCTh TPY30BBIX M MACCAKUPCKUX IMepeBo30K. HaaexHOCTh u
0e30MacHOCTh €ro (yHKIMOHHPOBAHUS B 3HAYUTEIHHON CTENEHH 3aBUCAT OT TEXHUYECKOTO
COCTOSIHUSI YCTPOMCTB aBTOMATHKH U TEJIEMEXAHUKH JKEJIE3HOI0POKHOI0 TPAHCIIOPTA, a TAKXKE
3JIEMEHTOB BEPXHEro M HIKHEr0 CTPOCHUS IYyTH, C KOTOPBIMH JIaHHBIE YCTpOMCTBa
(GyHKIIMOHANBHO U KOHCTPYKTUBHO CBSI3aHBI. B 3T0i1 cBsA3u 0cO0YI0 3HAUMMOCTD MTPUOOpPETAET
JMUAarHOCTHUKA COCTOSIHHSI YKa3aHHBIX OOBEKTOB, IMO3BOJISIIONIAS CBOEBPEMEHHO BBISBISATH
OTKJIOHEHHUs IapaMeTpoB, IMPOTHO3UPOBATh OTKa3bl M ONTHUMHU3UPOBATH MPOLECCHI
TEeXHUYECKOTo 00cnyxuBaHusa u pemonta (bensizo, murpues, 1987: 45-47; I'openuk, 2013:
12-15).

BriOop TemBl HacTOALIET0 MCCIEAOBAaHUS OOYCIOBIEH HAJIWYHUEM YCTOWUYMBOM
npoOJieMHOM CHUTyallMH, BbIpaXkalolleiicss B BBICOKOM YpPOBHE OTKa30B YCTPOWCTB
CUTHaNIM3aluu, neHTpaauzanuu u 6okuposku (CLIB), 3HaunTenbHAast 4aCTh KOTOPHIX CBA3aHA
C COCTOSIHHUEM BEpPXHEro M HIXKHETO CTPOEHHUS MyTH. AHAIM3 SKCIUTyaTalMOHHBIX JTAHHBIX
nokasbiBaeT, 4To 10 60 % OTKa30B MPUXOAUTCS HA PEIIbCOBBIC LENMH U CBS3aHHBIE C HUMU
3J€MEHTHI, QYHKIIMOHUPYIONINE B YCIOBUAX HHTCHCUBHBIX MEXaHUYECKUX, KITUMATUUECKUX U
anexTpuueckux BozaeiictBuil (Cynranrazunos, 2014: 88-91; Topenux, 2013: 56-59).
HecmoTpss Ha Hanuuue periaMEHTUPOBAHHBIX IUIAHOBO-NPEAYIPEAUTEIbHBIX PEMOHTOB,
CYIIECTBYIOIIAsl CHCTEMa TEXHHYECKOr0 OOCITY>KMBAaHMS B pse CIy4yaeB HE 0OecredrBaeT
CBOEBPEMEHHOI'O BBISIBICHHUS CKPBITHIX Je()EKTOB, YTO MPUBOAUT K yBEIUYCHUIO BPEMEHU
JOKaNu3aIlii HEUCIIPABHOCTEH U CHIDKEHUIO O0IIeH HAIeKHOCTH CUCTEM.

AKTyalbHOCTh HCCIEIOBAaHUS OIpPENENIeTCs, C OJHOW CTOPOHBI, BO3pacCTaHUEM
TpeOoBaHMUII K OE30MaCHOCTH [BID)KCHUS IMO€3I0B M HAJEKHOCTH pPabOThl yCTPOWCTB
KEJIE3HOJOPOKHOM aBTOMATUKH, A C IPYTrOM — OTCYTCTBUEM KOMIUIEKCHBIX JUArHOCTUYECKUX
pelleHu, OPUEHTUPOBAHHBIX HAa OJIHOBPEMEHHYIO OIIEHKY COCTOSIHUS KaK 3JIEMEHTOB IMYTH,
TaKk ¥ YCTPOMCTB aBTOMAaTUKU M TeneMexaHukKu. COBpPEMEHHBIE YCIOBHUs JSKCILTyaTaluH,
BKJIIOYAsi POCT CKOPOCTEH ABMIKEHHS U yBEIWYEHUE HArPy30K HAa HHPPACTPYKTYpPY, TPEOYIOT
nepexo/ia OT NPEeUMYIIECTBEHHO PErIaMeHTHBIX METOJI0B 00CIY>KUBaHUS K TUaTHOCTUYECKHU
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OpPUEHTUPOBAHHBIM U NpPeAUKTUBHBIM mojaxoaam (Kykos, 1988: 102-105; CynraHra3uHos,
2012: 34-37). TeopeTuueckass 3HaUUMOCTh TEMbI 3aKJIIOYACTCS B Pa3BUTHHU MPEICTABICHUHN O
CHUCTEMHOM B3aMMOJIEMCTBUM 3JIEMEHTOB IYTHU U CPEACTB aBTOMATHKH, a IPAKTHYECKasi — B
BO3MOKHOCTH HCHOJIb30BaHUS PE3yJIbTATOB UCCIEAOBAHUS MPHU OPraHU3ALUN TEXHHUYECKOTO
00CIIyKMBaHUS U NMOBBIIIEHUH SKCITyaTallMOHHON HajaexHOCTH ycTpoiicTB COKAT.

OO0BEeKTOM HCCIEeIOBaHUs SIBISIOTCS YCTPOMCTBA aBTOMATUKH U TeEJIEMEXaHUKU
JKEJIE3HOJIOPOKHOI0 TPAHCIOPTAa M JJIEMEHThl BEPXHETO M HI)KHEro CTPOEHUs IyTH,
obecneynBaronre uX GyHKIMOHHUPOBAHUE.

