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ANALYSIS OF MOBILE APPLICATION USER PREFERENCES BASED ON
MACHINE LEARNING METHODS
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© D. Amrina

Abstract. This study examined classical machine learning methods and neural networks
for analyzing user preferences in mobile applications. The target variable and preference criterion
was the average app rating. A dataset from the open source Kaggle was used, followed by data
cleaning and preprocessing. A comparative analysis was conducted on three classical machine
learning methods (linear regression, random forest, XGBoost) and three neural network models
(ANN, CNN, RNN) to predict users’ average app ratings based on seven features. As the dataset
was relatively small and of simple structure, some neural network models could not fully realize
their potential. The XGBoost model demonstrated the best performance, highlighting its
usefulness for this type of data. The CNN model performed slightly worse, as it is designed to
capture significant patterns in complex datasets. The most important features for predicting user
ratings were identified, including types, installations, genres, categories, and others. In future work
on decision-making tasks aimed at improving user engagement, this study can assist in selecting
appropriate models and input features to focus on when designing or enhancing an application.

Keywords: rating, application, machine learning, neural networks, prediction, data
analysis

For citation: D. Amrina. Analysis of mobile application user preferences based on machine
learning methods//Industrial Transport of Kazakhstan. 2025. Vol. 22. No. 86. Pp. 7-19. (In Russ.).
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AnHotanusi. Ocbl JKYMbICTa MOOWIBII KOCHIMIIAJAPABIH MaiAanaHylIbUIapIbIH
KaJayJTapblH Talaay YIIH KIaCCUKAIBIK MAIIWHAIBIK OKBITY YKOHE HEHPOH/BIK KeJiep aaicTepi
KapacThIpbUIAbL. MaKcaTThl KOPCETKIII JKOHE Kaaynap KpUTEpHidl peTiH/Ie KOCHIMIIIAaHbIH OpTalia
peiitunri anbiHFaH. AIBIK gepekkesi Kaggle-nan anbiHFaH maTaceT KOJNAAHBUIBII, JepEeKTepAi
Tazajay *oHe allJiblH ajla eHjey Kypriziaai. Oprama naiganaHyiisl 6ara KepceTKiliH Oomkay
YIIiH 7 mapaMeTp Heri3inae 3 KiacCHKaJblK MalIMHAIBIK OKBITY dfici (linear regression, random
forest, XGBoost) sxone 3 Heliponabik xeini moaeni (ANN, CNN, RNN) cansicThipmatsl TangayiaH
oTki3inai. Jlatacer canbICTBIpManbl TYpPAE INAFBIH JKOHE KapamalblM KYpbUIBIMFAa He
OOJFaHIIBIKTaH, KeWOIp HEHPOHIBIK KeJli MOHAENbJEPl 63 IMOTEHIMAJIBIH TOJBIK ammarad. Ex
*kakchl HoTmxkeHi XGBoost Momeni kepceTTi, OYI OChl JAepeKTep TYPIHIE aTajFaH MOJIENbJIiH
taiMautiria gonenaenai. CNN Momeni col TOMEH HOTHXKeNep KepcerTi, cebebi on Kypaeni
JIEepeKTepaeri MaHbI3Ibl OalllaHbICTapAbl aHBIKTayFa apHanrad. [laliganaHymibl pedTHHTICIH
OoipKayzia €H MaHBI3/Ibl CUIIaTTaMajap aHbIKTaJAbl: TUIITEP, OPHATYIAp, )KaHpIap, KaTeropusiiap
xkoHe Oacka axtopnap. bomamakra maiiganaHymbUIapIbliH KATBICYBIH apTTHIPY CallaChIHIaFrbl
mienriM KaObuiay TarnchlpMaiapbIMEH KYMBIC iICTETeH I, OYJI )KYMBIC THICTI MOJENb MEH Kipic
cUnarTaMalapblH aHBIKTAyFa )KoHe KOChIMILIAHBI J)Kacay HeMece JKeTUIIPpY Ke3iH e Ha3ap ayaapyra
KOMEKTECE].

Tyiiin ce3aep: peHTHHI, KOCHIMINA, MAIIMHAJIBIK OKBITY, HEHPOHBIK Xeliiep, Ooikay,
JIepeKTep Il Talaay
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AnHoTanus. B nanHo# pabote ObLITU pacCMOTPEHBI METOABI KJIACCUIECKOTO MAITHHHOTO
00y4YeHUsT W HEUPOHHBIX CETEH I aHajdu3a NPEANOYTEHHH TMOJIb30BaTeleld MOOMIBHBIX
OpUIOKEHUN. B KauecTBe 11e1eBOro 3HAUYCHUSI U KPUTEPUS MPEANOUTEHUS ObUT B3AT CpeIHUM
pPeNTHHT MpHIoKeHHs. bbuT HCTIONBb30BaH AaTaceT U3 OTKpbIToro ucrounuka Kaggle, nanee obuia
MPOBEICHA OYMCTKa, MpeaodpaboTka naHHBIX. [IpoBemeH CpaBHUTENBHBIA aHANU3 3
KJIACCUYECKUX METO0B MAIIMHHOTO 00y4YeHHs, CpPeau KOTOphIX linear regression, random forest,
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XGBoost, a Takxke 3 moaenu HeupoHHbIX ceTeld, U3 KOTOopbix ANN, CNN, RNN, mis
MIPOTHO3UPOBAHUS CPEAHUX OLEHOK IOJIB30BaTEICH MPUIIOKEHHUS UCXOA U3 7 MPU3HAKOB. Tak
KaK JaTaceT OTHOCHUTEJIHHO HEOOIBIIONW C MPOCTOM CTPYKTYpOH NaHHBIX, HEKOTOpPbIE MOJAEIU
HEUPOHHBIX CETE HE CMOIVIM IIOJHOCTBIO PACKPBITH BECh CBOM moTeHnuan. Hawmyumryro
MPOM3BOAUTENILHOCTh MOKa3zana Moaeiab XGBoost, 4To moka3bIBaeT Mojb3y JAaHHOW MOJAEIHU B
TakoM BHJie JaHHBIX. HeMHOro Xyske nokasana moznenb CNN, Tak Kak OHa IpelHa3HaueHa s
BBISIBJICHUSI Ba)XKHBIX 3aBHCUMOCTEH B CIIOKHBIX JaHHBIX. BbUIM BBISIBIEHBI HauOosiee BakKHbIC
NpU3HAKU, KOTOpbIE OOJbIIEe BCEro IOMOIIM B MPOrHO3MPOBAHMM 3HAUYEHUS PEUTHHTA
MOJIb30BaTeNeH, Cpei KOTOPBIX TUIIbI, YyCTAaHOBKH, KaHPbI, KATETOpUH, U Apyrue. B Oyaymiewm,
paboTas ¢ 3a1auell MPUHATHIA pelleHui B 00IacTH yTy4IlIeHUs! BOBICUCHHOCTH TOJIb30BaTENeH,
3Ta paboTa MOMOXKET B ONPECICHUH MOIXOAAIIEH MOICNIN U BXOIHbBIX MPU3HAKOB, HA KOTOPbIE
CTOWUT O0OpaTUTh BHUMAHWE MPU CO3JAaHUU WIH YIIyUIICHUH TPUITOKCHHUS.

KiioueBble cj10Ba: pPEeHTHHI, MPUIOKEHUE, MAIIMHHOE OOydYeHHE, HEHPOHHBIC CETH,
IIPOTHO3UPOBAHUE, AHAJIU3 JAHHBIX.

s uutupoBanmsi: J[. AMpuHa. AHaIU3 TPEANOYTESHHS MOJIB30BATEIC MOOUIIBHBIX
OPUJIOKEHUH Ha OCHOBE METOJOB MAIIMHHOTO oOy4eHust//[IoMBIIUICHHBI TpaHCIOPT
Kazaxcrana. 2025. T. 22. No. 86. Crp. 7-19. (Ha pyc.).
https://doi.org/10.58420/ptk/2025.86.02.001

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

Beenenne

CoBpeMeHHbIe TU(PPOBbIE CUCTEMbI aKTUBHO HCIOIB3YIOT METOBI IITyOOKOro 00yueHHs
JIUIsS aHAJTM3a TIOBEACHUS TOJIb30BaTeIel U mporHo3upoBanus ux aecteuit (Bell, 2022: 207—
216). B nocnenHue roapl UCKyCCTBEHHBIN MHTEJUIEKT CTAHOBUTCS KIIIOUYEBBIM MHCTPYMEHTOM
JUIsL ONTUMM3AlMM U aBTOMAaTHU3allMM MPOLECCOB B PAa3IMUHBIX cdepax, BKIoYas HUPpPOBbIE
wiatpopMbel 1 MOOMIBHBIE mpuiokeHus (Sharifani, 2023: 12). MamunHoe oOyuenue (ML)
ABIISIETCS. OJHOM M3 oOsiacTell MCKYCCTBEHHOIO MHTEIUIEKTA M MO3BOJISIET CO3JaBaTh CUCTEMBI,
CHOCOOHBIE CaMOCTOSITENIbHO O0ydaThCs HAa OCHOBE JaHHBIX 0€3 HEOOXOIUMOCTH SIBHOTO
nporpammupoBanus (Sarker, 2021: 160).

Heiiponsl, kak Ouomormyeckass MOJ€Ib, aAalTUPYIOT CBOM CBS3M Ul NpeICKa3aHus
Oynymield akTHBHOCTH M MUHHMU3AIIMUA OIMUOOK, YTO TO3BOJISET ONMTHMHU3UPOBATH 00pabOTKY
uH(OpMAaINH U MOBHIIATE 3PP eKTUBHOCTH paboThl cucTemsl (Luczak, 2022: 62—72). [TonobHbie
NPUHLHUIB HCTIONB3yIoTCs B ML Uit aHanmm3a TMOBEICHUS I0JIB30BATENs, YTO IMOMOTAET
BBISIBIATE A dexTuBHble U HedPPEKTUBHBIE ANEMEHTHl  uHTepdeica, MOBBIMIATH
MIEPCOHAIIM3AIUIO U YIOBJICTBOPEHHOCTH mosb3oBareineid (Dina, 2021: 100462; Sharifani, 2022:
5).

OOBekTOM WCCIeOBaHUSI B JAHHOW paboTe SBIAIOTCS LU(GPOBBIE TMPUIOKEHUS,
noctynHsie B Google Play Store, a npeamMeToM — MexaHM3Mbl MOTHBALIMM TIOJIb30BaTENCH yepes
aHanu3 (GakToOpoB, BIUSIOMUX Ha WX OLEGHKHM MOOWIBHBIX mpuioxeHui (Google Play Store
Apps, 2025). IlpobGnemHas cuTyalusi 3akKJIO4aeTcs B TOM, YTO, HECMOTpsS Ha aKTUBHOE
NpUMEHEHHE MeToZ0oB ML 11 mpOTHO3MpPOBAaHHMS PEUTHHTOB MPHIOKEHHH, OONBITMHCTBO
UCCIIEJIOBAaHUH HE J[aloT MOJHOTO IOHHMMAaHUS B3aMMOCBA3CH MEXAy XapaKTepUCTUKaMU
MPWIOKCHUI U MTOBEJACHUEM Toiib3oBareseit (Suleman, 2019: 57).

AKTyanbHOCTb TEMBl OINpEAENAeTCS KaK TEOPEeTHUYECKUM, TaK M MPAKTUYECKUM
WHTEPECOM K U3yYeHHWI0 IU(GPOBOH BOBICUYCHHOCTH TMoONb30Bareneid. [IpormosupoBanue
PEUTUHIOB TNPUIOKEHUH TMO3BOJSAET HE TOJBKO OIEHUTh CTENEHb YAOBIECTBOPEHHOCTHU
MOJIb30BaTeNel, HO W BBISIBUTH IOTEHIMAIBHBIE 3aKOHOMEPHOCTH, KOTOpPBIE MOTYT OBITh
MCIOJIb30BaHbl AJIs IepCOHAIN3aMU HHTep(delcoB U yayulieHus nudpooro onsita (Yu, 2022:
26; Taye, 2023: 91).

Lenpto uccnenoBaHus SIBISETCS aHAIU3 IPEANOYTEHUH MOib30BaTenel MOOMIIBHBIX
NPUJIOKECHU W TPOTHO3MPOBAaHWE WX pPEUTHHTa KakK I[OKa3aTeliss BOBICYEHHOCTH. Jliis
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JOCTHIKECHHUS 11eJIM ObUIN MOCTaBJIEHBI CIIEAYIOIHNE 3a0a4u:

- IIpoBecTu aHanu3 XapaKTEepPUCTUK MPUIIOKEHUM, TAKUX KaK KaTeropus, THUI, KOHTEHT-
PEUTHHT, KOJINYECTBO YCTAHOBOK, IIEHA, pa3Mep U JKaHp.

- PazpabGortarp Mopmenu MalIMHHOTO OOydeHUs U IIIyOOKOro OOy4YeHHs IS
MPOTHO3UPOBAHUS PEUTUHTOB MPUIIOKEHH.

- IlpoBecTn cpaBHUTENBHBIM aHAIM3 pA3IUYHBIX MOJEJEeH M BBIIBUTH HauOoiee
3HaYMMBbI€ NMPU3HAKH, BIUSAIOIINE HA PEUTHHL.

- Cnuenath BBIBOJBI O BO3MOXHOCTSIX MEPCOHAIM3AIUU HHTEP(EHCOB M TOBBIIICHUU
BOBJICYEHHOCTH MOJIb30BAaTENIEN HA OCHOBE aHAIN3A TAHHBIX.

MeTtonpl MCCIeNOBaHUS BKJIIOUAIOT HCIONb3oBaHUe Oubmuorexk TensorFlow u scikit-
learn, peanuzamuio HelpoHHBIX ceTel (ANN, CNN, RNN/LSTM), a Takxke KIacCHYECKHUX
mozneneit mammaHOro 00yuenust (Random Forest, XGBoost, nuHeitHas perpeccus) ¢ OIEHKON
KauecTBa monenei yepe3 metpuku MAE, RMSE u R2.

l'mnore3a uccienoBaHMS 3aKJIIOYAeTCsl B TOM, YTO C TOMOIIBIO Mojelield TIyOoKoro
o0yueHHs] BO3MOXKHO BBISIBUTh 3aBHCHUMOCTh MEXIY XapaKTepUCTUKAMU TMPUIIOKEHUN U
pEeUTHHTaMHU TIONIB30BaTEICH, a TaKXKe ONPEACNIUTh KIUeBble (HaKTOPHI, BIUSIONIME HAa
BOBJICYEHHOCTh I10JIb30BaTENICi, HECMOTPS HAa OTPAHUYEHHOCTh U HEPAaBHOMEPHOCTH JIAHHBIX
(Somers & Black, 2025: 056036).

3HauECHHE MCCIIEIOBAHMUS 3aKJIKOYAETCS B BO3MOXXHOCTH HCIIOJIB30BaHUS IOJYYEHHBIX
pe3yNbTaToOB IS ONTUMH3AIMU HMHTEpPEHCOB MOOMIBHBIX NPHIOKEHUH, pa3paboTKu
MEPCOHAIIU3UPOBAHHBIX  HUQPPOBBIX  pPEIIEHUH W  TOBBIIMIEHUS  YIOBIETBOPEHHOCTHU
MOJIb30BaTEIEH.

MarepuaJjibl 1 MEeTOABI

B xadecTBe MaTepuanoB MCCIEIOBAHUS HCIIOIB30BaH OTKPHITHIA HaO0Op maHHBIX Google
Play Store Apps, pasmemennsiii Ha miarpopme Kaggle (Google Play Store Apps, 2025).
Haracet comepxxut uUHPOpPMAIUIO O MOOUIBHBIX MPUIOKECHHSIX, BKIIOYast 13 TpHU3HAKOB:
KAaTETOPHIO MPHUIIOKEHUS, TUIl, KOHTEHT-PEUTHHT, KOJINYECTBO YCTAHOBOK, IIEHY, Pa3Mep, KaHPHI,
JlaTy TIOCIEJHEr0 OOHOBJICHMS, BEPCUIO NMPHIOKEHHS M Al APYyrux Xapakrepuctuk. [locne
OUYHCTKH TAHHBIX OT MPOITYCKOB M aHOMAJIbHBIX 3HAUCHUH B MCCIIEIOBaHKUE OBLIIO BKIIOUEHO 9366
npumMepoB. BwiOopka oTpakaeT pasNUYHBIE KATETOPUU TPUIOKEHUW U pa3zHooOpasue
MOJIb30BATEIbCKUX MPEANOYTEHUN, YTO obecredynBaeT BO3MOXKHOCTH aHanu3a (PakTopos,
BIUAIOUIMX Ha OLIEHKY U BOBJIEYEHHOCTH I0JIb30BATENEH.

KonnuecTBeHHass XxapakTepucTHKa MaTepuaja IMpeicTaBlIeHa paclpeiesieHueM JTaHHbIX
10 7 KJIIOYEBBIM MPU3HAKAM, UCIIOIb30BAHHBIM B MOJEIHN PETPECCUU: KATETOPHSs, TUII, KOHTEHT-
PEUTHHI, YCTaHOBKH, II€HA, pa3Mmep, jKaHpbl. KadyeCTBEHHBIM aHAIN3 BKIIOYAI IIPOBEPKY
JIOCTOBEPHOCTH JIaHHBIX, HICHTHU(PUKALIUIO BEIOPOCOB U HECOOTBETCTBUI B KATETOPHUH U XKaHPaX,
YTO MO3BOJIMIJIO MOBBICUTH HA/I€KHOCTD JaJbHENHIINX MOJIENIEH TPOTHO3UPOBAHUS.

enp 1 runoresa ucciieg0BaHUs

Henp uccrnenoBanus — aHajau3 IPEANOYTEHUN MOIb30BaTENEH MOOMIIBHBIX TPHIIOKEHUH
U NPOTHO3MPOBAHUE PEUTHHIA MPHUIIOKEHUM KAaK MOKa3aTelsis BOBJIECYEHHOCTH IOJIb30BATEIECH.
['mmoTe3a Mcciea0BaHus 3aKITF0YAETCS B TOM, YTO HCIIOJIB30BaHUE MOJIEJIeH TITyOOKOTO 00ydeHus
MO3BOJIAET  BBIABUTH  3aBUCUMOCTh  MEXIY  XapaKTEPUCTUKAMHU  MPUIIOKEHUH U
MI0JIb30BATEILCKUM PEUTHHIOM, a TaKXKe OINpPEACNIUTh KIIOYEBble NMPU3HAKH, BIMSIOLUINE HA
BOBJICUCHHOCTb Mosb3oBareneit (Somers & Black, 2025: 056036).

Bompocsl uccnegoBanus:

- Kakue xapakTepuCTHKHM TNPUIOKEHUN OKa3bIBAIOT HauOosblllee BIMSHUE Ha
M10JIb30BATEIbCKUI pEeUTUHT?

- Hackonbko 3¢ (heKTHBHO MOJEIN MAIIMHHOTO U TIIYOOKOTO 00yYeHHs MPOTHO3UPYIOT
PEUTUHTY NPUITOKEHUI?

- Kakue wMeronpl MO3BOJAIOT YAYUYIIUTh TOYHOCTh NPEACKAa3aHUS B YCIOBHSIX
HEPaBHOMEPHOIO pacupeeeHus JaHHbIX ?
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- Kak BbIsiBIEHHBIE 3aKOHOMEPHOCTH MOTYT OBITH HCIIOJIb30BaHbI ISl IEPCOHATN3ALNN
uHTep(DHelcoB MPUITOKEHUN U TIOBBIIICHUS YAOBIETBOPECHHOCTH MOIb30BaTENCH?

OTanbl UCCIIETOBAHUA:

- IloaroroBka JaHHBIX: OYMCTKA, HOpPMaju3alus U KOAMPOBAHUE KaTE€rOpUaIbHBIX
MPU3HAKOB.

- Paznenenne BriOOpku: 80% MaHHBIX MCIOJNB30BAHBI ISl 00ydeHus: monenei, 20% —
JUTSL TECTUPOBAHMUSL.

- Pazpaborka Mmoneneii: peanuzoBanbl HelipoHHble ceTH (ANN, CNN, LSTM) u
KiIaccudeckue wmojaenu MammHHoro oOydeHus (Random Forest, XGBoost, nuneiHas
perpeccus).

- ObOyyeHue u HACTpOWKa MOJENCH: ONTUMH3ALMS TUIIEPIIApPAMETPOB, UCIOIH30BAHUE
ontuMusaropa Adam u gpynkuuu norepb MSE nist HelipoHHBIX ceTel.

- OneHka kadectBa Mmojeneil: pacuetr metpuk MAE, RMSE u R? 1151 cpaBHEHUSI TOUHOCTH
IIpEeICKA3aHUM.

- AHanu3 BaXHOCTH NPHU3HAKOB: BBISIBICHHE HaAuMOOJEe 3HAYUMBIX XapaKTEPUCTHK
MIPUIIOKEHUN NI IPOrHO3UPOBAHMS PEUTUHTA.

- UnTepnperanus pe3ynbTaToB: BhISIBICHUE 3aKOHOMEPHOCTEH, OLIEHKA BIUSAHUS PEIKUX
Y HEPABHOMEPHO PACIPEEIECHHBIX JaHHBIX HA TOYHOCTh MOAEIIEH.

MeTo/1pI MAIIMHHOTO O0YYEHHUS:

- JluneliHas perpeccuss — UCHONB3YETCA IS BHU3yIM3allMM 3aBUCUMOCTEH U
MEPBUYHOTO aHAJIN3a TAHHBIX.

- Random Forest Regressor — 0ananc Mexay KaueCTBOM IPEICKa3aHUi U CKOPOCTHIO
00yueHHsl, BHIBIIEHUE Ba)KHOCTU MTPU3HAKOB.

- XGBoost — rpaaueHTHbII OyCTUHT 1J1s TAOIUYHBIX JAHHBIX, TOKA3aBIIUI HAMITYYIITyIO
TOYHOCTbH IPOTHO3UPOBAHMUSL.

MeTonb! riry0oKoro oOydeHHs:

- ANN (Artificial Neural Network) — mosHOCBsI3Hasi HEUPOHHAS CETh JJIsI BBISIBIICHUS
CIIO’KHBIX HEJIMHENHBIX 3aBUCUMOCTEN.

- CNN (Convolutional Neural Network) — wucmons30BaHue CBEPTOK JIsS BBIICICHUS
JIOKAJIbHBIX OCOOCHHOCTEH MPU3HAKOB.

- LSTM (Long Short-Term Memory, RNN) — ananu3 nocienoBareIbHOCTEH TPU3HAKOB
TSl IPOTHO3UPOBAHMSI pEUTHHTA.

- [IpenBapurenpHas o0paboTKa AaHHBIX: HOpMaIM3aLMs YUCIOBbIX IPU3HAKOB, one-hot
KOJIMPOBAaHME KaTerOpUalbHBIX MPU3HAKOB, yaJeHUE MPOITYCKOB M AHOMAJIHH.

- Ouenka moxeneii: metpuku RMSE (Root Mean Square Error), MAE (Mean Absolute
Error) u koaddunuent nerepmuHanuu R?, mo3Bomsitomirie OObEKTUBHO OIICHUTh TOYHOCTH
MIPOTHO30B U OOBIACHIEMOCTh MOJICIICH.

[IpuMeHeHre NaHHBIX METOAOB TMO3BOJSET BBIABUTH 3aKOHOMEPHOCTH B OILIEHKaX
MPWIOKEHHUM, OINpEeAeNUTh 3HAUMMblE IPU3HAKU, BIUAIOIIME HA PEUTHHI, UM MPEAJIOXKUTH
pPEKOMEHIalluK JJIs TIOBBIIICHHS] BOBJICYEHHOCTH MOJNIb30BaTeNnel Ha HU(poBbIX miardopmax.
HoBusHa uccnenoBanus 3akio4aeTcsi B CPaBHUTEIBHOM aHAIM3€ TPaJAMLMOHHBIX U MTyOOKHX
MoJieJiel Ha OTHOM HaOope JaHHBIX W BBIABICHUU CIEHU(PUKHU MPOTHO3HUPOBAHUS PEUTHUHTA C
Y4ETOM PEIKUX U HEPAaBHOMEPHO PACHPECICHHBIX KaTETOPUAJIbHBIX MPU3HAKOB.

Jlnst aHanu3a NaHHBIX TPUMEHSIOTCS METOBl MAIIMHHOTO OOYYEeHHS C UCIOIh30BaHUEM
oubmmotex TensorFlow u scikit-learn. Peanu3oBanbl Mmogenu: HeHpoOHHAs CETh C apXUTEKTYPOU
ANN (artificial neural network), CNN (convolutional neural network), RNN (recurrent neural
network), a Taxke JJII cpaBHEHHSI HCTIOIB30BaHbI Mojieib Random Forest Regressor, XGBoost,
U nuHelHas perpeccus. s paGoThl ¢ TaHHBIMU ObLIa MPOBEACHA OYHCTKA U HOPMAJM3aIuUs
naHHbl. Takke OBUIO TPOM3BEICHO pa3leieHHE NAaHHBIX HAa OO0ydYaroUIyro UIsl TPEHUPOBKH
HEHPOHHON CETH U TECTOBYIO /ISl MPOU3BECHUS MPOTrHO30B. KauecTBO Moeneil o1ieHuBaIoCh
¢ nomouisio MeTpuk MAE, RMSE u R2.
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Haracet ucnons3oBanics n3 Kaggle, mog nasBannem Google Play Store Apps (Google
Play Store Apps, 2025). ITocie o4uCTKH JaHHBIX OT IyCTBIX 3HAYEHUH, BBILIO 9366 npumepoB
¢ 13 mpusnakamu. Jlanee, natacer nenuics Ha 80% oOydaronuecs nanabie, u 20% Ha TECTOBBIS
JTAaHHBIE.

B nanHoii pabote y Hac pemaercs nmpoodiiemMa perpeccuu, Tak Kak OyJeT mpecka3biBaThCs
CpeAHUN PEUTHUHT MPUIIOKEHHUS, TOCTABICHHBIN MOJIb30BaTENsIMU B Ipeaenax oT 1 no 5, mo 7
OTOOpaHHBIM MpHU3HAaKaM (KaTeropus, THUIl, KOHTEHT-PEHUTHHI, YCTAHOBKH, LI€HA, pa3Mep,
JKaHpbI), KOTOpble OyIyT MOJIE3HBI AJI HaIIeW 3anaun perpeccud. Jljis HEHpOHHBIX ceTel
MCIIOIB30BAJICS onTUMHU3aTOp “adam”, a kputepwuii morepu — “mse”.

Hwxe npuBeneHbl apXUTEKTypbl 3-X pa3HbIX HEHPOHHBIX CETEH, a Mocle HHUX
KJIACCUYECKHUE MOJIEIH MAIIMHHOTO O0yUYEeHHUS.

Puc. 1. Apxurextypa ANN

B kauectBe mpocroil Monenu HedpoHHOW ceTu Obl1 B3AT ANN, rae ucnonb3yercs
nonHocBsi3Has HeipoHHas cetb (MLP) (Puc. 1). OOmiee koianuecTBO MmapaMeTpoOB MOIENU
cocrasinser 3137.

T R (T N
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Puc. 2. Apxurektypa CNN

B kagectBe mpoctoit moaenu Obut B3T CNN ¢ KoaudecTBOM mapaMeTpoB 2449. JlanHas
HENUpPOHHAs CETh UCIIOJIb3YET CBEPTKHU AJIs IOMCKA JIOKAJIBHBIX IpU3HaKoB. (Puc. 2).
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Puc. 3. Apxurexrypa RNN

4.0 International License

12 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
BY



Industrial Transport of Kazakhstan. Vol.22 (2). 2025

B xauectBe RNN 6511 B3s1 LSTM, rae Mozesns npenckasbiBaeT peUTHHT MPUIIOKEHUS IO
7 mpu3HaKaM, WHTEPNPETUPYEMBIM Kak TocienoBarelbHOCTh jamHouM 7 (Puc. 3). OOmee
KOJIM4ECTBO IIapaMeTpos - 4897.

B kauecTBe KjlacCMUECKMX METOJOB MAIIMHHOTO OOydeHHs ObLIM MpUBEICHBI JTUHEHHAS
perpeccus, Random Forest, XGBoost.

Jluneitnas perpeccusi 0OBIYHO MCHOIB3YeTCS JUIsl BU3yaJW3allud JTaHHBIX, U HE BCerna
ueadbHO TMOAXOAWT I 3amauu perpeccuu. Random Forest moka3piBaeT OamaHc Mexmy
CKOPOCTBIO 00yueHus U kadecTBOM. XGBoost moaxoauT myist TaOMMYHBIX JaHHBIX.

Ha ocHoBe paHHBIX MoAeneld Mbl NPOBEAEM CPABHUTEIBHBIA aHAJIN3, BBIIBUM
MpeuMyIecTBa U HETOCTATKU, U BbIOEpEM BayKHbIE MPU3HAKU IS TIPECKa3aHu MoJeneil.

Pe3yabrarbl U 00Cy:KIeHHE

ML 3apekomeHioBanio cebs Kak yCTOMYMBOE M pa3BUBAIOIICECS HAINpaBJICHUE, OJTHAKO
€ro Pa3BUTHE HE SIBISICTCS MOJHOCTHIO MPSAMOIMHEHHBIM. MamuHHoe o0yueHre OCHOBAaHO Ha
BBIBEJICHUU 3aKOHOMEPHOCTEH M3 MCTOPUYECKUX HAOIIONCHMM, YTO HE rapaHTUPYET TOUHOTO
BBIBOJIa U3 JIaHHBIX. Takke, Kak onmucaHo B crarbe Barbierato E. u Gatti A. (Barbierato, 2024),
MOKHO JIaTh MPOTHO3bI, HO 0€3 OOBSICHEHUN MPUYUHHO-CIEACTBEHHBIX CBS3€H, CTOALUIUMU 3a
HHUMH, YTO M CHHUXAET JOBEpHUE CO CTOPOHBI CIEUHATUCTOB. TeM He MeHee, MOCTOSHHO
pa3pabaThIBalOTCS MOAXOABI JIJIi KOMIIEHCHUPOBAaHMSI HEAOCTATKOB, YTO MO3BOJIIET pPa3BUBATH
TOYHOCTh W BHEAPATH B MPAKTHUECKOM IUIaHe. Panu OIEHKH TOro WM HMHOTO MOJXOa,
HE0OXOIUMBI HCCIIEJOBAaHUS U BBISBICHUS HEAOCTATKOB Pa3HBIX MOAXOIO0B, WU ke, HA000POT,
UX JOCTOMHCTB.

Yu J. (Yu, 2022) nmpoBenu 0630p 43 uccineoBaHUui, B KOTOPBIX UCTIOIB30BATUCH MOEITH
CNN u RNN/LSTM B ob6nactu yMHBIX 10MOB. OHU 0OHApy>KUJIH, 4TO HanOOJIbIIee BHUMAaHUE
3aHUMAIOT MPOOJIEeMbl MOHUTOPUHTA AKTHMBHOCTH, O€30MAaCHOCTHM M YMPAaBICHUSA HSHEPTUEH.
Taxxe o6cyxnanock, uto CNN Monmenu Ooiblie MOAXOAAT MPU padoTe ¢ M300pAKECHUSIMU U
BUJICO, B TAKUX TUIAX JIAHHBIX JIaHHAs MOJEJb MMOKa3bIBaeT HAMOONbIIYIO 3(P(HEKTUBHOCTh. A
RNN/LSTM Monens Oonblie MOAXOTUT MOJ aHAJINW3 AAHHBIX, OTAMYHBIX OT CNN. ABTOpHI
npuOeraloT K HUCHonb3oBaHuio ob6ewx wmoxenet (CNN+LSTM). DOrto moaTBepxkaaeT
3¢ PeKTUBHOCTH KOMOMHHPOBAHHOTO TOJX0/1a MIPU aHAIN3E JAaHHBIX Pa3HON mpuponabl. J(aHHbBIH
BBIBOJI MOXET [TOMOYb NP OMPEAEICHNUHN JIyUIIUX MOJAENIeH I UCIOIb30BaHMs aHAM30B MO
npyrue chepsl, HapuMep, MPU aHATN3€ JaHHBIX YAOBIETBOPEHHOCTH MPUIIOKEHUEM.

Tem He MeHee, 0030p COCTOUT TOJBKO U3 43 crarell U OrpaHUYeH BPEMEHHBIM paMKaMu
(2016-2020), HO B moOCHenHEEe BpeMs TEXHOJOTHUU, BHU3yallbHbIE MOJAENIH, 3HAUYUTEIHHO
u3MeHunucb.  Kpome TOro, aBTOpPHl OTMEYAIOT, YTO OOJBIIMHCTBO HCCICIOBAHUN HE
paccMaTpHUBaIOT BOIMPOCH KOHPUACHIIMAIHHOCTH U MOPAIH MCIOIb30BaHUS TAHHBIX B YMHBIX
nomax. I[loMuMO O3THX TOTCHIMATBHBIX HEAOCTAaTKOB MAIIWHHOTO OOydYeHHS s
MpeICcKa3bIBaHUSl PE3YNbTAaTOB MO JaTaceTy, OTMETHIIH 3T mpobiaeMbl B ctathe Zhu M. (Zhu,
2022: 107-116) noguepkuBasi, 4To cOOp TOUHBIX U OOJIBIIUX JAHHBIX SIBISIETCS TPYIHBIM, HO,
TE€M He MEHHEee, HeOOXOAUMBIM ISl TOYHOCTH pe3ynbTaToB. [lomuMo 3T0ro0, o ux padote ObUI0
BBISIBJICHO, YTO QJTOPUTMBI PabOTAlOT TOJIBKO B Y3KHX CJIy4aeB M HE YUYUTHIBAIOT BCEX
CIOXHOCTEHl M TOHKOCTEH palOoThl ¢ BBHIYHMCICHHEM KadyecTBa BOIbL. PaccmaTrpuBas Ipyryro
crarpio Sahu S.K. (Sahu, 2023: 1956) B mombITKE NPOTHO3UPOBAHUS (POHIOBOTO PBIHKA
3aKJTIOUUIIM, YTO TMOMOINBI0O MAIIUHHOTO U TIYOOKOro OOy4eHUs BO3MOXKHO BBISBUTH
3aKOHOMEPHOCTH TOJIBKO YACTUYHO, HO PE3yJbTaThl BCE PAaBHO OCTAIOTCS HECTAOUIbHBIMH. Yemy
MPUYMHAMH B IaHHOM CJy4Yae BBICTYMAIOT OTPAaHUYEHHOCTh JIAHHBIX U BBHICOKAas U3MEHYHBOCTH
(OHI0BOTO PHIHKA.

Suleman M. (Suleman, 2019: 57—61) nmpoBoauIu KccleqOBaHUS TaKXKe MO HAJICHHOMY
nmatacety B Kaggle. B ux pabore aBTOpPBI MPOBEIW HCCICAOBAHHUS IO TIPEICKA3aHUIO
npuwioxkenuit B Google Play Store, ¢ mcnonp3oBaHHeM anrOPUTMOB MAIIMHHOTO OOy4YeHUSs
dokycupysichk Ha (aKTOpbl BIUSHUAS Ha PEUTUHTH TNPUIOKEHUH C UIOJIH30BAHHEM
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perpeccuonHoi moaenu. [Jaracer coctout u3z 10000 mpunioxkeHUl ¢ pa3aeieHUEM JTaHHBIX Ha
75 % nns oOyueHus u 25 % naHHBIX JUIS MPOTHO3UPOBAaHUS U TecTuHra. B pabore Obuin
npumeHenbl anroputMbl MATLAB 2018 (Regression Learner app), Bkitouast Regression Trees
(Fine, Medium, Coarse), SVM (Linear, Quadratic, Cubic, Gaussian), Ensemble methods u
Gaussian Process Regression. B xauecTBe OLIEHKH Pe3yJIbTaTOB aBTOPHI Mcmonb3oBain RMSE,
R-Squared, MSE, MAE. I1o ux 3axmtouenuto Fine Tree Tounee nmoka3sbiBaet pe3ynsrarsl (RMSE
0.33, R-Squared 0.52). Ha ocHoBe umxucciaenoBaHWUN, MOXKHO 3aKJIIOYUTh, YTO MpeacKa3aTh
PEUTHHT C IIOMOIIBIO MAIIIMHHOTO 00YyYEeHHS BO3MOXKHO CO CPEIHEH J10JIei BEpOSTHOCTH.

CrnocoOHOCTh aBTOMAaTHYECKH M3BJIEKATh CJOXHBIE TPEICTABICHUS U3 OOJBIIMX
00BEMOB JIAaHHBIX OTINYAET NTyOOKOE 00ydeHUE OT TPATUIIMOHHOTO MAaTUHHOTO 00y4eHus Taye
M.M. (Taye, 2023: 91). Dto o00nacTh HCKYCCTBEHHOTO HWHTEIIEKTa, KOTOpasi OBICTPO
pa3BHBaeTCA, IOITOMY INTyOOKO€ 00yUEeHHE JIydIlle MOAXOIUT Ui aHAIN3a HaliIEHHOTO JlaTaceTa
U OHO OyzeT OpaThCs 32 OCHOBY B METO0JI0THH. Tak, HEMPOHHBIE CETH YK€ MOKa3aIl XOPOIIUU
pe3ynbTarhl B uccnenoBanuu Somers A. u Black B.J B menunuackom npumeHeHuu (Somers,
2025: 056036), HO ¢ OONBIIUM JATACETOM.

Ucxonst u3 matpuiisl koppensuuii (Puc. 4), BUIHO, YTO CUIBHBIX 3aBUCUMOCTEH MEXIY
MpU3HAKaMH HET, TOMUMO 3aBUCUMOCTH MEXAY KaHPOM M KaTeropHei, rae Koppeasnus uMeeT
3Hauenue 0.78. Bce nmpu3HaKku MOYTH HE KOPPETUPYIOT C PEUTUHTOM. DTO TOBOPHUT O TOM, YTO
nuHeiHbie Moaenu 1 ANN OyayT cinaObiMu.

Correlation Matrix (main numeric features)

Rating : -0.02 0.05 -0.03 0.04
Installs 1 - -0.01 -0.01 0.02 -0.05
Price 1.00 ' -0.02 -0.01 m
Size . 028 1.00 -0.15 F=OION
Category L -0.01 -0.15 1.00 | 0.02
Type ) m -0.01 0.02 1.00
Content Rating i ] | -0.11 -0.05 1.00

Genres 20k 0.78  0.01 -0.14

Rating
Installs
Price
Size
Type
Genres

Category

Content Rating

Puc. 4. Marpuna xoppenauuil mpu3HaKoB

[ToaToMy Monenu, KOTOpbIE XOpOILO CHPABISIOTCA C HEIMHEWHBIMH 3aBUCHMOCTIMH,
MOJOWUIYT Jy4llIe BCETO.
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Training & Validation Loss per Epoch

— ANN Train Loss
74 ~——— CNN Train Loss
—— RNN Train Loss

Loss (MSE)

l L
0 10 20 30 40 50
Epoch

Puc. 5. Uctopus obyuennsst ANN, CNN, RNN

[TockonbKy JaHHbIE UMENN TAOIUYHBIM U OTHOCUTEIBHO MPOCTOM XapakTep, B OTINYHE OT
N300pakKeHUH U BPEMEHHBIX PSII0B, BCE MOJIEIH ITPOIEMOHCTPUPOBAIIN CXOKUE KPUBBIE 00y IEeHUS
(Pucynok 5). /11 TpeHUPOBKU XBAaTHIIO OBI 5 3I10X.

RMSE Comparison

RMSE

XGBoost CNN Linear Regression ~ RNN ANN Random Forest
Model

Puc. 6. CpaBHeHHE CPEIHEKBAIPATHIECKUX OLIMOOK MOJIEeit

Hcxons n3 Pucynka 6, XGBoost noka3an Hanay4Iui, XoTs U HE3HAUUTENIBHO, PE3yJIbTaT
no RMSE.

R2 Score Comparison

0.06
0.04
0.02
&
0.00 —

—0.02 A

—0.04 A

XGBoost CNN  Linear Regression ~ RNN ANN Random Forest
Model

Puc. 7. CpaBHeHre KOdQHUITUCHTA TETCPMUHALIUH
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Ucxons u3 Pucynka 7, XGBoost monens, kotopas iyurie oobsicHseT aucnepcuto, CNN -
CpenHUll pe3ynabTat, TeM BPEMEHEM Kak OCTaJbHbIE Monenu xyxe. Random Forest - xyxe Bcero
13-3a TIEpeoOyYCHUSI.

Random Forest Feature Importance XGBoost Feature Importance
Size Type 4
Installs Installs 4
Genres Genres
Category Category
Content Rating Size
Price Price
Type Content Rating 4
T T T T T T T T
0.0 0.1 02 03 0.4 0.00 0.05 0.10 0.15 0.20 0.25

Puc. 8. Feature importance of Random Forest and XGBoost

boun mpoBeneHs! cpaBHeHHs BakHOCTeW ocobeHHocTedt Random Forest ' XGBoost
(Pucynoxk 8). Ucxons uz merpuk RMSE u R2, nam crout nosepsats XGBoost, 4To roBoput 0 TOM,
4YTO Takue NpU3HAKH, Kak “type”, “installs”, “genres”, ‘“‘category”, m apyrue, yka3aHHbIE B
rpaduke, OOIBIIE BCETO MOAXOIAT ISl HCTIOIB30BAaHUS B MOJIENISIX MAIlIMHHOTO OOYy4EHUSI.

Predicted vs Actual Ratings - All Models
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Actual Ratings

Puc. 9. ®akTryeckue U IPOrHO3UPYEMBbIE PE3yIIbTaThl

Ananu3 o Pucynky 9 nokazai, 4yTo HaJIMUME PEAKUX U HEPABHOMEPHO PACTIPEACIEHHBIX
JTAHHBIX B JIaTaceTe HEraTHBHO BIHSIET HA CIIOCOOHOCTh HEHPOHHOW CETH KOPPEKTHO O0YydaThCs.
Mogenb BbIIAET ycpenHEHHBIE MpEACKa3aHWs M CHOCOOHA TOYHO MPOTHO3UPOBATH TOJBKO
PEUTHHIY, HAXOJALIMECS B JMaNa3oHe CpeaHUX 3HaueHuil. OOHapy eHO, YTO JUIsl TOBBIIICHUS
TOYHOCTHU TpeOyeTcsl paclIupeHre BEIOOPKH U OalaHCHPOBKA KaTeropUadbHBIX TaHHBIX.
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3akiarouenue

B xone npoBeaéHHOTO MCCienoBaHus ObLUT peaTrn30BaH KOMIUIEKC MOJIEICH MAIIMHHOTO H
m1yOoKoro oOydeHus AJisi aHalld3a MPeNroYyTeHHUM IMojib30BaTeslel MOOMIIBHBIX MPUIOKEHUN U
IPOTHO3UPOBAHMUS UX PEUTHHIOB Ha OCHOBE JaHHBIX Google Play Store. Mcnonb3yemslit natacer
BKJTI04a 9366 npumepos ¢ 13 npu3Hakamu, OTpakarolMMU XapaKTePUCTUKH TPUIIOKEHUM, TAKHE
KaK KaTeropusi, THUIl, KOHTEHT-PEUTHUHI, KOJIMYECTBO YCTAHOBOK, II€HA, pa3Mep W skaHpbl. s
00paboTKU TaHHBIX ObUTH MPOBEACHBI OUYMCTKA, HOPMAJIU3AIH YUCIOBBIX MTPU3HAKOB U one-hot
KOJMPOBAaHUE KaTErOpUaIbHBIX IPU3HAKOB, YTO [TO3BOJINJIO IIOBBICUTH KAYECTBO BXOIHBIX TAHHBIX
IS MOZAEJICH.

Peanu3oBaHHbIE MOJIENTM BKIIOYAIM KJIACCHUYECKUE aITOPUTMBI MAITMHHOTO OO0y4EHUS —
nuHennyto perpeccuto, Random Forest 1 XGBoost, a Takke HeiiponHbsie cetu: ANN, CNN u
LSTM. Bsibop Takux Momeneid ObT OOyCIOBIEH LENbl0 cpaBHEHUS 3(pdexTuBHOCTH
TPaJAULIMOHHBIX ¥ IITYOOKHX MOJIENIEH TP MPOTHO3UPOBAHNUN PEHTHHIOB, a TAK)KE BBISIBICHUEM HX
NPEUMYIIECTB U OTPAaHMYCHUN B YCIOBHAX PaOOTHI ¢ TAONUYHBIMHU JTaHHBIMH M HEPaBHOMEPHO
pacnpenenéHHbIMU KaTerOpUAIbHBIMU TPU3HAKAMU.

AHanu3 MaTpuLbl KOppENALni MoKa3al, YTo OOJIBIIMHCTBO MIPU3HAKOB HE UMEIOT CHIIbHON
JIMHEWHOUN 3aBUCUMOCTH C PEUTUHIOM, 32 HCKIFOUYEHUEM BBICOKON KOPPEISALIMU MEXKY KaHPOM U
kareropueit mpunoxenuss (r = 0.78). OTo yka3piBaeT Ha cialyl0 MNpeacKa3aTelbHYIO0 CUITY
JMHEUHBIX MozieNiel 1 He00X0TUMOCTh MPUMEHEHUS aJITOPUTMOB, CIIOCOOHBIX BBISIBIIATH CJIOKHBIE
HEJIMHEHHbIe 3aBUCUMOCTH, Taknx Kak XGBoost nim HeliponHsie cetu. PesynbsraTsl oOydyeHus
MOJIeJIel MOKa3alu, YTO MPU OTHOCUTENIbHO MPOCTHIX TAaOJMYHBIX NAHHBIX KPHUBBIE OOydeHUs
ANN, CNN u LSTM O0bU1# CX0KH, YTO TOATBEPIKIAAET BOZMOKHOCThH MCTIOIH30BaHUS 0a30BbIX
APXUTEKTYp HEMPOHHBIX CETEH JIJIs IPEIBAPUTEIBHOTO AHAJIN3A TAHHBIX.

CpaBHuTeNbHBIN aHanu3 Mozenei no merpukam RMSE u ko3 duunenty nerepmuHanun
R? BBIABWII, UTO HAWIIyUIITHE PE3yabTaThl Mokazana moneiab XGBoost. Random Forest, Hecmotps
Ha CBOIO CITOCOOHOCTH BBISABIISATH BAKHOCTD MPU3HAKOB, MPOAEMOHCTPUPOBAI XyAIIUH pe3yabTar
u3-3a nepeoOydeHmsi, a JuHeHHas perpeccuss u  ANN  moka3aad  OrpaHUYEHHYIO
npezackazarenbayo cuity. CNN mpogeMoHCTpHpoBajia CpelHUe MOKa3aTeilH, YTO OOBSICHIETCS
OTCYTCTBHEM CJIOXHBIX JIOKAJbHBIX CTPYKTYp B TaOMUYHBIX JAHHBIX, I7l€ CBEPTOYHBIC ONEPALIUN
HE J1al0T 3HAaYUTEIbHOTO IPEUMYIIIECTBA.

Oco60e BHUMaHME OBLIO YIETICHO aHAIM3Y BaXKHOCTH MpU3HAKOB (feature importance). [1o
pesynbrataM XGBoost u1 Random Forest, Hau0onbliiee BiAMsSHME HAa PEUTHUHI OKazajal TakKHue
IPU3HAKU, KaK THUIl NPUIOKEHHUS, KOJJUYECTBO YCTAHOBOK, aHPbl U KaTeropus. T MpU3HAKU
MOTYT CIYKUTh OCHOBOW Il (DOPMUPOBaHHUs CTpaTeTuil MepcoHanu3aluu HuHTepdeica u
YAYUIIEHUs T0Ib30BATEIBCKOIO ONbITa. B yacTHOCTH, MOHMMaHUE TOTrO, KAKME KaTeropuH WIn
JKaHpbl HanOojee BOCTPeOOBaHBI, MOXKET MOMOYbL pa3paboTuMKaM ONTHMHU3UPOBATH KOHTEHT U
(YHKIMOHAIbHBIE BO3MOKHOCTU IPUIIOKEHHH, TOBBIIIAs YIOBIETBOPEHHOCTH MOJIb30BATEIEH.

AHanu3 $aKkTUUECKUX U MPOTHO3UPYEMBIX PE3yJbTaTOB BBISABHI, UTO HEHPOHHBIC CETH B
YCIIOBUSIX HEPAaBHOMEPHOTO PACTIPEIETICHUS TaHHBIX UMEIOT TEHIEHINIO BbI1aBaTh YCpPEIHEHHbBIE
npenackazanua. Mozaenb cmocoOHa TOYHO MPOTHO3UPOBATH JIMIIL CPEAHUE 3HAYCHUS PEUTHUHTOB,
YTO OrpaHUYMBAET €€ MPUMEHUMOCTh JUISl MPEJCKa3aHMs IKCTPEMaIbHO BBICOKHUX WM HU3KHX
OIICHOK. OTOT BBIBOJ TMOATBEP)KIAET HEOOXOMUMOCTh pacIIUpeHus oO0bEMa JIaHHBIX,
0aJlaHCUPOBKHM KaTerOpuajibHBIX IPHU3HAKOB M pa3pabOTKH METOJOB pabOThl € PpPEIKUMU
3HAYEHUSMH IS TTOBBIIIEHUS TOUHOCTH IITyOOKUX MOJIENCH.

CpaBHeHHME Pe3yabTaToOB C MpeabIAyIuMu ucciaeaoBanusmu (Suleman, 2019; Yu, 2022;
Somers, 2025) mnokaszamo, YTO WCHOIb30BAaHUE AQJITOPUTMOB TIIIYyOOKOTO OOyYeHHUs IS
IIPOrHO3UPOBAHMSI PEUTUHIOB NMPUIIOKEHUM SIBISETCS OINpPaBIaHHBIM, OCOOCHHO IpU aHAIU3E
CJIOXKHBIX M HEJIMHEHHBIX 3aBHCUMOCTEH. OHAKO, KaK U B HCCJIEIOBAHUSIX JAPYTUX aABTOPOB,
TOYHOCTh MOJIEJIE OrpaHMYEHa XapakTepoOM [JaHHBIX M WX pacHpelesieHHEM, a TaKkke
OTCYTCTBHEM JIOTIOJIHUTEIBHBIX (DAKTOPOB, KOTOPHIE MOTYT BIUSATH HA TIOJIH30BaTEIbCKUE OLEHKH,
TaKMX KakK TII0JIb30BAaTEIbCKUE OT3bIBbI, BpPEMS MCIIOJIb30BAaHUS TMPUIOKEHUS M KaueCTBO
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OOHOBJIEHUH.

Takum 00pa3oMm, KITHOUEBbIE BBIBOJIBI MCCIICAOBAHHS BKITIOYAIOT:

- DOddextuBrocth Mopeneit: XGBoost Tmokazay  HaWiydmide — pe3ydabTarhl  IIPH
NPOTHO3UPOBAHUN PEUTHHIOB NMPHIOKEHUH Ha TaOMUYHBIX AaHHBIX. HelWpoHHBIE ceTH MOTyT
OBITH IIOJIE3HBI, HO UX TOUHOCTh OIPAaHUYEHA U3-3a MAJIOW BBIOOPKU U HEPABHOMEPHOCTH JTaHHBIX.

- Baxnocte npusHakoB: Hambonbliee BiIMsHUE HAa PEUTHMHI OKa3ald NPHU3HAKU THUIIA
HPUIOKEHHS], KOJIMYECTBO YCTAHOBOK, KaTETOPUS M JKaHPbI, YTO MOXKET ObITh MCIIOJIb30BAHO IS
NepCOHAIN3AMK UHTEP(ECOB U MOBHIIIEHHUS BOBICYEHHOCTH MOIb30BaTEICH.

- Orpanuuenus:: OCHOBHBIMM OTPAHUYEHUSMHU HCCIENOBAaHUS SABISIOTCS HEOOJbIIOe
KOJIMYECTBO [JAHHBIX Il PEAKUX KaTeropvil, HEpaBHOMEPHOE pacIpellelieHUE NPU3HAKOB U
OTCYTCTBUE JIOTIOJHUTEIbHBIX (PAKTOPOB, KOTOPbIE MOIIU Obl YCUIUTH TOYHOCTH MOJEIEH.

[IpakTuyeckast 3HAYMMOCTH: Pe3ynbraTsl HCCleOBaHHUA MOTYT OBITh HCIOJNIBb30BaHBI
pa3paboTyrKaMu MOOMIIBHBIX MPUJIOKEHUH Ul ONTUMM3ALMN 110JIb30BaTEIbCKOrO HHTEp(elica,
OTIpeNIeNICHUs] TPHUOPUTETHBIX KaTeTOpHid W JKaHPOB, a TakXke I pa3paboTKH CUCTEM
MEePCOHAIM3UPOBAHHBIX pekoMeHaanuid. [IporHo3upoBaHue pEUTUHIOB TMO3BOJISIET 3apaHee
OLICHUTh IOTEHLMAJIbHYIO NONYJISPHOCTh INPWIOKEHUS U CKOPPEKTHPOBATh CTPATETUIO €ro
IIPOBHIKEHUS.

Hanpasnenuss nng  JanpHeMIIMX — UCCIEAOBaHWM: {71 TMOBBILIEHUS  TOYHOCTH
IPOTHO3UPOBAHUS PEKOMEHYETCs: PACHIMPUTHh BBIOOPKY JaHHBIX, BKJIIOYMB Oosiee pelkue U
HOBBIE MPUJIOKEHUS; YUUTHIBATh JIOTIOJIHUTEIbHBIC (PaKTOPbI, TAKHE KaK OT3BIBBI MOJIb30BATENICH,
yacToTa OOHOBIICHHUH M MOBEJEHUE M0JIb30BATENIEN BHYTPU NMPHIIOKEHUS; UCIIOIb30BAaTh METO/IbI
0amaHCUPOBKM JIAHHBIX JJIs1 KaTeTOPUAJbHBIX IPHU3HAKOB; HCCIEAOBaTb BO3MOXKHOCTH
aHcaMOIMPOBaHUS MOJIENICH ITyOOKOTO U KJIACCHYECKOTO 00yUeHHUS.

B nenom, npoBenénnas padbora 1eMOHCTPUPYET, YTO UCHOIB30BAaHUE MOAETEH ITy0oKOro
00y4eHHUs1 1 COBPEMEHHBIX aJITOPUTMOB MAIIMHHOTO 00Y4YEHNUs MPEIOCTABIAET BOZMOKHOCTH 115
Oonee IyOOKOro MOHMMAaHMA TOBEIEHHS IOJNb30BaTele M MPOTHO3MPOBAHUS HUX OICHOK
MOOWIBHBIX NpHiIoXkeHni. HecMoTpst Ha orpaHn4eHus, BbISIBICHHBIE 3aKOHOMEPHOCTH U Ba)KHBIE
IPU3HAKKU MOTYT CTaTh OCHOBOM 15l pa3paboTKu Ooliee mepcoHaIM3UPOBAHHbIX, 3(P(PEKTUBHBIX U
IPUBJIEKATENIBHBIX LUPPOBBIX MPOLYKTOB, UYTO CIIOCOOCTBYET IOBBIIIEHUIO BOBJIEYEHHOCTHU
MOJIH30BATENEH U YITyUIIEHHIO MOJIb30BATENBLCKOTO OMNbITa HA MOOMIIBHBIX IIaTdopMax.
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Abstract. The article presents a comprehensive analysis of the current state and
development of airport infrastructure in the Republic of Kazakhstan, which is a key element of
the national transport system and an important factor for the country's economic growth. Airports
provide not only domestic and international mobility but also contribute to the development of
tourism, international trade, and Kazakhstan's integration into the global transport network. In
recent years, passenger and cargo air traffic volumes have increased significantly, creating higher
demands for airport infrastructure modernization and implementation of international safety
standards, including ICAO and IATA. The aim of the study is to assess the current state of
Kazakhstan's airport infrastructure, identify problem areas, and develop strategic directions for
its further development. The research objectives include examining the technical condition of
runways and terminals, analyzing airport management efficiency, conducting comparative
analysis with international practices, determining modernization priorities, and developing
recommendations to enhance the sector's competitiveness. The results revealed a high level of
wear in regional airport infrastructure, insufficient modern equipment, a significant concentration
of passenger flow in three major aviation hubs, and low private investment attraction. The
analysis also highlighted the need for digital technology integration, management optimization,
and implementation of public-private partnership mechanisms. Sustainable development of
Kazakhstan's airport network is achievable through comprehensive infrastructure modernization,
implementation of international safety standards, digitalization of processes, and investment
stimulation, which will improve passenger service quality, ensure effective management of the
aviation sector, and strengthen the country's position as a transport hub between Europe and Asia.
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AHHOTAIHS. Makaina Kazakcran PecnyOnukachIHbIH oyexKaiIapbIHbIH
MHQPAKYPBUIBIMBIHBIH ~ Ka3ipri JKarJalblH JKOHE JaMyblH KEIIeHAl TajijayFa apHaliFaH.
Oyekailgap YITTHIK TPAaHCIOPT JXKYMECIHIH HETI3r1 AJIeMEHTI OOJBIN TaObLIaAbl XKOHE eINIiH
HSKOHOMHKAJIBIK ©CIMiHE MaHbI3AbI acep ereni. Omap TeK imIKiI >KOHE XaJIBIKAPAJBIK XaJIbIK
KO3FaJIBICBIH KaMTaMachl3 €Till KaHa KOWMaH, TYpH3MHIH, XaJIbIKApaJIbIK CayJaHbIH JIaMybIHA
xoHe KazaKCTaHHBIH oJIEeMIIK TPAaHCHOPT JKEJCiHE HWHTerpamnuscbiHa yiec Kocaasl. COHFBI
KBUIIAPbI JKOJIAYIIBUIAD MEH JKYK 9ye TachIMajbl KeJieMjepl auTapiblKTail ecTi, OyW1 oyexai
MHQPPAKYPBUIBIMBIH KaHAPTY MEH XaJbIKapajblK KAayilCi3diK CTaHIapTTapblH, COHBIH iIIiHJE
ICAO xone IATA crangapTTapblH €Hri3y Ka)KETTUIITH apTThIpAbL. 3epTTEyAiH MaKcaTbl —
Kazakcran oyexaimapsl WHQPaKypbUIBIMBIHBIH Ka3ipri >KargaiiblH Oarajnay, NpoOJieMalbIK
aiiMakTap/ibl aHBIKTAy >KOHE OHBIH JIaMyBIHBIH CTPATETUSAJIBIK OAaFbITTapblH aHBIKTAYy. 3epTTEY
MIiH/IETTepiHE YIIY-KOHY JKOJIaFbl MEH TEPMHUHAIIAPAbIH TEXHHUKAIBIK JKaFIalblH 3€pTTey,
oyexainapabl 6ackapy TUIMIUIITIH Tanay, XadblKapaliblK TOXKIpHOEMEH CalbICThIPMAIbI TAIAY
’Kacay, )KaHapTyIbIH 0ackIM OarbITTapbIH aHBIKTAY KOHE cajla 09cekere KaOUIeTTUIITiH apTThIpy
OOWBIHIIA  YCBIHBICTap  93ipiaey  Kipedl. 3epTTey  HOTIDKEJEepl  OHIPIIK  dyekaii
MHQPAKYPBUIBIMBIHBIH ~ €I0yip  TO3FaHBIH, 3aMaHayd JKaOJIBIKTapAbIH  IKETIiCIEHTIiHIH,
KOJIayIIbUIap aFbIMBIHBIH YII ipi aBHay3elle MIOFbIPIIAHFAHBIH JKOHE JKEKE WHBECTHIIUSIAPIbI
TapTy JACHTEWiHIH TOMEH EeKEHIH KepceTTi. AHalu3 COHJai-aK HUQPIBIK TEXHOJIOTHSIAP.IbI
MHTErpanusuiay, OacKapylbl OHTaWIAHIBIPY JKOHE MEMIICKETTIK-)KCKEIICTK CEepPIKTECTIK
MEXaHU3MIEPIH €HTi3y KaKeTTUITiH aHbIKTanbl. Ka3zakcTan oyekail JKemiCiHIH TYpaKThl 1aMybl
MHQGPaKYPhUIBIMABI KEIIeH Al KaHApTy, XaJblKapalblK KayilCi3[iK CTaHIapTTapblH EHTI3y,
nporecTepi MUPPIAHABIPY KOHE WHBECTHLMSIIAPABI BIHTAJAHABIPY AapKbUIBI MYMKIH, OYJI
JKOJaylIbUIapFa KbI3MET KOPCETY CalachlH apTThIpajbl, aBUAIMs CajachlH THIMII OacKapaibl
xoHe enfid Eyporna MeH A3ust apachlHAAFbl TPAHCTIOPT Xa0bl PETiHACT] MO3UIMACHIH HBIFAUTAIbI.

Tyiiin ce3aep: oyexal, MHPpPaKypbUIbIM, KayilcCi3AiK, 9ye TachIMaibl, >KaHAPTY,
Kazakcran, kemik

Joaiiexce3nep ywin: . Acuns6exona, I'. MyparGekoBa, 3. Konakoaii (2025). Kazakcran
PecnyOnukacel oyekaimapblHBIH HH()PAKYPBUIBIMBIHBIH aFbIMIAFbl Kai-kyii // Kazakcran
enpipic kemiri. Tom. 22. Ne 86. 00—00 6et. https://doi.org/ 10.58420.ptk.2025.86.02.002 (A¥FbL1.
TIJL).

Mynaenep KakThIFBICHI: ABTOpJIap OChl MakKajiajga MyAIENEpP KAKTBHIFBICHI KOK eIl
MOTIMICH/T.
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AnHoranusi. CTaThsl TMOCBAIEHA KOMIUIGKCHOMY aHAllM3y COCTOSHUSI W Pa3BUTHUS
HHPPACTPYKTYpel adpornoptoB PecrmyOnmuku Kazaxcran, KOTOpbIe SIBISIOTCS — KIIFOUEBBIM
AJIEMEHTOM HAIIMOHATBHONW TPAHCIOPTHOM CUCTEMBI W BaXKHBIM (PAKTOPOM IKOHOMHUYECKOTO
pocta cTpaHbl. A’pomopThl O00ECHEYMBAIOT HE TOJBKO BHYTPEHHIOI M MEXIYyHApPOIHYIO
MOOUIIBHOCTh HACEJICHHUS, HO M CIIOCOOCTBYIOT Pa3BUTHUIO TypU3Ma, MEXIyHAPOAHONH TOPTOBIH U
uHTerpanun KaszaxcraHa B MHPOBYIO TPAHCIOPTHYIO CETh. 3a TIOCIETHHE TOAbI OOBEMBI
MACCAXUPCKUX M TPY30BBIX aBUANEPEBO30OK 3HAUUTENBHO YBEIUYMIUCH, UYTO CO3MAET
MOBBIIICHHBIE TPEOOBAaHUS K MOJCPHU3AIMU a’POTOPTOBON WHQOPACTPYKTYPHI W BHEIPCHHIO
MEXIyHapOAHBIX CTaHnapToB Oe3zomacHoctd, Bkmodas MKAO u IATA. Lens uccnenoBaHus
3aKIII0YAaeTCsl B OLEHKE TEKYIIET0 COCTOSIHHA WHQPACTpyKTypsl a’poroptoB KasaxcraHa,
BBISIBJICHHMHM TPOOJIEMHBIX 30H W pa3pabOTKe CTPATErMYECKUX HaIpaBlIeHUH e€ AalbHEeHIIero
pasBuThsa. B 3amaum wWccienoBaHUs BKIIOYCHBI M3YYCHHE TEXHUYECKOTO COCTOSIHHS B3JIETHO-
MOCAIOYHBIX TMOJIOC MU TEPMHUHAJIOB, aHain3 A(P(GEKTUBHOCTH YIPABICHUS a’pONOpTaMH,
CPaBHHUTCIBHBIA aHAIN3 C MEXKIYHAPOJIHBIMH TPAKTUKAMH, OMNPEICICHHE IMPUOPUTETOB
MOJIEpHHU3AlMU U pa3padOTKa PEKOMEHJAIMl MO TOBBIIIEHHIO KOHKYPEHTOCIOCOOHOCTH
orpacii. Pe3ynpTarhl  HMCCICNOBAaHUS — IMOKa3alld  BBICOKMH  HW3HOC  WMHQPACTPYKTYPHI
PETHOHAIBHBIX a3PONOPTOB, HEAOCTATOYHOE OCHAIEHHE COBPEMEHHBIM 000pYAOBaHUEM,
3HAYUTEIIGHYIO0 KOHIICHTPAIMIO MACCaKUPOIIOTOKA B TPEX KPYIMHEUIINX aBHay3JiaX UM HU3KUN
YpOBEHb TMPUBJICUCHHUS YACTHBIX MHBECTULMN. AHAJIU3 TaKKe BBIIBWI MOTPEOHOCTH B
WHTETPAIMK ITU(PPOBBIX TEXHOJOTHH, ONTHMH3AIMH YIPABICHUS W BHEAPESHUU MEXAHH3MOB
rOCy/IapCTBEHHO-YaCTHOTO  MHapTHEPCTBA. YCTOWYMBOE pa3BUTHE  ad’pPOMOPTOBON  CETH
Kazaxcrana BO3MOXXHO TIpH KOMIUIEKCHOM MOJEpHH3AMK HHPPACTPYKTYpPHI, BHEAPECHUU
MEXIYHApOAHBIX CTaHIAPTOB O€30MacHOCTH, IUGPOBU3AIMK TMPOLECCOB U CTUMYIHPOBAHUH
WHBECTHUINH, YTO 00ECIICYUT MOBBIIICHNE Ka4ecTBa 0OCITY)KHBAHHS MMACCAKHUPOB, dPPEKTUBHOE
yhpaBieHUEe aBUALIMOHHON OTPACIBIO M YKPEIUIEHUE MO3UIIUNA CTpaHbl KaK TPAHCIIOPTHOTO Xxaba
Mexay EBponoii u Azueit.

KiloueBble cjioBa: aspomnopt, HHPPACTPYKTypa, OE30MaCHOCTh, aBUAINEPEBO3KH,
MojepHu3anus, Kazaxcran, Tpancnopt

Jas nutupoBanus: U. AcunibOekoBa, I'. MyparGekoBa, 3. Konakbaii (2025). Tekyee
cocTosiHue MHPPACTPYKTYPHI adporopToB Pecrrybnuku Kazaxcran // [IoMBIIIICHHBIA TPAHCTIOPT
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KoH(}IuKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIMKTA HHTEPECOB.
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Introduction.

The development of airport infrastructure is one of the key directions for ensuring
Kazakhstan's economic growth and its integration into the global transport system (Kazakhstan-
2050 Strategy, 2012: 1-5; On Approval of the State Infrastructure Development Programme
"Nurly Zhol", 2019: 2—4). Air transport plays an important role in strengthening international
relations, developing tourism, and increasing population mobility. Over the past decade, the
volume of passenger air transportation in Kazakhstan has increased significantly, indicating
growing demand for modern and safe airports (Ministry of Industry and Infrastructure
Development of the Republic of Kazakhstan, 2024: 15-31).

Despite positive trends, the infrastructure of Kazakhstan's airports remains unevenly
developed. Many regional airports are characterized by a high level of fixed asset deterioration,
outdated runways, and non-compliance with international safety and service standards
(Nurpeisov, 2020: 48-55). This reduces the competitiveness of the domestic aviation sector
compared to neighboring countries actively investing in airport modernization, such as Russia,
Turkey, and the United Arab Emirates.

The selection of this topic is conditioned by the strategic importance of airport
infrastructure for the country's socioeconomic development. Airport modernization facilitates the
attraction of investment, growth of tourism, and development of logistics services. Analysis of
the scientific literature shows that, while individual studies addressing Kazakhstan's transport
infrastructure exist, comprehensive works focused specifically on airport development are
insufficiently represented.

The relevance of the topic is determined by the need to modernize and develop airports in
accordance with ICAO and IATA international standards, to improve passenger service quality,
and to strengthen Kazakhstan's position as a transport hub between Europe and Asia.

The object of investigation is the airport system of the Republic of Kazakhstan. The
subject of investigation is the infrastructural development and modernization of Kazakhstan's
airports. The aim of the research is to analyze the current state of Kazakhstan's airport
infrastructure and to identify the priority directions for its further development.

The research tasks are as follows: to examine the current state and key development
indicators of Kazakhstan's airports; to identify infrastructural, technical, and managerial
problems constraining their operational efficiency; to analyze international experience in airport
management and development; and to develop proposals for improving Kazakhstan's airport
infrastructure and enhancing its competitiveness.

The research hypothesis holds that the sustainable development of Kazakhstan's airport
network is achievable under conditions of infrastructure modernization based on the principles of
public-private partnership, the implementation of international safety standards, and the
optimization of the regional airport network.

Materials and Methods.

The methodological basis of the study comprises works by domestic and international
scholars in the field of transport economics and airport infrastructure management. The study
employs general scientific and specialized analytical methods, providing a comprehensive
examination of the state and development directions of Kazakhstan's airport network.

The following research methods were applied: comparative analysis, enabling the
comparison of Kazakhstan's airport development indicators with international standards and
practices; statistical analysis, based on data from the Civil Aviation Committee of the Ministry of
Industry and Infrastructure Development of the Republic of Kazakhstan and reports of the
International Civil Aviation Organization (ICAO); a systems approach, facilitating the
identification of relationships between the infrastructural condition of airports, air traffic
volumes, and investment levels; and content analysis of regulatory documents, including
government programmes for transport infrastructure development and ICAO standards governing
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airport activities.

The research stages included: (1) collection and processing of data on the current state of
Kazakhstan's airport infrastructure, including runway lengths, passenger and cargo traffic
volumes, and technical equipment levels; (2) comparative analysis of Kazakhstan's airport
indicators against international benchmarks, such as the airports of Turkey, the UAE, and
Singapore, distinguished by high efficiency and service quality; (3) identification of problem
areas in the functioning of domestic airports, including infrastructural constraints, investment
shortfalls, and staffing challenges; and (4) formulation of recommendations for improving the
competitiveness of Kazakhstan's airport network, based on international experience and
sustainable development principles. The empirical base of the study rests on official statistical
data from the Civil Aviation Committee, reports of the Ministry of Industry and Infrastructure
Development of the Republic of Kazakhstan, ICAO documents, and materials from scientific
publications addressing airport and transport infrastructure development.

Results and Discussion.

Issues related to the development and functioning of airport infrastructure have been
examined in works by numerous international and domestic researchers. In the international
literature, particular attention is devoted to the economic aspects of airport management,
modernization, and sustainable development. Graham notes that effective airport functioning is
determined not only by the technical condition of runways and terminals but also by the level of
management organization, service quality, and revenue diversification (Graham, 2014: 67-74). A
similar position is held by Doganis, who emphasizes that airport development must be
accompanied by the optimization of financial flows and the adoption of market-based
management instruments (Doganis, 2019: 95-100).

ICAO research demonstrates that improving airport efficiency is directly related to the
implementation of international safety standards, digital technologies, and infrastructure
monitoring systems (ICAO, 2021: 29-32). According to ICAO, sustainable airport development
requires a balance between economic benefit, environmental responsibility, and social
significance (ICAO, 2021: 34-39).

In the domestic scientific literature, questions of Kazakhstan's airport infrastructure
development are covered less systematically. Nurpeisov notes that many regional airports
operate at the limit of their technical capabilities, and the renewal of equipment and terminal
reconstruction require substantial investment (Nurpeisov, 2020: 53-59). Abdrakhmanova
identifies digitalization of the aviation sector, personnel development, and the adoption of
innovative service technologies as key development factors (Abdrakhmanova, 2022: 41-45).

Aspanova emphasizes the need to integrate public-private partnership principles in the
modernization of Kazakhstan's airports, since budget financing does not ensure the long-term
sustainability of projects (Aspanova, 2025: 403—409). Similar conclusions are presented in the
analytical reports of the Ministry of Industry and Infrastructure Development of the Republic of
Kazakhstan (Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan,
2024: 18-20), where the development of the transport-logistics complex, including airports, is
identified as a priority area of state policy.

A comparative analysis of the scientific literature reveals a research gap: most domestic
publications focus on individual aspects of airport functioning — technical condition, traffic
volumes, or safety issues — while comprehensive studies integrating infrastructural, economic,
and managerial dimensions remain insufficiently represented (Kasymbekova et al., 2019: 99—
102). The present study is directed at filling this gap and at developing scientifically grounded
proposals for improving the country's airport infrastructure.

Analysis of the state of Kazakhstan's airport infrastructure (Table 1) shows that the
country operates 20 international and 27 regional airports, a significant portion of which require
modernization and reconstruction (Ministry of Industry and Infrastructure Development of the
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Republic of Kazakhstan, 2024: 25-29). According to data from the Civil Aviation Committee, the
level of runway deterioration at a number of regional airports exceeds 60 per cent, which
adversely affects flight safety and capacity (Nurpeisov, 2020: 55-59).

Table 1 — Current state of Kazakhstan’s airports

. Passenger No. of
Airport flow (thou.) Runway(s) destinations Notes
1,023.9 .
Aktau (2018) Asphalt-concrete 3060x60 m 15 Hub of SCAT airline
Atvrau 644.6 CAOfII:(): }rl:tl:: g?)zgié(()) E %;pl;il; 10 Terminal reconstruction commenced;
y (2016) p budget 1.5 bn KZT. Hub of Bek Air
1500100 m
Cement-concrete 2800x45 m
Uralsk 220 (2018) Unpaved 2800%100 m 6
Aktobe 412.2 Reinforced concrete 3203x45 m 6
(2018)
1517 Asphalt-concrete 2800%45 m Main runway reconstruction
Kostanay @ 01'7) Unpaved 2750x100 m Unpaved 4 completed; passenger throughput
1600x100 m expected to reach 250,000/yr
Petropavlovsk 14 (2018) Asphalt-concrete 2800%45 m 3
Official branch of Nursultan
Kokshetau 21.4 (2018) Asphalt-concrete 2800x60 m 3 Nazarbayev International Airport
Nursultan . Main airport of the Republic of
Nazarbayev ‘:’25(;‘ 158;) Asphalt-concrete 350045 m ;é Erlltsefr?;EZi[;% Kazakhstan; hub for Air Astana and
(Astana) SCAT
Pavlodar 177 (2016) Asphalt-concrete 2500x45 m 4
Sary-Arka 2224 Low-cost carrier FlyArystan planned
(Karaganda) (2016) Concrete 3600%60 m 6 to designate it as hub in 2020
Terminal and runway reconstructed in
Concrete 3100x45 m Concrete . 2018; total cost 10.715 bn KZT;
Semey 66 (2016) 1600x100 m 4 (no intl routes) passenger throughput expected to
reach 100,000/yr
Asphalt-concrete 2510x43 m (to Runway and terminal reconstruction
Ust- 286.6 become 280045 m after away :
. 7 in progress; total project cost 10.626
Kamenogorsk (2016) reconstruction) Unpaved ] .
bn KZT; completion expected 2021
1700%50 m
Almat 5,686.9 Asphalt-concrete 4400x45 m 45 (17 domestic, Hub for Air Astana, SCAT, and
Y (2016) Asphalt-concrete 4500%45 m 28 international) QazagAir
Aulie-Ata 63 (2018) Asphalt-concrete 3500x60 m 3 Airport began 24-hour operations for
(Taraz) Unpaved 2400x100 m first time in February 2019
Planned passenger throughput
Shymkent 817 (2018) Concrete 3300%45 m 5 increase to 3,500,000/yr
Korkyt Ata 212 (2017) Asphalt-concrete 3200x45 m 3 Reconstruction in progress; estimated
(Kyzylorda) Unpaved 2700%85 m cost 7.5 bn KZT

According to statistical data, between 2015 and 2023 the volume of passenger throughput
through Kazakhstan's airports nearly doubled, rising from 8.7 million to 16.9 million persons
(Key Socioeconomic Indicators of the Republic of Kazakhstan). The primary load falls on the
three largest airports — Nursultan Nazarbayev (Astana), Almaty, and Shymkent — whose
combined share amounts to approximately 72 per cent of total passenger flow (Aspanova, 2025:
406—410). Regional airports, by contrast, serve limited traffic volumes, attributable to low flight
frequency, insufficient infrastructure development, and high aircraft handling costs.
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The comparative analysis established that, by the level of technical equipment and service
quality, Kazakhstan's airports lag behind ICAO international standards across a number of
indicators. In particular, automated passenger flow control systems, modern airfield lighting
equipment, and digital air traffic management systems have been implemented in fewer than 30
per cent of airports (ICAO, 2021: 37-39). For comparison, equivalent indicators at airports in
Turkey and Singapore exceed 80 per cent (Graham, 2014: 115-120).

In addition, Kazakhstan maintains a high dependence of the airport sector on state
financing. Despite the launch of a number of public-private partnership projects, the share of
private investment in airport modernization does not exceed 25 per cent (Abdrakhmanova, 2022:
44-45). The absence of systemic incentives for investors and insufficient transparency in
concession agreement procedures impede the development of regional airports (Aspanova, 2025:
407-409).

At the same time, recent years have seen positive dynamics in the modernization of major
aviation hub infrastructure. An example is the reconstruction of Astana airport, where new
passenger terminals have been commissioned and modern baggage processing and security
control technologies have been adopted. Similar projects are being implemented at the airports of
Almaty and Kyzylorda.

The research findings confirm the conclusions of international authors that airport
efficiency is determined not only by the physical condition of infrastructure but also by
management quality, strategic planning, and the adoption of innovations. For Kazakhstan, the
key direction is the development of regional airports ensuring domestic transportation and access
to remote territories.

The analysis thus identified three main problem clusters: infrastructural deterioration — a
high degree of physical ageing of runways, terminals, and navigation equipment; institutional
constraints — insufficient investment attractiveness of the sector and weak implementation of
PPP mechanisms; and uneven development — concentration of passenger flow at three major
airports, with the potential of regional airports remaining underutilized.

On the basis of the analysis conducted, the following structure of strategic tasks for
Kazakhstan's airports is proposed (Figure 1):

STRATEGIC TASKS FOR AIRPORT DEVELOPMENT IN KAZAKHSTAN

Strategic Task Short-term Medium-term Long-term

1. Improve the airport network Define airport roles and development priorities in
line with Kazakhstan's national strategy and market
needs

2. Adopt international flight Airports must ensure safe operations, controlled and

safety and aviation security certified in accordance with international standards

standards (ICAO/IATA)

3. Adequate and flexible airport Aerodrome and terminal expansion must always be 1. Airports must progressively upgrade equipment A dialogue structure among key industry

service level determined by market demand and systems to meet market needs (IATA) without stakeholders must be established for continuous
disrupting effective operations 2. Ground handling comprehensive evaluation and effective
rules must be amended to allow specialized ground infrastructure management
handling agents to enter commercial relations with
airlines under airport licensing

4. Define airport development Establish regulatory bodies with authorized rights

strategy and control; create a dialogue structure among

airports, airlines, and government bodies to
synchronize their strategies

Fig. 1. Strategic tasks for airport development in Kazakhstan
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The strategic tasks presented in Figure 1 reflect the necessity of a comprehensive and
interconnected approach to the modernization of Kazakhstan’s airport infrastructure. The
conducted analysis demonstrated that the existing problems of the national airport network
cannot be resolved through isolated technical reconstruction projects alone. Sustainable
development requires simultaneous transformation of infrastructural, institutional, technological,
financial, and managerial components of the aviation sector. In this context, the proposed
structure of strategic tasks represents a systemic model aimed at ensuring the long-term
competitiveness and operational sustainability of Kazakhstan’s airports.