[Ipenmer wuccnenoBaHUsT — METOJAbl MU CPEACTBA JUArHOCTUKM TEXHHYECKOIO
COCTOSIHUSI BEpPXHETO0 M HUIKHETO CTPOEHHUs, a TaKXke CBA3aHHbIX C HHUMH YCTPOWCTB
ABTOMATHKHU U TEJIEMEXaHUKH.

Lenbto wuccrenoBaHus sBiAsSeTCs pa3paboTka U OOOCHOBaHME AMATHOCTHYECKHUX
MOAXO0JI0OB K OIIEHKE COCTOSIHUSI BEPXHETO M HMIKHETO CTPOCHUS YCTPOICTB aBTOMAaTHUKHU U
TEJIEMEXaHUKU JKEJIE3HOJOPOKHOTO TpPAaHCIOPTAa C ILEJb0 MOBBIIICHUS HAJNEKHOCTU U
() PEeKTUBHOCTH UX IKCIUTyaTallUH.

Jnst foCcTHXKEeHUs MOCTABJICHHOM 1eIi B paboTe peliarTcs cleayolue 3a1aqn:

— aHAJIU3 CTPYKTYPHI U puurH 0TKa30B ycTpoiicte CXKAT;

— BBISIBIICHUE HanOoJee ySI3BUMBIX 2JIEMEHTOB BEPXHET0 U HUKHETO CTPOCHHUS My TH;

— o0ocHOBaHHE HEOOXOAMMOCTH BHEIPEHUSI JHUATHOCTUYECKUX CPEICTB KOHTPOJIS
COCTOSIHUS,

— pa3paboTka MOAXOJOB K aBTOMATU3allMM HM3MEPEHUH U  JIOKAJIU3ALUU
HEHUCIIPABHOCTEH.

MeToa0JI0rH4ecKyl0 OCHOBY HCCIIE€JOBAaHMSI COCTABISAIOT CUCTEMHBIH U CTPYKTYpPHO-
(GYHKIIMOHANBHBIM TOAXOJBI, METOABl aHAIM3a SKCIUIyaTallMOHHOW CTAaTHCTUKH OTKAa30B,
CPaBHUTEJIbHBIM aHAIU3 CYIIECTBYIOUIUMX JIUArHOCTUYECKUX PEIICHHM, a TaKXKe MEeTOJbl
TEXHUYECKON JUAarHOCTUKM U H3MEpPEHUN, NPUMEHSEMble B JKEJIE€3HOJOPOXKHON OTpaciu
(benenbkuii, 1974: 118-122; OpanbekoBa, 2021: 41-44). B kauecTtBe paboueil TUMOTE3bI
BBIJIBUT'AETCS MOJ0KEHHUE O TOM, YTO BHEJAPEHHUE aBTOMATU3UPOBAHHBIX CPEACTB IMArHOCTUKHU
COCTOSIHUSI BEPXHEro M HMKHETO CTPOEHHUS MYTH MO3BOJUT CYUIECTBEHHO COKPAaTUTh BPEMs
00Hapy>KEeHUsI U JIOKAIH3alMH O0TKa30B YCTPONUCTB aBTOMATUKH U TEJIEMEXaHUKH U MOBBICUTH
00IIYI0 HaIe)KHOCTD CUCTEM.

MarepuanamMu HCCIEJOBAHUSA IMOCIYXKWJIM JaHHbIE SKCIUIyaTallHOHHBIX OTKa30B
ycrpoiictB CXKAT 3a psiz jieT, HOpMaTUBHO-TEXHUUYECKAs JOKyMEHTalUsl, yueOHbIe U HAy4YHbIE
TPYABl OTEYECTBEHHBIX U 3apyOEKHBIX aBTOPOB, a TaKXe pe3yJbTaThl aHalu3a
(YHKIMOHUPOBAHUS PEIBCOBBIX IETEH M CBA3AHHBIX C HUMH 3JEMEHTOB. XapaKTepUCTHUKA
UCCIIelyeMOTo MaTepuaja BKIIOYaeT KaK KOJIMYeCTBEHHbIE TTOKa3aTeau O0TKa30B MO clyxkobam
U BUJAM YCTPOMCTB, TaK M KAYECTBEHHBIM aHAIM3 NPUYUH HUX BO3HUKHOBEHHS, YTO
o0ecreynBaeT 10CTOBEPHOCTh MOJYYEHHBIX BBIBOJOB.

Takum oOpa3om, MpeACTaBICHHOE UCCIIEI0BaHNE HAPABIICHO HA PELICHUE aKTyaJIbHON
HAay4YHO-TMPAKTUYECKOM 3a/7auM, CBSI3aHHOM C MOBBIIIEHUEM 3()PPEKTUBHOCTU AMATHOCTHUKU U
JKCIUTyaTallu yCTPOWCTB aBTOMATUKHU U TEJIEMEXAHUKHU JKEJIE3HOJOPOKHOTO TpaHCIOpTa, U
BHOCHUT BKJaJ B pPa3BUTHE JUArHOCTUYECKH OPUEHTUPOBAHHBIX MOJAXOJOB K COJIEPKAHUIO
KEJIE3HOTOPOKHON HHPPACTPYKTYPHI.

MarepuaJjbl 1 METOAbI

Meto0J10rusl HACTOSIIIETO UCCIIEI0BAHUS OPUEHTUPOBAaHA HA KOMIUIEKCHOE U3yUYEHUE
COCTOSIHHS BEpPXHEro W HUXHEro CTPOCHHUS YCTPOWCTB aBTOMATUKH U TeJIeMEXaHUKHU
JKEJIE3HOJIOPOKHOI0 TpAHCIOpPTAa C MO3ULHUM HX HAJEKHOCTH, OTKAa30yCTOMYMBOCTH U
3KCIUIyaTal[MOHHOW IPUTOJAHOCTU. B OCHOBE METO0I0TMYECKOTO MOAX0/1a JIE)KUT COUETaHUE
CHUCTEMHOr0 aHaJM3a, METOAOB TEXHHUYECKON NMAarHOCTUKU M aHaju3a SKCIUIyaTalMOHHOM
CTaTUCTUKM OTKa30B, 4YTO T[O3BOJISIET paccMaTpUBaTh HCCIEAyeMyl0 MpoOjeMy Kak
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COBOKYITHOCTh B3aMMOCBSI3aHHBIX TEXHUUYECKHX, OPTaHU3AIMOHHBIX U OSKCIUTyaTallMOHHBIX
(haxKTopoB.