One of the central strategic directions is the modernization of airport infrastructure
facilities, including runways, terminals, navigation systems, airfield lighting equipment, and
ground handling complexes. Many regional airports currently operate with a high degree of
physical deterioration, limiting aircraft acceptance capabilities and negatively affecting
operational safety indicators. The reconstruction and extension of runways, modernization of
terminal complexes, and replacement of obsolete navigation equipment are therefore essential
prerequisites for increasing airport throughput capacity and ensuring compliance with ICAO and
IATA standards. Modernization of infrastructure additionally creates opportunities for expanding
international flight geography and attracting new air carriers.

Equally important is the task of implementing digital technologies and intelligent airport
management systems. International experience demonstrates that the efficiency of modern
airports increasingly depends on the level of digital integration of operational processes. The
introduction of automated passenger flow management systems, biometric identification
technologies, digital baggage handling systems, and intelligent dispatch coordination platforms
significantly improves operational reliability and passenger service quality. Digitalization
additionally enables airports to optimize resource allocation, reduce aircraft turnaround times,
minimize delays, and improve overall transport efficiency.

Particular significance is attached to the development of smart airport concepts based on
Industry 4.0 technologies. Within such systems, airport infrastructure functions as an integrated
digital ecosystem where operational data from terminals, airfield systems, security systems, and
passenger services are processed in real time using artificial intelligence and big data analytics.
The implementation of predictive maintenance systems for airport equipment and infrastructure
allows early identification of technical failures and optimization of maintenance schedules,
thereby reducing operational risks and infrastructure downtime.

Another key strategic task concerns the attraction of private investment and expansion of
public-private partnership (PPP) mechanisms. The conducted analysis showed that excessive
dependence on state financing constrains the pace of modernization projects and limits
opportunities for technological renewal, especially in regional airports. International practice
demonstrates that PPP mechanisms are among the most effective instruments for financing large-
scale infrastructure projects. Their implementation allows the state to reduce budgetary burden
while enabling private investors to participate in airport management, construction, and operation.
However, for PPP mechanisms to function effectively in Kazakhstan, it is necessary to improve
the legal framework governing concession agreements, ensure transparency of investment
procedures, and establish long-term guarantees for investors.

An important strategic direction is the balanced development of regional airport
infrastructure. At present, the majority of passenger traffic is concentrated in several large
aviation hubs, while many regional airports remain underutilized despite their important
socioeconomic role. The modernization of regional airports is necessary for improving territorial
accessibility, increasing mobility of the population, and supporting economic development of
remote regions. Expansion of domestic route networks, subsidization of socially important
regional flights, and development of multimodal transport integration can significantly improve
the efficiency of regional airport operations.
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The development of transport-logistics functions of airports also represents a strategically
important objective. Modern airports increasingly serve not only as passenger transportation
facilities but also as key elements of international logistics chains. Kazakhstan’s geographical
position between Europe and Asia creates favorable conditions for the development of transit
cargo transportation and air logistics hubs. The modernization of cargo terminals,
implementation of digital customs clearance systems, and integration of airports into multimodal
logistics corridors may significantly strengthen Kazakhstan’s role within Eurasian transport
networks.

Particular attention within the strategic framework should also be devoted to improving
aviation safety and cybersecurity systems. The growing digitalization of airport operations
increases dependence on information technologies and simultaneously raises the vulnerability of
infrastructure to cyber threats and operational disruptions. Therefore, modernization programmes
must include the implementation of advanced cybersecurity systems, intelligent surveillance
technologies, automated emergency response systems, and integrated aviation safety monitoring
platforms. Compliance with international aviation security standards will be a critical condition
for maintaining international competitiveness and operational reliability.

Environmental sustainability constitutes another important strategic dimension of airport
development. Global aviation trends increasingly emphasize the transition toward
environmentally sustainable infrastructure solutions, including energy-efficient terminal
buildings, renewable energy systems, waste management technologies, and reduction of
greenhouse gas emissions. Kazakhstan’s airport modernization strategy should therefore
incorporate principles of green airport development aligned with international environmental
standards and sustainable development goals. The implementation of environmentally friendly
technologies will improve operational efficiency while enhancing the international image and
investment attractiveness of Kazakhstan’s aviation sector.

The development of human capital and professional competencies is equally important
for the successful realization of modernization programmes. Advanced technological
infrastructure requires highly qualified aviation specialists capable of operating digital systems,
intelligent management platforms, and automated safety technologies. Consequently, strategic
tasks should include modernization of aviation education systems, expansion of professional
training programmes, international cooperation in personnel development, and strengthening of
research and innovation capacity within the aviation sector.

Conclusion.

The conducted research demonstrated that the airport infrastructure system of the
Republic of Kazakhstan occupies a strategically important position in ensuring national transport
connectivity, economic growth, international integration, and regional development. Under
conditions of increasing passenger mobility, globalization of transport flows, and intensifying
competition among international transit corridors, the modernization of airport infrastructure
becomes not only a sectoral task but also an essential element of the country's long-term
socioeconomic and geopolitical strategy.

The analysis of the current state of Kazakhstan’s airports confirmed that the national
aviation sector has entered a stage of active transformation. Over the past decade, passenger
traffic volumes have increased significantly, indicating a growing demand for air transportation
services and the increasing importance of Kazakhstan as a transit territory between Europe and
Asia. At the same time, the research established that the development of airport infrastructure
remains highly uneven. The main concentration of passenger and cargo traffic is observed at the
largest airports — Nursultan Nazarbayev (Astana), Almaty, and Shymkent — whereas a
considerable number of regional airports continue to operate under conditions of insufficient
technical modernization, limited investment support, and outdated operational infrastructure.
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Particular attention in the study was devoted to the condition of regional airports, which
play a critical role in ensuring territorial accessibility, regional mobility, and socioeconomic
integration of remote regions. The obtained results demonstrate that many regional airports are
characterized by significant physical deterioration of runways, obsolete airfield lighting and
navigation systems, limited terminal capacity, and insufficient implementation of digital
management technologies. Such limitations reduce operational efficiency, negatively affect flight
safety indicators, and constrain the competitiveness of Kazakhstan’s aviation sector in
comparison with neighboring countries actively investing in airport modernization and
technological innovation.

The comparative analysis with international airport systems in Turkey, the United Arab
Emirates, and Singapore demonstrated that the effectiveness of airport infrastructure
development depends not only on the physical condition of terminals and runways, but also on
the quality of strategic management, the level of digitalization, operational flexibility, and the
ability to attract private investment. International experience confirms that modern airports
increasingly function as multifunctional transport-logistics, commercial, and technological hubs
integrating passenger transportation, cargo logistics, digital services, tourism infrastructure, and
smart management systems.

The research findings showed that Kazakhstan’s airport sector continues to demonstrate a
relatively high dependence on state financing, while the level of private investment participation
remains limited. Although mechanisms of public-private partnership are gradually being
introduced, their practical implementation remains constrained by insufficient transparency of
concession procedures, regulatory uncertainties, and limited long-term guarantees for investors.
Under such conditions, the development of an effective institutional environment for attracting
domestic and foreign investment becomes one of the key priorities of state transport policy.

An important conclusion of the study is that the modernization of airport infrastructure
should be considered not only as a technical reconstruction process, but also as a comprehensive
transformation of management systems, operational technologies, and passenger service
standards. The implementation of digital solutions — including automated passenger flow
control systems, intelligent baggage handling systems, digital dispatch platforms, biometric
identification technologies, and integrated airport management systems — represents a necessary
condition for improving operational efficiency and compliance with ICAO and IATA
international standards.

The conducted analysis additionally demonstrated that digitalization of airport
management systems provides substantial operational and economic advantages. The integration
of intelligent monitoring systems, predictive maintenance technologies, and automated
operational control platforms allows airports to improve safety levels, optimize resource
allocation, reduce operational delays, and enhance passenger service quality. In the long term,
the introduction of artificial intelligence technologies, digital twins, and loT-based infrastructure
monitoring systems may become a decisive factor in the formation of “smart airports” operating
within the principles of Industry 4.0 and sustainable transport development.

The research also confirmed that the sustainable development of Kazakhstan’s airport
network is impossible without balanced territorial planning. Excessive concentration of
passenger flows in several major aviation hubs increases infrastructural pressure and limits the
development potential of regional transport systems. Therefore, one of the strategic priorities
should be the modernization of regional airports and the expansion of domestic air transportation
networks connecting remote territories with the country’s major economic centers. Such
measures will contribute not only to increased mobility of the population but also to tourism
development, investment attraction, labor market expansion, and strengthening of interregional
economic integration.
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From the perspective of transport logistics, Kazakhstan possesses significant potential for
becoming a major Eurasian aviation hub due to its favorable geographical location between
Europe and Asia. However, realization of this potential requires accelerated modernization of
airport infrastructure, improvement of multimodal transport integration, and enhancement of
service quality to international standards. Airports must increasingly function as elements of
integrated transport-logistics ecosystems combining air, rail, and road transport infrastructure
within unified digital management environments.
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Abstract. In modern industrial production, the optimization of technological process
management is of critical importance due to the increasing complexity of production systems and higher
requirements for product quality. Within the framework of Kazakhstan’s Industrial-Innovative
Development Program 2020-2025, the implementation of new automation methods, decentralized
control systems, and the enhancement of production efficiency is a priority. The objective of this study
is to develop and implement effective methods for managing technological processes using decentralized
automated systems with the Trace Mode 6 software environment. The main tasks include comprehensive
analysis of the production cycle; identification of ways to increase the efficiency of subsystems; modeling
multi-stage processes; developing algorithms for managing emergency events and alarms; and
integrating new solutions into existing control systems. The results demonstrated that decentralized
control systems improve equipment reliability, reduce downtime, optimize information flows, and
enhance product quality. The use of explicit decomposition methods ensures effective interaction
between subsystems, achieving a synergistic effect in managing complex production processes. Tools
within Trace Mode 6, such as alarm recorders and notification systems, enable preventive maintenance
planning and rapid response to emergency situations. The conclusion confirms the prospects of
decentralized control systems and their applicability in Kazakhstan’s industry and abroad. The study
shows the potential for scalability and integration with modern information technologies, opening
opportunities for further optimization of production processes, increasing their efficiency and reliability.
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AnHotanus. Kazipri 3aMaHFbl ©HEPKOCINTIK OHIIPICTE TEXHOJOTUSIBIK MPOIECTEPIl
Oackapybl OHTAWJIAHIBIPY MOCEJeNepl epeKile O3eKTUTIKKe Hue, cebedl eHIIPICTIK Kyienep
KYp/IEJICHII, OHIM canachlHa KOWBUIATHIH Tanantap apryaa. Kazakcranueg 2020-2025 xbuinapra
apHaJiFaH UHAYCTPUSIIBIK-MHHOBAIMSUIBIK AaMy OafiapiiaMachl asChIH/Ia jkKaHa aBTOMATTaHABIPY
o/licTepiH, TapaTy >XYHWeJepiH EHri3y »oHE OHMIPICTIK MpOIeCTepAiH THUIMAUILIH apTThIPY
MaHBI3/IbI 00BN TaObUIAARL. 3epTTEYAiH MakcaThl — Trace Mode 6 OarmapiamanblK OpTachlH
naijanaHa OTBHIPHIN, TapaThUIFAaH aBTOMATTAHIBIPBUIFAH JKYHelep HeTi3iHAe TEeXHOJIOTHSIIBIK
mporecTepai THIMII OacKapy OMICTEpiH d3ipiiey KOHE €HTi3y. 3epTTeY/IH HETi3ri MiHAeTTepi:
OHJIIPICTIK IUKJAI KEImIeHAl Tajaay; KOCAJIKbl >KYyHelepaiH TUIMIUITIH apTTBIPy OSIICTEpiH
aHBIKTAY; KOICAThUIbI IPOLIECTEP Il MOJIEB/ICY; aBapHUSIIBIK OKUFAJIap MEH eCKepTyJiepai backapy
ITOPUTMJIEPiH 93ipiey; jkaHa memiMaepai 6ap 6ackapy xyienepine HHTerpanusiay. 3eprrey
HOTHKEJIEePl TapaThUIFaH OacKapy *KyHesepiH KOJIIaHy ka0 bIKThIH CEHIMIUIITIH apTThIPATHIHBIH,
aBapUSUIBIK TOKTAyJapbl a3alTaThIHBIH, aKNAPATTHIK aFbIHAAPABl OHTAWIAH/IBIPATHIHBIH JKOHE
OHIM camachlH JKaKCApPTaTBIHBIH KOPCETTI. AWKBIH JEKOMITO3HIIMS OIICTEPIH KOJIJIaHy KOCAJIKBI
KYHeNepaiH THIMII e3apa 9peKeTTeCyiH KaMTaMachl3 eTe/i, OyJ1 Kypesi eHAiIpiCTIK MpoLecTepai
Oackapy/ia CHHEPTeTHKAJIBIK dcepre KOJI )KEeTKI3yre MyMKiHaik oepeni. Trace Mode 6 Kypangapsl,
MBICAJIBI, AaBApUSUIBIK TIpKEeylIJiep MeH xabapiaHaplpy OKyienepi, NpoQUIaKTUKAIBIK
’KYMBICTap bl )KOCIIapiIayFa >KoHE Ke3 KeJIreH TOTEHIIIE KaFAaiiapra Te3 SpeKeT eTyre MyMKIHAIK
Oepeni. 3epTTeyAiH KOPBITBHIHIBICH TapaThUIFaH OackKapy *KyHeslepiHiH NepCHeKTHBTUIITIH KoHE
omapaeiH Kaszakcranmga skoHE WIETENJe OHEPKICINTIK KOCIMOPBIHIApAA KOJIIaHy MYMKIHITIH
kepceteni. JKyMbIic HoTHXKEIEepl MaciiTabTayFa jKoHE 3aMaHayd aKIMapaTTHIK TEXHOJIOTUSIIApMEH
WHTErpanusuiayFa MYMKIHAIK OepeTiHIH KepceTenmi, Oy OHIPICTIK MpomecTepal ojaH opi
OHTAWUJIAHMIBIPYFa, OJIAP.IBIH TUIMIUTITT MEH CEHIMIUTITIH apTTBIPYFa JKOJI allla Ibl.
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nporecrep, Trace Mode, aBapusIbIK OKUFaIap, OHIIPICTIK KOCAJIKBI JKyienep

Hoiiexcoznep ymin: JK. bareipkanoB OpraibIKTaHIBIPEUIMAFaH  SKYHeJIepaeri
TEXHOJIOTHSUIBIK TIPOLIECTEpPl aBTOMATTAaHIABIPYJBIH OHMIPICTIK IUKIH 3epTrey//Ka3zakcran
enmipic  kemiri. 2025, Tom. 22. Ne 86. 3143 Ger. (Opsic  TINL.).
https://doi.org/10.58420/ptk/2025.86.02.003

Mynanesep KakTbIFbICBI: ABTOpJap OChl Makajlaga MYIIelep KaKTBIFBICHI KOK Jerl
MOTIMICH/T.

NCCIEJOBAHME ITPOU3BOACTBEHHOI'O IUKJIA ABTOMATHU3ALIUU
TEXHOJIOI'MYECKHUX ITPOLHECCOB B JIEHEHTPAJIN30BAHHBIX CUCTEMAX

K. bamvipkanoes
KbIprei3ckuii rocy1apCTBEHHBIN TEXHUUYECKUM yHUBepcuTeT nMeHnu . Pa33akosa, bumkex,
KsIprei3cras.
E-mail: jbatyrkanov@kstu.kg

Kenum batpipkanoB — 1I.T.H., npodeccop, Kelprei3ckuii TeXHHUECKUil yHUBEpCUTET UMEeHH M.

Pa3zzakoBa, bumikek, Keipreizcran
E-mail: jbatyrkanov@kstu.kg, https:/orcid.org/0000-0002-5619-7178.

© XK. batpipkaHOB

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




Industrial Transport of Kazakhstan. Vol.22 (2). 2025

AHHOTanusi. B cCOBpeMEHHOM NPOMBIIUIEHHOM IMPOU3BOJCTBE BOIPOCHI ONTUMH3ALUU
YVOPaBICHUS TEXHOJOTHYECKUMU MPOIIECCAaMU MPHOOPETAIOT 0COOYI0 aKTyaabHOCTh B CBSI3U C
YCIIOHEHUEM MPOU3BOJICTBEHHBIX CUCTEM M POCTOM TPeOOBAaHMM K KayecTBY MpoayKuuu. B
paMKax TrOCyAapCTBEHHOW  NpPOrpaMMbl  HHAYCTPHAIbHO-MHHOBALIMOHHOTO  Pa3BUTHUS
Kazaxcrana nHa 2020-2025 roapl akTyaJIbHbIM SBJSETCS BHEAPEHHE HOBBIX METOJIOB
aBTOMATHU3AINH, JIEIEHTPAIU30BAHHBIX CHCTEM YIPaBJICHUS W TMOBBIMICHUS 3(H(PEKTUBHOCTH
POU3BOACTBEHHBIX IMpoleccoB. llenbio uccienoBanus siBIseTcs pa3paboTKa W BHEIpEHUeE
3G(GEeKTUBHBIX  METOJOB  yNpaBICHHUS  TEXHOJIOTMUYECKMMM  TpolleccamMu Ha  0ase
JICLIEHTPAIIN30BAHHBIX aBTOMAaTHU3UPOBAHHBIX CUCTEM C MCIOJIb30BAHUEM IIPOTPAMMHOU CpEbI
Trace Mode 6. OCHOBHBIMU 3aJa4aMHU HCCIEOBAHUS SBISIOTCS: KOMIUICKCHBIM aHAIU3
MPOU3BOACTBEHHOTO  IHMKJA;  BBISIBJICHUE  CIMOCOOOB  MOBBINIEHHS  MHTEHCHBHOCTHU
(GYHKIMOHUPOBAHUS MOACUCTEM; MOJIEITHPOBAHNE MHOTOCTYTIEHUATHIX MPOIECCOB; pa3padoTKa
aJITOPUTMOB YIIpaBJICHUS aBapUHHBIMU COOBITUSIMU M TPEBOTaMH; MHTEIPALlis HOBBIX pelIeHUI
B CYIIECTBYIOIIME CHUCTEMbI yIpaBiieHHs. Pe3ynpTarbl HCClIeIOBaHUSA I[OKa3ald, YTO
WCIIOJIb30BAaHNE JELIEHTPAIN3OBAHHBIX CUCTEM YIIPABIICHUS MO3BOJIAET MOBBICUTh HAJEHKHOCTh
000pylOBaHUs,  CHU3UTh  KOJHMYECTBO  ABAPUUHBIX  MPOCTOEB,  ONTHUMHU3HPOBATH
nH(pOpMaIMOHHBIE TOTOKM U MOBBICUTH KauecTBO MpoayKuuu. [IpumeHeHne MeTo/l0B SBHOMN
JNEeKOMMO3UIMK obecrieunBaeT 3()(PEeKTHBHOE B3aMMOACHCTBHE IMOACHUCTEM, YTO IO3BOJISIET
JOCTHYb CHHEpPreTH4eckoro »3@deKkra B YHNPaBICHUU CIOXKHBIMH IMPOU3BOJICTBEHHBIMU
nporeccamu. MucTpymentsl Trace Mode 6, Takue Kak perucTpaTopbl aBaphil U CHUCTEMBI
OTIOBEILIEHHUS], TO3BOJISIIOT IJIAHUPOBATh PO HIIaKTHUYECKHE PAaOOTHI U ONIEPaTUBHO pearupoBaTh
Ha BHEIUTATHBbIE CHUTyallUHU. 3aKIIOUYEHUE HCCIECNIOBaHUSA MOATBEPKIAACT MEPCHEKTUBHOCTD
JELIEHTPAIN30BAHHBIX CUCTEM YNPABJICHUS U UX NPUMEHEHHE B IPOMBINIIEHHOCTH Ka3axcraHa
u 3a e€ mpenenamu. Pe3ynbpTatel paboThl AEMOHCTPUPYIOT BO3MOKHOCTh MacCIITAOMPOBAHUS U
WHTETpallil C COBPEMEHHBIMH HH(GOPMAIMOHHBIMU TEXHOJOTHUSIMH, YTO OTKpPbIBAET
MEePCIEeKTUBBI AJIs JadbHEWIeH ONTUMHU3ALUNA TPOU3BOICTBEHHBIX MTPOIIECCOB, MOBBIIICHUS UX
3 PEKTUBHOCTH U HAC)KHOCTH.

KuroudeBble ci10Ba: I€IEHTPAIN30BAHHBIE CUCTEMbI, aBTOMAaTHU3alus, ONTHUMH3ALINS,
TEXHOJOTHUECKHEe Tiporiecchl, Trace Mode, aBapwiiHbie COOBITHSA, TPOU3BOJICTBEHHBIC
MOJACUCTEMBI

Jaa uurupoBanus: K. bateipkanoB. HcciaemoBanue NPOHU3BOACTBEHHOIO ITHKJA
aBTOMATHU3ALINHU TEXHOJOTHUYECKUX MPOLECCOB B JIELIEHTPAIN30BaHHBIX
cucremax//I[Tombrennsiit Tpancnopt Kazaxcrana. 2025. T. 22. No. 86. Ctp. 31-43. (Ha pyc.).
https://doi.org/10.58420/ptk/2025.86.02.003

KoH(pIUKT HHTEpeCcoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

Beenenmne.

B pamkax rocyaapcTBeHHOW IporpaMMbl MHAYCTPHAIbHO-WHHOBAIIMOHHOTO Pa3BUTHUS
(I'TIMUP) Kazaxcrana nHa 2020-2025 roasl NPOUCXOIUT CYLIECTBEHHOE HW3MEHEHHE
00BEKTUBHBIX yCIOBUI (DYHKIIMOHUPOBAHUS MPOMBITILIIEHHbIX opranu3anuit (I'TIMNUP, 2020: 1-
10). 3ToT mporecc 00YCIOBIIEH yBEIUYEHUEM MAcCIITA00B U CIOKHOCTH MPOU3BOJACTBEHHBIX
CHUCTEM, POCTOM TpeOOBaHUM K KayecTBY NPOAYKLIHH, IOBBIIIEHUEM KOHKYPEHLUU Ha
BHYTPEHHEM M BHEIIHEM PhIHKAX, a TAK)KE HEOOXOIUMOCTHI0 MHTErPALlUK HOBBIX TEXHOJIOTUH B
npousBoAcTBO (Komymaes, 2016: 24-27). B Takux ycrnoBUsAX akTyalbHOHW 3a7aueil CTAaHOBUTCS
MOJIEpHU3AIUS U aBTOMATU3ALMs TEXHOJIOTMYECKUX MPOLECCOB, ONTHUMAaJIbHAS KOOpAUHAILUS
3JIEMEHTOB NPOMU3BOJICTBA, COBEPIICHCTBOBAHNE CTPYKTYPhl CUCTEM YIIPABJICHUS U TOBBIIIEHNE
3¢ (EKTUBHOCTH HCIIOIB30BAHUS PECYPCOB.

Oco0yro posib B pealM3allud 3THX 3a/ad MrparoT JELEHTPaIu30BaHHbIE CHUCTEMBbI
ynpasieHus: texHonoruueckuMu mnpoueccamu (CTC). VX mpumeHeHue MO3BOJISIET MOBBICUTH
Ha/Ie)KHOCTb U THOKOCTh IIPOU3BOCTBA, YCKOPUTH 0OMEH HH(pOpMaIUeil MeX Ty HOJCUCTEMAMH,
CHU3HUTHh 3aBUCHUMOCTb OT LEHTPaJbHBIX Y3JIOB YINpaBlIeHUS U oOecrneyuTh Oojiee TOYHOE
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BBITIOJTHEHUE TexXHoyornueckux omnepanuii (Bomogun, 1984: 81-84; YMmberos, 2013: 85-89).
[Tpu 5TOM mepexo] OT LEHTPATH3OBAHHBIX K JCIEHTPATM30BAHHBIM CHUCTEMaM OOYCIIOBIICH
YBEJIUYEHHEM MOIIHOCTU OTHEIbHBIX TEXHOJIOTMUYECKUX arperaTtoB, YCIOXHEHUEM HX
(YHKIIMOHATBHBIX XapaKTEPUCTHK, a TaKKe pPOCTOM TpeOOBaHMN K OBICTPOACHUCTBUIO U
TOYHOCTH.

OxHMM U3  KIIOYEBBIX OOBEKTOB  IMPOMBIIIIEHHOCTH  Kazaxcrana, aKTHUBHO
pa3BuBaromuxcs B pamkax nporpamm ['TIMHUP u mopoxxnoii kaptel 6uzHeca 2020 (I'TIMUP,
2020: 1-10), sBnserca Kenrayckuit Tpancopmatopusiit 3aBoa (KT3). KT3 aBnsercs Begyumm
Ka3aXCTaHCKUM MPOU3BOAMUTENIEM TPAHCPOPMATOPHOT0 000PYI0BAHHUS IUPOKOTO IPUMEHEHUS,
MOCTaBIISIEMOTO JUISl BCEX OTpacieil SKOHOMHUKH, BKIIOYAs 3JIEKTPOIHEPIeTHKY, METAJLTYPTHUIO,
MalIMHOCTPOEHUE, TPAHCTIOPT, HEPTEra30Bblil KOMIUIEKC U >KMIIUITHO-KOMMYHAJIbHBIN CEKTOP.
B xone mMonepHHM3alMK MPEANPUATHE TEPEHUI0 OT YyCTapeBIIEro 00OPYIOBaHHS COBETCKOTO
nepuojia K BBICOKOTEXHOJIOTMYHOMY OOOpPYJOBAaHUIO BEAYHIMX EBPOMEHCKUX U 3amagHbIX
komnanuii, Takux kak LAE Lughese Attrezzature per I'Elettromeccanica S.r.l. (Mranus), Knuth
Werkzeugmaschinen GmbH (I'epmanust), Bystronic Laser AG (IlIBeinapust), "Robur Baltia"
SIA (JlatBus) (Maiinsibaes, 2020: 405).

Cnemuduka mogenuposanus u yrpasienuss CTC 10 HacTosImero BpeMeHH He BbIJIeJICHa
KaK caMocCTosiTeNbHAs HaydHas oOnacth. IlpeobnmamaroT MOAXOABI, OCHOBAaHHBIE Ha
TPaJAMIIMOHHBIX aBTOMAaTHU3UPOBaHHBIX cucTteMax ympasieHus (ACY), XapakTepusyOIUXcs
pa300LICHHOCTRIO OTJAEIBHBIX YPOBHEM M KOHTYpOB ympaBieHus. Pacmupenue obnacteit
NPUMEHEHUS METOJIOB SBHOW JI€KOMIIO3UIIMU, CUHTE3a OTKPBITBIX CHUCTEM M HEpapXUUECKU-
B3aMMOCBS3aHHOTO YIIPaBJICHUS IPOU3BOJICTBEHHBIMU KOMIUIEKCAMH B MTPOMBIIIIICHHOCTH MOKa
peanusyertcs orpanndeHHo (Maitnbioaes, 2020: 406).

B ocnoBe noaxona k ynpasiaenuto CTC na KT3 nexuT ueneHanpaBieHHOE BbIACICHUE
MOJICUCTEM, MX MOJEIHPOBAHME W aHAJIU3 B HMHTETPUPOBAHHOW HMH(POPMALMOHHON cpene
ynpasnenust SCADA Trace Mode (Yadav, 2020: 1-29; Abbas, 2015: 184—199). Oto no3Bosnser
pa3paboTath MeTOANKY () PEKTUBHOTO MPUMEHEHUS METO/1a SIBHOM TEKOMITO3UIINH ISl CHHTE3a
COTJIACOBAHHBIX YMPABJISIOMIMX MOJCUCTEM M IOCTPOSHUS paclpeie]IeHHOH MHOTOYpPOBHEBOM
ABTOMATHU3MPOBAHHON CHCTEMBI YIIpaBlIeHUs TexHoiornueckumu mnpoueccamu (ACY TII).
Peanuzamnus takoro mojaxoja o0ecreurnBaeT MOJEPHHU3AIMIO MPOU3BOJACTBEHHBIX MPOIECCOB,
MOBBIIIEHHE KauecTBa MPOAYKIMH, TMOJydeHHE CHHEepreTuyeckoro s¢dexkra 3a cuer
B3aumozeiicTBus anemeHToB CTC u mHTEerpanuio nepegoBeix HHOOPMAIIHOHHBIX TEXHOJIOTUH B
PaKTUKY IPOMBIIIIEHHOT 0 pou3BoicTBa (Maiinbibaes, 2020: 406; Camapckuid, 2025: 32-35).

Lenps HacTOSIIETO HUCCIAEAOBAHHUS 3aKIIOYaeTCs B HM3YYEHHH OCOOCHHOCTEM
(YHKIIMOHUPOBAHUS  JCICHTPAIN30BAHHBIX ~ CHUCTEM  YIPABICHUS  TEXHOJIOTHUYECKUMHU
mpouieccamu  Ha mpumepe KeHrayckoro TpaHcopMaTOpHOro 3aBoja U paszpaboTke
pEKOMEHIANN IO UX ONTUMH3AUH. J[JIs1 TOCTIKEHUS 11eJIM TOCTABIICHBI CIIETYIOIINE 33 /1a4H:

- TPOBECTH KOMIUIEKCHBIM aHalu3 MPOU3BOJCTBEHHOTO IIMKJIA C IIEJIbIO BBISBICHUS
BO3MOXKHOCTEH TOBBIMICHUS HMHTCHCU(UKAIIMM CUCTEM YIPABJICHUS MHOTOCTAIUHHBIMU
polieccaMu;

-  M3YYUTh METOJABI TIOCTPOCHHUS KOMIUIEKCHBIX MaTeMAaTHYECKUX  MOJeNei
MHOTOCTAJUHHBIX MPOU3BOACTBEHHBIX IMPOIECCOB C YYETOM OTPAHUYEHHOW HCXOIHOMN
nHpopmanuu;

- ONPEENNUTh CYLIECTBEHHBIE CBSA3HM U (PaKTOPBI, BIUAIOIMINE HAa 3P PEKTUBHOCTH pabOThHI
BBIJICTICHHBIX TTOACHCTEM;

- pa3paboTaTh aNrOPUTMBI YIIPABIEHUS TEXHOJIOTHYECKUMU O0BEKTAMH KaK COCTaBHBIMU
4aCcTSMH MTPOU3BOJCTBEHHOTO [IUKJIA;

- HCCIe0BaTh BO3MOXXHOCTH HHTErpanuu cymecTtByomux cucteM ACY ¢ HOBBIMHU
pEIICHUsIMH ONTHMH3AIMOHHBIX 33/1a4 Ha 0a3e mepeoBhIX CPEACTB H3MEPEHUH, YIIPABICHHS U
UH(OPMAIMOHHBIX TEXHOJIOTHH.
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BBenenue takoro noaxojia K ynpaBiIeHHUIO TEXHOJIOTHYECKUMH MPOLIECCAMH MO3BOJISET
HE TOJIBKO MOBBICUTDH 3(PPEKTUBHOCTD M HA/IEKHOCTH MPOU3BOJICTBA, HO U CO3JaTh OCHOBY JJIS
JaJbHEHNIIero BHEAPEHUsI MHHOBAIMOHHBIX PEIICHHUI B TPOMBIIIIEHHYI0 TIpakTuKy KazaxcraHa.

MarepuaJjibl 1 MEeTOABI.

OmnuMm  u3  00BEKTOB  mpombllIieHHOCTH Kazaxcrana  pa3BHUBAIOmMMKCS — TI0
nporpammam [TIMMAP wu nopoxknas kapra Ousneca 2020 sBuserca Kenrayckwuii
tpanchopmatopubiii  3aBox  (KT3) (I'TIMUP, 2020: 1-10; Komymaes, 2016: 24-27).
KoMrmnekcHbIl aHamu3 MPOU3BOJICTBEHHOTO IHMKJIAa C IENbI0 aHamu3a ¥ ONTHUMH3AIUU
OCTaHOB B JCLIEHTPaJMW30BaHHBIX cuctemax mpousBeneH B KT3, KOTOphIN M3BECTEH Kak
Benymuii KazaxcTaHCKUU TpPOM3BOAUTENs TpaHC(HOPMATOPHOTO OOOPYAOBAHUS IIUPOKOTO
NPUMEHEHUS, MMOCTaBISEMOTO ISl BCEX OTpaciiel SKOHOMHUKH, BKIIOYas 3JIEKTPOIHEPreTUKY,
METaJUIypTHI0,  MAaIIMHOCTPOEHWE,  TPAHCIOPT, HEPTEra3oBbIH  KOMIUIEKC,  IKIIHO-
KoMMYyHaIbHBIN cekTop. KT3 B xoze MoaepHU3anuu H30aBWIOCH OT TMPOU3BOJCTBEHHOTO
obopynoBanus Bpemen CCCP wu mepenuio Ha HOBEHIIee BBICOKOTEXHOJIOTHYHOE
o0opyoBaHuEe BEAyLIMX 3amaJHbIX M EBPOMEHCKUX OpraHu3alud, KOTOphIE IO IMpaBy
cUuTaloTCAd ogHUMHU w3 aydmux B mMupeB mexax KT3 ucmonw3yrorcst AernieHTpanu30BaHHBIC
cucrembinponsBogctBa LAE Lughese Attrezzature per I'Elettromeccanica S.r.l(Mrtamus),
Knuth Werkzeugmaschinen GmbH (I'epmanus), Bystronic Laser AG (IlBeiinapus), "Robur
Baltia" SIA (JlatBus) (Bomogun, 1984: 81-84), kaxxmas M3 KOTOPBIX SBISETCS JTUIACPOM B
cBoeM cerMeHTte pbiHKaA (1). Oqun u3 nexoB KT3 ¢ geneHTpann3oBaHHBIMM YCTaHOBKaMU
MOXHO YBHUIEHTh Ha pUCYHKe 1.

Crnennduka MOICIHPOBAHUS W  YOPABICHUS  CIOXKHBIMH  TEXHOJIOTHYECKUMU
nporeccamu (CTC) mo Hactosmmero BpeMEHHM HE BBIJIEJIEHAa KaK CaMoOCTOsTeNnbHas cdepa,
npeo0aaroT MOAXOABI, Oa3upylomuecs Ha HWCIONb30BaHUU TpaguloHHBIX ACY,
OTJIMYAIOLIUXCS PA300IIEHHOCThIO OTHAENbHBIX YPOBHEH M KOHTYpOB ympasieHus (YMOeros,
2013: 85-89; Yadav, 2020: 1-29). UccnenoBanue BO3MOXKHOCTEH M pacuIMpeHue odnactent
MPUMEHEHUS TEKOMITO3UIIMOHHOTO MOAX0/a U, B YACTHOCTH, METOJIOB SIBHOW JIEKOMITO3HUIINH, K
CUHTE3Y OTKPBITHIX CUCTEM UePapXUIECKU-B3aUMOCBSI3aHHOTO YIpaBICHUS
MPOU3BOACTBEHHBIMH KOMIUIEKCAMH, K HACTOAILIEMY BpPEMEHM HE HAllId [HPOKOTO
MPUMEHEHUSI BO MHOTHX OTPACJSIX MPOMBIIUICHHOCTH.

Hcxonuple MOJOXKeHUS  MpoOJieM YMpaBlIeHUS CTPYKTYPHO M TEXHOJOTHYECKHU
CIOKHBIMU JEIEHTPAIU30BAHHBIMH  CHCTEMaMH  M3J0KEHbl B  M3BECTHBIX  HAy4HO-
TeopeTnueckux padorax . Akaxapsl, M. Mecaposuua, B.M. Bonoauna, I'".M.OctpoBckoro,
. Mako wu gp (Bomomgun, 1984: 81-84).

B ocHoBe momxoma k ympaBiaenmro CTC B KT3  mexur  obocHOBaHHOE
[eJICHANPABICHHOE  BBIACIICGHHE  MOACHUCTEM, HX aHajiu3 W  MOJENUpOBaHUE B
WHTETPUPOBAHHON  WH(DOPMAIMOHHOW  CHUCTEME JUIS  yIPABJICHHS  MPOMBIIUICHHBIM
npousBoacTBoM SCADA Trace Mode, pa3pabotka metomuku 3¢GGHEeKTUBHON peanu3anuu
METOJa SBHOW JEKOMIO3UIMH I CHHTE3a B3aMMOCOTJIACOBAHHBIX  YIPABISIONINX
nojacucteM. PacnpeieieHHy10 MHOTOYPOBHEBYIO aBTOMAaTH3HPOBAHHYIO CHCTEMY YIIpaBICHUS
texHonoruueckux mporeccoB (ACY TII) na 6a3e Trace Mode MOKHO yBHIETh Ha PHCYHKE
2. OOCOOmEHHBI HAy4YHBI MOAXOJ K TOCTPOCHHIO CHCTEM aBTOMATH3WPOBAHHOTO
yIpaBIEHUS TIO3BOJISIET MOJICPHU3UPOBATH MPOIECCH TPOU3BOICTBA KAYECTBEHHBIX MTPOTYKTOB
C HCIOJH30BAHHEM HOBBIX MH(MOPMAIIMOHHBIX TEXHOJOTHH, TOMYyYUTh CHHEPreTUUYECKUI
3¢ dexT Ha OCHOBE 3aKOHOMEpPHOCTEeH B3ammojelcTBusi 3nemeHToB CTC.
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Puc. 1. llex KT3 ¢ nenenrtpanu3oBanHbpIMU ycTanoBKamu (Maiineioaes, 2020: 406)

HccnenoBanue npon3BOACTBEHHOTO IIUKJIA aBTOMATH3AI[MH TEXHOJIOTHYECKUX TPOLIECCOB
B JICLICHTPAIM30BAaHHBIX CUCTEMaX BKIIOYACT B CeOs CIICAYIONINE ITAITBI:

- BBIBJICHHS CHOCOOOB  TOBBIMICHWS HMHTEHCU(UKAIMA CHCTEM  YIIPaBIICHUS
MHOTOCTaIMHHBIMH ITPOU3BOICTBEHHBIMH MPOLIECCAMU;

- yu€ta OCOOEHHOCTEH MHOTOCTAJUUHBIX TMPOIECCOB B MPOMBINUIICHHOCTH U
OTPaHUYCHHOW UCXOMHOW MH(POPMAIMH MTPH Pa3padOTKe METOO0B MOCTPOSHHS HX KOMITJICKCHBIX
MaTeMaTUYEeCKHX MOJIETICH;

- BBIOOpA CYIIECTBEHHBIX CBSA3€H M (PaKTOPOB C MOMOIIBI0 OCOOCHHOCTEH METO/a SIBHOM
JNEKOMIIO3UIIMA U (POPMUPOBAHUS CIIOCOOOB MOBBIMICHUS HHTEHCUBHOCTH (DYHKIIMOHUPOBAHUS
BBIJICIICHHBIX MTOJICUCTEM;

- 000CHOBaHUs yCIOBUH WHTECHCHU(PUKAIIUU MPOIECCOB MPOU3BOACTBA, U MOACPHU3AINUN
MHOFO(i)YHKL[I/IOHaHBHBIX CXEM IMOJIyUCHUA BBICOKOKAQYCCTBCHHOT'O CTaHJApPTU30BAHHOT'O
MPOAYKTa;

- pa3paboOTKH U peai3alyy AITOPUTMOB YIIPABJICHHUS TEXHOJIOTHICCKUMH 00hEKTAMHUKAK
COCTAaBHBIMU YaCTSIMH TIPOU3BOJCTBEHHOTO IMKJIa TPOMBIIUICHHBIX NPEANPUITAN, UMEIOIITIMH B
CBOEM COCTaBE CIIOKHBIC MO (PYHKIIMOHAITHPHOMY HA3HAUEHHUIO M KOMIUICKCHBIM IapamMeTpaM
CTPYKTYPBHI CO CHEIU(PUIESCKIMH CBOHCTBAMU;

- MHTCrpalun CYHICCTBYIOIUX CHCTCM aBTOMATU3HWPOBAHHOTO YHPABJICHUA C HOBBIMH
pEIICHUSMUA ONTHUMH3AIMOHHBIX 3a/7ad Ha OCHOBE HCIIOJIb30BAHUS TIEPEIOBBIX CPENICTB
W3MEpEHUH, YNpaBleHUsT W WHQPOPMAIMOHHBIX TEXHOJIOTUH Uil BHEIPEHUS B IPAKTHKY
TEXHOJIOTHUECKHX MPEUI0KEHUI U pa3pab0TaHHBIX TPUHIIUIIOB, METO/IOB U alTOPUTMOB.

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




Industrial Transport of Kazakhstan. Vol.22 (2). 2025

® CHCTema pagpaso Tk

T-Fastory MES
{ynpaenexne NpON3BOCTBE H-
HbIMI 61H3HEC-N POLRCTAMN) @ Epaysep KkeHTa, N
¥ Cynepensop  Cynepenaop
Apadizep 008C ! g

Ypeem cyneyneag > I >

l 5 Java-anner

Ethernst
B/] peansHomo
gpemeni SIAD 6 NetLink Light
‘ Trace Mode Mobile
| na Windows CE

Yposem SCADA - <

‘ SIAD 6

@ \\ ﬂyﬁ A
e~ [E' \E’ aKTVIBaTOp A =

[ OTrpgoyCTdiRHmBLR GSIUI ITKA30YCTOM MBLIE paBoyphe
Cepepflbl 6A NAHHBIX  mopem . CTaHun {cepeepsl)

Cepeep

LOKYMEHTUPOBAH A
/ Weu-ameamp @ /

/ / 7] ONeKTpoH-

! . , P> Had NOuTA

==l o

Web-cepep reuepamp 0T4eTOR NpunTep

AL/ OmxasoycTodunesi|Ethernat Ri55
Yperm PLG/SeltPLCRTY @ ‘ ‘ ‘ Pagno- n
Teneghoxusie B414R8HHSI Ttace Mode Mobile
- SRasun Sasan Aapa Windows CE
vy il Micro Trace @
_ R Fisldus Gt U
@ / Micro Trace Mode T T o Micro Trace Mode . Micro Trace Mode @
GSM+ ‘ m @ m Modem+ Z E_ Palmtop

GSM-mogem Ynanewuuii BROA-BLIB0A  TPAMumMOHHbe PLC Monem SuflPLC PanoKananei n  Maxeny onepatopoe

ek SonPLo

Texmansnuvcxne poes e

Puc. 2. Pacnpenenennas maoroyposaeBast ACY TI1na 6a3e Trace Mode (Maitnbibaes, 2020: 407)

[lepexox OT NEHTPATU30BAHHBIX CHCTEM YIPABJICHUS K JACLEHTPAIN30BaHHBIM BBI3BaH
BO3PACTAaHMEM MOIIHOCTH OTJENbHBIX TEXHOJOTHMYECKUX arperaroB, HX  YCIOXXKHEHHEM,
MOBBIIICHHEM TpeOOBaHUN IO OBICTPOACHCTBUIO M TOYHOCTH K WX pabote. llenTpanuzarus
CHUCTEM  YOpaBJICHHUS HKOHOMMYECKHM  ONpaBlaHa TpUd  CPaBHUTEIBHO  HEOOJIbLION
MHGOPMAIIMOHHON MOIIHOCTH €r0 TEPPUTOPUATBHON cocpenorouenHoctr (Duque et al., 2019:
113-120; Yadav, 2020: 1-29). IIpu 60ibIIOM YHUCIIE KAaHAJIOB KOHTPOIS, PETYJIUPOBAHUS U
yrpaBieHusi, 0obioi amuHe auHui cBsizu B ACY TII penenTpanuzanusi CTpyKTypbl CUCTEMBI
YIPAaBJIEHUS CTAHOBUTCS NPUHUUIHAIBHBIM METOAOM NoBblleHHA kuBydectn ACY TII,
CHI)KEHHS CTOMMOCTM U OJKCIUTyaTallMOHHBIX pacxonoB. Ha pucynke 3 MOXXHO YBHIETh
UH(pOpMaIMOHHBIE TOTOKU B HEPAPXUUECKUX CHCcTeMax ynpasieHus. Haubonee nepcrekTHBHBIM
HanpasneHueM aernenrpanuzanuu ACY TII cienyer npusHaTh aBTOMATU3MPOBAHHOE YIIpaBJICHNE
IpoleccaMu ¢ paclpeesieHHON apXUTeKTypoi, Oazupytoiieecs Ha (PyHKIIMOHAIBHO-LIEIEBOM U
TOTIOJIOTUYECKON  JNeNeHTpalu3auu  oObekTa  ympasieHHs. @OYHKIMOHAIHHO-IIETICBAs
JELEHTpaJIu3alus — 3TO pa3JeeHUE CIIOKHOTO IpOLecca  CUCTEMbl Ha MEHBIIINE YacTH —
HOJIPOIECCHl  MOJACUCTEMBI 1O (YHKIMOHAIFHOMY  TPU3HAKy (Hampumep, Mepesers
TEXHOJIOTHUYECKOT0 Mpollecca, PeKUMBbl pabOThl arperaToBUT.A.),MMEIOIINE CaMOCTOSTEIbHbIE
nend  (QyHKOMOHUpOBaHMA.  Tomosornyeckas JAEHEHTpaM3alus O3HadyaeT BO3MOXKHOCTH
TEPPUTOPUAIBHOTO  (IIPOCTPAHCTBEHHOTO) pa3zesieHHsl mpoliecca Ha (PyHKIMOHAIbHO-LIEJIEBbIE
noamnpoueccel  (Camapckuii, 2025: 32; Camapckuid, 2025: 35). Ilpm  onrtumanbHOU
TOTOJIOTUYECKOHN JlelieHTpanu3anuy yuciaonoacuctem pacnpenenennod ACY TII BeiGupaetcs
Tak, YTOOBl MHWHHMH3HMPOBATh CYMMAapHYIO [UIMHY JIMHUH CBSI3M, 00OPa3yIOUINX BMECTE C
JOKaJbHBIMM TOJICUCTEMAaMH YINPABJIECHUS CETEBYIO CTPYKTYpy. TexHMYecKOH OCHOBOIi
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COBPEMEHHBIX paclpeeeHHbIX CUCTEM YIIPaBIEHUs, 00yCIOBUBIIEH BO3MOXHOCTh pean3alun
TaKUX  CHUCTEM, SBISIOTCS  MHUKPOIPOLECCOPH M MHUKPOIPOLIECCOPHBIE cUCTEMBL. B
pacnpeneneHubix ACY  TII npuHATBI B OCHOBHOM TPH TOMOJIOTHYECKHE CTPYKTYpPHI
B3aMIMOJICHCTBHSI TIOJCUCTEM: 3BE371000pazHas (paauaibHasi); KoublieBas (TETIeBast); IUHHAS
(MarucTpanbHasi) ux KomMOuHaumu. OpraHuzanus CBsI3W C JAATYUKAMU U HCIOJHUTEIbHBIMU
YCTPOMCTBAMUHOCUT MHIUBUAYAJIbHBIA M IPEUMYLIECTBEHHO paJualbHbIN xapakrep (Bonoaus,
1984: 81-84; YmberoB u ap., 2013: 85-89).

- B, t—— <4+— B .+ B,
[ - =
- |- -+ < | ,— .4
i Yo
S I—b,ﬁ |_,—
R » —> LRy .,
X, > Xeg—P— Xew ™

Puc. 3. InpopmannoHHbIe TOTOKH B HEPapXUUECKUX cHcTeMax ynpasieHus (Maitnsioaes, 2020: 408)

Fa(xo)- ueneBast pyHKIuMs, R4- MHOKECTBO JOMYCTHUMBIX PEIICHUH, X4- BEKTOP COCTOSHUSA
CUCTEMBI, Y4- yIpaBiIsAIoIINe BO3ACHCTBUS.

MonenupoBaHUEOCTOHOB  O0OpYZIOBAHHE B TIPOM3BOJCTBE C JICLICHTPAIM30BAHHOM CUCTEMON
HpOBEJICHO B IporpaMmHoii cpenie Trace mode 6. Scada trace mode oOnanaeT MOILIHOM cHCTEMON
CUTHAJIM3ALUU O COOBITUAX, IPOUCXOJAIIMX HA IMPOMBIIUIEHHOM OOBEKTE M  yIpaBICHHUS
TpeBOraMu. YTIpaBJIeHHE TPEBOTaMH U COOBITUSIMH OCYIIECTBISICTCS CEpBEpaMH TPEBOT,
BCTPOCHHBIMH B MOHHUTOpPHI pealibHOro BpeMmeHu Irace mode u T-Factory. Ha pucynkax 4 u 5
NoKa3aHbl HHTEpQEiic perucTparopa aBapuHbIXOCTAHOB M (PUKCAIUS TPEBOT M COOBITHH B Trace
mode.

Pe3yabTaTsl M 00CyKIEHHS.

B xome wuccnenoBaHMs JELEHTPAIM30BAaHHBIX CUCTEM YIPaBIEHHs Ha IpUMepe
Kentayckoro  Tpancpopmaropnoro 3aBoma (KT3) ObtM  moiydeHbl  pe3yJbTarThl,
NOATBEepXKIAtoNHe dPPEKTUBHOCTh PACTIPEACIICHHOW apXUTEKTYPhl B YIPABICHUU CIIOKHBIMU
TEXHOJIOTUYECKUMHU  TpoueccamMu. Vcnosnp3oBaHue mporpamMmHoil  cpensl Trace  Mode
6 TIO3BOJIMIIO ABTOMATH3UPOBATh COOpP, XpaHEHNE M KiacCH(PUKANI0 HHPOPMALIUU O COOBITHIX
Ha TPOU3BOJACTBE B pEXUME pealbHOro BpeMeHH. Kaxxkaomy CcoOBITHIO NpHUCBauBaeTcs
OTpE/ICNIEHHBI CTaTyC: aBapusi, IpeIyNpexaeHUe, CHCTEMHOE COOOIIEHHE, MOIb30BaTEIbCKOE
cooOuieHue, omunodKa Win Komanaa. Takas kiaccuuKanus MO3BOJIAET HE TONBKO (PUKCHUPOBATH
MIPOUCXOJSIIEE, HO U IPOrHO3UPOBATh BO3MOXKHBIE aBAPUHHBIE OCTAHOBBI 00OPYIOBAaHUS, UTO
CHOCOOCTBYET CHUKEHHUIO IPOCTOEB U YBEJIMUYEHUIO 00I1el MPOU3BOACTBEHHON 3(PPEKTUBHOCTH.

WuTepeiic peructpaTopa aBapuii Moka3aH Ha pucyHKe 4, a mHTepdelc ynpaBieHHs
TPEBOI'aMU U COOBITUSMHU — Ha PUCYHKE 5. DTH MHCTPYMEHTHI Jal0T BO3MOXHOCTh OIlEepaTopam
ONEpPaTUBHO pearupoBaTb Ha KPUTHYECKHE COOBITHS, KOHTPOJIUPOBATH TEXHOJIOIMUYECKUE
napamMeTpsl ¥ IUTAHUPOBaTh MPOQMIAKTUYECKHE MEpOINpPHTHSA. AHAlIM3 JaHHBIX TPEBOI 3a
HECKOJIbKO MECSIIEB IOKa3ad, 4To c mnomomisio Trace Mode ynanoch BBISIBUTH 10 85%

MNOTEHIMAJIBHBIX OCTAHOBOB 000PYIOBAHHUS, YTO MO3BOJIMIIO COKPATUTh CPEHEE BpEeMs MPOCTOs
Ha 18-20%.
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eruc‘rpa'rop aaapuuux cobuiTuiA

Puc.4. Intepdeiic peructparopa aBapuHbix octaHoB B Trace mode (Maitnsibaes, 2020: 409)

Bpous Kareropun  Van Koppoara  Coobuerne Bpenst xouTnposane
04102016 1346013 A Tounepanypa 11 1CS HXHFST ABAPVIAHAR I PAHVILIA!

04.102016 1345558 W Teungpanypa Tl TCS Hioxe nopaed
04 102016 1345536 Roaanciwe P 1C5 Bacpuc
04102016 1345503 Tounopanypa T1  TCS 8 nopuo
04102016 1345415 W Aasnenme P1 1C5 Baiwe Hopuw

04.10.2016 134539.3 Teunepanypa Tl TCS Brillio HOPML 04.102016 1347.16
04.102016 1345338 E Teunepanypa Tl TCS BEPXHAR ABAPHHHAR MPAHHUAY

04102016 1345294 E Naancuwe Pl 1C5 BEPXHAR ABAPHRMAR MPAHULIN

04102016 1345163 Naanowe P1 1C5 »>>

04.102016 1345119 Tewnapatypa 11 1CS >»»

04.10.2016 134506 4 Teunepanpa Tl  TCS BEPXHAR ABAPHHHAS MPAHHLA

04 102016 1345053 Traco Mode 6 1C2 Cocromee - Hop

04 1020161345042 E Naanouwo P1 1C5 BEPXHAR ABAPHHHAR MPAHHUN

04102016 1344592 Trace Mode 6 1c2 Coris ¢ YCO - Hopma

04.102016 1344554 W Tewneparypa Tl TGS Bilwe Hopub 04.102016 13.46.16

04.102016 1344521 W Rasnenme Pl 1C5 Briwe nopues

04.102016 1344499 Trace Mode 6 Tc2 Canoan0c TG - Hopua 04102016 1347:10

04102016 1344499 Tounoparypa 71 TCS 8 nopuo

04102016 1344444 W Tewnspamypa 11 1CS Hitxo Hopmst

04.102016 1344410 | Trace Mode 6 1c2 CHeTeMKE KN - Hopma

04 102016 1344:400 Aaancwme P TC5 B nepue

04.10.2016 1344:339 Laancimo P1 T1C5 Hitxo wop 04102016 1347:12 _I
04.10.2016 1344:334 Tounapanypa 11 HUXHARA ABAPVIAHARA [ PAHMUA! o

Puc. 5. Nntepdeiic okHa, ynpasieHue TpeBoramu 1 coosrtisamu B Trace mode (Maitsibaes, 2020: 409)

[TpoBeneHHBIH CpaBHUTENBHBIN aHaIN3 LEHTPAIM30BAHHBIX M JCLIEHTPAIN30BaHHBIX
CHCTEM YIpPaBJICHUS TI0Ka3aJl SBHbIC PEUMYIIECTBA MTOCIEAHNX. B IeHTpann30BaHHBIX CHCTEMaX
cOOolf OHOTO y3J1a YIPaBJIECHUS MOKET PUBECTH K TOJTHOM OCTAaHOBKE IMPOU3BOJICTBEHHOM JIMHUU.
B nmeueHTpanu3oBaHHBIX CHUCTEMax Kaxaas IOJCHCTEMa YIPaBIIEeT CBOMM CETMEHTOM
TEXHOJOTMYECKOr0 MpoIiecca, YTO MO3BOJISET JIOKATU30BaTh NOCIEACTBHS aBapUid, MOAIEPKUBATh
paboTy  OCHOBHBIX  MPOU3BOJCTBEHHBIX OJIIOKOB U  O0ECleuyuBaTh  HEMPEPHIBHOCTH
MPOU3BOACTBEHHOTO MHKIa. (OcoOeHHO BbICOKAa A(PPEKTHUBHOCTh JCIEHTpAIU3AIMN  HA
OPENPUATHIX ¢ OONBIINM YHCIIOM arperaToB U BBICOKOW CIIO’KHOCTBIO IMPOLIECCOB, Te CKOPOCTh
pearupoBaHUs U TOYHOCTb YIPABICHUS SIBISIFOTCS KPUTUYECKU BaXKHBIMHU.

[IpumeHeHre METOOB SIBHOW JEKOMIIO3MIMU B codyeTtaHun ¢ Trace Mode mo3Bommio
BBISBJISTH Y3KHE MECTa M TMEperpy3kd B MHOTOCTYIEHYATHIX Ipolleccax, aHaJu3upoBaTh
3P PEKTUBHOCTh PaOOTHl KaKJOW IMOJCUCTEMBI M ONTHMHM3HPOBATH PACIpPENIEICHUE PECYpPCOB.
WuTerpanuss uHGOPMAIMOHHBIX TOTOKOB OT JaTYMKOB, HCIIOJHUTENBHBIX MEXaHU3MOB U
OIIEpPaTOPOB B EIMHYIO HEPAPXUUECKYIO CTPYKTYPY IMOBBIIIAET KOOPAMHAIIUIO TPOU3BOICTBEHHBIX
MIPOLIECCOB, COKPAIIAET BpeMsl pEaKklMy Ha OTKJIOHEHHS U yJIydllaeT TOYHOCTh ympaBieHus. B
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YaCTHOCTH, ATO MO3BOJIIET aBTOMATHUYECKU PETyJIUpOBaTh pabOTy arperaToB, KOHTPOJIUPOBATh
TEXHOJIOTMYECKHE PEXKHUMBI U CBOEBPEMEHHO BHOCUTH KOPPEKTHPOBKH B IIPOU3BOJCTBEHHbBIE
olepanuu.

Buenpenue peuneHTpann3oBaHHBIX cucTeM yrpasieHus Ha KT3 mossonmuno goctudb
CJIEYIOLINX Pe3yIbTaTOB:

- IToBBICUTH HaIEKHOCTh TEXHOJIOTMYECKUX IMpoleccoB Ha 20—-25%, CHU3UB BEPOSTHOCTH
aBAPUIHBIX OCTAHOBOB.

- CokpaTuTh 3KCIUTyaTallMOHHbIE pacxonbl Ha 12—-15% 3a cuer ontumm3zanuu padoOTHI
000py10BaHUS U CHUIKEHUS TIOTEPh SHEPTUU.

- YIy4muTh KOHTPOJIb KadecTBA MPOIYKIMHU 32 CYEeT OoJiee TOUHOTO PEeryJIMpOBaHUS
apaMeTpOB TEXHOJIIOTMYECKOI0 Mpolecca.

- Co3math MacmITabUpyeMylo CUCTEMY YIPaBJICHHUS, MO3BOJISIONIYI0O MOJEPHU3UPOBAThH
IIPOM3BOJICTBEHHbIE JTMHUN 0€3 3HAUMTEIbHbIX 3aTparT.

- ObecneunTh MHTETPALUIO HH(OPMAIIMOHHBIX TIOTOKOB, YTO (DOPMUPYET EANHYIO Cpeay
JUIA aHAJIU3a U IPUHATHUS YIIPABICHUECKUX PELICHUH HA MPEIIPUATHH.

Hcnonb30BaHne BCTPOEHHOM CHUCTEMBI YNPABIEHUS TPEBOTaMU IIO3BOJIIET HE TOJBKO
(buKcUpoBaTh COOBITHS, HO W AHAIM3MPOBATH MX MPUYMHHO-CIEICTBEHHBIE CBs3u. Hampumep,
MOBTOPSIOLINECS MPEAYIPEKICHUS O IeperpeBe TpaHc(OPMATOPHBIX YCTAHOBOK YKa3bIBAalOT Ha
HEOOXOIUMOCTh IIJIAHOBOIO OOCIIy’)KMBaHUs, 3aMEHbl O0OPYAOBaHMS WIH KOPPEKTUPOBKH
TEXHOJIOTUYECKOT0 pexxnMma. Trace Mode mojiep:kuBaeT BeJCHHE OTYETOB, UX COXpPAHEHHUE B
AJIEKTPOHHOM BHJIE, I1€YaTh M aBTOMATHYECKYI0 OTIPAaBKY MO 3JIEKTPOHHOM mmoyTe uiu SMS, uTto
MOBBIIIAET ONIEPATUBHOCTD PEAKIIUU ONEPATOPOB U CHUXKAET PUCK YETIOBEUECKOW OLTHOKH.

Ocoboe BHHMMaHHE YJIENAJIOCh AHAIU3Y PACIPEICICHHOW apXUTEKTYphl IOJICUCTEM.
@OyHKIMOHAIBHO-1IENIEBas ACLIEHTPAIN3ALMs [T03BOJISIET PA3ACIATh CIO0KHBINA TEXHOJOTUYECKUI
IpolecC Ha OTHAENbHbIE MOJINPOLECCHl U IOJACUCTEMBI C CaMOCTOSITEIbHBIMHM  LEISIMHU
(YHKIMOHMPOBAaHUS, a TOIMOJIOTUYECKas JACLEHTpaIn3aluusi o00ecreuyrnBaeT BO3MOXKHOCTh
TEPPUTOPUAIBHOTO  pasfeneHus nporecca. ONTUMaabHOE COYETAaHHE ATHX IOAXOJ0B
MUHUMU3UPYET [JIUHY JIMHUH CBSI3W MEXIy IOJCUCTEMAMH, CHW)KAE€T 3aTpaTbl Ha
uHppactpykrypy u noBsimaer xkuBydectb ACY TII mpu Bo3HukHOBeHHMH aBapuil. B KT3
IPUMEHSIOTCS] TP OCHOBHBIE TOTOJIOTUU PACIIPEEIEHHBIX CUCTEM: 3B€31000pa3Hasi, KoJblieBast
U IIMHHAsA, a TaKKe MX KOMOMHALMU, YTO IO3BOJSET I'MOKO aJanTUpoBaTh CUCTEMY O]
KOHKpPETHBIE IIPOU3BOJICTBEHHBIE YCIOBUSI.

[lepcniexkTuBBl JaNbHEHIIET0 PpPa3BUTHS JCLEHTPAIU30BAHHBIX CHCTEM YIPaBJICHUS
BKJIIOYAIOT:

- HCIOJNIb30BaHME aHAIM30B OOJIBIIMX JAHHBIX JUIsl MPOTHO3UPOBaHUSA CcOOEB U
ONTUMH3ALMH IPOU3BOICTBEHHBIX IPOIIECCOB;

- BHEJPEHHE aJITOPUTMOB MAIIMHHOTO OOYy4YeHMS I MpeACKa3aHus aBapuil u
aBTOMaTHYECKOW HACTPOMKHU pabOThl 000PY0BaHUS;

- WHTETPAIUIO HCKYCCTBEHHOTO HWHTEJUICKTA JIUIsI ONTUMH3AIMA PAaOOTHl IMOJCUCTEM B
peasbHOM BpEMEHH;

- ucrions3oBanue [1oT (Industrial Internet of Things) s pacumpeHust BO3MOKHOCTEH
MOHUTOPHHTA U YNPaBJIEHUS IPOU3BOACTBEHHBIMU 00bEKTAMU;

- aJanTauuio JCLCHTPAIM30BAHHBIX CHCTEM JUIA IPYIMX OTPACiI€d NMPOMBINUICHHOCTH,
BKJII0Yas METaJUTyPri0, MallIMHOCTPOEHHE, HE(PTEra3oByto cepy U 3JIEKTPOIHEPTETUKY .

Takum oOpa3oM, HUCCl€OBaHME MOATBEPAMIIO, YTO JELEHTPATU30BAHHBIE CUCTEMBI
yIpaBJICHUs] TEXHOJIIOTMYECKUMHU IporeccaMu Ha Oa3e Trace Mode oOecrneumBaroT BBICOKYIO
HAJIKHOCTh, 0€30macHOCTb M A(PQPEKTUBHOCTH IMPOU3BOJICTBA, CO3/MAIOT YCIOBUS JUIS
MHTEJUIEKTYaJIbHOTO YIPABICHUS NPEANPUATHEM M OTKPBHIBAIOT HOBbIE BO3MOXKHOCTH JUIs
ONTUMHU3ALMK TPOU3BOJCTBEHHBIX LUKIOB. [Ipumenenue takux cuctem Ha KT3 mos3sonumio
MOBBICUTh KOHKYPEHTOCIIOCOOHOCTh MPEANPHUATHS, CHU3UTh IPOU3BOACTBEHHBIC PHUCKU U
3aJI0’KUTh OCHOBY JUIsl TallbHEHIIEH MOJEPHU3AIMU TPOU3BOICTBEHHBIX MPOIIECCOB.
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3akaro4eHue.

B Xxozme mnpoBEeAEHHOIO HCCIENOBaHUS JCLECHTPAIU30BAHHBIX CHCTEM YIIPABIICHUS
TEXHOJIOTHYECKUMU TIporieccamu Ha mpumepe Kenrayckoro Tpancdopmaroproro 3aBozga (KT3)
HOATBEpPXkK/IE€HA BbICOKas J(PPEKTHUBHOCTh TEepexoAa OT I[IEHTPAJIM30BAHHBIX CHUCTEM K
pacmpeneneHHoil apxurektype ynpaBieHus. OcHOBHas 1eiab pabdoThl — MOBBIIICHHE
HAJeKHOCTH, ONEPAaTHBHOCTH M  A(PQPEKTUBHOCTH  YNPaBJIEHUS  MHOTOCTYNEHYATHIMU
IIPOU3BOJICTBEHHBIMU IpoOLIecCaMu — ObljIa JOCTUTHYTa Ojarogaps KOMIUIEKCHOMY IMOAXOIY K
ABTOMATHU3AIMK, WHTETpAllM HH()OPMAIMOHHBIX TIOTOKOB M TMPUMEHEHHUIO COBPEMEHHBIX
METOJIOB aHAJIN3a U YIIPABIICHHUS.

Hcnonb3oBanue nporpamMmHoii cpeabl Trace Mode 6 mo3Bosiniio co3aaTh pacipeeneHHyo
MHOTOYPOBHEBYIO CHUCTEMY KOHTpPOJISI W YIpaBJIC€HUSA, OOECHEUMBAIONIYIO OINEpaTUBHOE
BBISIBIICHHE aBapUHHBIX CHUTyallUd, PETHCTPALUI0 M KIACCU(PUKAIMIO COOBITHH B peasbHOM
BpeMeHHU. brnarogapsi cucrteMe yrnpaBieHUs TPEBOraMH, KaXkJasl aBapus, NPEIyNpeKICHUE WU
CHUCTEMHOE cooOlIeHne (UKCUPYETCS W aHATU3UPYETCs, YTO IO03BOJIAET IPOTHO3MPOBATH
BO3MO>KHBIE OCTAHOBBI 000PYI0BaHUS U IUIAHUPOBATh MpoduaakTuyeckue padbotsl. Ha pucynkax
4 m 5 mpexacraBieHbl MHTEp(EWCH perucTpaTropa aBapuil W OKHA YIPABICHUS TpPEBOTaMH,
JIEMOHCTPHUPYIOIIME HArIAaHy0 (uKcaruio W o0paboTKy uH(}OpManmuu O COOBITHUAX Ha
IPOMBIIIJICHHOM 00BEKTE.

Pe3ynbpTaThl BHEApEHUS ACUEHTpann30BaHHbIX cucteM Ha KT3 Bkitodaror:

- TIOBBILICHHE HAAECKHOCTH TEXHOJIOTMUYECKUX IPOLECCOB 3a CYET JIOKaJIU3aluu
MOCJIC/ICTBHI aBapyii M OBICTPOTO pearupOBaHMSI;

- COKpalleHHe BPEMEHHU IpOCTOs 000pyAOBaHMS, YTO OOECIEYMBAET HENPEPHIBHOCTD
MIPOM3BOJICTBEHHOIO IIUKJIA U MOBBIIIEHUE O0IIEH MPOU3BOIUTEILHOCTH;

- CHIKCHHME OHKCIUIyaTallMOHHBIX PACXOJOB 3a CYET ONTHMH3ALUU PAOOTHI CHUCTEM
YIIPaBJIEHUS U PACIIPEICICHUS PECYPCOB;

- yJIy4YlIEHUE KOHTPOJS KayecTBa MPOAYKIHMH 3a CUET MHTErPALMHM JTAHHBIX C Pa3HbIX
YPOBHEH YIpaBIEHUS U aBTOMATU3aIMU IIPOLECCOB ITPOBEPKU;

- (opmupoBaHue THOKOW M MacCIITAOMPYEMOW CHUCTEMBI YINpPaBJICHUS, MO3BOJIAIONICH
aJJanTUPOBATHCS K U3MEHEHUIO TEXHOJOTHMYECKUX YCIOBHM M PACHIMPEHHUIO TPOU3BOJICTBEHHBIX
MOIIIHOCTEH.

MeToabl IBHOM JEKOMITO3ULIMH, IPUMEHEHHBIE IIPU IPOEKTUPOBAHUH TIOJICUCTEM, T0KA3aTH
cBOI0 3(D(PEeKTUBHOCTH B BBISBICHUH Y3KUX MECT W ONTHUMH3AIMU B3aUMOJICHCTBUS SJIEMEHTOB
cuctembl. braromaps  JAEKOMIIO3MLIMK  CJIOXHOIO  IPOW3BOJCTBEHHOrO Ipoliecca Ha
(byHKIIMOHATLHO-1IEIeBbIC MOAMPOLECCHI yAQJIOCh MTOBBICUTh MHTEHCUBHOCTD
(GYHKIMOHUPOBAHUSI OTAENIbHBIX CETMEHTOB, YJIYYIIUTh KOOPAMHALIMIO U CHU3UTh Harpy3ky Ha
[EHTpaIbHbIC DJIEMEHTHI yIpaBieHus. Takoil moaxo o0ecreurnBaeT CHHEpreTHuecKu 2P exT:
B3aMMOJIEHCTBHE MOJACUCTEM MPUBOJIUT K YIYUIICHUIO Ka4eCTBA MPOAYKLNHU, CHIXKEHHUIO PUCKOB
aBapuil U ONTUMU3ALMH PACX0/1a PECYPCOB.

[IpakTHueckass 3HAYUMOCTb HUCCIIEOBAHMSI 3aKJIIOYAETCS B BO3MOXHOCTU MAacIITaOHOIO
BHEJIPEHHUS pa3pabOTaHHBIX METOAOB M aITOPUTMOB Ha JAPYTUX MPOMBINIICHHBIX MPEIMTPHUITHIX
Kazaxctana u 3a ero mpeaenamu. Pa3zpaOoTaHHBIA MOIXOJ MOXET OBITh aAaNTHPOBAH IS
ANEKTPOIHEPIeTUKH, METaJUlyprud, MAIIMHOCTPOCHUS, He(dTera3oBoro KOMIUIeKca U
KOMMYHAJIbHOTO  cekTopa. Mcronb3oBaHME — JEIEHTPAIM30BAHHBIX  CHUCTEM  IO3BOJISIET
MOJIEPHU3UPOBATH TEXHOJIIOTUYECKUE JINHUU, HHTETPUPOBAThH CYIIECTBYIOIIHE HH()OPMALIMOHHBIE
CUCTEMBI U BHE/IPSATH HOBBIE PELICHUS 110 YIIPABICHHUIO POU3BOICTBEHHBIMH MPOLIECCAMHU.

[lepcniekTHBBI JaTbHEHIINX UCCIECOBAaHUN U IPAKTUYECKOTO TPUMEHEHHUS BKIKOYAIOT:

- MHTETpalyio aJropuTMOB MAIIMHHOTO OOYy4YEeHMsS U HMCKYCCTBEHHOIO WHTEJJIEKTA IS
MPOTHO3UPOBaHUS aBapuid, aHanmuza 3(G(EKTUBHOCTH padOThl MOACHCTEM U ONTUMHU3ALUU
pacnpeeneHns pecypcos;

- BHenpenue TexHojoruil IIoT (Industrial Internet of Things) mis AUCTAaHIIMOHHOTO
MOHMTOPHUHTA 000PYI0BAaHUS M PACIIMPEHHOIO aHAIN3a TEXHOJOTUYECKUX MIPOLIECCOB;
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- pa3paboOTKy KOMIUIEKCHBIX MojeJeil aHanmu3a OOJbIIMX JaHHBIX MJIS TOBBIIICHUS
3¢ (HEeKTUBHOCTH TPOU3BOACTBA M MPUHATHUS YIPABICHUSCKUX PEUICHUH Ha OCHOBE aKTyalbHOU
uHpopmanuu;

- MacimTadMpoOBaHUE TMOJIXOJOB SBHON JEKOMIIO3HWIIMM HAa KPYIHBIE TPOMBIIIICHHBIE
KOMIUIEKCHI JJIs TOBBILICHUS )KUBYYECTH, HA/IEKHOCTH U YCTOMUMBOCTH CUCTEM YIIPaBJICHHUS;

- wuHTerpauuto pacnpeneneHubix cucreM ¢ ERP u MES cucremamm mig monHoin
UG pOBU3AINH TPOU3BOICTBEHHOTO 1IHUKIIA.

Takum 00pa3oM, MPOBEACHHOE HCCIEIOBaHUE MOATBEPXKIACT, YTO JCLEHTPAIN30BaHHbIC
CUCTEMBbl YMpaBJICHHUS TEXHOJOTHYECKUMH TIpoleccaMu 00ecreyrBaloT 3HAYUTEIbHOE
noBbIeHNe 3(h(HEKTUBHOCTH, HAIEKHOCTH M aJalTUBHOCTU MPOM3BOJCTBEHHBIX IPOIIECCOB.
Brenpenne coBpeMEHHBIX NMPOTPaMMHBIX pelieHui, Takux kak Trace Mode 6, mo3BoisieT He
TOJIBKO YJIYUYIIUTh TEKYIIHE MOKAa3aTeNIN MPOU3BOACTBA, HO U CO3/1aTh OCHOBY AJIs JajbHEHIIEH
MHTEIJJIeKTyanu3aluuu npeanpuatuil. [lonydeHHble pe3ynbTaThl OTKPHIBAIOT HOBBIE BO3MOXKHOCTH
JUIS Pa3BUTHUS TMPOMBIIIJICHHON aBTOMAaTW3allii, MOACPHMU3AIMU TEXHOJOTHYECKUX JUHUU U
MOBBILIICHHUS] KOHKYPEHTOCIOCOOHOCTH MPEANpPUATUN Ha HALUMOHAIBHOM U MEXIyHapOIAHOM
YPOBHSIX.

3aKiIioueHre  MOJYEPKUBAET, UTO HMHTErpalls COBPEMEHHBIX HH(POPMAIIMOHHBIX
TEXHOJIOTHI ¢ METOAAMH JAEKOMIIO3ULIMK U PACIPEAEIIEHHOrO yIPABIEHUS ABISETCS KIHOYEBBIM
dakTopom TOBBIMICHHUS 3(P(HEKTUBHOCTH TMPOMBIINIICHHOTO Tpou3BoacTBa. Ha mpumepe KT3
MOKa3aHO, YTO TMOAO0OHBIE MOAXOJAbI IO3BOJSIOT MHUHUMH3UPOBATh aBapUHHBIE IPOCTOH,
ONTUMHU3HUPOBATh paboOTy 00OPYIOBaHMSI, MOBBICUTH Ka4eCTBO MPOAYKIMHU U CO3/aTh THOKYIO,
MacmTabupyeMyto ¥ yCTOHUMBYIO CHUCTEMY YIpPAaBICHHS, KOTOpask MOXKET ObITh BHEApPEHa B
Pa3IMYHBIX OTPaCISIX NpOMBIIUIEHHOCTH Ka3zaxcrana u 3a ero npejesnamu.
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Abstract. In the context of increasing industrial production and growing demands for the
quality of bulk material storage, improving unloading and cleaning technologies of storage
bunkers has become highly relevant. Traditional methods of removing cohesive or non-free-
flowing materials often fail to ensure complete discharge and require considerable time and labor.
This study focuses on the development and justification of a portable vault-breaking device
designed for the efficient destruction of material blockages and agglomerates in bulk storage
containers. The main objective of the research is to create a rational and universal design of a
portable device that provides optimal unloading conditions for various materials, taking into
account their physical and mechanical properties. The study tasks included analyzing existing
technologies, selecting the most effective working tools, conducting experimental tests, and
developing recommendations for design optimization. As a result, a technological process for
operating the mobile device has been developed, ensuring complete container unloading and
simultaneous cleaning of its walls from residual materials. The optimal parameters of working
elements (length, cross-section shape), the number and placement of technological openings in the
bunker walls, and suitable materials using both traditional and additive manufacturing methods
have been determined. The findings confirm that the implementation of the developed mobile
device significantly increases process efficiency, reduces downtime, and lowers maintenance
costs. The obtained experimental relationships and theoretical results can serve as a foundation for
future research aimed at automation and digital modeling of the vault-breaking process.
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AHHOTAmusA. OHIIPICTIK  TPOUECTEPAIH  KApKBIHAAybl  KOHE  CYCBIMAlbl
Marepuaigapisl CakKTay camachblHa KOWBUIATHIH TaJanTapIblH apTybl JKaraalbIiHIa
OyHKepaepll Tycipy MEH Ta3apTy TEXHOJIOTHSIJIAPBIH JKETIIIIpY €peKiie MaHbI3Fa He.
JocTypni omicTep CychIMaibl >KOHE KHUBIH TYCIPIUJIETIH JKYKTEMEJIepAl TOJBIK Tycipyre
opIaiibiM MYMKIHIIK OepMmeiai xKoHe Kom eHOCK IMeH YaKbITThl KaxeT ereil. byn 3eprrey
CyChIMallbl MaTepualgapabl CaKTay CBHIMBIMABUIBIKTAPBIHAAFBl  THIFBIHIAPIBI  KOHE
araoMepaTrTapAbl THIMJI KOIOFa apHajIfaH MOOHWJBAI CBOJOOOPYIIMTENb KYPBUIFBICHIH
azipyieyre OarbITTainFaH. 3epTTEYiH MAaKCaThl — dPTYPJIi PU3HKa-MEXaHUKAJIBIK KacHeTTepi
0ap )KyKTeMeJep Al THIMII TYCipy i KaMTaMachl3 eTeTiH oMOe0art )oHE YTHIMIbBI KYPBLUTBIMIbI
MOOUIBII KYpBUIFHI jkacay. OCbl MakcaTKa XeTy YIIiH KOJJAHBICTaFbl TEXHOJIOTHSIAP
TaJAaH]Ibl, €H THUIM/I1 )KYMBIC OpTaHapbl TAHIAIABI, TOKIPUOETIK ChIHAKTAP KYPTi131JI11 )KOHE
KYPBUIBIMIIBI OHTAWJIAHIBIPy OOWBIHIIA YCBHIHBICTAp d3ipJeHi. 3epTTey HOTHXKECiHIe
MOOWIIB/I KYPBUIFBIHBIH JKYMBIC TEXHOJOTHSCHI Kacallabl, OYJI CHIHBIMIBIIBIKTHIH TOJBIK
TYCIpUTyiH »OHE OHBIH KaObIprajapblHbIH KaJAbIKTapJaH Oip Me3ruiae Ta3apThUIyblH
KamMTamachi3  eremi. JKyMpIC  OpraHIapblHBIH  KOHCTPYKIMSIJIBIK  MapaMerplepi,
TEXHOJIOTUSAJIBIK TECIKTepAiH OHTAWJIbl OpHAalacybl KoHE JOCTYpJl KOHE aJJUTHUBTI
TEXHOJIOTHSJIAp HETI31HAE jKacalaThlH MaTepHailjap AaHBIKTAIIbl. 3€pTTEy HOTHIKEIepi
O3ipJIeHTeH MOOWJIBAI KYPBUIFBIHBI ~ €HTI3y OHIIPICTIK NpOLECTepHiH THIMALIITIH
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apTTHIPATHIHBIH, XaOIBIKTHIH 00C TYPBIT KAJIYBIH a3alTHII, KbI3MET KOPCETY HIBIFBIHIAPHIH
TOMEHACTETIHIH JAoNeNnaeiifi. AIIBIHFaH HOTWXKelep OojamakTa aBTOMATTAHIBIPBIIFAH
TYCipy XKYHenepiH xkacay MeH HUGPIBIK MOJICIbCYTe HeTi3 0oJa anambl.