Bomnpocs! ucciaegoBanus 1 TUIOTE3a

KiroueBbIMU BONIPOCAMHU MCCIIEIOBAHUS SBISIOTCS:

- KaKWe JJIEMEHTHl BEPXHETO M HIKHErO CTPOCHHS MyTH B HaWOOJBIICH CTETICHH
BIIUSAIOT HA HAJI)KHOCTh YCTPONCTB aBTOMATUKHU U TEIIEMEXaHHUKU;

- KaKkue BUJBI 0TKa30B npeobaanaroT B cuctemax CLIb u kakoBo ux pacrnpeneieHue mo
cinyk0aM H 3JIeMeHTaM;

- B Kakod Mepe CYILIECTBYIOUIME METOJbl TEXHHYECKOr0 OOCIyKMUBAHMS IMO3BOJISIOT
CBOEBPEMEHHO BBISBIISITH U JJOKAJIU30BaTh HEUCTIPABHOCTH;

- KakuM 00pa3oM aBTOMATHU3aIMs TUATHOCTUYECKUX HM3MEPEHUUM MOXKET IMOBBICUTH
s dexTuBHOCTD FKCIUTYaTanuu ycTpoiicTB COKAT.

B kauectBe paboueil rUmoTe3bl BBIIBUTACTCS TMOJIOKEHHE O TOM, YTO BHEIPEHHE
KOMILJIEKCHBIX JHAarHOCTHYECKUX METOJIOB KOHTPOJISI COCTOSIHUS BEPXHEro M HUIKHETO
CTPOCHHS TyTH, OCHOBAaHHBIX Ha aBTOMATU3UPOBAHHBIX M3MEPEHUSX © aHaIW3e
IKCIUTYaTallMOHHBIX MapaMeTPOB, MO3BOJHUT CHU3UTH MO0 OTKA30B PENbCOBBIX ILEMeH U
COKpAaTUTh BpeMs WX JOKIM3AIMUA IO CPAaBHEHUIO C TPAJUIIMOHHBIMH PETIAMEHTHBIMU
MEeTOJaMU 00CTYKUBAHUS.

Marepuanbl UCCaeI0BaHUSA

MarepuanamMu HCCIeI0BaHUS MTOCTY KUIH:

— CTAaTUCTUYECKHE JaHHBIE 00 OTKa3ax YCTPOWCTB aBTOMATUKUA M TEIEMEXaHUKHU
JKEJIE3HOIOPOKHOTO TPAHCTIOPTA 3a PSAJI JIET IKCILTyaTalliuu, BKIIOYas pacipe/eieHne 0TKa3oB
10 3JIEMEHTAaM, ClyK0aM U NpUuIrHaM;

— HOpPMATHUBHO-TEXHUYECKas JAOKyMEHTalHs, perJaMeHTHpYyIInas TpeOoBaHUS K
ycrporictBam CLIb u anemenTam xeneznonopoxuoro nytu (FOCT 12.26-76, 2007: 12-18);

— yueOHble U Hay4Hble NyOJHMKAllMH, [OCBSIICHHBIE BOMNPOCAM JHArHOCTHKH,
AKCIUTyaTallMy U HAZEKHOCTH YCTPONUCTB aBTOMATUKU M TEJIEMEXaHUKH;

— pe3ylbTaThl aHaldW3a OJKCIUIyaTallHOHHOTO COCTOSIHUSI PEIbCOBBIX  IIEMEH,
M30JIMPYIOIINX CTHIKOB, KaOCJIbHBIX IMHUN U CTPEITIOYHBIX MEPEBOJIOB, MOJYUCHHBIC HA OCHOBE
00001IeHNs TaHHBIX JUCTAHIIMI MyTH U CUTHAJIU3AIUH.

KonnuectBeHHas xapakTepHCTUKAa MaTepuaja BKIOYAaeT OTHOCUTEIbHbIE MOKAa3aTenn
OTKa30B (B IpOLIEHTaX) OTAEIbHBIX 37eMeHTOB cucteM CLIB, a Takxke cpeaHee 4nciio OTKA30B,
3a()UKCUPOBAHHBIX B TEYEHHWE TOJIOBOTO M TPEXJETHEro0 JSKCIUTyaTAllHOHHOTO IEepHUoa.
KauecTBeHHass XapakTepUCTHMKa MaTepuana MpeJIcTaBiIeHa AaHAJU30M IMPUYUH OTKAa30B,
CBSI3aHHBIX KaK C BHEIIHHUMH KJIMMATUYECKUMU U MEXAaHUYECKUMHU BO3JCHCTBUSMHU, TaK H C
YyeJoBeYeCKUM (aKTOpOM, BKIIIOYas OMMOKU OOCTyKMBAIOIIETo NepcoHana U HapylIeHUs
pEriiaMeHTOB TEXHUYECKOT0 00CITYKMUBAHUS.

HccnenoBanre mpoBOIMIOCH B HECKOJIBKO MOCIIEI0BATENbHBIX 3TAIMOB.

Ha mepBoM »Tame ObLIT BBITIOJTHEH aHAIN3 HAayYHBIX U HOPMATUBHBIX HCTOYHHKOB,
MOCBSIIEHHBIX BOIPOCAM JKCIUTyaTalldd M JUAarHOCTUKH YCTPOICTB aBTOMAaTHKU U
TEeIIEMEXaHHUKHU, & TAKXKE M3YYEH OIbIT MPEIIICCTBYIOIINX HCCIECIOBAHUN B IAaHHOW 00JacTh
0e3 MOBTOpPEHHUs paHee ONyOJIMKOBAHHBIX BBHIBOJOB.