Tyiiin ce3aep: MOOMIBAI KYpPBUIFBI, CBOJOOOpYIIMTENb, OYyHKEp, CYCHIMAIbI
MaTepuaniap, Tycipy, allMTUBTI TEXHOJOTHUsIIAP, OHTAHIaHABIPY .
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AHHOTanusA. B ycnoBUSX HHTEHCHU(UKAIMU TNPOU3BOIACTBEHHBIX IPOIECCOB U
MOBBIIEHUS! TPeOOBAaHUI K KaueCTBY XpaHEHMS CBHIMYYHX MaTepuajoB 0co0O€ 3HaueHHE
npuoOpeTaeT COBEpPLICHCTBOBAHWE TEXHOJOTMH pasrpy3kKd M OYUCTKH OYHKEpPOB.
TpanuuuoHHBIE METOABI YAAIEHUS TPY IHOCHIITYYHUX IPYy30B M HAJIUIIIINX OCTATKOB HE BCETAA
o0ecrneunBaloT MOJHYIO BRITPY3KY M 4aCTO TPEOYIOT 3HAUUTENbHBIX TPYJOBBIX U BPEMEHHBIX
3aTpaT. Hacrosiee ucciaenoBaHue MOCBSIIEHO pa3paboTKe U 0OOCHOBAHUIO KOHCTPYKIIMHU
MOOWJIBHOTO CBO0OOpYyIIHTENS A1 3)PEKTUBHOTO pa3pylICHUs 3aBUCAHUI U arloMepaToB
B EMKOCTSIX XpaHEHHUs Chlmydux MmartepuanioB. Llenb pa®oTsl 3akitodaeTcss B CO3JaHUU
pallMOHAIBHOU u YHUBEPCAIbHOU KOHCTPYKLIUH IIEPEHOCHOTO YCTpOUCTBA,
obecrieunBaloIIel ONTUMaJIbHBIE YCIOBUS BBIIPY3KHU PA3JIMYHBIX THIIOB ITPY30B C YUETOM UX
(GU3UKO-MEXaHUYECKUX CBOMCTB. I MOCTH)KEHUS MOCTABICHHOW 1€ PEIIaNCh 3aaun
aHaJM3a CYIEeCTBYIOMMNX TEXHOJOTHUH, BEIOOpa Hanbosee 3¢ HEeKTUBHBIX pab0YnUX OPraHoOB,
OpOBEACHUS OKCIHEPUMEHTAIBHBIX HUCIBITAHUW H  BBIPAOOTKM pEKOMEHIAIUN 10
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ONTUMHU3ALUMN KOHCTPYKLUMH YycTpoiicTBa. B pesynbrare wuccinenoBaHus paszpaboTaHa
TEXHOJIOTUS paboThl MOOMIBHOTO YCTPOWCTBa, MO3BOJIAIONIAS OOECHEYUTh IOJHYIO
BBITPY3KY €MKOCTH M OJHOBPEMEHHYIO OYHUCTKY €€ CTEHOK OT HAaJUIIIMX OCTaTKOB.
OmnpeneneHsl KOHCTPYKTUBHBIE MTapaMeTpbl paboyux opraHoB (AynHA, popma, MonepeyHoe
CeYeHNue), ONTUMaIbHblE MECTA YCTAHOBKHU TEXHOJIOTHYECKUX OTBEPCTUH B CTEHKaX OyHKepa,
a TaKXKe MPeJI0KEHBI MaTepHAaIIbl 11 U3TOTOBJICHHUS pab04HX 3JIEMEHTOB C HCIIOJIb30BAHIEM
TPaAUIMOHHBIX U aJJUTUBHBIX TEXHOJOTHH. 3aKIIOUEHHUE UCCIIEIOBAHMS TOATBEPKIAET, UTO
BHEJIpPEHHE pPa3pabOTaHHOTO MOOMIBHOIO YCTPOWCTBA CIOCOOCTBYET MOBBIILICHHUIO
IPOU3BOJIUTENBHOCTH U HAJIEAKHOCTU TEXHOJOTMYECKUX IIPOLIECCOB, YMEHBIIEHUIO IPOCTOEB
000py1OBaHUS U 3aTpaT Ha 00caykuBaHue. [lomydeHHbIe SKCTIEpUMEHTAIbHbBIE 3AaBUCUMOCTH
U TEOpeTHYECKHe  BBIBOJBl  MOTYyT  OBITh  HCHOJB30BAaHBl Uil JalibHeEiIIero
COBEPIICHCTBOBAHUS KOHCTPYKIIMI U pa3pabOTKU aBTOMATU3UPOBAHHBIX CUCTEM Pa3rpy3KH.
[TepcrieKTUBBI JadbHEHWIINX HCCIEJOBAHUM CBs3aHbBl € LUPPOBBIM MOJAEIUPOBAHUEM
IPOIIECCOB CBOJAOOOPYILICHUS U ajanTalueld yCTpOHCTBa MOJA pa3IMyHbIC NMPOMBIIIICHHbBIE
yCIIOBHUS.

KioueBbie ci10Ba: MOOUIBHOE YCTPOMCTBO, CBOJAOOOPYIIUTENb, OYHKED, CBHIMYYHE
MaTepualbl, BBITPY3Ka, aJJUTUBHbIE TEXHOJIOTUH, ONITUMHU3ALIH.
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KoH(INKT MHTepecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUU KOH(JIMKTAa UHTEPECOB.

BBenenue.

Heo6x0auMoCTh KaueCTBEHHONW OYMCTKH CTEHOK OYHKEPOB M Ky30BOB TPAHCIOPTHBIX
CpeAcTB 00yCJIOBJI€HA pAaCUIMPEHUEM HOMEHKJIATYpPBI CHIIYYUX MaTepHUasioB, 00JaJalolux
BBICOKMMM aATrE€3MOHHBIMU cBoHcTBaMu. [Ipu TpaHCIOPTUPOBKE TAaKHUX MaTepUaoB
NPOUCXOAUT TMoOcTeneHHoe HakomeHue octaTtkoB (KoxeBnukos, 2023: 49-55), uyto
IPUBOJUT K OOpPAa30BaHMIO HAa BHYTPEHHUX IMOBEPXHOCTSIX EMKOCTH TPYIHOYAAJISEMBIX
HaJIMIIIUX CJIO0EB, yXYyIUAIOUUX AKCIUIyaTallMOHHBIE XapaKTepPUCTUKH OOOPYIOBaHUS U
MPUBOAIINX K TTOTEpE KauecTBa XxpaHuMoro npoaykra (denucos, 2001: 17).

CoBpeMeHHBIE YCIOBUS SKCITyaTallul TPAHCIIOPTHBIX U CKIAJCKUX CUCTEM TPeOYIOT
MOWCKA PEIICHH, HAIIPaBJICHHBIX HA MOBBIMICHHE P(HEKTUBHOCTH MPOIECCOB XPAHCHHS U
BBITPY3KM MaTepuasioB. PacimiupeHne accOpTUMEHTa XpPaHUMBIX M TPAHCIOPTUPYEMBIX
I'py30B, a TaKKe 00ecTeueHrue UX COXPAHHOCTH MOTYT OBITh TOCTHUTHYTHI ABYMS Iy TSMH:

- nyTéM CO3JaHMs HOBBIX OYyHKEpPOB U BaroHOB-XOINIMEPOB, 00JaaarOIINX
MOBBIIICHHBIMHU ()YHKITHOHATHHBIMH BO3MOKHOCTSIMU;

- TIOCPEICTBOM MOJEPHMU3ALUU CYLIECTBYIOIIMX €MKOCTEH, C BHEJIPEHHUEM
MHHOBALlMOHHBIX OYMCTUTENBHBIX U cBojaopaspylaromux ycrpoiicts (KoxxeBuukos, 2023:
49-55; KoxxeBaukos, 2009: 43—49).

B mnacrosmeit pabore paccMaTpHBaeTCs YCTPOWCTBO IJisi OYUCTKH BHYTPEHHUX
MOBEPXHOCTEH MOJBIX €MKOCTEH, NpeiHa3HauYeHHOE I pa3pylIeHUs CBOJAOB U IEpPEMbIUEK
U3 CJEXaBIIMXCS CBhIIYYUX MaTEpUAIOB, BO3HUKAIOIIMX B TPYAHOJOCTYMHBIX 30HAX
koHTeiiHepoB U OyHkepoB (Ilarent 2201813, 2003: 1). [IpumeHeHue naHHOTO yCTpOICTBa
M03BOJISIET MOBBICUTh CKOPOCTh OOpYIIEHHS CBOJOB B JBa pa3a, yCTPAHUThb HPUUUHBI
3aTpyJHEHHOIO BBINTYCKa MaTepuaina u odecneduTs 3P HEKTUBHYIO OUUCTKY CTEHOK EMKOCTH
0e3 He0OX0IMMOCTH BMEIIATENbCTBA 00CTY)KMBAIOLIEr0 NEPCOHAIa BHYTPb KOHCTPYKLIHUH.

[Ipobiema cBo000pa3oBaHus U 3aBUCAHUS MaTepuaia ABIsETCS OJHON U3 KIIOUYEBBIX
B TEXHOJOTHHM XPAaHCHHS W TPAHCIOPTUPOBKH CHITy4YUX Tpy30B. OHa o0OCTpsieTcs Mmof
BO3/ICHCTBHEM MHKPOKIMMATHUYECKUX (PAaKTOPOB NMPOU3BOACTBEHHON Cpejbl, 0COOEHHOCTEH
3arpy304HO-pa3rpy30uHbIX IPOLECCOB, (U3UKO-MEXaHHUIECKUX XapaKTEepPUCTHUK
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MaTepHuaaoB, a TaKKe I'eOMETPHUH BBIMTYCKHBIX BOPOHOK OyHKepoB (['oprommuckwmit, 2007:
796—800). Bo3HuKaromue CBOJBI YMEHBIIAIT MOJE3HBIH 00BEM EMKOCTH, MOBBIIIAIOT
HPHEpPreTHYEeCKHe 3aTpaThl Ha BBIIPY3KY M CHHIKAIOT CPOK CIyXObl 000pyIOBaHUSA, YTO
TpebyeT pa3paboTku 3 PEKTUBHBIX PELUICHU 10 cTAOUIN3ALUK PA3TPYy30YHOTO MpoIecca.

Panee mpensoxxeHHbIE CTallMOHAPHBIE YCTPOMCTBa Mg CBOAOOOpYIIEHUS MOKa3alu
OTPAaHUYCHHYIO YHHUBEPCAIbHOCTh, OCOOEHHO B CJydae BpPEMEHHBIX 3aBUCAaHUN U
pa3HooOpasus TpaHcmoptupyembix MartepuanoB (KoxeBuukor, 2018: 37-44). IlosTomy
oco0oe BHUMaHHE YJENSIETCS MEPEHOCHBIM (MOOUIBHBIM) CBOJOOOPYHIUTENSIM, KOTOpbIE
obecrieunBaOT T'MOKOCTh 3KCILIyaTaliH, BHICOKYIO MPOW3BOJIUTENHHOCTh U BO3MOXKHOCTh
IIPUMEHEHHUS KaK Ha HOBBIX, TaK U Ha AeiicTByronux eMkocTsx (Ilatent Nel84049, 2018: 1).

[TorpeOHOCTH B MOJOOHBIX YCTPOMCTBAX CBsA3aHA C MIUPOKHUM JTHUANAa30HOM (DU3UKO-
MEXaHWYECKUX CBOMCTB TPAHCHOPTHPYEMBIX MaTepHaIOB U pa3zHOOOpa3ueM KOHCTPYKIMH
NMoJBWIKHOTO coctaBa OyHkepHoro tumna (Koxesnukon, 2017: 37-41). MoOunbHbIE
yCTpOWCTBA, MpelcTaBieHHble Ha Pucynke 1, pasznuyaiorcss TUIOM pabo4YuX OpPraHOB
(ckpeOKku, IenmHbIe MHOTO3BEHHUKH, IUIACTHHYATBIC 3JIEMEHTHI W Ap.) U 00ECledYuBaIoOT
BBICOKYIO YHHUBEPCAJIBHOCTh NPHU BBIIPY3KE pazinuHblX MaTepuanos (KoxesHukos, 2023:
50). OnNHOBPEMEHHO C BHITPY3KOM OHU BBHITTOJHSIIOT (PYHKIIMIO OYMCTKHA BHYTPEHHUX CTCHOK,
BKJIIOUYasl BEpTUKaIbHbIE TOBEpXHOCTHU (30akuH, 2021: 12023).
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Puc. 1. MoOuIbHBIC CBOTO00PYIIAOIIE-0OUHIIAIOIIAE MEXaHI3MbI C pa0OYNMH OpraHAMU PA3JIMYHOrO THIIA:
cKpeOKoBHIi HenehopMupyeMmsblit (a); mIacTUHHBIN AedopMupyemslii (0); mapHUpHbIT MHOro3BeHHUK (B) (KoXKeBHUKOB,
2023: 50)

Hcrnonp30BaHUE COBPEMEHHBIX KOMITO3UIIHOHHBIX MaTepuagoB MO3BOJISIET
CYIIECTBEHHO MOBBICUTH 3(P(PEKTUBHOCTH PAabOTHl TAKUX YCTPOMCTB 3a CUET COUETAHHS
JNETKOCTH, TPOYHOCTH M dJIaCTHYHOCTH paboumx opraHoB (Ilepesepros, 2020a: 100-110).
Pa3snooOpa3ue BO3MOXXHBIX MPUBOJOB, BKJIOYas YHHBEPCAJbHbIE MEXaHU3UPOBAHHBIE
UHCTPYMEHTBI, PACHIMPSIET TEXHOJOTHYECKHE BO3MOXXHOCTH M TMOBBIIIACT aJalTUBHOCTH
YCTPOHCTBA K PA3TUYHBIM yCIOBHUIM JKCILTyaTaIUU.

Takum 00pa3oM, aKTyaJdbHOCTh HMCCJIEIOBAHUS O0YCIOBIEHa HEOOXOIUMOCTHIO
NOBBIICHUS Y(P(OEKTUBHOCTH M HAAEKHOCTH Pa3TPy30UHBIX IPOIECCOB OYHKEPHBIX
YCTPOMCTB, MHHUMHU3AIMU MPOCTOEB M 3aTpaT Ha TEXHHYECKOE OOCIYy)XKMBaHHUE, a TaKKe
pacuimpeHueM 00JIaCTH MPUMEHEHHS MOOMIBHBIX CBOJOOOPYIIUTEICH U OYUCTUTEICH MpHU
pabore ¢ TpyaHocchimyduMu Matepuanamu (Ilepesepros, 202006: 125-136).

OO0BeKT wucciaeqoBaHUSA — TPOIECC BHITPY3KH M OYHCTKH CTEHOK OYHKEpOB,
npeaHa3HAYCHHBIX JUIS XpaHEHUS U TPAHCIIOPTUPOBKH CHIITYYHUX MAaTEpPUAIIOB.

[Ipeamer uccneqoBaHus — MEPEHOCHBIE (MOOUIIBHBIC) YCTPOHCTBA CBOAOOOPYILICHHUS
Y OYHCTKH BHYTPEHHUX NMOBEPXHOCTEH OYHKEPOB.

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



Industrial Transport of Kazakhstan. Vol.22 (2). 2025

[lenp wuccrnenoBaHus — pa3paboTka U HCCIEJOBaHHE KOHCTPYKIUMU MEPEHOCHOTO
CBOJOOOPYIIHUTEINSI-OYUCTUTEIISL, 00€CTICUHBAIOIIET0 KOMIUIEKCHOE PEIIEHHE 3a/1a4 BBITPY3KH
U OYUCTKH.

3aJaun ucciae0BaHMs BKIIOYAIOT:
aHallU3  CYIIECTBYIOUIMX  TEXHOJOTUM  pasrpy3kKd M OYHUCTKU  OYHKEpPOB;
— OmpeJeNeHre TapaMeTpoB W NPUHIUNA JEeWCTBHS MOOUIBHOTO YCTPOICTBa;
— AKCIIEPUMEHTATBLHOE HcCleI0BaHNE 3¢ dexTuBHOCTH CBOJOOOPYIIICHHUS;
ONTHUMHU3AIMIO KOHCTPYKTUBHO-PEKUMHBIX TapaMETPOB yCTPOUCTBA.

Mertonbl HccIeIoBaHUS OCHOBAHBl Ha TEOPETHUUYECKOM MOJIEIUPOBAHUU MPOIECCOB
pa3rpy3Kd, OKCIEPUMEHTATbHOM  OMNpPEACICHUH  TapaMeTpoB  (YHKIMOHUPOBAHUS
yCcTpoiicTBA U aHanm3e (PU3MKO-MEXaHHMYECKUX CBOMCTB MarTepuasoB. [ umoresa
WCCIICIOBAHUS 3aKJIIOYaeTCs B MPEANOJI0KEHHUH, YTO MCIOJIb30BaHUE MOOMIBHBIX
CBOJIOOOpYyIINTENEH C ONTUMU3UPOBAHHBIMU KOHCTPYKTHBHBIMHU IapamMeTpaMu IMO3BOJIUT
3HAYUTENBHO TMOBBICUTh OS(PPEKTHUBHOCTh BBHITPY3KHM H OYUCTKH OYHKEpPOB, CHH3UTH
AHEpro3aTpaThl U 00eCneYnuTh CTAOUIBHOCTh TEXHOJOTHYECKOT0 Ipoliecca.

MartepuaJibl 1 METO/bI.

HccnenoBanme HampamieHO Ha MOBbIMICHHWE (HPEKTHBHOCTH PaOOTHI MEPEHOCHOTO
CBOJIOOOPYIIUTENSI, TPUMEHSIEMOTO JUIsI pa3pylIeHUs CBOJOB B OyHKEpax MpH XpaHCHUU
TPYAHOCHIIYUHX  MmartepuaioB. OCHOBHOM  THUIIOTE30M  HCCIEJOBAHUS  SIBJISETCS
MNpPEANON0KEHHEe O TOM, YTO ONTHUMHU3AIUSI KOHCTPYKTUBHO-PEKUMHBIX IapaMeTpoB
MEPEHOCHOTO  CBOJOOOpPYIIMUTENS MO3BOJUT TOBBICUTH HHTEHCHMBHOCTH Ipollecca
pa3pylieHus CBOJAOB U 00ecmednTh 00jee MOTHYI0 BRITPY3KY MaTepualia mpu MUHHMAIbHBIX
JSHEPreTUYEeCKUX 3aTpaTax.

Mertononorus HCCJIEIOBAaHUS COUETAET aHAIUTUYECKUE, pacyeTHbIE u
SKCIEpUMEHTalIbHbIe Moaxoabl. Ha mepBoM »aTame ObUIM NPOBEIECHBI TEOPETUUECKHE
UcCleI0BaHMsl, OCHOBAHHbIE Ha AaHaIU3€ JUHAMHYECKUX M CHUJIOBBIX XapaKTEPUCTHUK
B3aMMOJICHCTBUS pabOYUX OPraHOB YCTPOMCTBA C CBHIMYYHUM MatepuasoMm. TeopeTuueckas
MOJIeNIb YYUTHIBAIa BIHMSHUE yTIia pa3BeJeHHUS pabodux opraHoB (0), CKOPOCTU BpalleHHUS
BaJla M CBOMCTB HCCJIEQyeMOro MaTepuajia, TaKMX KaK BJAXHOCTb, IUIOTHOCTh H
KO3 ULHEHT BHYTPEHHET0 TPECHHUS.

Ha BTopom »5Tame BBIMOJHSAIUCH J1a0OpAaTOpPHBIE U CTEHIOBBIE SKCIEPUMEHTHI C
HCTOJIb30BAaHUEM OIBITHOIO 00pasla MepeHOCHOTo CcBonooOpymmTens. McnbiTanus
MPOBOJUIINCH B YCIOBHUSAX, MAaKCUMaJbHO NMPUOJIMKEHHBIX K JKCILUIyaTallMOHHBIM. B xoxae
SKCIEPUMEHTa TMPOILECC  pa3rpy3kd  TPYIAHOCHIMYYUX  MarepuaioB u3  OyHKepa
CONPOBOXKJAJCS M3MEPEHMEM U pEerucTpanuei HcciaeqyeMbIX NapaMeTpoB — BPEMEHU
paspylieHus cBoJa, CKOPOCTH pa3Tpy3KH, BUOPAITMOHHBIX XapaKTEPUCTHK, yIa pa3BeleHUs
pabouyuXx OpraHoB M 4acCTOThI BpalllE€HUs MPUBOJA.

B xonme »kcnepMMEHTOB BBIJACICHO TPU OCHOBHBIX JTama pabdOThl MEPEHOCHOTO
csogoobopymmutens (Puc. 2):

AKTHUBHOE pBIXJIEHHE — pa3BeleHue paboyux OpraHoB Ha HEKOTOPBIM yroia o B
MIPOTUBOIOJIOKHBIE CTOPOHBI OT OCH BpalEHHUsI Baja, BhI3bIBAIOIIEE JIOKAJIBbHOE MOBBIILICHUE
HanpsHKEHHOCTH MaTepuaja U oOpyIIeHue CBOa.

[IpunynutenpHas BbIIPY3Ka — BO3J€HCTBUE padOYMX OPraHOB HA BHEIIHIOI 30HY
rpy3a, He 3a/JIcliCTBOBAHHYIO Ha MEPBOM JTame, ¢ [elblo 00ecTieueHHs MOJHOW pa3rpy3Ku
OyHKepa.

OuncTKka MOBEPXHOCTEW — yJaleHHe aAre3MOHHBIX OTJIOXKEHUUW C BHYTPEHHUX
CTEHOK OyHKepa 3a Cu€T KOHTAaKTHOTO B3amMmojeicTBus pabouux opranos (IlepeBepTos,
2020: 58-60).
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Puc. 2. TexHONOrHIECKHH IIPOIIECC CBOJOOOPYIICHHS C TPIMEHEHNEM KCIEPHMEHTAIBHOTO 00pa3iia epeHOCHOT0
YCTPOICTBa MPH 33JCHCTBOBAHUHU TOJILKO OJHOTO TEXHOJOrHYecKoro orBepcTHs Nel OyHKepHOI 1abopaTOpHON YCTAHOBKH:
cXeMa IIpoIiecca BEITPY3KH (2, 0); cXxeMa pacIoNoKeHHUs TEXHOJIOTHUECKUX OTBEPCTHIA (B); 30HA BO3JCHCTBHUS pabOINX OPTaHOB
(06BveMHOE M300paxkeHNe) Ha TPpy3 0e3 MOIHOTO UX PacKPHITUS PH OJHOBPEMCHHOM HCIIOIB30BAHUH JIBYX OTBEPCTHH B
COCEJJHUX CMEKHBIX CTEHKaX BbIITYyCKHO# BopoHkH (T) (KoxeBHukos, 2023: 51)

B xadecTBe 00BEKTa HCIBITAHUI MCIONB30BATUCH TPYAHOCHIIYYHE MaTepHajbl C
pa3IMYHbIMU PU3NKO-MEXaHUYECKUMU CBOMCTBAMU: BIaKHOCTBIO 2—5 %, HACBIITHOM MITIOTHOCTHIO
1,3—1,6 r/cM?® u yriom ectecTBeHHOTo oTKOoca 35—42°. Takoi quana3oH XapakTEpUCTHK MTO3BOIIUII
CMOJIEJIMPOBATh PEaJbHBIE YCJIOBHSI IKCIUTyaTallMM MPOMBILIUICHHBIX OyHKEpPOB M OOECHeYUTh
JIOCTOBEPHOCTh 3KCIIEPUMEHTANIbHBIX JaHHBIX.

MeTtonab!l uccienoBaHusl.

AHanMTHYECKUN METOJ — JJIsi ONHMCAHUS 3aKOHOMEPHOCTEH B3aMMOJEHCTBHUA pabOvMX
OpPraHOB C MAaTEPHAJIOM U OLICHKU HAIPSKEHHOTO COCTOSIHUS B 30HE KOHTAKTA.

OKCEpUMEHTANIBHBIN METOJ — Ul MOATBEPKICHUS TEOPETUUECKHX 3aBUCUMOCTEN U
MOJIyYEHUS IPAKTUYECKHUX JaHHBIX.

MaremaTnueckoe MOJEIMpPOBaHME —  JUIsl  pacdy€ra ONTHUMAJIbHBIX IapaMeTpOB
KOHCTPYKLIUHU U PEKUMOB pabOThl yCTPONCTBA.

CraTtucTuueckuil aHamu3 — JUIsl IPOBEPKU JOCTOBEPHOCTH MOIYYEHHBIX PE3YJIbTaTOB C
UCIONb30BaHneM Kputepus CThIOJIEHTA U KOPPEISLUOHHOTO aHAIN3a.

Pe3synbraThl 3KCIEPUMEHTOB TIO3BOJIMJIM  COMOCTABUTh (DaKTHUECKUE IIOKA3aTeNn
3¢ (HEeKTUBHOCTH € PaCUETHBIMU U MOATBEPIUTH JOCTOBEPHOCTH NMPEIOkKEHHON Moenu. B xone
00pabOTKM JaHHBIX UCHOIB30BAIMCH METOBI BAPUAIIMOHHOMN CTATUCTUKU U IPOTPAMMHBIN MTaKeT
MATLARB, 4T0 MO3BOJIUIIO BBIIBUTH 3aBHCUMOCTh MEXK/Ty YIJIOM Pa3BeICHUs pad0OUnX OPraHOB U
CKOPOCTBIO Pa3pyLIEHUs CBOJOB.

Takum 00pa3oM, MpeasioKeHHass METOAOJIOrUsl 00ecleynBaeT KOMIUIEKCHOE H3y4eHHeE
npoOJaeMbl pa3pylIeHHs CBOAOB M CO3MAaET OCHOBY JJISi ONTUMH3AIMM KOHCTPYKTHBHBIX
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apaMeTpOB MEPEHOCHOTIO CBOJOOOPYIIUTENS C YU4ETOM CBOMCTB TPYIHOCHITYYHX MAT€pPHAJIOB U
HKCIUTYaTAI[IOHHBIX YCIOBHA.

Pe3yabTaThl M 00CYKIEHHUS.

JlaHHBINA pa3fen MOCBALIEH aHAIM3Y IMOJyYEHHBIX SKCIEPUMEHTANBHBIX JAaHHBIX M HX
COIIOCTABJICHUIO C pe3yJbTaTaMH NPEAbIAYIIMX HCCIEIOBAHNM, IOCBSIIEHHBIX IpOLECCaM
CBOJI000pa30BaHUsl U CBOJOOOpYIEHHUS B OYHKEpHBIX cucTemax. Ha ocHOBaHWM NpoBenEHHOU
AKCTICPUMEHTAIBHON M TEOPETHYECKOW pabOThI ObllIa YCTaHOBIICHA 3aBUCUMOCTH () (PEKTUBHOCTH
(YHKIIMOHMPOBAHUSL ~ NEPEHOCHOTO  CBOJOOOPYIIUTENS  OT  KOHCTPYKTHBHO-PEKUMHBIX
apaMeTpoB M YCJIOBUH B3aMMOJIEHCTBUSA pabo4MX OPraHOB C TPYJHOCBHITYYHMH MaTepHaJaMH
(ITepeseptoB, 202006: 96-99).

Uccnenoanus (3omkmn, 2021: 12023) mokaszanw, 4To IS H3yYeHHs] (U3HUYECKOTO
npoliecca CBOI000pYyIICHHS ONTHMAaJIbHBIE YCIOBUS CO3/Ial0TCS IIPU 3aIl0IHEHIH OyHKepa rpy30M
Ha BBICOTY | M mpH IUIOMIAAM TOPU3OHTAJILHOTO MomnepeyHoro cedeHuss 1 m2. Takoir 00BEM
3arpy3Kd MPHU3HAH TOCTaTOYHBIM JIsl IPOBEACHUS SKCIICPUMEHTOB C MaTepUalaMy, CKIIOHHBIMH
K CBOJOOOpa30BaHWIO, HO OOJaJalONIMMU MaJIOW yaeiapbHOM Maccoil. B mganHO#M pabote
nabopaTopHbIi OyHKep ObLI CKOHCTPYHPOBAH MMEHHO C TaKMMHU IapamMeTpaMM, YTO MO3BOJIHIIO
o0ecrneunTh KOPPEKTHOCTh BOCHPOU3BEACHUS IMPOLIECCOB, NMPOUCXOAALIMX B HMPOMBIIIICHHBIX
ycioBusix (KoxeBnukos, 2023: 49-55).

[IpomyckHass cnocoOHOCTH JlabopaTopHOTo oOOpasma OyHKepa OIpeaessuiach 4Yepes
M3MEpEeHHEe BPEMEHHU BBITyCKa M MAacChl BBITPY’KEHHOro MaTepuana. B Xoxe skcrepuMeHTa
YCTAHOBJICHO, YTO Pa3rpy3Ka 4epe3 BBITYCKHOE OTBEPCTHE CONPOBOXKIACTCS OJHOBPEMEHHBIM
MPOSIBJICHUEM TPOIIECCOB CBOJO0OpPA30BaHMS M CBOJOOOPYLICHHS (IUHAMHUYECKHE CBOJIbI),
aHajornyHo HabmoneHusMm B paborax (JKmanos, 2019: 96—100). CtaOuiabHBIA BBITYCK Tpy3a
HaOJII01aeTCsl TOIBKO MPH JOMHUHUPOBAHUY Ipoliecca 0OPYIIEHUsT HaJ MPOLecCoM 00pa3oBaHuUs
CBOJIOB; B IIPOTUBHOM Cilydae (POPMHUPYIOTCS YCTOWUYMBBIE CTATUUYECKUE CBOJbI, IPUBOJAIINE K
IIOJIHOM OCTaHOBKe pasrpy3ku (XKnanos, 2018: 1).

OntuMu3anusi KOHCTPYKTUBHO-PEKUMHBIX apaMETPOB IEPEHOCHOTO CBOIOOOPYILIUTENS
BO3MOXHA TPH YCTAaHOBJICHHWM 3aBUCUMOCTH BpPEMEHH BBITPY3KH MaTepuajia OT JUIMHBI U
pacrioyiokeHust pabounx opraHoB. OCHOBHBIM KOHCTPYKTHBHBIM I1apaMETpOM YCTpOICTBa
SBIISIETCA JUIMHA pabodero oprana Lo, onpenensromas riayOHMHy NPOHUKHOBEHHS B MaTepHai U
30HYy ero akTtuBHOro paspymieHus (Koxesnukos, 2018: 37—44). Ocrarok Marepuana B OyHKepe
II0CJIE€ 3aBEpIICHUS Pasrpy3KU SIBISETCS BaXXHBIM KaueCTBEHHBIM KputTepueMm 3(QeKTuBHOCTH
YCTPOHCTBA U TIO3BOJISIET OOBEKTHBHO OIICHUTH TIOJTHOTY OOpYIIICHHS.

DKcIepUMEeHTaIbHbIE UCCIIEI0BAHNS MPOBOAMINCH HA MOJIENU CTAl[MOHAPHOTO OYHKEpa ¢
UCTIOJIb30BAaHUEM HECKOJIbKUX THIIOB TPYAHOCHIITYYHX MaTE€pPHaJOB PA3JIMYHON IJIOTHOCTH U
BIaXHOCTH. /{1 ompeneneHus ONTHMAalIbHOTO PACHOJIOKEHHs pabOuyuMX OpraHOB B CTEHKax
BBIITYCKHOW BOpPOHKH JlabopatopHoro Oynkepa (Puc. 3, a, 0) OBUIM H3TOTOBIICHBI
TeXHoJIoTHYecKue oTBepcTus ¢ koopauHaramu (0 M; 0,47 m). Takoe pacrnionoxeHue o0ecreynBaeT
MaKCHUMallbHOE pa3BeleHHWE PabOYMX OPraHOB OT OCH BpAIEHUS, YTO YBEIHMYUBACT OO0BEM
MaTepuaia, BOBJIeKaeMoro B paspyiienue cBona (KoxxeBuukos, 2009: 43—49).

AHanu3 reoMeTpUYEeCKUX IapaMeTpoB IoKas3an, yTo Ha paspe3e A—A (Puc. 3) 30Ha
NeicTBUsl paboOYMX OpPraHoB IPH KOOpPAMHATE Yo UMeeT (opMy MOIyKpyra paauycoM Lo u
IPEBOCXOIUT IO TUIOUIAIN 30HY, IMOJyYEHHYIO TIPU APYroil KOOpAWHATE y. Y MEHBIICHHE 30HBI
NeHCcTBUS TPU MU3MEHEHMH KOOPJAMHATHI OOBSCHAETCS HAIWYMEM IPEMsITCTBUS CO CTOPOHBI
BEPTUKAJIBHOH CTEHKH OyHKEpa, OTpPaHWYHMBAIOIIEH pAacXOXJeHHWE padOYMX OpraHoB
(ITepeseptoB, 20206: 158—170). 'opu3oHTaIbHAas MPOEKIIHS 0OIACTH BO3AEHCTBUS MPEACTABIISET
c000M OKpPYKHOCTB, BIMCAHHYIO B TPAIEIIUIO ()OPMBI CTEHKH, ¥ IMEET MaKCHUMAJIbHYIO TUIOMIA/b
npu koopauHarax (0 m; 0,47 M), 4TO MOATBEPHKAAET KOPPEKTHOCTH BHIOPAHHBIX MTAPaMETPOB.
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Puc. 3. DxcriepruMeHTalIbHAS YCTAHOBKA JUISl KCCIIE0OBAHUS HCTCUCHUsSI TPy3a U3 OyHKepa:
cXeMa KOOPJMHAT PACIIOI0KEHUS TEXHOJIOTHUECKAX OTBEPCTHI B CTEHKAX BBIITYCKHOW BOPOHKH (); 1a00paTOpHBbIi
obpaser 0yukepa (6) (Koxeuukos, 2023: 52)

OCHOBHOM 3amaueil HKCIEPUMEHTOB SBISJIOCH YCTAaHOBJIEHHUE 3aBUCHUMOCTH MAacCChl
BBITPY>)KEHHOT'O Tpy3a OT JAJuHBI pabouero opraHa Lo, KoJu4yecTBa TEXHOJOTUYECKHUX
OTBEPCTUN M MOCJIEA0BATEIBHOCTH MX HCIOJIb30BaHUSA. B xonme ucnblTaHul AnnHa paboyux
opraHos u3MeHsuack B nuana3zone 0,065-0,26 m. CornacHo pe3ynbTaTaM, NPpUBEAEHHBIM Ha
pucyHkax 4—6, MakCHMaJIbHOE KOJIMYECTBO BHITPYKEHHOTO MaTepualia gocturaercs npu Lo =
0,26 M. DOTOT pe3ynbTaT COrjacyercs ¢ JaHHBIMU TEOPETHYECKMX pPacd€éTOB M paHee
onyonukoBaHHBIX padot ( Tperwsakos, 2003: 1).

DKCHEepPUMEHTHI TPOBOJMIKNCH B ABYX CXEMaX MCIOJIb30BAHMS OTBEPCTUM:

Cxema [ — II — III IlepBeie nBa OTBEPCTHUSI PACIOJIOXKEHBI CMexHO. Ilpu a3TOMt
KoH(urypauuu HaOdIoJanach 4YacTU4YHAs BBITPY3Ka, TaK KaK paspylleHHe CBOJOB
MPOUCXOINUIIO HEPABHOMEPHO, M OCTaBaJIUCh 3aCTOWHBIC 30HHI (Puc. 4).

Cxema [ - III —II. IlepBbie Ba OTBEPCTHSI PACIIOIOKEHBI IPOTUBOIIOJIOKHO. JTa CXEMaA
nmokasana mojHoe omnopoxHeHue OyHkepa (Puc. 5). Ha BTOpoM »sTame (umcmosip3oBaHue
orBepctust Ne III) Habmionanoch paBHOMEpPHOE pa3pylieHHE CBOJOB U OTCYTCTBHE OCTaTKa
MaTtepuala, YTo MOATBEPKAaeT 3P(HEKTUBHOCTH CHMMETPUYHOTO PACTIONIOKEHUS OTBEPCTUH.

Pe3ynpraThl KonumuecTBeHHOro aHanu3a (Puc. 6) mokasanu, 4To cTeneHb pa3rpy3ku M
YBEJIUYMBACTCS MPOMOPIUOHAIBHO POCTY IIUHBI pabounx opranoB Lo. Haubonpmuii agpdext
nocturaercs npu Lo = 0,26 M, 4TO COOTBETCTBYET ONTHMAJIbHOMY COYETAHHUIO TIIyOHHBI
NPOHUKHOBEHUS M KpyTsllero MomeHTa. [lomydeHHblE 3aBUCHUMOCTH MOTYT OBITh
UCIIOJIb30BaHbl NPHU NPOEKTHPOBAHWM HOBBIX IEPEHOCHBIX CBOJOOOPYLIUTENEH U IpHU
MOJEPHHU3AIMNH CYIIECTBYIOINUX KOHCTPYKIUH.
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(a) (6)

Puc. 4. PesynbraThl pasrpy3ku Oynkepa mo cxeme [ — II — I1I:
Ppe3yJIbTaT UCHOJIb30BaHUs IEPBOTO MO OYEpeH TeXHOIOrnyeckoro oreeperus Nel (a); pesysbrar HCIONb30BaHHs
BTOpOTO 1o o4yepean texHosnorndeckoro orepetust Nell (6) (Koxesuukos, 2023: 53)

T

(2)

Puc. 5. PesynbraThl pasrpy3ku Oynkepa mo cxeme [ — IIT —II:
Ppe3yJIbTaT UCHOJIb30BAHUS BTOPOTO 110 04epey TexHoaoruyeckoro orsepetus Nelll — HeronHoe onoposkHeHue
OyHKepa (a); pe3yJIbTaT UCIOJIb30BaHUS TPEThEro TexHonoruyeckoro orseperus Nell — nosnoe onopoxuenue (0) (KoxkeBHHKOB,
2023: 53)

MBBIC’ %

/

100

80 — — — . Ilepsoe

orBepcrHe (I)
60 /\—-—-— Bropoe (III)

e e Tpetne (II)
Bce oTBepcTHS

40

20

0 -
0,065 0,13 0,195 0,26

Puc. 6. I'paduk 3aBUCUMOCTH CTETICHHU pa3rpy3ku oTpydeit M, % oT pa3mepa pabodnx opraHoB Lo, M Ha KaXJJOM dTare
MOCJIEI0BATEIBHOTO HCIOIB30BAHMUS TEXHOIOTHYECKIX OTBEPCTHI (KaXKI0r0 B OTACIBHOCTH M BeeX BMecTe) (KoxkeBHHKOB,
2023: 54)
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ComnocTaBieHue JaHHBIX HACTOSIIEr0 UCCIEIOBAHNUS C Pe3yIbTaTaMU MPEAbIAYIINX PadoT
(ITepeseptoB, 2020a: 145—-149) noaTBepKIaeT, YTO NPEIOKEHHBIE KOHCTPYKTUBHBIE PELICHUS
o0ecrneynBaroT NOBBIIIEHHE MPOU3BOAUTEILHOCTH pa3rpy3ku Ha 15-20 % u cHuXEeHHe BpeMeHU
MIOJTHOTO OIOpOKHEHHs OyHKepa. Takum o0pa3zom, pa3paboTaHHash METOAMKA IO3BOJSET HE
TOJIbKO YJIyYLIMTh HKCIUTyaTallMOHHBIE XapaKTEPUCTUKHU MEPEHOCHOTO CBOAOOOPYIIUTENS, HO U
paciupuTh 00JaCTh €ro MPUMEHEHUS B IPOMBIIIUIEHHBIX YCIOBHSX.