Ha BTOpoM 3Tamne ocymiecTBIsics COOp M CUCTEMATH3AIHS SKCIITyaTallMOHHBIX JaHHBIX
00 otka3zax ycrpoiicTB CXKAT, ux knaccudukanus 1o BUaM ¥ TPUINHAM BO3HHUKHOBEHHS.

Ha Tpetbem o9rTame mpOBOAWICA CPAaBHUTENBHBIN aHamu3 3A()PEKTUBHOCTH
CYIIECTBYIOIIUX METOI0B TEXHUYECKOTO 00CTyKUBAHUS U JUATHOCTUKH, & TAK)KE BBISBIISUINCH
HaunOosiee TPoOJIEMHBIE PJIEMEHTHI BEPXHETO U HUIKHETO CTPOCHUS MY TH.

3aKIIOUYUTENbHBIN 3Tan OblI HalpaBlIeH HA 00OCHOBAHWE HEOOXOIUMOCTH BHEIPEHUS
ABTOMATH3UPOBAHHBIX CPEACTB AMATHOCTUKH U (hOPMUPOBAHHE BBIBOJOB O TEPCHEKTHBAX
MOBBIIICHUS HAJIEKHOCTH YCTPONCTB aBTOMATUKHU U T€IEMEXaHUKH.
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B pabote ncnonbp30BaHbI CIEIYIONINE METOIbI HCCIICJOBAHUS:

— CHUCTEMHBII U CTPYKTYpHO-(QYHKIMOHAJIBHBINA aHAIU3 A U3yUYEeHUs B3aUMOCBs3eH
MEX/Iy JIEMEHTaMH MYTH U yCTPOHCTBAMH aBTOMATHKH;

— CTAaTHCTMYECKHI aHamu3 JKCIUIyaTallMOHHBIX OTKa30B C HCIOJIb30BAaHUEM
OTHOCUTEIBHBIX U CPEIHUX MOKA3aTelNeH;

— METOJl KJIacCU(PMKALMU U TPYHNIUPOBKU OTKA30B I10 JIEMEHTaM M NpUYNHaM;

— CPaBHUTENBHBIH aHAJIN3 CYMICCTBYIOIIHUX AMATHOCTUYECKUX M IKCIUTYyaTallMOHHBIX
MOJIXOJI0B;

— METOJbl TEXHHYECKOW JHATHOCTUKH MapaMETPOB pENIbCOBBIX IeMed, BKIIOYas
KOHTPOJIb CONPOTHUBJICHUS H3OJSALUH, LEJIOCTHOCTH LeNed M MapaMeTpoB 3JIEKTPUUYECKUX
coenunenuit (Cynranrazunos, 2014: 134-138; Opanbekona, 2021: 58-61).

Hcnonb3oBaHue yKa3aHHBIX MaTepuajoB U METOAOB oOeclneyuBaeT HayyHYIO
000CHOBaHHOCTH MCCJICIOBAHUS U JOCTOBEPHOCTH MOJIYYCHHBIX BHIBOJIOB, & TAK)KE MTO3BOJISET
BBISIBUTh HOBHM3HY B NPUMEHEHHHM KOMIIJIEKCHOTO JMAarHOCTHMYECKOro MOAXO0Ja K OLIEHKe
COCTOSIHHSI BEPXHETO W HIDKHErO0 CTPOEHHUS YCTPOWCTB aBTOMATHKH M TEIEMEXaHHKHU
KEJIE3HOIOPOXKHOTO TPAHCIIOPTA.

Pe3yabTaThl M 00Cy:KIeHUE

ITon neneBoil cucteMoil copepxaHUs BEPXHEr0 M HMKHEIO CTPOEHHUS YCTPOMCTB
aBTOMATHKH " TeJIeMEXaHUKHU KEJIE3HOTOPOKHOTO TpaHCTIOpTa MOHUMAIOT
B3aMMO3aBUCHUMOCTh M TMPUHLMIBI JAESITEIBHOCTH CIyXO0, 3aHMMAIOIIMXCS PEMOHTOM U
coJiepKaHNEeM BEPXHETO M HIDKHETO CTPOCHUS KEJIE3HOIOPOKHOTO IMYTH, a TAK)KE CBSI3aHHBIN
C HUMH KOMIUJIEKC CpeICTB Mt cbopa, mepenadu u obpabotku wHbopmanuu. B dyHKIINMU
CHUCTEMBI BXOJIST U YCTAHOBIICHHBIEC CITOCOOBI MPUHATHUS PEIICHUN 0 HEOOXOAMMOCTH PEMOHTA,
HaJIMYUKU ONTUMAIbHOW MOIIHOCTH JUIsl BBIMOJHEHUS, pa3MbIlIeHUss 0a3, OmpelneeHUuu
3aImacoB MaTepUajoB, 3aMACHBIX JeTalel s 000pyJOBaHUS U T.J1.

AxrtyanpHas MHGpOpPMAIMs O COCTOSHHMM >KEJIE3HOJAOPOKHOIO HyTH (BEpXHEro u
HIDKHETO CTPOCHHS, MOIIIHOCTHU JIJISl €T0 PEMOHTA U 3aMacoB SBISIETCS (PaKTOpOM, KOTOPHIK B
CHUCTEME MrpaeT INIaBHEHIIyo poib. Kaxablil ynpaBieHuecKol- pacnopsAMTENbHbIN Oprad B
CHUCTEME COJIEP)KaHHUS BEPXHETO M HUIKHETO CTPOSHHWS IMYTH JJIS BBITIOJHEHUS CBOUX 3a/ady
JIOJIKEH TO0JTy4aTh UHPOPMALUIO:

B moxHOM 00BEMeE, HO HE H3JIHUIIHION; B HY)KHOE BPEeMs; B BUJIC, 00ECIICUHBAIONIEM €€
HEMe/JICHHOE UCII0JIb30BaHUeE.