3aki04eHue.

[IpoBenéHHOE uCCIEIOBAaHUE IO3BOJIMIO KOMILJIEKCHO OLIEHUTh KOHCTPYKTUBHBIE H
HKCIUTyaTallMOHHbIE OCOOEHHOCTH MOOWJIBHOTO CBOJOOOPYIIMTENS, NPEAHA3HAYCHHOTO [UIs
paboTbl ¢ TPYIHOCHITyYUMH MaTepuanamu. llenn u 3agaud, MOCTaBJICHHBIE B paMKax
UCCIICIOBaHMs, PEATM30BaHbl MOCIE0BATENBHO: OT TEOPETHUYECKOIO aHaIN3a CYIIECTBYIOLIUX
CHCTEM BBITPY3KH J0 MPAKTHUYECKON arpodanuu pa3paboTaHHOTO yCTPONUCTBA Ha AEHCTBYIOIIUX
OyHKEpHBIX ycTaHOBKax. lcmosb30BaHHBIE METOABI TEOPETHYECKOTO MOAEIUPOBAHHUSA,
9KCIIEPUMEHTAJIBHOTO aHaIM3a M MapaMeTPUUECKON ONTUMHU3ALNN NOATBEPANUIN BBIABUHYTYIO
TUIIOTE3Yy O TOM, YTO IHPUMEHEHHE MOOWJIBHBIX YCTPOWCTB C aJaNTHUPYEMbIMH pabOUYUMU
OpraHaMy TO3BOJISIET CYIIECTBEHHO IMOBBICUTH 3(PQPEKTHUBHOCTh pasrpy3kKu M CHHU3HTH
BEPOSATHOCTh 0OPa30BAHUS CBOJIOB.

[losnydyenHble  pe3ynbTaThl  JAEMOHCTPUPYIOT, UYTO  HCIIOJIb30BAHHE IEPEHOCHBIX
CBOJIOOOpYIIUTENEH HOBOTO IIOKOJIEHUS OOECHEeYMBACT MOJHYIO BBIIPY3KY €MKOCTH H
OJTHOBPEMEHHYIO OYHMCTKY CTEHOK OyHKepa OT HAUMIIMX OTJIOKEHUU U 3aBucaHuii. Hamboinee
palMoHalbHasi KOHCTPYKTHBHAs CXEMa YCTPOWCTBA BKJIIOYAET JKECTKUE pabodue OpraHsbl
CKpeOKOBOI'O THIA, BBIMOJHEHHBIE M3 KOMIIO3UTHBIX MaTEpHAJIOB, COUYETAIOIMUX JETKOCTh U
BBICOKYI0 H3HOCOCTOMKOCTb. DTO PpEIIEHHE MO3BOJIMJIO YMEHBIIUTh Maccy OOOpYIOBaHUS U
MOBBICUTH €T0 YHEProd((HEKTUBHOCTS.

[IpakTuyeckass 3HAYMMOCTb MCCIIEJOBAHUS 3aKIIOYaeTcd B pa3padOTKe TEXHOJIOTUU
(YHKIMOHUPOBAHUS MOOWJIBHOTO CBOJOOOPYIIUTENS, YYUTHIBAIOIICH TI€OMETpHI0 OyHKepa,
(bU3UKO-MEXaHMYECKUE CBOWCTBA Tpy3a M PEKUMBI paboThl 00opyaoBaHus. Brenpenue
pa3pabOTaHHBIX PEKOMEHJAIMK  CIIOCOOCTBYET  COKPALICHHIO TPOCTOEB,  YBEIMUYCHHIO
IPOM3BOUTENBLHOCTH U MOBBIIIEHUIO HAJIEKHOCTH TPAHCIIOPTHO-TEXHOJIOIMUECKUX CUCTEM.

Hayuynass HoBu3Ha paboOTBl COCTOMT B CHCTEMHOM TOAXOJE K ONTHMH3AIHUU
B3aUMOJICHCTBUA pabouuX OpraHOB YCTPOWCTBA C MaTe€pHAJIOM, a TAaKKe B MCIOJIb30BaHUU
QITOPUTMOB NPHUHATUS PELICHUH, 3aMMCTBOBAHHBIX M3 «YMHBIX HPOHM3BOJCTBEHHBIX CHCTEM.
310 mo3BONMMIO CHOPMHUPOBATH HOBYIO METOAMKY pacuéTa KOHCTPYKTHBHO-PEKHMHBIX
napaMeTpoB, OOECIEUYMBAIONIYIO AJaNTalMi0 YCTPOMCTBA K pa3iMYHbIM BHJAM CBITy4YUX
MaTepHaoB.

[TonTBepxeHne MCTUHHOCTH  BBUIBUHYTOTO Te3HMca IOJIY4YeHO B  pe3yJjbTare
AKCIIEPUMEHTAJIbHON MPOBEPKH: U3MEPEHHbBIE MTapaMETPhl pa3rpy3Ku U YCHINK B3aUMOJIEHCTBUS
HOATBepANIHN 3((HEKTUBHOCT BBIOPAHHBIX PELIEHUH M JOCTOBEPHOCTh TEOPETUYECKUX MOJAEIICH.
TakuMm o0pazoMm, pe3ysbTaThl pabOThl BHOCAT BKJIAJ B Pa3BUTHE HAYYHBIX NPEICTaBICHUN O
npolieccax pa3pylLieHUs: CBOJIOB U pa3rpy3Kd TPYAHOCHITYYHX MaTepHaliOB, pacIlIupss TPAHULIbI
CYILIECTBYIOIINX MH)KEHEPHBIX 3HAHUI.

[lepcniekTUBBI JanbHEHIINX MCCIEAOBAaHUM CBA3aHbI C pa3pabOTKON MHTEIIEKTYalbHbIX
CHUCTEM aBTOMAaTHYECKOIO YIPaBJICHUS MPOLECCaMH pa3rpy3KH, OCHOBAaHHBIX Ha THMOKHX
TEXHOJIOTUSIX U METOJaX MAIIMHHOTO 00Y4YeHHUs. DTO MO3BOJIUT OBBICUTh CTENIEHb aBTOHOMHOCTH
paboTHI yCTPOHCTB, MUHUMHU3UPOBATH YEJIOBEUECKHIA (PAKTOP M aIalTHPOBATH 000PYT0BAaHHE TTO/T
YCIIOBHSI KOHKPETHBIX ITPOU3BOICTBEHHBIX OOBEKTOB.

[IpakTuueckoe mpuMEHEHHE PE3yJbTAaTOB HMCCIEIOBAHMUS BO3MOKHO Ha MPEANPUSATHIX
TOPHO/I00bIBAOIIEH, CTPOUTENBHOM U MUIIEBOM MPOMBIIIJICHHOCTH, IIe HEOOX0IUMa pas3rpy3Kka
OYHKEpOB C BSI3KMMHU WIM CIEXUBAOIUMUCSA MaTepuanamu. IIpenioxkeHHble pemeHus MOTyT
ObITb BHEIPEHbl KaK B HOBBIE TEXHOJIOTMYECKHE JIMHUM, TaK M TPU MOJEPHU3ALUU
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CYIIECTBYIOIIETO 000pyIOBaHMsI, oOecrieuynBasi MOBbIMIeHUE 3(PPEKTHBHOCTH M yCTOMYHUBOCTH
MIPOU3BOJICTBEHHBIX MPOIIECCOB.
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Abstract. The transport and logistics system (TLS) of Kazakhstan plays a strategically
important role in the development of the national economy and the country’s integration into the
Europe—Asia international transport corridors. Given the increasing volume of foreign trade and
transit cargo flows, modernization of the TLS using intelligent and digital technologies has become
a key factor in enhancing sector efficiency. This study analyzes modern methods and models
applied in managing transport and logistics processes, including the implementation of intelligent
transport systems, simulation modeling, automation of logistics operations, and digital platforms
for container and multimodal terminals. Special attention is paid to the use of artificial intelligence,
neural network solutions, and Big Data for route optimization, cargo flow management, and
logistics risk forecasting. Issues of human resource provision and the training of specialists in new
profiles are also discussed. The results demonstrate that integrating intelligent technologies
significantly improves the speed and accuracy of transport operations, reduces costs, enhances
monitoring and infrastructure management, and strengthens Kazakhstan’s competitiveness on the
international stage. The findings can be useful for researchers, transport and logistics
professionals, and government agencies involved in developing the country’s transport
infrastructure.
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AnHoTanus. KazakcTaHHBIH KOTiK-TOrHCTUKANBIK Jkyieci (KJIK) yaTThIK 5KOHOMUKAHBI
naMbeITyna skoHe «Eypoma—Asus» XanblKapalblK KOJIK J9JI3AepiHe HWHTErpanusiiayaa
CTpATETrHsUIBIK MAaHBI3ABI poIt aTkapaabl. CHIPTKHI cay/a jKOHE TPAH3HUTTIK JKYK aFbIHBIHBIH apTybl
xarnaipiaga KJDK-HBI HHTEIUIEKTYaN bl KoHE UGPIBIK TEXHOJIOTHSIIAPbI KOJJaHa OTHIPHIT
KaHAPTY CaJaHBIH TUIMIUIITIH apTTBIPYAbIH HeTisri (hakTopsl 0okl TabbuTaabl. by 3eprTeyae
KOJIIK-JIOTUCTUKAJIBIK TPOIIECTEP Il OacKapyAbIH Ka3ipri 9icTepi MEH MOJIEIbACPl, COHBIH 1IIIH]IC
WHTEIJICKTYalAbl KOJNIK JKYHelepiH eHridy, HMHTALUSIBIK MOJEIBACY, JOTHCTUKAIBIK
omepanvsuIapasl pOOOTTAHIBIPY KOHE KOHTCHHEPJIK JKOHE MYJbTHUMOAANIBJlI TEPMHHAIIAPFa
apHanFaH TUQPPIBIK IUIaTGopManap KapacThIPBULABL. ApHAibl Ha3ap >KacaHAbl HHTEIIEKT,
HEHWPOHJIBIK >kemijep koHe Big Data TexHomorusiapblH MapHipyTTapabl OHTAMIAHIBIPY, KYK
arbIMBIH Oackapy >KoHE JIOTMCTHKANBIK ToyeKenaepAl Ooipkay YIIIH KOJNAAaHyFa aylapbLisbl.
CanaHbIH, KaJpJbIK KaMTaMachl3 €Ty KoHE KaHa MaMaHJBIKTap OOMBIHINA Kaapjapabl Jaspiay
MoceJenepi 3epTTeNIi. 3epTTey HOTHXKENIEPl MHTEIUIEKTY bl TEXHOJIOTHSIIAP Il HHTETpAIUsIIay
KOJIIK OTepalMsUIapbIHBIH KbUIIAMIBIFEI MEH JOJIITIH apTThIpyFa, IIBIFBIHAAPIL KBICKAPTYFa,
WHQPaKYphUIBIMABL  OaKkpllay MEH OacKapylbl JKeTiaipyre, coHmai-ak Ka3zakcTaHHBIH
XaNbIKapaJibIK apeHaJarbl 0ocekere KaOlIeTTUTITIH HBIFAUTyFa MYMKIHAIK O€peTiHIH KOpCETTi.
Marepuan FaasIMaap, KOTIK-JIOTHCTUKA CaJaChlHBIH MaMaHaphl )KOHE KoK WH(PaKYPHUIBIMBIH
JAaMBITYMEH aifHAJIBICATBIH MEMJICKETTIK OpTaH/iap YIIiH Makiaabl 00J1abl.

Tyiiin ce3aep: KOJIK-JIOTUCTHKANBIK JKYHE, MHTEIICKTYAlbl TEXHOJOTHIAp,
nudpraanaplpy, Moaenbaey, KazakcTaH, KOHTEHHEpJIK TEepMUHAIAAp, MYJIbTUMOMAIbBII
TaceIMalayiap, JJOTUCTUKAHBI OHTAIaHBIPY

Hoitexcosnep ymin: [. EpkennmecoBa. HWHTemIeKTyanapl TEXHOJOTHUSIIAP KOHE
KazakcTraHHBIH KOIK-TOTHUCTHKANBIK KYyieciH moaenbaey // Kazakcran enmipic kedmiri. 2025.
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Annoramusi. TpancnoptHo-noructudeckas cucrema (TJIC) Kaszaxcrana wurpaer
CTPATCTUUCCKU BAKHYIO POJIb B PA3BUTHHU HaHHOHaHBHOﬁ OKOHOMHUKHN W HMHTCTpAllMU CTpPAHLI B
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MEXKIyHapOJIHbIE TPAaHCIOPTHBIE Kopuiuopsl «EBpoma—Asus». B ycnoBusix pocra BHEIIHEH
TOPTOBJIM U TPAH3UTHBIX TPYy30M0TOKOB MojiepHu3anus TJIC ¢ npuMeHeHneM MHTEUIEKTYalbHBIX
U 1UQPOBBIX TEXHOJOTUH CTAHOBHUTCS KIIOYEBBIM (DAKTOPOM TMOBBIMICHUS S(H(HEKTUBHOCTH
oTpacid. B HacrosiieM HcCieoBaHUM MPOBEACH aHAJIN3 COBPEMEHHBIX METOJIOB U MOJIENe
yIpaBICHUS TPAHCHOPTHO-JIOTUCTUYECKUMHU npolieccamu, BKJIFOYAst BHEJIpEHHE
WHTEJUICKTYalIbHBIX TPAHCHIOPTHBIX CHCTEM, HMHTAIMOHHOE MOJCIUPOBAHKUE, POOOTHU3AIUIO
JIOTUCTUYECKUX ~ omepauuii, a Takke 1udpoBble IaTGOpMbl Ui KOHTEHMHEPHBIX U
MYJBTUMOAATBHBIX TepMUHAIOB. Oc000€ BHUMAHHE YyNIEICHO HCIOJIB30BAHUIO MCKYCCTBEHHOTO
WHTEIJIEKTa, HEMpoceTeBbIX perieHu u Big Data mns onTuMm#3anuy MapiipyToB, YIPaBIICHUS
MOTOKaMHU T'PY30B U MTPOTHO3UPOBAHUS JIOTUCTUUECKUX PUCKOB. PaccMOTpeHbI BOITPOCHI KaIpOBOTO
o0ecrieyeH s OTpaciy U MOATOTOBKY CIIELUAINCTOB HOBBIX Npoduiieil. Pe3ynbraThl HccienoBanus
MOKA3bIBAIOT, YTO MHTETPAIUsl UHTEUIEKTYAIbHBIX TEXHOJIOTHI MMO3BOJISIET MTOBBICUTh CKOPOCTh U
TOYHOCTh TPAHCIIOPTHBIX OINEPaLUi, COKPATUTh 3aTPaThl, YIAYUIIUTh MOHUTOPUHT U YIIPaBICHHUE
UHPPACTPYKTYPOH, a TaKKe YKPENUTh KOHKYpeHTOCrocoOHOCcTh Ka3zaxcraHa Ha MexXIyHapOTHON
apeHe. Marepuan OyJeT Moyie3eH [UIsl Y4YEHbIX, CIEIHUATUCTOB TPAHCIOPTHO-JIOTUCTUYECKOTO
CEeKTOpa W TOCYAApCTBEHHBIX OPraHOB, YYaCTBYIOUIMX B  pa3BUTHM  TPAHCHOPTHOM
HHPPACTPYKTYPHI.

KiroueBblie ¢ji0Ba: TpaHCIOPTHO-IOTMCTUYECKAs CUCTEMA, MHTEIUIEKTYaJIbHBIE TEXHOJIOTHH,
uudpoBuzanys, Mojaenupoanue, KazaxcraH, KOHTEHHEpHbIE TEPMUHANbBI, MYJIbTUMOJAIILHBIC
MEPEBO3KHU, ONTUMU3ALINS JTOTUCTUKHI
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KoH(}auKT HHTEepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Beenenue.

TpancnopTHO-norUcTHYECKas cucreMa KasaxcraHa SIBISI€TCS OCHOBOM 3KOHOMHYECKOIO
Pa3BUTHA CTPaHbl, 00ecTIeYrBasi UHTETPALUIO BHYTPEHHUX U MEKAYHAPOIHBIX IOTOKOB IPY30B U
naccaxupoB. KazaxcraH 3aHUMaeT cTpaTeruueckoe reorpaduyeckoe rnojiokeHue Ha IepeKpecTke
TPaHCIOPTHBIX KOpuaopoB «3anaaHas EBpoma — 3anaasubii Kutait» n «CeBep—IOr», uto
MO3BOJISIET €EMY BBICTYIIATh B KAYECTBE TPAH3UTHOrO MOcTa Mexay EBpomoii, A3ueit n FOxxHoi
A3MaTcKol 95KOHOMHUYECKOH 30HaMu. COBPEMEHHBIE BBI30BBI, CBA3aHHBIE C POCTOM I'PY30II0TOKOB,
YCII0)KHEHUEM JIOTUCTHYECKUX LEMOYeK U HEOOXOAUMOCTBIO MOBBIIIEHHUSI CKOPOCTH MEPEBO30OK,
TpeOYIOT BHEAPEHUS MHTEIJUIEKTYaJIbHBIX TEXHOJOTUI U COBPEMEHHBIX MOJENeH ynpaBiIeHusl.

Ha ceronnsmmuii gens TpaHcnoptHo-noructudeckuit kommuieke (TJIK) Bkmrouaer
JKEJIE3HOJJOPOXKHBIN, aBTOMOOWIbHBIN, BHYTPEHHUN BOJHBINA, BO3AYIIHBIA U TPYOOIPOBOIHBIN
BUJbl TPAHCIOPTa, a TaKXKe CKIAJACKUE U TEpMUHAIbHbIE CTPYKTypbl. CyllecTByomue
TpaaULMOHHbIE MOAX0/b! K yrnpasienuto TJIK He Bceraa mo3BossioT 3¢ppeKTUBHO UCIIONB30BaATh
TPaH3UTHBIA TMOTEHIMAI CTPAaHbl U YAOBJIETBOPATH PACTyILIUME TPEOOBAHUS MEXKITYHAPOIAHOIO
pbIHKA. B CBsI3u ¢ 3TUM aKTyallbHOW CTaHOBUTCS pa3paboTKa W BHEAPEHHE MHTEIUIEKTYaJIbHBIX
tpa"cnopTHbIX cucteM (UTC), mudpoBbix miargopm MyJIbTUMOAAIBLHOW JIOTMCTUKH, a TAKKe
TEXHOJIOTUH Ha 06a3e UCKYCCTBEHHOI'O MHTEIJIEKTa U UMUTALMOHHOTO MOJEINPOBAHMUSL.

[lenp wuccienoBaHns — INPOAHAIM3UPOBATh COBPEMEHHBIE  HHTEIUICKTYaJIbHBIC
TEXHOJIOTMM U MOJEIN TPAHCIIOPTHO-JIOTUCTUYECKUX CUCTEM, BBISIBUTH MX NPUMEHUMOCTH B
ycnoBusx Kazaxcrana m onpenenuth HampabieHusi ontumusauuu TJIK mis moBblIeHHsT €ro
KOHKYPEHTOCIIOCOOHOCTH Ha MEXAyHApOIHOU apeHe.

3aaum Ucciae10BaHus:

- HUccrnenoBats MUpOBBIE M HallMOHAIbHbIE TeHACHIMH pa3BuTus TJIC ¢ mpuMmeHeHneM
MHTEJUIEKTYAJIBHBIX TEXHOJIOTHH.

- PaccMoTpeTh coBpeMeHHbIE MeTO/Ibl UG POBU3ALUN U MOJETUPOBAHHS JIOTUCTUYECKUX
IIPOLIECCOB.
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- IIpoanamm3upoBats npeumymiectBa BHeapeHus MTC u nudpoBbix mmatdopm s
ONTUMHU3AIIH PAOOTHl KOHTEHHEPHBIX U MYJIbTHMOAIBHBIX TEPMHUHATIOB.

- BoisiBUTH OCHOBHBIE TPOOJIEMBI KaJJpOBOT0 0O0ecreueHus U MOArOTOBKH CIIELUAINCTOB B
TPAHCIIOPTHO-JIOTUCTUYECKOM CEKTOPE.

- IIpennoxuTh peKOMEHJAlUWU IO HMHTErpallid HMHTEUIEKTYyalbHBIX TEXHOJIOTMHA AJist
nosbineHus 3¢ dexruBnoctu TJIK Kazaxcrana.

MarepuaJjbl 1 METOIBI.

Mertoapl HcclieIoBaHUs BKIIIOUAIOT aHAJU3 JIMTEPATYPHBIX HCTOYHUKOB, CTATUCTUYECKHUX
JTaHHBIX, MPUMEHEHHE METOJ0B MMHTALMOHHOTO MOJIEIMPOBAHUS M CHUCTEMHOro aHanuza. B
paboTe UCTIONIB3YIOTCS KaK KOJMYECTBEHHBIE TOKA3aTeu TPAHCTIOPTHON HHPPACTPYKTYPHI, TaK U
KauyeCTBEHHbIE XapaKTEPUCTUKH JIOTUCTUUECKHUX MPOIECCOB U TEXHOJIOTUH.

CoBpemMeHHbIE UCCJEIOBaHUS  TpaHcHopTHo-noructuueckux  cucrem  (TJIC)
MOTYEPKHUBAIOT KIIOYEBYIO POJb HU(PPOBU3ALNUA U BHEIPEHHS] MHTEIUIEKTYaIbHBIX TE€XHOJIOTUN
JUISL TIOBBIIIEHUS APPEKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH OTpacid. B MUPOBOM KOHTEKCTE
pa3BUTHE MYJIBTUMOJAIBHON JIOTUCTUKU U MHTErpalus UHOOPMALMOHHBIX CUCTEM CTAHOBSTCS
CTaHJapTOM I OOECTIeYeHUs] HAJIeKHOTO M TMPECKa3yeMoro ABMkeHus rpy3oB (KabamkuH,
2010: 34). MexayHapoaHble TPAHCTIOPTHBIE KOMIIAHUU aKTUBHO BHEIPSIOT pelieHus Ha 6ase Big
Data, mamuHHOTO O0y4YeHHs, pOOOTH3AIIMM U aBTOMATH3UPOBAHHBIX CHUCTEM YIIPABICHUS s
ONTUMU3AINH IIETIOUEK MMOCTABOK M COKpaneHus 3arpat (Auapees, 2011: 111-120).

B Kazaxcrane TpaHCHOPTHO-JIOTUCTHUYECKUH  KOMIUIEKC paccMaTpUBAEeTCs  Kak
CTpaTernueckuii cekTop SkoHOMUKH. [1o manusiM BeukunzoBoii (Beukunzosa, 2020: 3297-3308),
pazsutue TJIK HanpsiMyro cBSI3aHO C pOCTOM TPaH3UTHOT'O MOTEHIMANIA CTPAHbl U UHTETPAaLUEN B
MEXIyHapOAHbIE TpaHCIOPTHbIE Kopuaopbl. Ocoboe BHUMaHHE YJIENseTCs Pa3BUTHIO
JKEJIE3HOJJOPOKHOTO TPAHCIIOPTA, aBTOAOPOT, TOPTOBONM MH(PPACTPYKTYphl U aBHAIMH. AHAIU3
nokasaj, 4TO TPaJAMIMOHHBIE METOJbl YMpaBiICHHs W IUIAHUPOBAHUSA HE 00ecreynBaioT
I0CTaTo4HOM  3((PEeKTHBHOCTH B  YCIOBHSX  yBENMYEHUS 00BbEMa  MEXKIyHApPOJIHBIX
Ipy30IepeBO30K.

Jpyrue ucciienoBaTea 0TMEYAlOT, YTO MPUMEHEHUE UHTEIUIEKTYalbHBIX TPAHCTIOPTHBIX
cucteM (UTC) mo3BossieT HE TONBKO YIYUIIUTh YIpPaBJI€HHWE MOTOKAaMU, HO U MOBBICUTH
0€30MMacHOCTh JBUKCHHSI, CHU3UTh IKCIUTYaTAIlHOHHBIC PACXOJABI U COKPATUTH BPEMs MPOCTOS
Tpancnopta (MHTennexTyaabHble TPAaHCIOPTHBIE CUCTEMBI KEJE3HOAOPOKHOTO TPAHCIOPTA,
2013: 90-107). UTC BxnrowaroT B ce0s HEWPOHHBIE CETH, TENEeMaTHUYECKHE CHUCTEMBI,
MHTEIIJIEKTYaJIbHbIE CBETO(OPHI, TaTUYMKU TOPOKHOTO Tpa(uKa, 3JIEKTPOHHbBIE CUCTEMBI OIIAThI
U TaT(hOPMbI MOHUTOPUHTA TOTOKOB TPY30B U MAaCCAKHUPOB.

CoBpemenHble moaxoabl Kk wmojaenupoBanuio TJIC pensTcs Ha MaTeMaTHUECKHE U
umuTanronnsie (Kabamkun, 2010: 10-34). Matematuueckrue MOAETH IPUMEHSFOTCS AJIs aHaJIN3a
MaKpOYpPOBHSI — CTpPaHbl, TOpo/ia, MUKpOpailoHa, IJ1e UCTIOIb3YIOTCS 1eMorpaduiecKie JaHHbIE,
rpadbl qOpor, TPAHCIOPTHBIM CHPOC W MpeaniokeHue. VIMUTAIMOHHBIE MOJIENH TO3BOJISIOT
cO3/1aBaTh MU(PPOBBIC TBOWHUKN JIOTUCTUIECKHUX MPOIECCOB, YUUTHIBATH TIOBEJCHUE OTAEITBHBIX
TPAHCIIOPTHBIX CPENCTB, BOAUTENEH, paboTy cBeTohOpOB M YCIOBHS OKpyKaromiei cpensl. B
NOCJIEAHUE TOJIbl BO3pPACTAlOT BO3MOKHOCTH TNPUMEHEHMSI HMHTEJUIEKTYalbHBIX aJITOPUTMOB,
METOJIOB KOMOWHATOPHOM ONTHUMM3AIMHN U MPOrPaMMHUPOBAHUS I UHTETPAIIUN ONEPATUBHOTO
yIOpaBiCHUST B HMMHUTAIMOHHBICE MOJIETH, YTO TIOBBIIIAET TOYHOCTh IPOTHO3UPOBAHUSA H
s dekTuBHOCTH orucTudeckux onepanuit (Kacsimbexona, 2019: 99-101).

Kazaxcran 3aHmMaeT yHHKaJbHOE TeorpapuuecKkoe IOJIOKEHHE, IO3BOJISIONIEe
UCIIONB30BAaTh TPAH3UTHBIM TMOTEHIMATl B MEXIyHApOAHBIX TMepeBo3kax. (OCHOBHBIMU
HAIpPaBJICHUSMU Pa3BUTHUS TPAHCIIOPTHO-JIOIMCTUYECKON CUCTEMBI CTPaHbl SIBISIOTCS:

PazButne MynbTUMOAanpHOM  JOrucTUKH. CO3aHuE  TPAHCHOPTHO-JIOTHMCTUYECKUX
LEHTPOB, OOBEIUHSIONINX >KEJIE3HONOPOXKHbIE, aBTOMOOMIbHBIE, MOPCKHE U aBHALIMOHHBIE
notoku. Ocoboe BHUMaHHE yJeiseTcss HHTerpauu noptoB Akray u Kacmuiickoro peruona c
JKEJIE3HOOPOKHOU CETHhIO M aBTOTPAHCIIOPTHBHIMU Kopuaopamu (Beukunzosa, 2020: 3305-3310).
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[udpoBuzaruss u BHEIpPEHHE MHTEUIEKTyalbHBIX cucteMm. [Ipumenenne UTC,
mw1aTopM MyIbTUMONANBHBIX IEPEBO30K, CUCTEM YIIPaBICHUSI KOHTEHHEPHBIMH TEPMUHATIAMU
1 IU(POBBIX TPAHCTIOPTHBIX KOPUIOPOB. VCroap30BaHNE MAIIMHHOTO 3pPEHUS, HEHpoceTel u
Big Data mo3BoyiseT TOBBICUTH TOYHOCTH MOHUTOPHUHTA, ONTUMHU3MPOBATH MApIIPYTHl U
IpeacKa3blBaTh BO3MOXHBIE JOrHCTHYecKWe pucku (MHTemnekTyanbHble TPaHCIOPTHHIE
CHUCTEMBI JKeJIE3HOA0POKHOTO TpaHcnopTa, 2013: 105-200).

Nmutanmonnoe monenupoBanue. Mcrons3oBanue Mojenel s ONTUMU3AIUNA pabOThI
KOHTEHHEpPHBIX TEPMHUHAJIOB, pPAaCIpENE]€HUsT PECYpPCOB, YINPABIEHUS OYEPEIHOCTHIO
o0cmyXuBaHus rpy30B. UMHUTalIMOHHBIE MOIENIH TTO3BOJISIIOT MPOTHO3UPOBATH BO3MOXKHbBIE COOU
U pa3pabaTbiBaTh CTpAaTeTUH OINEPATUBHOIO BMEIIATENLCTBA 0€3 pHCKa s peallbHON
uHdpacTpykrypsl (Kabamxkun, 2010: 35-37).

ABTomaTH3anus u podorusanus. Buenpenne poOOTH3MPOBAHHBIX CUCTEM Ha CKIaJax U
TepMHUHajIaX, aBTOMaTHU3UPOBaHHBIE IPOLIECCHI TOTPY3KH U pa3rpy3KH, CHIDKEHHE O PyYHOTO
TpyZa, MOBBIIIEHUE TOYHOCTH ONepanuil u npoussoauteasHoctu (Auapees, 2011: 305-310).

KanpoBoe obecneuenue. [loaroropka cnenuaaucToB HOBOTO MpoQuis s pabOThl ¢
MHTEIJICKTYaJbHBIMA CHCTEMaMH, AaHalu3 TEKYUIMX W MPOrHO3MPYEMBbIX MOTpeOHOCTEH
oTpacinu. BaxHbIM HampaBieHHEM SBISIETCS CO3/JaHHE O00pa3OBaTENbHBIX MPOrpamMMm s
MOJATOTOBKU BBICOKOKBATH(UIIMPOBAHHBIX CIIEIUATUCTOB B 00JACTH JIOTUCTUKH M IU(POBBIX
texHojoruit (Beukunzona, 2020: 3302—-3308).

Co3nanne  enuHoM  MH(pOpManmMOHHOW  miaTgopmbl. MHTerpanmust  JaHHBIX O
MYJIbTUMOJIAJIBHBIX MOTOKAX TPY30B, HU(MPOBBIX JOKYMEHTaX U JIOTUCTHYECKHUX Mpoleccax s
MOBBIIICHHUSI MPO3PAYHOCTH U CKOpOCTH 00paboTku mHpopmanuu. KazaxcTaHCkuii cerMeHT
HU(POBBIX TPAHCIOPTHBIX KOPHUIIOPOB CO3JAETCS C LIENbI0 MHTErpalli ¢ MEXAYHapOJHBIMU
mwiarpopmamu u obecnieuenus 6omnee 3pdextuBHoro Tpansuta (Kabamkun, 2010: 30-35).

Takum obpaszom, moaepuuzamus TJIC Kazaxcrana TpeOyeT KOMIUIEKCHOTO TMOAXO/a,
0o0BeAMHAIOMEr0  IU(PPOBU3ALNIO, HHTEIJICKTyalbHbIE  TEXHOJIOTMH, HMHTALHOHHOE
MOJIEIUPOBAaHUE M TOJATOTOBKY KajapoB. OCHOBHas Iieib — IMOBbIMIEHHE 3()PEKTUBHOCTU
paboThl JIOTUCTUYECKUX IIETOYeK, CHWXKEHHE 3arpaT, olecmedyeHne Oe30macHOCTH H
MPEJICKAa3yeMOCTH TPAHCIOPTHBIX IOTOKOB, a TaKXe YCUJIEHHE KOHKYPEHTOCIOCOOHOCTH
CTpaHbI HAa MEKyHAapOJIHOU apeHe.

Pe3yabTaThbl 1 00CyXKAeHHS.

Ha ocHoBanum aHanmuza CyIIeCTBYIOIIMX HCCIIEIOBAHUN M OQUIHUATBHON CTaTUCTUKH,
MOKHO BBIJICINTh KJIFOYEBbIE PE3YyJbTaThl U TPEHIbl Pa3BUTHUS TPAHCIOPTHO-JTOTUCTUYECKON
cuctemsl (TJIC) Kazaxcrana B nepuon 2014-2024 rr.

1. PocT oO0beMa nepeBo30K U TPaAaH3UTHOTO MOTEHIIHAIA

3a mocaeaHue 1ecAaTh JIeT HAOI0AaeTCsl YCTOMYUBBINA POCT 00BEMOB IPY30MEPEBO30K MO
OCHOBHBIM TpaHCHOPTHBIM KopunopaM Kaszaxcrana. [lo nanubiM MuHHCTEpCTBa HHIYCTPUU U
uHppacTpykTypHOro pa3sutusi PK, 00beM kene3HoI0poKHBIX MepeBo30K yBenuumics ¢ 140
MiaH ToHH B 2014 romy mo 210 maa toHH B 2023 romy. ABTOMOOWIBHBIA TpPaHCHOPT
JEMOHCTPHUPYET CpPEIHEr0oJ0BOM pocT mopsigka 6—7 %, 4TO CBSI3aHO C Pa3BUTHEM CETHU
aBTOMarucTpajgeil, MOJAepHU3aLUel NOTpaHUYHBIX IEPEXOJ0B M YBEIMUYEHHEM BHYTPEHHETO
CIpoca Ha MepPEeBO3KH.

2. BHeapeHue UHTEIIEKTyallbHBIX TpaHcnopTHbIX cucteM (MTC)

Buenpenne UTC mo3BOAMIO MOBBICUTH ONMEPATHUBHOCTH YIPaBICHUS TPAHCIOPTHBIMU
MIOTOKaMU U CHU3UTH [IPOCTOU Ha KIIFOUEBbIX y3iax. Hanpumep, B Actane u AiMaThl BHEPEHbI
CHUCTEMbl MOHHUTOpPUHTA JOPOKHOTO [BM)KEHHsSI C HCIIONb30BAHUEM JaTYUKOB M Kamep,
UHTETPUPOBAaHHBIE C IUIaTGoOpMamMHu MPOTHO3MPOBAHMUS 3aTOpoB. Ha >kene3HOq0pOKHBIX
TepMUHaNax, Takux kak crtaHous Capplaramm W mopT  AKTay, HCIOJB3YIOTCSA
aBTOMATU3MPOBAaHHBIE CHCTEMBl Yyue€Ta M paclpeiesieHus KOHTEHHEpPOB, YTO IO3BOJISET
COKpAaTuTh BpeMst 06paboTku rpy3oB Ha 20-30 %.
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3. IMuTanimoOHHOE MOAEINPOBAHNE JIOTUCTUYECKUX ITPOLIECCOB

MonenupoBanue paOOTbl KOHTCHHEPHBIX TEPMUHAJIOB M PACIPENEIUTENbHBIX IIEHTPOB
MOKa3aJl0 BBICOKYIO A()PEKTUBHOCTh MPOTHO3UPOBAHUS HArpy3KH Ha WHOPACTPYKTYpy U
ONTUMH3AIMU pacrpenenenus: pecypcos. Hanpumep, mudpossie moaenu noptoB Kacnuiickoro
pErMoHa MO3BOJIAIOT IPOrHO3UPOBATh BpeMsi 00pabOTKU Ipy30B, ONITUMHU3UPOBATh OUEPEAHOCTD
Cyl0B U MUHUMH3UPOBATH NPOCTOU. AHAIW3 IOKAa3bIBAE€T, YTO NPUMEHEHHE HMMUTAILIMOHHBIX
MoJIeJiell CHIDKAEeT JJorucTuueckue n3aepkku Ha 10—15% u noBeImaeT mpomnycKHy0 ClIOCOOHOCTh
TEPMHUHAJIOB.

4. Pa3BuTHE MYJIBTUMOJATIBHON JTOTUCTUKHI

Coznanue TpancnopTHo-noructuyeckux neHTpos (TJIL) B pernonax Anmatsl, ATelpay U
KaparannuHckoil o06i1acTé MO3BOJIWIO OOBEIUHUTH ABTOMOOMIIBHBIEC, JKEJIE3HOAOPOXKHBIE H
MOPCKHE TIEPEBO3KH B €IUHYIO CUCTEMY. JTO CIIOCOOCTBYET COKPAILICHUIO BPEMEHH TPaH3MUTA,
HOBBIIIEHUIO HAJEKHOCTH JOCTaBKU M YBEIMYEHUIO 00BbEMOB MEXIyHapoAHOH Toprosiu. Ilo
OLIEHKaM JKCHEepPTOB, 3()(HEKTUBHOCTh TAaKUX IIEHTPOB MO3BOJSET YCKOPATH JBM)KEHUE TPY30B Ha
25-30% 1o cpaBHEHHUIO C TPAAUIIMOHHON JJOTUCTUKOM.

5. ABTomaTu3auus ¥ poOOTU3aIMS CKIIAJI0B M TEPMUHAIOB

BHezapenune poOOTH3MPOBAaHHBIX CHCTEM MOIPY3KH M Pa3rpy3KH, aBTOMAaTH3UPOBAHHBIX
CKJIQJICKUX KOMITJIEKCOB M TIATGOPM At 00pabOTKH JaHHBIX MO3BOJIMIO CHU3HUThH 3aBUCUMOCTD
OT PY4HOro TpyJa U MUHMMHU3HMPOBATh yenoBedyeckue omnOku. Ha coBpeMeHHbIX TepMuHanax,
takux kak AcraHa Jloructuk TepmuHan, nOpUMEHSIOTCS pPOOOTU3UPOBAHHBIE KpPAaHBI,
aBTOIIOTPY3YMKH M aBTOMATHUYECKUE COPTUPOBOYHBIC JUHMU. D(P(PEKT OT BHEIPEHUS 3TUX
TEXHOJIOTUH MPOSBISIETCS B COKPALICHUN BpeMeHH 00paboTku Tpy30B Ha 15-20 % u noBbIIeHNH
TOYHOCTH y4YeTa.

6. Lludposas unTerpanus u eauHas HHPOpMalmoHHas miatgopma

Co3zmanne HAIMOHATLHON ITU(POBOI TPAHCTIOPTHOM IIAT(HOPMBI MIO3BOJIUIIO O0OBEAMHUTH
JaHHBIE O MYJIbTUMOJAJBHBIX MOTOKAaX, AIEKTPOHHBIE JOKYMEHTBI M IPOLIECCHI YIIPABIICHUS
TpaHcnoptoM. Ilnatgopma obecrneunBaeT MpoO3pavyHOCTh ONEPALMM, YMEHBIIAET BEPOSTHOCTD
omnOoK U yckopsieT o0paboTky mHpopmanuu. Kpome Toro, MHTErpanus ¢ MexIyHapOJHBIMU
w1aTpopMaMH CIIOCOOCTBYET YBEIMYEHHIO TPAH3UTHOIO IOTOKA I'PY30B 4YEpeE3 TEPPUTOPHUIO
KazaxcraHna, ykperiss poiib CTpaHbl Kak KIIIOUE€BOT0 TPAaH3UTHOTO Xaba mexay EBponoit u Azueil.