OCHOBHBIM HCTOYHUKOM HHpOpManuu Obuta W OyAeT AMAarHOCTHKA BEPXHEro H
HUJKHETO CTPOCHMS KEJIEe3HONOPOXKHOro myTH. [IoMMMO OCHOBHBIX IieNei, B CUCTEME €ro
CoJiepKaHMUs eCTh ellle OJ{HA, CBOET0 poJia BhICIIAS IIEJb, 3aKJIIOYAIOIAsACs B ONTUMM3ALUU
HapaOOTKH KEJIE3HOJAOPOKHOTO MYTH. DTO ONPEACICHHOE OTCTYIUICHHE OT JKECTKUX MPaBUI
IUTAHOBO-MIPEAYIIPEAUTEOILHOTO PEMOHTa, ONPAaBAAaHO JO TeX IOop, MOKa He Cco3JaHa
pa3BepHyTas AuarHoctudeckas cucreMa. C co3aHueM TaKOH CUCTEMBbl PEIIEHUs] O PEMOHTE
OyIyT NPUHUMATBCA C Y4YeTOM BceX (aKTHUYECKUX MOTPeOHOCTEH M JEHCTBUTEIBLHOTO
COCTOSIHUSI BEPXHEI'0 U HUIKHEr0 CTPOCHHS IMyTH.

HecmoTps Ha uenblii psAx OpPraHU3AalMOHHBIX M TEXHUYECKHX MEPONPUATHH 110
HOBBIIIEHUIO HAJIEKHOCTH pabOThl YCTPONCTB aBTOMAaTUKH M TEJIEMEXaHUKH, K KOTOPHIM
OTHOCAT IUIAHOBBIE W NPODUIAKTHUECKHE PEMOHTBI, OpPraHU3AIMIO HOBBIX METOJOB
oOcnyxuBaHus, o0ydeHHe 00CIYy’KUBAIOIIEro MepcoHaia IpaBuilaM M METOJlaM yCTpaHEHUs
OTKAa30B, BpeMs IMOMCKa JOKAIM3aLUU HEUCIPABHOCTEH BCE Halle SBISETCS HEONPaBIaHHO
OOJIBILINM.

3T0 O0O0BACHAETCSI MHOTUM OOBEKTUBHBIMH U CyOBEKTHUBHBIMH (haKTOpamu.
OO6bekTuBHBIE (AKTOPBI 00YCIOBIEHBI PabOTONW YCTPOMCTB B CIOXHBIX KIMMaTHUYECKUX
YCIIOBHSIX, TEPPUTOPUATBHON paccpeOTOYCHHOCTHIO UX BJIOJIb KEJIE3HOA0POKHOTO MOJIOTHO,
[OJIBEP’)KEHHOCTbI0 MEXAHMUYECKHM BO3JEHCTBUAMHU (TpsiCKe, BUOpAaLMM JBUXKYIIUXCS
MO€3/I0B), U3HOCOM M CTapeHHeM 3JeMeHTOB M T.J. K cyOBeKTHBHBIM (hakTOpaM MOKHO
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OTHECTM HE KA4YeCTBEHHOCTh pPEMOHTa M  OOCHyXHUBaHUS  YCTPOMCTB, OHIMOKHU
00CIIyKHBAIOUIEro MepcoHaia MpPU yCTPaHEH M W HEUCIPABHOCTEH, OTCYTCTBHE OJIKHBIX
nporpaMM W TaOJWIl TOUCKA HEUCIPABHOCTEH M TaKKe KOHKPETHBIX HMHCTPYKIUNA U
pPEKOMEHAaIUi MPU MPOBEJEHUH PEMOHTA U MPO(UIAKTUKH.

AHanu3upys AaHHBIE 00 OTKa3ax CUCTEM aBTOMATHKH U TEIIEMEXaHHUKH [4] 32 OJTUH o
NPUBEJIEH OTHOCUTEIBHOE YHUCIIO OTKAa30B OTAEIbHBIX y3110B cucteM ClIb:

- B kabenbHBIX TUHUSIX OOpBIB KU Kabensa-25,9 %.

- 3aHMKEHHOE CONpOTUBIeHUE u3onsauuu-2 1,4 %.

- [loBpexaenue kadensn-8,9 %, kopoTkue 3ambikanue xmwi- 3 9 %, npouyue orkaszbi-4.8
%.

B snexTponpuBomax: moTepsi KOHTAKTOB aBTOIEpekIouaTeneii-43,5 %, HeCOOTBETCTBUE
AJEKTPUYECKUX XapaKTEPUCTUK NMPUBOAA-25 % KOPOTKHE 3aMbIKaHUS B AIEKTPUUECKUX LIEIAX
cTtpenku- 12 % pa3 perynupoBka KOHTPOJIBHBIX TAT-10%, npoune oTkasbl-9,5 %

B cTaHIMOHHBIX PENbCOBBIX MEMSIX: OTKA3 H30JIUPYIOMINX CTBHIKOB-27,8 %, mpoboii
W30JISIIIAM  CTPENIOYHOM TapHUTYpPHI-27,8 %, HEUCHPABHOCTHh MEPEKITI0YATENsl CTPEIOUYHBIX
anekTponpuBooB-20,3 %, orkaszel pene-9,28 %, HU3KOe compoTuBIeHHE Oamnacta-9,1 %,
npovue 0TKaswl-5,54 %.

B cucreme 01mo4HOM MapuIpyTHO-peIeHHON IeHTpanu3auu: penbcossie nenu-30,2 %,
CTpeJIoYHbIe MepeBOAbI U dekTponpuBoasl- 10,8 %, ceetodopsl- 9,5 %, kabenbHBIC TMHUU-
10,9 %, npenoxpanutenu-6.9%, wucrounwku mnutanus 10,9 %, Onoxu-6,9 %, mnpouue
ycTporictBa-4,9 %.