7. IIpobGneMbl ¥ OrpaHUYCHUS] BHEAPESHUS TEXHOJIOTHI

HecmoTps Ha monOXMUTENbHBIE pe3ysNbTaThl, psi mpobiieM coxpansercs. KiroueBbiMu
SABIISIOTCA:

- HeZIocTaTouHas MH(pacTpyKTypa Ha OTJEJIBbHBIX Y4aCTKaX MaplIpyTOB;

- OTpaHMYCHHBIM KaJIpOBBIH TMOTEHIMAN CICHUAIMCTOB B 00MacTd HHU(POBBIX
JIOTUCTUYECKUX CUCTEM;

- BBICOKME KamuTaJlbHblE 3aTpaThl Ha BHEApPEHUE POOOTU3UPOBAHHBIX U
aBTOMATU3UPOBAaHHBIX CUCTEM;

- HEOOXOAMMOCTh TapMOHM3ALMM HOPMATUBHO-NPABOBOM 0asbl A UHTErpaluu ¢
MEXTyHAapOAHBIMU IUIaTHOPMaMH.

CornacHo wuccienoBaHui0 BeukuH30BOM, pelieHHE 3THX MpoOJeM BO3MOXKHO 4epes
rOCyJIapCTBEHHbIE POrPaMMbl MOIEP’KKY MHHOBAIUH, 00yueHHe CIeIHaIiCTOB U paclIipeHue
MEXIyHapOJAHOIO COTPYIHUYECTBA.

8. IlepcrieKTUBBI pa3BUTHS

[lepcnextussl pazsutus TJIC KazaxcTana BKIIIO4aroT:

- pacIIMpPEHUE CETH TPAHCIIOPTHO-JIOTUCTUYECKUX LIEHTPOB;

- BHeApeHue TexHonoru uHTtepHeta Bewied (IoT) nns MoOHMTOpPHHra COCTOSHUS
TPAHCHOPTHBIX CPEACTB U MH(PPACTPYKTYPHI;

- HCIIOJIb30BaHHE  OJIOKYEHH-TEXHONOTMM  Juisi  oOecreyeHus:  MPO3PavyHOCTU
JTIOKYMEHTO000pOTa;
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- pa3BUTHE «YMHBIX» CKJIaJI0B C aBTOHOMHBIMH pOOOTaMU U CHCTEMaMU MPOTHO3UPOBAHUS
crpoca;

- MHTETPALMIO C MEXIyHApPOJHBIMU TPAHCIOPTHBIMHU KOPHUIOpPaMH, TakKUMH Kak Kurtai—
EBpona u TRACECA, ans ycuieHus TpaH3uTHOro noreHuuana (MUHUCTEPCTBO MHAYCTPUU U
uHppacTpykrypHoro passutus PK, 2024: 14).

Takum  oOpazom, pe3ylnbTaThl aHadW3a  MOKa3bIBAIOT, 4YTO  IM(pOBH3AIHUA,
WHTEJUIEKTYAJIbHBIE CUCTEMbl M HMHTALIMOHHOE MOJIEIMPOBAHUE CTAHOBITCS KIIOUYEBBIMU
UHCTpyMeHTamMu TnoBbleHuss 3¢dexkruBoctn TJIC. BueapeHwe HaHHBIX TEXHOJIOTHHA
obecrieunBaeT CHIKEHUE 3aTpaT, YCKOpPEHUE 00pabOTKHM Tpy30B, MOBBIIMICHUE OE30MaCHOCTH U
IIPO3PAYHOCTH TPAHCIIOPTHBIX MPOLIECCOB.

3akiro4eHue.

ITpoBenénHoe nccenoBaHUE MOATBEPKIAET, YTO TPAHCIIOPTHO-JIOTUCTUYECKAsT CUCTEMA
(TJIC) KazaxcTana urpaet KI04YEBYIO POJIb B 00€CIIeUeHUN YKOHOMUYECKOTO Pa3BUTHS CTPaHBI U
€€ MHTErpaliy B MEXAyHapOAHbIE TPAHCIIOPTHBIE KOPUIOPHI. AHAJIN3 COBPEMEHHBIX TEHACHLNN
U BHEIPEHHE MHTEJUIEKTyaJbHBIX TEXHOJIOTMH TOKa3bIBalOT, YTO UU(pOBH3ALUSI U
aBTOMAaTH3alMs JIOTUCTHYECKUX IMPOIECCOB SIBIAIOTCS OCHOBHBIMH (DAaKTOpaMu TOBBILICHHUS
s dexruBroctr TJIC, cokparnieHuss BpeMeHH 00paOOTKH TPy30B U YMEHBIIICHUS U3ICPIKEK.

Ha ocHOBaHMM TPOBEAEHHOIO aHalIM3a MOXHO BBIICINUTh HECKOJIBKO KIIFOUEBBIX
HaIpaBJIEHUH Pa3BUTHS TPAHCIOPTHO-IOTUCTUYECKOIM HHPPACTPYKTYphl. Bo-niepBhIX, BHEpEHNE
MHTEIJIEKTYalbHBIX TpaHcnopTHBIX cucteM (MTC), BKiIro4yarommx HEHPOHHBIE CETH, MAlIMHHOE
3pE€HHEe, CHUCTEMbl MOHUTOPMHIA W NPEIUKTUBHON aHAJUTUKH, MO3BOJSET HE TOJBKO
ONTUMU3UPOBATh JBUKEHUE TPAHCIIOPTHBIX CPEACTB, HO W IPOTHO3UPOBATH TPAHCIOPTHBIE
MOTOKH, BBISIBIATH Y3KHE MeCTa B MHPPACTPYKType U ONEPaTUBHO KOPPEKTUPOBATH MAPIIPYTHI.
Bo-BTOphIX, HM(ppOBU3aUA MPOLECCOB B MOPTax, HA TEPMUHAJIAX U CKJIanax oOecreyrBaeT
IPO3PAaYHOCTh JJOKYMEHTOOOOpOTa, TMOBBIIAET TOYHOCTh IJIAHUPOBAHUS U TO3BOJISIET
HMHTETPUPOBATh HAI[MOHAIbHBIE CUCTEMBI B MEXKTyHAPOIHbIE TPAHCIIOPTHBIE KOPUIOPHI.

Hcnonb30BaHre UMUTAIIMOHHOTO MOJEIMPOBAHUS U NOCTPOEHHE IU(PPOBHIX JBOMHHUKOB
TPAHCHOPTHBIX OOBEKTOB AAIOT BO3MOKHOCTH ONTUMH3UPOBATH MPOLECCH MYJIHTHUMOJIAIBHOM
JIOTUCTUKH, MHHUMH3HPOBATh MPOCTOM OOOpPYAOBAaHHS U CHHU3UTh PUCK OIIMOOK TpuU
ONepaTuBHOM ympaBieHuH. OCOOEHHO Ba)XHO BHEJPEHHE MHTEIUICKTYAIbHBIX MOMIYJeH
ONEPATUBHOIO IUIAHUPOBAHUS, KOTOPBIE IMO3BOJIAIOT YUYUTHIBATh B3aMMOJEHCTBHE Pa3INYHBIX
CcyOBEKTOB TPAHCIIOPTHOTO MpOIiecca, YIPABIATh OTPAaHUUYECHHBIMH PECYPCaMH U aIaliTUPOBATHCS
K U3MEHEHUSM CUTYallUU B PEaIbHOM BPEMEHHU.

Opnnako ananu3 nokasbiBaeT, yTo coBpemeHHas TJIC KazaxcraHna craikuBaercs ¢ psaom
orpannueHnii. Cpenmm HHX — HEJOCTaTOYHAas KBAIM(UKAIUSA KaIpoB, HEOOXOAMMOCThH
MOJIepHHU3AIUU HH(PPACTPYKTYPhI, BEICOKAsi CTOUMOCTH BHEJIPEHHSI TEXHOJIOTHI U HETOCTaTOYHAs
HOpPMATHBHAs pErJIaMEHTAalWsl OTpaciu. PemieHwe STUX MpoOJieM BO3MOXHO —dYepes
rOCy/apCTBEHHBIE TPOrpaMMbl MOAAEPKKH HHHOBALIMOHHBIX IPOEKTOB, CO3JaHHE Y4YEeOHBIX
LEHTPOB JJsl TOJTOTOBKM CIIELIMAJIUCTOB, a TaK)K€ AaKTUBHOE IPUBJICUEHUE HMHBECTULUN B
TPaAHCIOPTHO-JIOTUCTUYECKUE TTPOEKTBHI.

[IepcrieKTUBEI pa3BUTHUS OTPACIN BKIIFOYAOT MHTETPALIMIO TEXHOJIOTUM MIHTepHeTa Bewen
(IoT), ucionbp3oBanue GIOKYSHH-CUCTEM ISl JOKYMEHTOOOOPOTa, Pa3BUTHE «YMHBIX» CKJIAJIOB,
U(PPOBU3AIMIO TPAHCIOPTHBIX KOPUAOPOB M MOCTPOSHHE MYJIBTHMOAAIBHBIX JIOTUCTHUECKUX
mwiargopm. Peanmuzaius 3THX Mep MO3BOJMT HE TOJIBKO MOBBICUTH KOHKYPEHTOCIIOCOOHOCTH
Kazaxcrana kak TpaH3uTHoro xaba mexmy EBponoii u Asueid, HO U yBEIMYHUTh O€30MacHOCTh U
3KOJIOTUYECKYI0 YCTOMYMBOCTh TPAHCIIOPTHOU CUCTEMBI.

Takum o00pa3om, HUQPpPOBHU3AIMS, ABTOMATH3AIMSA W BHEAPEHHE HWHTEIUICKTYaIbHBIX
TEXHOJOTHH SBISIOTCA KIIOYEBBIMU (AKTOpaMHU YCTOMUMBOTO Pa3BUTHUS TPAHCIOPTHO-
JorucTruueckoi cucreMsl Kazaxcrana. OTu Mepbl IO3BOJIST CTPAHE HE TOJIBKO YKPEIUTh MO3ULIUN
B TJ00anbHON TPAHCHIOPTHOM CETH, HO U CHOCOOCTBOBATH 3KOHOMHYECKOMY POCTY, Pa3BUTHUIO
MEKIYHAPOAHON TOPrOBIM M HMHTErpaluu B EBpa3uiickoe 3KOHOMHYECKOE IMPOCTPAHCTBO. B
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I[OJ'IFOCpO‘IHOfI IEPCIICKTUBEC Kazaxcran MoeT cTaTh BCAyIIUM  MYJIbTUMOJAJIIBHBIM
JIOTUCTUYCCKHMM HCHTPOM pPCEruoHa, obecneunBas OINNTUMU3AIIUIO TPAHCIIOPTHBIX IMOTOKOB,
CHMIXCHHUC 3aTpaT U MOBBIICHUEC KaY€CTBa NPECAOCTABIISICMBIX YCIIYT.
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Abstract. In the modern world, the efficiency and safety of railway systems are critical
aspects of transport infrastructure. This study examines software tools for modeling the
technological processes of railway stations and analyzes their advantages and limitations.
Packages such as AnyLogic, Aimsun, AutoMod, and MvStudium were evaluated in terms of their
functional capabilities, ability to conduct simulation experiments, optimize logistical processes,
and manage operational activities. The results indicate that computerization and visual modeling
of railway systems enhance operational efficiency, enable more effective resource utilization, and
improve management of technological processes. Integrative modeling approaches allow for more
accurate representation of technical and operational processes and provide a foundation for the
future implementation of intelligent management systems. Moreover, the use of ergatic models
enables consideration of human factors, improving modeling quality and allowing simulation of
various operational scenarios. In conclusion, the study proposes new methods for developing
functional models to assess and forecast the performance of railway stations, facilitating
innovative, scientifically grounded solutions and supporting strategic planning in railway transport
management.
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HKCIIEPUMEHTHI, ONTHUMHM3UPOBATH JIOTUCTUYECKHE TMPOLECCHl U YNPaBISATh ONEPALUSIMU.
PCSYJIBTaTBI HUCCIICAOBAaHUA IMOKAa3aJr, YTO KOMIBIOTCPpHU3ALUA W BU3YAJIBbHOC MOACIUPOBAHUC
KEJIE3HOOPOKHBIX CUCTEM CITOCOOCTBYIOT MOBBIIIEHUIO ONEpallnOHHOM 3(h()EKTUBHOCTH, OoJiee
paluOHAIIBHOMY HCIIOJIL30BAHUIO PECYPCOB M YIIYUIICHHUIO YIIPABICHUS TEXHOIOTHYECKUMU
npoueccamMu. VHTerpaTUBHBIE MOJIXOJbl K MOJEIMPOBAHUIO TMO3BOJSIOT TOYHEE OMHCHIBATH
TCXHUUYCCKHUC N OKCITyaTallMOHHBIC TIPOLECChHI, a4 TAKXKXC CO3daBaTb OCHOBY IJId BHCAPCHUIA
MHTEJJICKTYaJbHBIX CUCTEM YIIpaBiieHus B Oyayuiem. Kpome Toro, ucnosiab30BaHHE 3praTH4eCKUX
MOI[GHGI\/'I MO3BOJCT YUYUTBIBATH BJIMAHHUC YCIIOBCYCCKOI'O (baKTopa, YTO MIMOBHIIIACT KAa4YE€CTBO
MOJIETTMPOBAHUS U JAaeT BO3MOKHOCTh CUMYJIUPOBATh Pa3IMuHbIe CLIECHapUHU padOThl cTaHIMKU. B
3aKIIIOYCHUC TPCJIararoTCd HOBBIC MCTOAbI ITIOCTPOCHUA q)YHKI_II/IOHa.HBHBIX MOI[CHCﬁ JJI1 OLIEHKHN
U IPOTHO3UPOBaHUS 3PPEKTUBHOCTU PAOOTHI KEJIE3HOJOPOKHBIX CTAHIIHUM, YTO OTKPHIBAET MYTh
K NTHHOBAIUOHHBIM U HAYYHO OGOCHOBaHHLIM pCUICHUAM.
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Introduction.

For modeling the railway technological process of a railway station (RS) based on a
simulation model, many software tools have been proposed, but they solve the problems of
modeling technological processes one-sidedly and do not provide unambiguous answers to
questions of logistics or modeling of railway technological processes.

The current stage of railway development can be defined as the period from the 1990s to
the present. Over the past decade, significant shifts in railway design automation have not
occurred. Researchers are faced with unconventional problems covering numerous design aspects,
which are difficult to formalize. Traditionally, the quality of design solutions largely depends on
the level of designer qualification.

SCADA or CAD (computer-aided design) systems have been developed to automate
complex project design processes. These systems allow integrated solutions for railway systems,
providing visualization of locomotive positions using GPS and global satellite navigation.
However, rapid CAD development is hindered by the heuristics of railway circuit construction.

Abroad, studies focused on developing transport CAD systems, emphasizing the
mathematical formalization of railway structures using combinatorial, topological, matrix, and
graph models. Foreign researchers also highlighted the importance of graphical representation of
railway technical equipment. Two main research directions were identified in railway design
automation: technical design of track infrastructure and technical-technological modeling of
railway elements and processes (Dong, 2010: 12—-15).

Despite these efforts, a complete solution has not yet been achieved. Heuristic methods
require active human involvement, as CAD systems alone cannot provide full interactive control
over railway development. Ergatic and graphoanalytic methods can automate railway modeling,
but human participation remains essential for analyzing technological processes and overall
performance.

The urgent task for modern railways is to determine estimated volumes of work for which
simulation of railway functional states allows assessing technical equipment and technology
compliance under uneven transportation conditions. Computerization of technical and operational
assessment of railway work is now recognized globally, with a focus on creating intellectualized,
automated systems.
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Materials and methods.

The current stage of railway development can be conditionally defined as the period from
the 1990s to the present. There have been no significant shifts in the direction of automation of
railway design over the past ten years. An analysis of the results shows that researchers are faced
with a rather unconventional problem that covers numerous aspects of design, and is difficult to
formalize. The quality of the design solution with traditional approaches is determined, first of all,
by the level of qualification of the designer (Maylybayev, 2024: 171).

The skills and experience of a professional solve the problem of linking the structure of the
railway circuit with numerous internal and external factors, and there are no descriptive procedures
for the designer's experience yet. During this period, a unified algorithmic approach to the
interpretation of design requirements and rules for the implementation of station structures in the
design begins to take shape. The so-called SCADA systems (or computer-aided design systems—
CAD) are being developed (Maylybayev, 2024: 171; Harris, 2013: 172—-174).

Such systems contribute to the introduction of automated forms of end-to-end development
of the most complex projects. They cover all stages of design and allow obtaining integrated
solutions for railway systems. The electronic circuits of the railway make it possible to track the
condition of individual locomotives on the display screen at a point with coordinates determined
by mobile GPS receivers via the global satellite navigation system (Li, 2020: 112936). The most
important factor that began to hinder the rapid creation of an effective CAD railway was the
heuristics of the very process of building a railway circuit. However, thanks to the efforts of
scientists engaged in theoretical research in this field, and a number of theoretical and practical
studies and publications, the cognitive orientation of the results obtained in this field of science
has grown (Maylybayev, 2024: 171; Dong, 2010: 6-8).

Similar studies and works have also been conducted abroad (Goodman, 1998: 80—82;
Kaakai, 2007: 5-7). For these works, a characteristic feature was the accumulation of materials on
the problem of developing transport CAD systems. At the same time, the works of foreign
colleagues were dominated by methodological works in the context of the development of
mathematical methods, which formally described the structure of railway development.
Combinatorial, topological, matrix, and graph models were used, which displayed essential
features (Maylybayev, 2024: 171; Rohrer, 2000: 172—-174).

Also, foreign researchers emphasized the importance of a correct graphical representation
of the railway's technical equipment. All this combined made it possible to formulate a number of
canonical requirements that are usually imposed on mathematical analogues of real railway
circuits. The analysis of these works shows that there are two directions in which foreign scientists
conducted their research in the field of railway design automation:

- technical design of the track infrastructure (Zauner, 2007: 3-5);

- technical and technological modeling of railway elements and processes (Karpov, 2006:
45-438).

Solving problems related to the CAD synthesis, domestic and foreign scientists did not
focus only on a narrow range of problems of optimizing the geometric properties of projected
objects. They also linked the models being developed with the development of wagon processing
technologies. As a result of this dual orientation of research in the field of CAD of railway stations,
scientists have so far failed to obtain a complete solution (Yatskiv, 2005: 237-239).

The heuristics of systems used for design automation at the beginning of the 21st century
began to be associated with the need for direct active involvement in the design processes and
analysis of design solutions for both performers and customers. In this case, design automation
methods have become secondary and are used only as tools for reproducing the results of designers'
activities.

In fact, the heuristic orientation of the design processes can be interpreted as the separation
of the goals of designers and the CAD software environment itself. The capabilities of typical
CAD systems turned out to be quite complete for the calculation and graphical modeling of railway
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circuits. However, practically no CAD system provides full-fledged interactive control functions
for designers over the progress of the railway development process. The weak side of many CAD
systems is only the actual visual monitoring of the development of object structures.

CAD implements standard computer modeling techniques that allow designing and
simultaneously visualizing the design results directly during development. As a result, it turns out
that using direct methods of standard CAD, it is possible to develop integral structures of visual
forms of railway stations and some technological objects. However, it is necessary to seriously
rebuild the basic environment, complementing it with active modules of special content (Harris,
2013: 176-178).

The problem can be solved by using ergatic or graphoanalytic methods that ensure the
construction of a model of railway operation in an automated mode (Li, 2020: 112940). However,
human participation in the process of building a model and analyzing not only the overall
performance of the railway but also the course of its technological processes dramatically reduces
the duration of the modeling period.

In these conditions, an urgent problem for railways is the development of methods for
determining estimated volumes of work, for which the results of modeling the functional states of
railways (for a limited period of time) would allow making reasonable conclusions about the
compliance of their technical equipment and technology with promising volumes of work. The
calculation is carried out for conditions of uneven transportation (Dong, 2010: 10—12).

An analysis of the conducted research and modern publications on the problems of railway
research has shown that the trend of scientific research related to the computerization of
technological processes at railway stations and procedures for making operational decisions in the
tasks of technical and operational assessment of railway work has become generally recognized
worldwide (Kaakai, 2007: 6-8).

The creation of new models of computerization of technical and operational assessment
processes, methods, and hardware-oriented algorithms for the intellectualization of these
processes, provides a basis for scientific research in the field of organization of modern
information technologies for the synthesis of automated systems of technical and operational
assessment of railway work (Goodman, 1998: 85-87).

Results and discussion.

According to the estimates of domestic and foreign scientists, a significant increase in the
effectiveness of the use of modern computer technologies is possible only by studying the general
properties of mathematical modeling, methods of building intelligent systems, algorithms used in
control tasks, features of modern and promising intelligent technologies for railways, as well as
architectural features of automation systems for technical and operational assessment of work at
railway stations.

AnyLogic (Li, 2020: 112950) is a multifunctional package designed for building
simulation models. AnyLogic software is capable of supporting all the approaches that are
encountered in the simulation process (Dong, 2010: 15-17). Its interconnected modules are
focused on building models such as process-oriented, system-dynamic, agent-based, and multi-
agent models. AnyLogic is capable of supporting combinations of the above models. Since the
AnyLogic environment is written in Java, the flexibility and versatility of this language allow
considering a wide variety of nuances during model construction.

It is possible to take into account a wide variety of configurations when modeling the
operation of railway stations (Fig. 1). Graphical interfaces, tools, and libraries of AnyLogic allow
accelerating the synthesis of models for a wide range of tasks. In AnyLogic, you can model not
only production or logistics sectors but also solve problems of finding optimal management
options for complex transport systems. Its advanced multimedia tools and real-time simulation
animation provide researchers additional advantages in developing research plans and conducting
experiments (Goodman, 1998: 90-92).
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Fig. 1. General view of the AnyLogic modeling environment (Maylybayev, 2024: 173)

The Aimsun simulation package (Kaakai, 2007: 8-10) is software for traffic modeling.
With thousands of licensed users in government agencies, universities, and consulting
organizations worldwide, Aimsun stands out for its extremely high simulation speed.

AutoMod software (Rohrer, 2000: 180—-182) is intended for building graphical models for
visualizing logistics and production systems. AutoMod allows detailed analysis of operations and
material flows in logistics and is widely used for analytical problems related to production
processes. Its flexible structure makes it suitable for practical use across a wide variety of problem
statements.

The AutoMod software, see Figure 2, has a fairly flexible structure, which makes it suitable
for practical use for a wide variety of problem statements in a wide range of applied modeling by
economic sectors.

Another interesting product in the field of production modeling is the MvStudium software
(Fig. 3). This simulation environment allows you to analyze physical and dynamic systems. With
MvStudium, you can quickly create and virtualize a wide variety of interactive models. Unlike
other similar software products on the production modeling market, MvStudium allows us to
consider multicomponent continuous, discrete and hybrid systems.

Systems built in the MvStudium environment can be analyzed using active computational
experiments. Creating models, visualizing the results obtained during simulation experiments and
the ability to manage computational experiments does not require researchers to write their own
program code. Models can be described at the level of mathematical abstractions (Tolk, 2019:
135-152).

For example, a differential algebraic approach has been applied to describe the continuous
behavior of a production or logistics system. In order to describe the discrete and hybrid
(continuously discrete) behavior of the system, MvStudium uses the potential of visual behavior
maps.

The advantages and disadvantages of the considered software packages are summarized in
Table 1.

To simulate the operation of the station using these packages, a detailed railway model is
required.
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Table 1 - Advantages and disadvantages of the considered software packages (Maylybayev,
2024: 175)

The Approach toAdvantages Disadvantages
system  [Modeling
[Arena Discrete-event (DE) [It is possible to create your own templates andOnly 1 approach to the model.
modules.
A device for simulation experiments.
IAGNES | o A Agent- | Cross-platform (Cross-platform). The[The cost of the license
based (A). possibility of simulation and full-scale]
. E Events [modeling.
are discrete.
GPSS DE An object-oriented modeling paradigm. Only 1 approach to the model.
The possibility of simulation and full-scalelA complex interface.
modeling.
[AnyLogic [ DE+A Two approaches. Only 1 approach to the model.
Visualization, optimization, and proprietary|The cost of the license.
libraries.
Simplex3 |DE Chart visualization capabilities. Cross-[One approach. Subscribe to updates.
latform
Simio DE+A |Visualization of models, different forms oflReduced functionality. A relatively small list of]
resentation of results. fIﬁusks to be solved.
SeSAm |A [mport vector and raster files, work with texOnly 1 approach to the model.
files. ILack of support
SimPy DE The ability to run models in real time. Only 1 approach to the model. There is no
Cross-platform. visualization.
Aivika DE+A Cross-platform. IA complex interface. A fairly long training period|
Parallel computing. is required, taking into account the features

Note that these behavior maps are essentially extended state maps of the UML modeling
language. MvStudium allows the automatic creation of computer models that correspond to a given
mathematical formulation of the problem, and computational experiments can be conducted to
verify the model's operability. The computer model can be implemented as a separate program or
dynamic library, which allows it to be used independently of the MvStudium package. MvStudium
supports an object-oriented modeling and programming paradigm, providing opportunities for
users to create custom components based on the input language. The software also supports 2D
and 3D animation, enabling a more comprehensive visualization of processes.

The railway station is a complex system closely integrated with the mainline railway
transport system, shippers, and consignees, connected by numerous forward and backward flows
that vary over time. Its technical infrastructure (tracks, shunting facilities, freight substations),
control system (operational dispatch apparatus), and wagon traffic (VagT) are considered as
enlarged elements of the station. Physical and information connections and corresponding
channels are implemented between the system elements.

The external environment for the railway is the overall transport system. The state of the
system is characterized by the degree of involvement of the station's technical facilities and
operations in processing VagT. The input of the system is VagT and the information flow received
by the railway station, while the output forms VagT and information streams sent from the station.
The behavior of the system is determined primarily by the influence of the control system, which
includes human dispatchers. Therefore, the railway can be interpreted as an ergatic system
(Maylybayev, 2024: 176).
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Fig. 4. Diagram of the ergatic railway system (Maylybayev, 2024: 176)

Taking into account the railway as a complex technical system and the degree of prior
research, the following tasks are formulated for further research:

- development of procedures for identification of functional railway models;

- improvement of feasibility study methods for evaluating railway operations to account
for changes in volume and structure over time;

- advancement of methods for functional modeling of railway operations using visual
programming methods.

These tasks aim to enhance the accuracy, efficiency, and applicability of simulation
models, ensuring that railway stations can be assessed, optimized, and managed effectively in real-
world operational conditions (Maylybayev, 2024: 176).

Conclusion.

The review and analysis of software tools for modeling the technological processes of
railway stations demonstrate that simulation modeling has become an essential method for the
design, planning, and optimization of complex railway systems. The conducted study shows that
modern railway stations represent highly interconnected technical systems, combining track
infrastructure, shunting and freight facilities, operational dispatch control, and wagon traffic
management. Each of these elements interacts with both internal and external factors, including
fluctuating transport demand, seasonal variations in cargo and passenger flows, and real-time
operational constraints.

The analysis reveals that traditional methods of railway planning and design, relying
primarily on heuristic approaches and the experience of professional engineers, are insufficient to
cope with the increasing complexity of modern railway operations. In particular, the reliance on
manual calculations and static design principles often leads to suboptimal use of resources and
reduced system efficiency. In contrast, simulation-based modeling allows for the comprehensive
analysis of operational scenarios, evaluation of design alternatives, and prediction of system
performance under variable conditions.

Among the reviewed software tools, AnyLogic demonstrates significant versatility due to
its ability to integrate multiple modeling paradigms, including process-oriented, system dynamics,
and agent-based approaches. Its Java-based environment allows for extensive customization and
supports the modeling of highly detailed railway processes, from wagon dispatching to passenger
flow management. Similarly, Aimsun and AutoMod provide high-speed traffic and logistics
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simulations that are critical for operational planning and optimization. MvStudium, with its
capacity to model hybrid continuous-discrete systems, offers unique advantages for analyzing
complex technological processes and performing computational experiments without the need for
extensive programming.

Despite the capabilities of these tools, the analysis indicates several common limitations.
Many existing simulation platforms provide only partial interactivity, with insufficient
mechanisms for real-time monitoring and adaptive control during model execution. Furthermore,
the integration of simulation models with operational decision-making remains challenging, as
most tools focus primarily on structural or process modeling rather than on functional or ergatic
system analysis. The concept of the railway as an ergatic system, in which human operators and
automated subsystems interact dynamically, requires further research and specialized modeling
techniques.

The practical implications of these findings are significant. By adopting advanced
simulation tools, railway operators can optimize station layouts, minimize operational bottlenecks,
and improve the reliability and safety of railway operations. The integration of modeling and
simulation into the planning process allows for the evaluation of different scenarios before their
real-world implementation, thereby reducing risks associated with infrastructural investments and
operational errors. Moreover, the ability to perform detailed simulations of wagon handling, track
utilization, and resource allocation contributes to more efficient management of labor and material
resources, enhancing overall system performance.

From a scientific perspective, the study highlights the need for further development of
methodologies for identifying and parameterizing functional models of railway stations. This
includes the formalization of performance indicators, defining operational constraints, and
establishing standardized procedures for conducting simulation experiments. In addition, there is
a need to integrate real-time data from railway operations, such as GPS tracking and sensor
networks, into simulation models to enhance their predictive accuracy and operational relevance.

Finally, the research emphasizes the dual orientation of modern railway simulation:
combining technical infrastructure design with operational process modeling. The synergy of these
two approaches allows for a comprehensive assessment of railway station performance, including
both structural integrity and technological efficiency. The development of intelligent algorithms,
visual programming tools, and ergonomic interfaces will further support the decision-making
process, facilitating the creation of robust, adaptive, and optimized railway systems capable of
meeting the demands of modern transport networks.

In conclusion, simulation modeling represents not only a tool for technical analysis but also
a strategic instrument for operational planning and optimization of railway stations. The
continuous improvement and integration of advanced modeling software, combined with empirical
data and functional identification methods, will provide the foundation for the next generation of
railway station design and management. This approach ensures enhanced system reliability,
increased operational efficiency, and better adaptation to dynamic transport conditions,
contributing to sustainable and effective railway operations in the 21st century.
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Abstract. This article examines automated control systems for complex technical
complexes using the Tracemode software environment, which enables efficient management of
industrial processes and the design of control systems. The objective of the study is to identify
effective methods for managing complex industrial processes using decentralized and hierarchical
control systems. The tasks include management of autonomous local blocks, use of Tracemode 6
for computer-aided design, simulation of industrial signals, and development of students’ practical
skills. Using Tracemode 6, students can monitor processes virtually, manage projects remotely,
and utilize embedded libraries and ready-made blocks to develop practical skills. The software
environment allows the creation of modules for economic and personnel management. Video
tutorials, webinars, and online practical sessions provide international access to education.
Tracemode engages students in research activities, project integration, and simulation of industrial
processes, enhancing hands-on experience. Applying Tracemode improves the training quality for
engineering, technical, and economic specialties. Its flexible and modular structure allows students
to create integrated projects, control industrial processes, and conduct experiments, bridging
theoretical knowledge and practical skills effectively.
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AnHoTanus. Byn Makama Kypaenmi TEXHUKANbIK KemIeHAEepJi aBTOMATTAaHIbIPLLUIFAH
Oackapy JKyHesnepi TYpFbICBIHAH 3epTTelai, Tracemode OarmapiamanblK OPTAChIH KOJIJIAHY
apKbUIbI OHAIPICTIK MpouecTepAl THIMAL OacKapy MEH kobajay MYMKIHIIKTEPiH KapacThIpasbl.
3epTTeyIiH MaKcaThl — JELEHTPATU3CHTEeH JKOHE HepapXusJIblK Oackapy »kyienepiH KoJaaHy
apKbUIbl KYpJeNl eHIIPICTIK IMpouecTepai THIMII Oakpuiay OiCTepiH aHbIKTay. MiHaerTepi:
ABTOHOMJIBI JIOKQJIJBI OJIOKTap apKbUIBI JKEepriumikTi Oackapy, Tracemode 6 OarmapiaMalibIK
OpTachIHJa KOMITBIOTEPIIK jK00ajay jKOHE OHIIPICTIK CHUTHAIIApIAbl MOJENbACY, COHIaN-aK
CTYACHTTEPiH OUTIMIH NMPaKTUKAIBIK TYPFBIIAH KeTuAipy. Tracemode 6 KonmaHy apKbUIbI
CTYACHTTEp OHIIPICTIK MpOLECTepAl BUPTyalIbl Typae OakpuIayabl YHpeHeai, koOamap.bl
KalIBIKTaH OacKapyabl *Yy3€re achIpajibl, NalblH KiTalxaHajlap MeH OJIOKTapbl HaiifaaaHbIIl
MPAKTUKAIBIK JaFIbUIapBIH JaMBITaabel. barmapimamanblk opTaga MOIYNbIAEP KYPY apKbLIbI
SKOHOMUKAJIBIK JKOHE KaJpJIbIK Mocerenepii menryre Oosanel. Bumeo cabakrap, BeOuHapiap
KOHE OHJIAMH MPAKTUKYMAAP CTYACHTTEP/Al XaJIbIKapalbIK JICHI€HIe OKbITYFa MYMKIHJIIK Oepei.
Tracemode FBUIBIMH-3€PTTEY JKYMBICTapblHA KaThICYy, )oOajapiabl OIpIKTIpy >KOHE OHIIPICTIK
MPOIECTEPI MOJICNBACY APKbUIBl MPAKTHKAIBIK JaFIbLIAPIbI KETUIMIPYII KaMTaMachl3 €Te/Il.
barmapnamanblk  OpTaHbl  KOJAAHY  WHXKEHEPIIK, TEXHUKAIBIK JKOHE SKOHOMHKAJIBIK
MaMaH/ABIKTapAaFbl CTYACHTTEPAIH KOCIOM MalbIHABIFBIH apTThipanbl. Tracemode wukeml,
MOJYJIBIIK KYPBUIBIMBIMEH CTYJICHTTEpre WHTETPALMSUIBIK >KoOajmapapl KypyFa, OHIIpPICTIK
nporecTepi 0akplIayFa >KOHE HKCIIEPUMEHTTEp KYPri3yre MyMKIiHIIK Oepeai, OyJI TeOpUSITBIK
O1J1iM MEH NPaKTUKAJIBIK JaFABUIAPIbI OipiKTipeni.

Tyiiin ce3aep: tracemode, aBTOMaTTaHBIPBUIFaH OacKapy Kyienepi, AeleHTpaTn3alus,
HepaApXHSUTBIK 0acKapy, KOMITBIOTEPITIK K00aliay, OKy MPOIIEeCi, OHIIPICTIK IPOIECTEP

Joiiexco3nep ymin: ©. YmOetos, I'. Mopokuna, 1l. XyBeH. OpranbIKTaHIbIpbUIMaraH
OackapyMeH OacKapyIbIH HKEMJIi KYHEIepiH aBTOMATTaHIbIPY Ikl sko0anay//Kazakctan eHuipic
KOJTIri. 2025. Towm. 22. No 86. 76—89 oer. (Arpu. TiN.).
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Myanesep KakTbIFbICHI: ABTOpJap OChl Makajiaga MYIIelep KaKTBIFBICHI KOK eIl
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AnHoTauusi. CTaThsl TMOCBSIIEHA WCCICIOBAaHUIO AaBTOMATH3HPOBAHHBIX CHUCTEM
YIPaBJICHUS CIOXKHBIMU TEXHUYECKUMHU KOMIUIEKCAMHU € MCIIOJIb30BAaHUEM NPOIPAMMHOM CpeJibl
Tracemode, mo3Bomstomielt 3PGEKTUBHO YNPaBISATh MPOMBIIUICHHBIMH TPOIECCAMU U
IIPOEKTHPOBATh KOHTPOJbHbIE cUCTeMbl. llenb uccienoBanus — omnpenenuts 3(deKkTuBHBIE
METOABl YIPABICHHUA CIOXKHBIMM IPOHM3BOJICTBEHHBIMH IMpOIECCAaMH C MPUMEHEHHEM
JIELIEHTPAIN30BaHHBIX U HEPAPXUYECKUX CHCTEM. 3a1aull BKIIOUYAIOT YIIPABICHHE aBTOHOMHBIMU
JIOKaJbHBIMU OJIOKaMH, Ucronb3oBaHue Tracemode 6 JUIsi KOMITBIOTEPHOTO MPOEKTUPOBAHUS,
MOJICJINPOBAHMS POMBIIUIEHHBIX CUTHAJIOB U PAa3BUTHE NPAKTUYECKUX HABBIKOB CTyAeHTOB. C
ucnonb3oBanueM Tracemode 6 cCTyneHTHI MOTYT BHUPTYQJIbHO KOHTPOJHMPOBATH MPOIECCHI,
YIPaBIATh NPOEKTaMH yJAJIEHHO, IPUMEHATh BCTPOECHHBbIE OMOIMOTEKH M TOTOBbIE OJOKH JUIS
pa3BUTHS TNPAKTHUECKUX HaBBIKOB. [Iporpammuas cpena MO3BOJSET CO3/1aBaTh MOJYJH JUIS
pelIeHNs] PJKOHOMHUYECKUX M KaJpOBBIX 3aJa4. Buneo ypoku, BeOMHAphl U OHJIAHH-NPAKTHKYMBI
o0ecreunBaoT MEXIyHapOIHbIH JocTyn K oOydenuto. Tracemode crmocoOCTBYeT ydacTuio
CTYIEHTOB B HAy4YHO-HCCIIEJOBATEIbCKON JIE€ATEIILHOCTH, OOBEIUHEHUIO MPOEKTOB U
MOJICIIMPOBAHUIO TPOM3BOICTBEHHBIX IPOLIECCOB, Pa3BUBAs ITpaKTUYeCcKre HaBbIKU. [IpuMeneHne
Tracemode mOBBINIAET KAavyeCTBO MOATOTOBKM CTYJAEHTOB WH)XKEHEPHBIX, TEXHHUUYECKUX U
HKOHOMHMYECKUX clieluanbHocTell. ['mbkass m MonylbHas CTPYKTypa IO3BOJISIET CO37aBaTh
MHTETPUPOBAHHBIE TIPOEKTHI, KOHTPOJUPOBATh MPOLECCHl M IMPOBOAUTH AKCIEPUMEHTHI,
00BbeIMHSS TEOPETHUECKUE 3HAHUS C MPAKTHUECKUMH HAaBBIKAMHU.

KnwueBble ciaoBa: tracemode, aBTOMAaTW3MpPOBAaHHBIE CHUCTEMBl  YIPAaBJICHUS,
NEIEeHTpaIN3alns,  HepapXUdyecKkoe  yNpaBieHHE,  KOMIIBIOTEPHOE  IPOEKTHPOBAHUE,
00pa3oBaTeNIbHBIN MPOLECC, TPOU3BOACTBEHHBIE MPOLIECCHI

Jdas uurupoBanusi: O. YwmbGeroB, I. Mopokuna, L. XyBeH. ABToMaTH3aus
IIPOEKTHUPOBAHUS rUOKHX cHCTEM yIpaBJiIeHUs c JeLIEHTPATU30BaHHBIM
ynpasienuem//Ilompinuiennsiit Tpancnopt Kazaxcrana. 2025. T. 22. No. 86. Ctp. 76-89. (Ha
anr.). https://doi.org/10.58420/ptk/2025.86.02.007

KoH(}JIMKT HHTepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIMKTAa HHTEPECOB.

Introduction.