YCTpoiCTB aBTOMAaTUYECKOW MEpee3qHON CUTHAIM3allMM: pesibcoBble nenu - 31,7 %,
ceetodopsl- 10,3 %, 3BykoBas curHanuzauus — 6 %, annapatypa (GopMHUpOBaHHS KOAOBBIX
curHainon-14,2 %, wuctounuku nurtanus-12,3 %, mnyrteBbie pene-10,2 %, ammapatypa
yrpasieHus nuiaréaymom-10 %, npoune otkasbi-5,3 %;

OTHOcCHUTeNnbHOE Yyncio 0TKa30B dneMeHToB CL{b B pasnuuHbIX cucTeMax:

penbcoBbie 1enu-46,9 %, curnampHbie 1enu-5,3 %, kalOenpHbie JTUHHU - 7,2 %,
cBeTodopHbie Jamibl- 7,3 %, myteBsie pene-7,3 %, UCTOYHUKHU TuTaHus-7,0 %,

nemupaTopHsbIxX stueiiku-6,1 %, ycrpoiicTBa hopMupoBaHUs KOJIOBBIX cUTHaNOB-8,1 %,
npoyue oTkassl- 4,2 %

XapakTepuCTUKa TAaKUX OTKAa30B W OTHOCUTEJIbHBIE WX 3HAUYCHHsS, MOJTyYCHHBIC Ha
OCHOBE aHau3a padoThI [2;4] yCTPOWCTB aBTOMATUKHU U TEJIEMEXaHUKH HECKOJIBbKUX TUCTAHITUN
3a OJIMH TrOoJ IPUBECHHI B Ta0m. 1.

Tabnuna 1-XapakTepucTuka OTKa30B

OcHoBHBIE HIPUYUHBI CpeznHee 4HCIO OTKA30B Otka3 %
0oImHOOK 00CTY>KHBAIOLIETO

nepcoHaa

1. HexauecTBeHHas 452 28,1.

MIPOBEpPKa anmaparypel

2.HeynoBneTBOpUTENHHOE KauecTBO TEKYIIEero 761 49,7
00CITy>)KUBaHHSA

3. YcTaHOBKa HETUIIOBBIX 45 2,9
npenoxpaHuTenei

4.Heco0nroieHne mpaBuil 69 4,4

BBIKJIIOUCHHS YCTPOMCTB U3 3aBUCUMOCTEH.

5.HecornacoBanue PEMOHTHBIX padoT 232 14,9
JIPYTHMH CITy)K06aMu

AHanu3 1aHHBIX TOKa3bIBAET, YTO MPOIIEHTHOE OTHOLIEHHE Hanboee MOBPEKAAI0 N M
u y3namu yctporctB CXKAT sBnstorcs penbcoBbie menu (PII). OTkasbl penbcoBbIX Liemnei
cocTtaBnsaroT 6onee 60% oT 0011er0 KOTUYECTBA OTKA30B.
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Hecmotps Ha npoBeneHue 11€J10r0 KOMILIEKCAa MEPONIPUSITUN U YIIYUIIEHUIO METOAUKH
MPOCKTUPOBAHMS, TEXHOJIOTUHM U3TOTOBJIEHUS COBEPIICHCTBOBAHUIO PEKUMOM SKCITyaTaluu
P1I, eme umMeroT MecTo B OOJIHIIIOM KOJTMYECTBE HAPYIICHUSI HOPMAJIBHOTO (DYHKIIHOHUPOBAHUS.

Takas Oonbmas mnoBpexgaemocth PI[ oObscHseTcs crneuupukoil YCTpPOWCTB U
ycaoBusiMu pabotel. Ha kaxknbiit anement PL] HenpepriBHOE BO3/A€CTBYET

KOMILUIEKC Pa3UYHBIX HETaTHBHBIX JKCIUTYaTAal[MOHHBIX BHEIIHUX KIMMATHYECKUX
¢dakTopoB, npuBoAsAIMIMX K oTKazaM PLI.

K atum ¢dakTopam oTHOCSTCS:

* ynapHble Harpy3ku Ha PLI, Bo3melcTByrOIKME OT MOABHKHOTO COCTaBa, BCIECACTBUE
Yero MHOTOKPATHO HM3MEHSIOTCS MEXaHHMYEeCKHE HaJ0KeHUs M HaKaIUIMBaIOTCA Je(PEeKThI
3JIEMEHTOB;

* OKCIUTyaTallMOHHBIN (aKTop, B CHUIBHOW CTENEHH BIHSIOMIUNA Ha MapaMeTpbl
anemenToB PLI, BKiItoyaromuii KOJIMYECTBO U KAU€CTBO NEPEBO3KU XUMHUKATOB 110 PETHOHY

* BHEIIHME KJIMMaTHuYecKue (akToOpbl, HENpepblBHO Bo3zeicTBytomuii Ha PLl #u
BBI3BIBAIOLIME MHOI0OOpa3Hble IMPOIECCHl B DJJIEMEHTAX M H3MEHEHHMS HUX OCHOBHBIX
napaMeTpoB;

PIl saBastomuecss TEppUTOPUATIBHO — pAcCPEIOTOUYEHHBIMM M OJHUM U3 CaMHX
TpyAHOOOCTYyXuBaeMbIX ycTpocTB CXKAT, B KOTOPBIX 4acTO BCTPEHAIOTCS CIydail OmMOOK
TEXHUYECKOTO MepcoHaja u HeOpeKHOM IKCILTyaTaliHy.

[To aHanmu3aM TOBpeXIEHHUH, 3aQUKCHPOBAHHBIX B TEYEHHE TPEX TOJOBOU
HKCIUTyaTall paclpeesIeHO 0TKa30B Mo clyxoam.

OTka3sl 1o npuunHe ciayxO0sbl [1:

-PacTsbkka n301MpyIOMUX CTHIKOB-46, 1 %

-Cxoa u3onupyrouumx cTeikoB-38,7 %

-OtcyTcTBHE noape3ku Oannacra-6,0 %

- 3arpssHeHue OamMakoB cTpenku-5,1 %

- IIpoGoit n3onauuu CKBO3HBIX M0JIOC Ha cTpenke-2,0 %

- OTcyTcTBHE 3a30p B KOpHE nepa crpenku- 1,7 %

- U3nom pennca-1,6 %

- Pacmmpenune unu cyeHue KoJel u3-3a He3akp.peasca- 1.0 %

- Hakat pamnoro pennca-0,7 %

- [IpoGoit xenezoberonnbix mmnan-0,5 %

Otka3bl o npuunHe ciyx0b1 H1:

- O6psIB penbcoBoro coeaunuTensi-31,3 %

- OOpbIB KaOeTBHBIX KT WU MOHWKeHue. M3onsauuii kadens-18.0 %

- [ToBpexnenne nocToBbIX ycTpoicTs -10,4 %

- Ileperopanue npenoxpanureneii-9,6 %

- PerynupoBka KOHTPOJBHBIX TAT CTpEnkHu-7.5 %

- OOpBIB ApOCCENBHBIX EPEMBIYEK-6,2 %

- [leperopanue nammnouex cBeto@opos-5.0 %

- HeucnpaBHOCTB 31. MOTOpa cTpeaovyHOro npusoaa-3,8 %

- HeucnpaBHOCTh KOHTAKTOB aBTONepeKaouarens-3,2 %

- [loBpexneHue akkyMyJasaTOpHBIX OaTapeii-2,7 %

- Hapymenue u3onsinuu CTpeaodyHbIX rapHUTyp-2,3 %

O6mee wucio orkazoB yctpoicTB CXKAT cknaapiBaeTCs M3 OTKA30B MO MPUYHHAM,
3aBUCAIIUM OT ciyk0 myteBoro xo3sicrsa (I1), curnanuzanuu u ces3u (L), snekrpudukanun
(D), nBuxenus ([1), nokomoruBHoro xo3sicrsa (T) u ap.

W3 ananuza BuaHO, 4yTo a0 50 % oT obmiero uncna orka3oB ycrpoiicTB CKAT manmaer
Ha CIyk0y IyTeBOro Xo3siiicTBa, a Ha ciyxOy cBsizu 6onee 40 % u B ocHoBHOM Ha PLI.
Texnuueckoe ob6cnyxuBanue PL[ u omepatuBHOE BOCCTAHOBIEHHME HX TIOCJIE€ OTKa30B
OCYILIECTBJISETCS B OCHOBHOM, paOOTHHKaMHU CIyx0 myTd M cBsizu. Ho u3-3a oTcyTCTBUSA
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TEXHUUYECKUX CPEJICTB KOHTPOJISI COCTOSIHUS eMeHTOB PL paboTHHKY ciy kOBl MyTH HE UMEIOT
BO3MOXHOCTH BBIIBUTh MECTO OTKa3a WJIHM ONPEIeIUTh HEOOXOJUMOCTh NMPOQPUIAKTUKH, a
pabOTHUKH CIIYKObI CBA3U HE BCErla UMEIOT BO3MOKHOCTh €70 YCTPaHEHHUS.

Jis 3 PeKTUBHOIO TEXHUYECKOTO OOCITY>KMBAHMUS TEXHUYECKUH NEPCOHAN JOJKEH HUMETh
MH(}OpMaLKIO 0 MECTOHAXO0K/IEHUHU U BUJI€ HEUCIIPABHOCTH.

Ho cerogns ocTaroTcsi HEpelIEHHBIMU TaKHE MEPBOCTENEHHbIE 3aJadyM, KaK aBTOMAaTH3aLus
TPYAOEMKHUX M3MEpPEHMH, IIOKa He CO3/JaHbl NPUTOJHBIE [JJs HENOCPEICTBEHHOIO
UCIIOJIb30BaHUS Ha MPaKTUKE TEXHUUYECKHE CPEJICTBA I OOHapyKeHHs, IpelynpeKIeHus U
JIOKanu3auu oTkazos PII.

3akiao4yenune

B xone mnpoBeneHHOTo wcciieoBaHUs ObUla pealn3oBaHa IIOCTABJIEHHAs LIElib,
3aKJII0YAIOIIasiCs B KOMIUIEKCHOM OIIEHKE COCTOSHUS BEPXHEr'0 M HUKHETO CTPOCHUS yCTPOHCTB
aBTOMAaTHKU U TEJIEMEXaHMKHU KEeJIE3HOJOPOKHOI0 TPAHCHOpPTa C MO3UIUU UX HAJEKHOCTH,
JUAarHOCTUPYEMOCTH M O3KCIUTyaTallMOHHOW »3(dekTuBHOCTH. I[IpHMeHeHHe CHCTEMHOro,
CTPYKTYPHO-(QYHKIIMOHAJIIBHOTO U CTATUCTUYECKOTO METOI0B aHAJIN3a M03BOJIUIIO BCECTOPOHHE
U3YYUTh PUYMHBI U XapakTep 0TKa30B 3jeMeHTOB cucteM CLIB, a Takxe BBISIBUTH KIIIOUEBBIE
(bakTopbl, BIUAIONINE HA CHUKEHHE HAJEKHOCTU UX QYHKIIMOHUPOBAHUS.

Hcnonb3oBaHHblE ~ METOJBl  MCCIEJOBaHUSA  HOATBEPAMWIM  11€J1eCO00pa3HOCTh
KOMILUIEKCHOT'O TMOJIX0/Ja K JWarHoCTUKE, OCHOBAHHOI'O Ha AaHaju3€ OHKCIUIyaTallMOHHBIX
JJAaHHBIX, HOPMATHUBHO-TEXHUYECKOW JOKYMEHTAllMM M OOOOIIEHMHM NPAKTHUYECKOro OIbITa
TEXHUYECKOTO oO0ciayXuBaHus. B pe3ynbrare NpPOBEIEHHOrO0 aHalu3a YCTAHOBIEHO, 4TO
HaumOoJbIIass JOJsI OTKAa30B YCTPOWCTB aBTOMAaTUKM M TEJIEMEXaHMKH TPUXOJIUTCA Ha
penIbCOBbIE IIENU U CBSI3aHHBIE C HUMU 3JIEMEHTBHl BEPXHEr0 M HI)KHEro CTpOoeHHUs myTH. Mx
MOBPEKIAEMOCTh OO0YCIIOBJIEHA COBOKYIHBIM BO3JCHCTBUEM MEXaHMUYECKHX Harpy3ok OT
NOABMKHOIO  COCTaBa, HEOJArompusATHBIX  KIMMAaTH4YeCKUX  (AKTOpoB, a  TakKxke
HKCIJIyaTallMOHHBIX W OPTaHM3AIlMOHHBIX IPUYMH, BKJIIOYas OWIMOKH O0OCIyKHBAIOLIETO
nepcoHaia U HeJJOCTaTOYHYI0 OCHAIIEHHOCTh CPEJCTBAMU ONIEPATUBHOM TMArHOCTHUKHU.

[Tony4yeHHble pe3yabTaThl HOATBEPKIAAIOT BBIIBUHYTYIO B pa00OTE rUIOTE3y O TOM, YTO
CYIIECTBYIOIIME PErIAMEHTHbIE METOAbl TEXHUYECKOTo OOCIyXMBAHUS HE O00ECHeYMBAIOT
CBOEBPEMEHHOTO BBISBICHUS U JIOKAJIM3AL[MU HEUCIPABHOCTEH peIbCOBBIX IeNeH U APYTrHX
anemenToB CXKAT. AHanu3 mokasaj, 4TO 3HAUUTENIbHAs 4YacThb OTKA30B HOCHUT CKPBITHIN
XapakTep U BbBIABIAETCS JIMIIb II0CI€ HApyIIEHHUs HOPMaJbHOTO (DYHKIMOHUPOBAHUS
YCTPOMCTB, YTO TMPUBOAUT K YyBEJIMYECHHUIO BPEMEHH BOCCTAHOBIEGHHUS U  POCTY
JKCILTyaTallMOHHBIX 3aTpart.

Ha ocHOBaHUM pe3yJbTaTOB UCCIEJOBAHUS CEIaH BBIBOJ O HEOOXOIMMOCTH IIEPEX0ia
OT MPEUMYIIECTBEHHO IJIaHOBO-MPEAYNPEAUTEIHHON CUCTEMBI 00CTyKUBAHUS K aJlallTUBHOMN
MOJIENIM, OCHOBAaHHOM Ha JaHHBIX AaBTOMAaTU3UPOBAHHOW JMAarHOCTHKU (PAKTUYECKOTO
COCTOSIHMSI BEPXHEro M HMIKHEro CTpOeHHs NyTH. BHeapeHue Takux MOAXOAOB IO3BOJUT
HNOBBICUTh JIOCTOBEPHOCTh OILIEHKM TEXHUYECKOTO COCTOSIHHUSI YCTPOWCTB aBTOMAaTUKH U
TEJIEMEXaHUKH, COKPATUTh KOJUYECTBO OTKA30B, a TAKXKE CHU3UThH BIUSHUE YEJIOBEYECKOI'O
(akTopa npu NPUHATUU PEIICHUNH O PEMOHTE U MpOodHIaKTHKE.

[TpakTH4eckasi 3HaUUMOCTb MMOJYYEHHBIX PE3YJIbTATOB 3aKJIIOYAETCS B BO3MOXKHOCTH UX
UCIIOJIb30BaHUSl NpH pa3paboTKe W BHEJIPEHUH aBTOMATHU3UPOBAHHBIX JIUATHOCTUYECKHUX
CHUCTEM KOHTPOJIS PEJIbCOBBIX LIENEH M 3JIEMEHTOB XEJIEe3HOAOPOKHOIO IMyTH, a TAKXKe NpHU
COBEPIIEHCTBOBAHUH METOJIUK TEXHHUYECKOT0 00CITyKMBaHUS B CIIy»)0axX IyTH, CUTHAIU3ALUN
U cBsa3u. IlepcnexkTuBbl  JanbHEHWIIMX  UCCIEAOBAHMM  CBsSI3aHBI ¢ pa3pabOTKOH
MHOTO(QYHKIIMOHAJIbHBIX  JaTYUKOB M  HMHTEIUICKTyaJbHBIX  CHCTEM  MOHHMTOPHHIA,
HMHTErpUPYEMBIX B CyllecTBYIoLy10 HHPpacTpykTypy ClLIb, a Takke ¢ co3gaHueM aJIrOpUTMOB
MPOTrHO3UPOBAHMS OTKa30B Ha OCHOBE HAKOIUICHHBIX SKCIUTYyaTallMOHHBIX JAHHBIX.

TakuM o06pa3oM, NMpoOBEJEHHOE MCCIENOBAaHUE BHOCHUT BKJIaJ B PA3BUTHE HAYUYHBIX
IPEICTABICHUNA O IMArHOCTUKE W JKCIUIyaTallud yCTPONCTB aBTOMATHKU M TeJIEeMEXaHUKU
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JKEJNE3HOJOPOKHOIO TpaHCHOPTa M CO3JA€T OCHOBY JJis JalbHEWIINX NPUKIAJAHBIX U
TEOPETUYECKUX pa3paboOTOK B 0OJacTH TMOBBIIICHUS HAAEKHOCTH U 0€30MacHOCTH
JKEJIE3HOJOPOKHBIX IIEPEBO30K.
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