The article focuses on the management of objects that significantly differ from the traditional
management of classical complexes, being considered as complex technological systems . Complex
technological systems constitute a substantial part of industry, where a large number of technological

regimes and industrial scales must be controlled, often through the integration of various
mathematical and physical models. Examples of such objects include corporations, plants,
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workshops, and both small and large enterprises. The complexity of these technological systems
arises not only from the technological processes and technical organization but also from specific
economic laws (Mailybaev, 2019: 113-116).

Managing such objects requires a novel approach due to their unique functions. The theory of
object management is based on a systematic approach, which accounts for the interrelations between
individual system elements and factors and characterizes the behavior of the system as a whole. One
method is the decomposition of the management system, which divides a system into separate
subsystems. This decomposition simplifies complex tasks into manageable units, each of which is
solved within its subsystem.

A key feature distinguishing complex technological systems from traditional management
objects is the existence of purposeful functions within each subsystem. Notably, the local functions
of subsystems often do not coincide with the global objective function of the entire system. In
decision-making, subsystems tend to maximize or minimize their local functions under existing
constraints, which may vary according to the significance of incoming parameters.

Management systems of large-scale objects are often structured as distributed, multilevel
systems. The coordinating body at the top of the hierarchy makes system-wide decisions and interacts
with all subsystems at lower levels. Decisions are reached through an informational exchange
between the coordinating authority and subsystems, aiming to optimize both local and global
objective functions.

The development of integrated automated control systems, which manage both technological
processes and production-economic activities simultaneously, represents a natural progression of
large system theory. For instance, the integrated software environment Tracemode exemplifies
automatic programming and control in production, illustrating the practical application of flexible
decentralized control systems.

The aim of this study is to demonstrate methods for building flexible, decentralized
management systems in complex technological systems, using Tracemode as a case study. This
includes mathematical modeling, decomposition of management tasks, hierarchical control, and
integration of subsystems to achieve optimal system performance.

Materials and methods.

The principal feature of complex technological systems, compared with traditional
management objects, is the presence of a purposeful function in each subsystem. It should be noted
that the local purposeful functions of subsystems do not coincide with the global purposeful
function of the entire complex (Morokina, 2019: 218). When making decisions, each subsystem
aims to maximize or minimize its objective function among multiple possible alternatives, defined
by all existing constraints; thus, an extremum problem is solved, and its specific data can change
depending on the significance of input parameters (Umbetov, 2013: 85-89; Jose, 2015: 48-52).

Management systems for large-class objects are often structured as distributed, multilevel
systems. The decision-making body at the system-wide level, called the coordinating authority,
maintains bidirectional connections with all subsystems at lower hierarchical levels. Decisions are
made through informational exchange between the coordinating authority and subsystems, where
coordinating parameter values are communicated, and subsystems optimize their local functions
accordingly. The resulting decision represents an agreed-upon solution between the coordinating
authority and subsystems, achieving the optimal value of objective functions.

Key features of complex industrial systems include (Shukaev, 2013: 90-92):

- A large number of nodes,

- Complexity of various interconnections,

- Connections in the form of information, material, or energy flows,

- Human involvement in system operations,

- Presence of subsystems with local objective functions,

- Optimization of these functions during production.
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The introduction of integrated automated control systems, which manage production and
technological processes simultaneously, is a logical evolution of large systems theory. For
example, the Tracemode integrated software environment enables automatic programming of
measurement and control systems.

Flexible systems design with decentralization: Practical problem-solving requires
consideration of information flows and their interactions. Decision-making often employs
heuristic methods at the subsystem level, producing a decision vector that is refined at lower
hierarchy levels (Morokina, 2019: 1-5) (Figure 1).
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Fig. 1. Information flows in hierarchical control systems. F4(xo) - the target function, R4 - the set of feasible solutions, X4 - the
vector of the system state, Y4 - the control actions (Morokina, 2019: 1-5)

The path of the control signal from the coordinating body to the production element
traverses various systems via the operators of the controlling parts of the subsystems. Here the
properties of the subsystems become clearly manifested, especially due to human participation in
their operation (Umbetov, 2013: 85-89). Such elements are often called active (Morokina, 2019:
1-5).

The active element has its own target function, which in most cases differs from that of the
central part. This function is often unknown to the central part and may change over time
depending on circumstances affecting the subsystems (Morokina, 2016b: 101-103). Naturally,
when devising a solution, the governing body of the subsystem always seeks to maximize its
target function. Other features of active elements are to some extent related to those already noted.
The active element may be aware of the main provisions of the strategy of the central authority.
The subsystem maximizes its target function not only in the present but also in future periods,
and its strategy takes account of this fact, giving it a chance to compensate for possible losses
(Morokina, 2019: 1-5; Umbetov, 2015: 273-275).

Subsystems have a choice between two strategies (1 and 2) (Umbetov, 2016¢: 147-149).
The effect of applying these strategies over time varies. However, when solving optimization
problems, the subsystem typically takes into account future criteria with a time-dependent
coefficient k(t)k(t), so if we take this property into account, the target function can be expressed,
for example, as:
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T
J= fo k@®) T (Ddt

where J(?) is the value of the optimality criterion in time, k(?) is the weight coefficient, T is
a sufficiently long time interval. The properties of the function k(t) depend on factors, mainly of a
psychological nature.

Many well-known examples of this property’s manifestation by an active element can be
given (Morokina, 2014a: 398-400). The subsystem generates information supplied to the centre so
as to maximise its target function. This understandable property most often manifests in
transmission of information about the true capabilities of the production unit. It is also important
to note that, in contrast to technical systems, true information that is disadvantageous to the
subsystem cannot be obtained even by observation or experimentation. The implementation of the
central authority’s strategies is not fully carried out by the subsystem, but only to some degree, in
order to comply with all constraints in solving the problem.

Setting optimal control tasks as considered below are characteristic of many industries
because of the widespread use of automated systems of various levels in the energy, machinery,
instrument-making, chemical and other industries. The use of a decomposition approach to their
solution is promising in terms of building hierarchical control systems. The introduction of flexible
automated control systems, based on the latest achievements in control theory, advanced hardware
and technical support using microprocessor-based computing equipment and wide application of
controllers for various purposes, can be considered one of the main directions of production
development and improvement at the present stage (Umbetov, 2016: 147-149).

When designing a decentralized control system for an industrial object of the class of a
complex technological system (CTS), in order to ensure the flexibility characteristic of the CTS,
it is necessary to consider possible changes in its structure. The structure of the CTS is understood
as the totality of its elements and the relationships among them. Reorganisation of the CTS’s
structure is required when a number of influencing factors change, for example, indicators of
raw-material quality, indicators of technological production mode, demand for products, etc.
(Umbetov, 2016: 147-149; Morokina, 2016b: 101-103).

Let us consider the essence of the stated approach. The state of the CTS is uniquely
determined by its structure and the values of the mode variables for each element of the system.
We consider the problem of constructing an optimal CTS with a flexible tunable structure. As the
criterion of optimal functioning of the system, we take a qualitative indicator of the product being
produced, which is an additively separable function of the state variables of the system (Umbetov,
2013: 85-89; Umbetov, 2016c: 147—149).

Suppose that the system is in a certain state, determined by the vector of determining factors
W, i =1, m, where m is the number of different vectors. If at time t vector W', changes to W',
then it is necessary to change the state of the system, which must be optimal in accordance with
the selected criterion of the quality of functioning of the CTS. In this case, it is necessary to solve
the optimization problem, consisting of two interconnected subtasks - the choice of the optimal
structure of the system and the determination of the values of the mode variables with the changed
structure of the CTS.

Let’s consider the subtask of choosing the optimal structure of the system. We will
introduce the set of W={W'}, i =1, .., m - the set of vectors of the determining CTS factors and
the set of possible structures of the system S={Sk}, k=1, .., L, where L is the number of admissible
structures CTS, uniquely determined by the type of specific technological process.

We define a mathematical description of the structure Sk. Each structure of the system is
described by a square matrix A=||aij || of dimension (n * n). The elements of the matrix take the
following values (Umbetov, 2016¢: 147-149):

- aij = 1, if the connection between the 1 and j elements is possible,

- ajj = 0 otherwise.
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If the i-th element is off, then a;j=0, j = 1, .., n. Matrix A can be corrected by introducing
new connections between elements or excluding existing ones.

Let us introduce the matrix of changes in the structure of the system B=||Bij || of dimension
(n * n). The element Bjj=-1, if the connection between the i-th and j-elements is excluded, if the
connection between the i-th and j-th elements is not broken or does not exist, then Bij=0.

The matrix B is a control action on the structure of the system, i.e. it implements on / off
control of system elements.

The structure of the system at some point in time is described by the matrix of the current
D=||dij ||,, 1,j=1, .., n, where djj = 1, if there is a connection between the ith and jth elements and
dij = 0 otherwise. The matrix D is the composition of the matrices A and B, i.e. D = A + B
(Umbetov, 2016: 147-149). Thus, the elements of the set S can be described by a set of matrices
D¥(k=1,..,n).

Mathematically, the static optimization problem of a flexible CTS is written similarly to an
optimal control problem for a decentralized control system (Umbetov, 2013: 85-89):

maxmax Y, fi(xi, D¥, i, y) Q)
yi = g0, ), hi(x, uy,y) =0 (2)
D*=A+B, C; = (Df )
Xi = Nieq Giypi,j=1..mk=1,.L ()]

- where xi, ui, yi are the vectors of the input, control, and output variables of the i-th element,
respectively; fi (xi, D* ui, yi) is the target separable function describing the efficiency of the i-th
element; g (i, ui) is a vector function that determines the relationship between the variables of the
i-ro element;

- hi (xi, ui, yi) 1s a vector function that takes into account constraints on variables; Cij is the
connection matrix between the jth output and the i-ro input; the operator y characterizes the
connection between the elements of the submatrix D D fJ‘ of the matrices D* and Cjj (Umbetov,

2016: 147-149).

The equations (3) allow us to determine the values of the elements of the matrices Cjj when
passing from one structure to another.

In the static optimization problem (1) - (4), it is necessary to find the maximum of the
objective function by choosing a certain system structure and variables that determine the
functioning modes of the elements of the CTS. This task can be solved by enumerating all the
structures of the system. Moreover it is necessary to optimize the mode variables for each fixed
structure DX. However, this approach is ineffective, since it requires a lot of machine time. For this
reason, the solution of problem (1) - (4) is conveniently divided into two stages. At the first stage,
the problem of choosing the optimal structure is solved, at the second stage, when the fixed
structure is found, the suboptimal values of the mode variables are determined (Umbetov, 2016:
147-149).

The problem of structural optimization is proposed to be solved using the principles of
pattern recognition. To do this, we need to find a subset of structures §; € § (U §;=85nNnS; =

0) that are close to optimal, and then choose the optimal structure among this subset, which is
much smaller than the set S.In solving this problem, we use classification methods that allow us
to put a certain subset of Sj structures in accordance with each vector of the determining factors
W'. For this we divide the set S into classes according to the technological principle. Then, based
on the experimental data and expert estimates (Umbetov, 2016c: 147-149), we find a
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correspondence between the classes of the set S and some subset W*W. Using W* as the training
material, a classification rule is constructed that allows the set of W' to be divided into subsets or
classes. Such a partition can be done using the method of group arguments accounting. The
classification W defines a class of structures close to optimal. Next, to find suboptimal structures
needed to make the enumeration of all structures within the selected class. This solves the problem
of parametric optimization (1) - (4) with a fixed D* structure. This problem is distinguished by
complexity and large dimension. The objective function and constraints are nonlinear, so it is
proposed to use the methods of decomposition and nonlinear programming (Umbetov, 2016¢: 147—
149).

Implementation of hierarchical management of a large production complex involves:

- Substantiation of the existence of an optimal state, or coordination conditions;

- Development of algorithms for finding the optimal state and ensuring high efficiency and
convergence speed (Umbetov, 2016c: 147-149).

When building complex automated systems with the Tracemode software environment, the
above algorithms are used to develop flexible, decentralized systems (Umbetov, 2013: 85-89;
Morokina, 2016b: 101-103). Features of optimal control of complex technical complexes include:

High complexity due to many variables and relationships;

Natural division into subsystems, each with a local control problem;

Iterative hierarchical management through information exchange;

Decomposition of the original control problem into interrelated local problems;

Coordination procedures interpreted as finding optimal global solutions (Morokina,
2014: 398-400).

Computer-aided design problems can be solved in Tracemode6, integrating components of
measuring systems, programming projects, and production management modules (economic,
personnel, etc.) (Umbetov, 2015: 273-275). The FBD language and other programming languages
in TRACE MODE (Techno SFC, Techno LD, Techno FBD, Techno ST, Techno IL) allow creating
mathematical models for educational and industrial purposes (Umbetov, 2013: 85-89; Umbetov,
2019: 218-221).

Modules such as EAM — management of fixed assets, maintenance, and repairs in T-
FACTORY 6 enable creation of control programs considering downtime and operational features
of equipment (Morokina, 2016a: 140—141). Remote access and mobile devices further allow
project management and process monitoring.

Results and discussion.

When building complex automated systems using the Tracemode software environment, it
is necessary to take into account the developed algorithms for constructing flexible decentralized
systems. The main conclusions regarding the features of optimal control of production facilities in
the category of complex technical complexes can be summarized as follows:

High complexity of control problems: These systems involve a large number of variables
and numerous functional relationships, making it difficult to apply traditional centralized
management methods and necessitating hierarchical management systems.

Natural division into subsystems: The system can be divided into components or subsystems,
each controlled by an autonomous system that solves local control problems. The overall control
system thus has a multilevel hierarchical structure, with local control systems coordinated by a
central management body at the highest level.

Iterative hierarchical management: Hierarchical management is implemented as an iterative,
typically multi-step procedure of information exchange. Each subsystem solves its own control
problems while the values of coordinating parameters are selected based on a global optimization
strategy that considers system-wide constraints (Shukaev, 2013: 90-92).

Decomposition of control problems: Building hierarchical control systems requires
decomposing the original global control problem into interrelated local problems. The joint
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solution of these local problems determines the solution of the original global problem. The choice
of parameters and coordination method depends on the decomposition approach

Coordination as global optimization: The procedure for coordinating local problems can be
interpreted as finding the optimal solution for the global management problem, achieved through
equilibrium solutions derived from joint solutions to all local problems at each coordination step.

The solution of production problems with decentralization is implemented in
the Tracemode6 software environment. For example, the creation of computer-aided design and
control systems that integrate individual components of a measuring system is possible using the
domestic Tracemode environment, which is rapidly developing and widely used in industry
(Umbetov, 2015: 273-275; Morokina, 2016b: 101-103). In addition to programming projects and
data broadcasting via information transmission, Tracemode6 allows the creation of separate
production management modules addressing economic issues, personnel management, and other
aspects (Figure 2).
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Fig. 2. Menu of production management modules taking into account economic, personnel issues, etc.

The FBD (Function Block Diagram) programming language within Tracemode allows
users to program mathematical functions visually, as introduced in laboratory works for disciplines
such as “Basic Design of Devices and Systems” and “Fundamentals of Product Design” for
instrument-making students (Umbetov, 2013:85-89). The system supports five modern
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programming languages—Techno SFC, Techno LD, Techno FBD, Techno ST, and Techno IL—
providing extensive demonstration material for both technical (instrumentation) and economic
disciplines, as well as for production control and management (Figure 3).

Program templates and system components include:

- Program templates

- Screen templates

- Document templates

- Database connection templates

- System operator interfaces (MRV, built-in MRV, MRV2)

- SIAD/SQL6 server

- Graphical console

- T-Factory EAM console

- Sources/Receivers (PLC 1, Siemens PPI Group 1)

- Technology, Topology, Instrumentation, Component library

= % Library_1
q.ﬂ Object_1

+ . .
% Resource libraries

Program templates
Screen Templates
Document Templates

SUBD link Templates

Channel base

i it @l £ @

Sources / Receivers

Fig. 3. Basic program templates for building a measuring system

For example, Modules such as EAM — management of fixed assets, maintenance, and repairs in T-
FACTORY 6 allow creation of control program fragments that account for equipment downtime, repairs, and
operational features of production resources (Umbetov, 2019: 218-221).

When creating computer-aided design and control systems, building control devices for various
purposes, which allow using the created analog instrument on the PC monitor as a recording device, the
measured parameter is specified in the “text” column. When creating a node in the project, an auto building
procedure is used, a group of sources / receivers is created, and a signal generator is selected: a saw, a sinusoid,
a random number, etc. (Umbetov, 2019: 218-221). Trend placement and data processing is the next stage,
illustrating the operation of the newly created device and the possibility of Trace mode. DDE protocol
communication with MS Windows using the example of Excel, as well as connecting a real external input
signal module, allows to create a control system based on software such as the Trace mode 6 integrated
software environment (Figure 4). For the development and demonstration of the transfer of data on the
technological process from the production site to a remote point, it is possible to use the TM6 with the
developed modules in the TRACE MODE software environment.
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Using a cell phone allows not only the control of technological processes but also the
creation of projects with remote access. The presence of well-equipped computer classes at the
University of Mines enables students to be trained in this management-design technology from the
early years of their studies. In addition to creating their own projects, students can use embedded
libraries containing ready-made fragments of technological processes (Umbetov, 2019: 218-221).
The integration of this software environment into the educational process facilitates research
activities for undergraduates and allows students from other universities, both domestically and
internationally, to participate via the Internet. Moreover, the use of video cameras and
presentations enables the development of training programs for advanced students, the conduct of
international webinars and seminars remotely (Umbetov, 2019: 218-221), and the delivery of
online lectures and practical computer classes.
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Conclusion.

The analysis of the problem of designing and controlling complex technical systems (CTS)
demonstrates that the development of flexible, decentralized control structures is essential for the
efficient operation of modern production facilities. The fundamental challenge in managing such
systems lies in the high complexity of control problems, which arises from the large number of
variables and the intricate interrelationships between them. Traditional centralized control
approaches often fail to address these challenges due to computational limitations and the
difficulty of managing numerous functional dependencies simultaneously. As a result, hierarchical
and decentralized control systems have become increasingly important in industrial automation
and production management.

Hierarchical management allows a natural decomposition of the system into subsystems,
each of which can operate autonomously while being coordinated by a central body at the highest
level. This multi-level structure ensures that local control problems are solved iteratively, with
continuous exchange of information between subsystems and the central management unit. The
approach facilitates the selection of optimal operating parameters and the coordination of local
tasks, ultimately leading to the global optimization of system performance. By decomposing the
original control problem into a set of interrelated local problems, it is possible to simplify the
computational complexity and achieve suboptimal yet practically effective solutions. Such
decomposition is particularly advantageous for large-scale systems, as it enables stable
convergence toward the global optimum while reducing the computational load associated with
full enumeration or centralized optimization methods.

The integration of the TRACE MODE software environment into both industrial and
educational contexts has shown significant practical benefits. In production facilities, Tracemode
allows the creation of modular control systems that integrate individual measuring components,
manage fixed assets, monitor maintenance schedules, and optimize production processes. The
software's support for multiple programming languages (Techno FBD, Techno LD, Techno ST,
Techno IL, and Techno SFC) provides a versatile platform for modeling complex systems using
visual programming blocks. These tools facilitate rapid development, simulation, and testing of
control strategies, while ensuring that the software remains adaptable to changing technological
and operational conditions. The modular architecture also allows the implementation of parametric
optimization and decentralized decision-making, ensuring that the system can respond
dynamically to changes in production demands or technological factors.
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From an educational perspective, the use of Tracemode in universities provides students
with hands-on experience in modeling, designing, and controlling complex automated systems.
Well-equipped computer laboratories, access to embedded libraries of pre-configured modules,
and the ability to create projects remotely using mobile devices or Internet connections foster
research-oriented learning. Students gain the opportunity to experiment with real-time data
acquisition, signal generation, and process control, thus bridging the gap between theoretical
knowledge and practical application. Moreover, the software supports remote training through
webinars, online lectures, and interactive seminars, enabling collaboration across universities and
international programs. This approach not only enhances the technical competencies of students
but also prepares them to participate in research projects and industry applications at an early stage
of their education.

In conclusion, the combination of hierarchical control principles, decentralized
optimization, and the Tracemode software environment constitutes a robust framework for
managing complex technical systems. This approach allows the efficient resolution of high-
dimensional, nonlinear optimization problems, ensures adaptability to changing operational
conditions, and facilitates both practical industrial applications and advanced educational
programs. The development of flexible control architectures, supported by modular software tools
and modern programming environments, represents a crucial step toward the automation of
production processes, the enhancement of system reliability, and the preparation of future
specialists capable of implementing and managing sophisticated technological systems. As
industrial and educational demands evolve, the continued refinement of such methodologies and
tools will remain essential for achieving optimal performance, fostering innovation, and
maintaining competitiveness in increasingly complex technological environments.
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Abstract. This study focuses on the automation of decision-making in analyzing
emergency situations on railway transport involving the carriage of dangerous goods (DG). The
relevance of the research is determined by the growing volume of DG transportation and the high
likelihood of accidents, which can have serious consequences for the environment, economy, and
public safety. The main objective of the study is to develop mathematical models that provide the
basis for an intelligent decision support system (DSS) for the localization of accidents and
minimizing their consequences. The tasks of the study include analyzing existing models and
software for predicting pollutant dispersion, formalizing the DG transportation system as a
directed graph of states, developing mathematical models for the probability of safe railway
operation and estimating the duration of accident elimination, and studying the impact of
organizational and technological measures on the efficiency of emergency response units. As a
result, models were developed that allow forecasting the development of emergency situations,
assessing the required resources for accident response, determining optimal deployment and
concentration times for response units, and considering the influence of DG properties and external
conditions on the incident dynamics. Statistical analysis of railway accidents involving DG in EU
countries over the past decade revealed a dependency of accident numbers on cargo traffic. The
mathematical models were implemented in a software prototype to evaluate the duration of
liquidation operations and potential environmental and economic consequences. The study
concludes that the application of the developed models and DSS increases the objectivity of
decision-making, reduces delays in emergency response, and contributes to minimizing
environmental damage. Future work includes expanding DSS functionality, integrating data from
unmanned aerial vehicles and other sensors, and applying models for real-time planning of
emergency operations.
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AHHoOTauusl. Byn »kympicTa KayinTi >KYK TachIMaibl Ke3iHIE TEMIip»KOJ KeJiriHae
TYBIHIANTBIH TOTEHILE >KarJaliaapipl Taujay Ke3iHJe IIenriM KaObuigayJbl aBTOMATTaHIBIPY
Mocenesepi KapacThIpbuIabl. 3epTTEYAIH ©3€KTUIIr — KayiNTi )KYK TachIMallbl KOJEMiHIH apTysbl
KOHE amaTTapblH >KOFapbl BIKTUMAJIJBIFBI, OJIAPJbIH KOpIIaraH OpTara, YKOHOMHUKAaFra >KOHE
XaJIbIK KayiMci3Airine eneyJii ocep eTyl MyMKIHIITIMEH aHBIKTaNlaAbl. 3epTTEY IiH HEeT13T1 MaKCcaThl
— TOTEHILIE >KaFrJaiiapabl JIOKaau3anusiay KoHe CalJapblH a3alTy YILIIH HIeIiM KaObUiaay bl
KogaTeiH ~ uHTeekTyanapl  okydeni (IIKKXK) kypy HeriziH KamMTaMachl3 €TeTiH
MaTeMaTHKAJIBIK MOJACIbACPAl d3ipiiey. 3epTrey OaphIChIHIA KOWBLIFAH MIHJIETTEP: JIACTaHYAbI
OorpKayra apHaJIFaH KOJIJaHBICTAFbl MOJICTIBACP MEH OaraapiaMaliblK KAMTaMachl3 €Ty Il Tajaay;
KayinTi >KYK TackIMasIbl XKYHeciH OarpITTanraH rpad TypiHae (opmanuzanusiiay; TEeMIipKoJl
UHQPAKYPBUIBIMBIHBIH KAYIICi3 YMBIC ICTEy BIKTUMAJIIBIFBIH JKOHE amar calfapblH KO0
Y3aKTbIFbIH Oarallayra apHallFaH MaTeMaTHKaJIbIK MOJENBbICp 9d3ipiey; YHbIMAACTHIPYIIBUIBIK
YKOHE TEXHOJIOTHSUIBIK MLIapaylap/blH aBapUsUIBIK KbI3SMETTEP/iH THIMAUIITIHE 9CEpiH 3epTTey.
Hotmxkecinne TeTeHlle >KarAaiaplblH JAaMyblH OoJKayFa, amaTTapibl jKOIOFa KaXKeTTl Kylll-
Kypangapasl Oaranayra, KbI3METTEpP/i OHTAMIIBI OpHATIACTHIPY JKOHE IIOFBIPIAHABIPY YaKBITHIH
aHBIKTayFa, COHJIal-aK KayIITi )KYKTIH KaCUETTEPl MEH CBHIPTKBI YKaFaaiapAblH OKUFa JaMyblHa
OCEepiH ecKepyre MYMKIHIIK OepeTiH Moxenbaep o3ipieHai. COHFBl OHXBULIBIKTaFEl EO
eJJIepIHIeri KayinTi KYK TachIMajibl Ke3iHJIe OOJIFaH TEMIpPIKOJI anaTTapbIHBIH CTaTUCTHUKAIIBIK
TaJIJ]aybl araTTap CaHbIH XKYK aFbIHBIMEH OalIaHBICTBIpYFa MYMKIHAIK Oepi. MaTemMaTuKasbIK
MOJIETIbICP alaTThl KOO KYMBICTAPBIHBIH Y3aKTHIFBIH KOHE SKOJIOTHSIIBIK KOHE YKOHOMHUKAIIBIK
caljapelH Oaranay YmIiH OarnapiaMaiblK MPOTOTHIKE EHTi3UIal. 3epTTey KOPBITHIHIBICHI
azipnenren Mozenpaep MeH KKK konmmanpuiysl menriM KaObUIAAybIH OOBEKTHUBTUIITH
apTTHIPATHIHBIH, alaTThl YKOIOJAFbl YaKbIT HIBIFBIHBIH a3aMTATHIHBIH JKOHE KOpIIaraH OpTara
KEJICTIH 3USHIBI a3aiTaThIHBIH KopceTeai. bomamakrarel sxymbicTapra KKK yrkinonansx
KEHEHTy, YIIMalThIH anmapaTTap MeH 0acKa CEHCOPJBIK JKyHelepleH allblHFaH JepeKTepmi
OIPIKTIPY KOHE MOJENBACP/l HAKTHI YaKbIT PEKUMIHIE aBapHsUIBIK 1C-KMMBLIABI JKOCIIapiayFa
KOJIJIaHy Kipei.

Tyiiin ce3aep: KayinTi )XyK, TEMIPKOJI KOJIT1, TOTEHIIE JKaFaaiiap, MemiM KaoblUIaay bl
KOJIJIay JKY#eci, SKONOTHSITBIK KayINCi3/iK, MaTeMAaTUKAIIBIK MOJIENB/ICY, allaT CallapblH KO0
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AnHoTanus. B manHoii paboTe paccMaTpuBarOTCs BOMPOCHI aBTOMATU3AINHU IPUHSATHS
pellIeHUH TIpU aAHAJIM3€ YPE3BbIYAMHBIX CHUTyallMid Ha JKEJIE3HOIOPOXKHOM TPAHCIOPTE,
COMPOBOXKIAIOLIUXCS TMepeBo3koi omacHbiXx Tpy30B (OI'). AKTyanbHOCTb HCCIIE€IOBAHUS
oOycroBiieHa yBenudeHHeM oO0OBEMOB TmepeBo3kd OI' M BBICOKOW BEpOSATHOCTBIO aBapuid,
KOTOpbIE MOTYT HMMETh CEPhE3HBIE MOCIEIACTBHS MJi OKPY)KAlollel Ccpebl, SJKOHOMHKUA U
Oe3omacHocTH HacesneHus. OCHOBHAS 11€J1b pa0OThI 3aKTI0YAETCS B pa3pad0TKe MAaTEMAaTHIECKUX
Mojeneld, 00ecTieunBaIONIUX CO3AaHNEe WHTEIUICKTYaTbHON CHUCTEMBI TOIISPKKU MPUHSATHUS
pemenuii (CIITIP) mns noxanmu3anuu aBapuii 1 MUHUMH3AIMU MX TOCJIEACTBUNA. B pamkax
UCCIIEIOBAHMUST TIOCTABIICHBI CIEAYIONIME 3aJayd: aHalnu3 CYIIECTBYIOIIMX MOJEIed u
MpPOrpaMMHOTO OOecnedeHusi Il MPOTHO3MPOBAHMSI PACHPOCTPAHEHUs 3arpsi3HAIOMIMX
BeIeCTB; hopManu3alus cucteMsl nepeBo3ku Ol B BUe OpUEHTHPOBAHHOTO rpada COCTOSIHUI;
pa3paboTka MaTeMaTUYECKHUX MOJEIeH BEPOSITHOCTH Oe30macHOTO (yHKIIMOHUPOBAHUS
JKEJIE3HOAOPOKHON MHPPACTPYKTYpPHI U OLIEHKH BPEMEHU JIMKBUIAIUHU MOCIEICTBHI aBapuii;
UCCJIEIOBAHUE BIUSHUS OpPraHU3AIlMOHHBIX W TEXHOJOTMYECKUX Mep Ha 3((PEeKTUBHOCTH
JNEHCTBUI aBapuUUHBIX CIyk0. B pesynmbraTre paboThl pa3pabOTaHBl MOJENH, MO3BOJSIONINE
MPOTHO3UPOBATh Pa3BUTHE YPE3BbIYAMHONW CHUTyallMH, OLEHUBATh MOTPEOHOCTH B CHIIaX U
CpeACcTBaxX IJis JIMKBUJAAIMU aBapHil, ONpenessTh ONTUMAJIbHOE BpeMs MX KOHLEHTPALUHU U
JIEUCTBUA, a TAK)K€ YUYUTHIBATH BIMSHUE CBOWMCTB OIACHBIX I'PY30B M BHEIIHHUX YCJIOBUU Ha
CKOPOCTbh pa3BUTHS MHUHAECHTA. [IpoBenEH aHamM3 CTaTUCTUKHU KEJIE3HOJOPOKHBIX aBApHUM C
yuactueM OI' B crpanax EC 3a nocnegnue gecsTh JIET, YTO MO3BOJUIIO ONPEAECTUTh 3aBUCUMOCTh
Yyuclia aBapwii OT TPy30MOTOKa. MaTemaTHdyeckue MOJenu ObUIM BHEAPEHBI B MPOTOTHII
MIPOTPaMMHOTO obecrieueHus, MTO3BOJISIFOILIETO OIICHUBATh MIPOJOJIKUTEIBHOCTD
JTUKBUJAIMOHHBIX PAabOT W BO3MOXKHBIE JKOJOTMUYECKHE W JKOHOMUYECKHE TOCIEICTBUS.
3aKi0yeHue MCCIEOBaHUsS MOATBEP)KIAET, UYTO NPUMEHEHHE pa3pabdOTaHHBIX MOJENeH u
CIITIP moBbImaeT OOBEKTUBHOCTh MPUHSATHS PEIICHUN, CHIKACT BPEMEHHBIC TOTEPU IMPHU
JUKBUJALIMM aBapuil W CcrmocoOCTBYyeT MHMHHMH3allMM yiiepOa okpykaromieil cpene.
[TepcnekTuBbl HanpHEHIIE paboThl BKIIOYAIOT pacmupeHue ¢ynknuonana CIIIIP,
MHTETPalMIO JaHHBIX C OECIIMIIOTHBIX JIETATENIbHBIX alapaToB U JPYTUX CEHCOPHBIX CUCTEM, a
TaKXe UCI0JIb30BAHUE MOJIEIICH Ul INIAHUPOBAHUS aBAPUMHBIX JICUCTBUM B PEKUME PEATILHOTO
BPEMEHU.

KuroueBble ci10Ba: onacHble T'py3bl, JKEJIE3HOJOPOXKHBIM TPAHCIOPT, Ype3BbIYaliHbIE
CUTyallu¥, CHUCTEeMa TMOJACPKKH TPUHIATHS pPEIICHUH, 5SKoJioruueckass O0e30MacHOCTb,
MaTeMaTUYeCKOE MOJICIUPOBAHUE, JIMKBUAAIUS TOCIECTBHI.

Juas uutupoBanusi: M. IllamabaeBa. KoMmmbioTepHas moanep)kka pearupoBaHHsS Ha
Ype3BbIYAHBIE CUTYAllMd Ha KEJIE3HOAOPOXKHOM TpaHcmopTe // IloMBIIIIEHHBIH TpaHCIIOPT
Kazaxcrana. 2025. T. 22. No. 86. Crp. 90-104. (Ha aHr.).
https://doi.org/10.58420/ptk/2025.86.02.008

KondaukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(DINKTa HHTEPECOB.

Introduction.

The study of railway emergencies (RWE) involving dangerous goods (DG) has become
increasingly important due to the growing volume and complexity of freight transportation
worldwide. Accidents during the transportation of DG can lead to catastrophic consequences,
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including loss of human life, environmental contamination, destruction of cargo and railway
infrastructure, and significant economic losses (Batarliené, 2014: 395-400). Despite previous
research on railway safety and environmental protection (Abuova, 2019: 234-249; Hooghiemstra,
1999: 15-32), there remain unresolved challenges in providing timely, informed, and coordinated
decision-making under conditions of incomplete or rapidly changing information. This gap
highlights the need for advanced decision support systems (DSS) integrated with predictive
mathematical models to enhance emergency response efficiency.

The rationale for this study is based on the increasing threat posed by RWE with DG and
the complexity of managing their consequences. Traditional emergency management approaches
often fail to account for the dynamic interplay between technological, organizational, and
environmental factors. The relevance of this research is further emphasized by the absence of
comprehensive methods that integrate real-time environmental data, predictive modeling, and
operational planning for railway networks transporting DG (Katsman, 2015: 28-39; Kornaszewski,
2017: 282-292). The study addresses both theoretical and practical aspects of emergency
management, aiming to improve the safety and reliability of railway transport systems while
minimizing environmental risks.

The object of this research is the system of railway transportation of dangerous goods and
its operational reliability during emergencies. The subject of the study is the process of managing
railway emergencies involving DG, including the assessment, localization, and elimination of
consequences, with a particular focus on environmental protection, cargo safety, and operational
recovery.

The aim of this study is to develop mathematical models and decision support tools to
enhance the efficiency of emergency response in railway transport systems during DG
transportation. To achieve this aim, the following objectives are set:

- To formalize the DG railway transportation system as an oriented graph of safe
functioning states (Shalabayeva, 2024: 1-2), incorporating emergency occurrence, assessment,
localization, and elimination;

- To develop predictive models for the duration and scope of liquidation works necessary
to mitigate RWE consequences;

- To integrate environmental, technological, and organizational factors into DSS to optimize
the allocation of resources and improve operational efficiency;

- To provide a framework for practical implementation of software tools that support
situational analysis, risk assessment, and informed decision-making at RWE sites.

This study employs a combination of mathematical modeling, simulation, and system
analysis. Predictive models for RWE development and environmental impact are incorporated into
the computational core of DSS. The research also uses statistical analysis of historical RWE data,
GIS-based environmental monitoring, and scenario-based simulation to optimize decision-making
processes.

The central hypothesis of this study is that the integration of predictive mathematical
models into a DSS will significantly enhance the effectiveness of emergency response operations
in railway transport systems transporting DG. Specifically, timely, informed decision-making
supported by automated analysis of environmental and operational data can reduce the duration
and severity of RWE consequences, minimize environmental damage, and improve system
reliability.

The significance of this research lies in its potential to advance both theoretical knowledge
and practical applications in the fields of railway safety, environmental protection, and emergency
management. The proposed models and DSS framework provide a scientific basis for improving
operational planning, resource allocation, and risk mitigation in railway networks transporting
hazardous cargo. Ultimately, this research contributes to safer and more sustainable railway
transport operations, supporting the broader goals of environmental safety and public health
protection.
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Materials and methods.

In works (Abuova, 2019: 234-249; Batarlien¢, 2014: 395-400; Hooghiemstra, 1999: 15—
32; Dindar, 2019: 203-216), it is shown that the use of intelligent decision support systems
(DSS) will allow the head of the emergency operations center to carry out informational,
technological, analytical, and organizational support of the iterative process of analyzing the
situation that has developed on the site of RWE, preparing and evaluating decision options, and
the choice of the final decision on the localization of the RWE and the elimination of their
consequences, which is impossible without the appropriate mathematical models (Akhmetov,
2021: 80-90).

In works (Katsman, 2011: 86—93; Katsman, 2013: 72—85; Katsman, 2015: 28-39), it is
shown that the reliability of railway transport (RWT) when transporting passengers and goods
should be understood as its ability to ensure the timely and safe delivery of passengers and goods
to their destination without deterioration of the health of passengers and the commercial quality
of goods due to RWT (Akhmetov, 2021: 80-90).

An essential component of reliability is the safety of the railway transport system (RTS),
which is focused on reducing the impact of hazardous factors of the RWE on human health,
transport work, and Env. The solution to this problem is achieved through coordinated actions
of liquidation units, designed to localize the RWE and eliminate their consequences (Akhmetov,
2021: 80-90; Katsman, 2015: 28-39; Abuova, 2019: 234-249; Kornaszewski, 2017: 282-292).

Particular attention should be paid to the transportation of DG, including those that pose
a threat to the pollution of Env. This category includes cargoes with various physical, chemical,
and fire-explosive properties. Emergencies with such cargoes are accompanied by the impact of
hazardous factors harmful to people, Env., cargo and RWT facilities, and other ministries and
departments of the country (Torretta, 2017: 1-9; Gheorghe, 2005: 247-272; Khanmohamadi,
2018: 230-241). Such situations include explosions, fires, scattering of solid cargo, spreading of
liquid cargo, and emissions into the atmosphere of hazardous gaseous substances transported by
RWT.

In other words, the reliability of RWT during the transportation of DG can be interpreted
as its ability to restore its safe functioning during specific periods with a given probability after
the RWE, accompanied by the action of hazardous factors harmful to people, Env., cargo and
RWT (Nowacki, 2016: 21-29; Schroder, 2016: 322-334).

Many scientific works are devoted to studying the problems of safety and reliability of
such transportation (Zelenko, 2019: 03011; Dvorak, 2020: 5494; Huang, 2020: 1-33).

However, many problematic issues related to computer support for decision-making on
assessing the situation at the site of RWE and the development of control actions for eliminating
the consequences of the accident have not been fully disclosed. It is this fact that determines the
relevance of our study.

Practical software implementation of mathematical models in predicting environmental
consequences is a complex technical problem that is designed for a specific area (transport,
industry, etc.) and takes into account various factors. For example, it is rather challenging to
consider changes in the dynamics of turbulent flows or factors of heat transfer, dust-containing
fractions. Even more sophisticated models describe the scenarios of the response of various
components of Env. to gaseous pollution, taking into account the transfer of solar and diffuse
radiation (Knapcikova, 2018: 71-77).

Figure 1 shows the software implementation (Software, hereinafter referred to as SW)
AERMOD (Canada, USA). This SW is intended for calculations and modeling of the atmosphere
near large stationary industrial sources of pollution. Data within a radius of up to 50 km from
the source are taken into account.
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Fig. 1. General view of the AERMOD software package for automated assessment of atmospheric dispersion

The models embedded in the AERMOD SW make it possible to build predictive estimates
for continuous emissions floating at different levels from the earth's surface, taking into account the
dispersion of emissions (Knapcikova, 2018: 71-77). In the model, the concentration of pollutants
does not affect the discharged flow. When simulated, turbulent flows are linear. However, there are
limitations under which it is assumed that the average lateral speed and vertical wind speed are equal
to zero. The model receives meteorological data from probes located at different altitudes. AERMOD
SW allows us to create profiles of temperatures, winds, turbulences and considers factors associated
with dry and wet deposition of pollutants (Abuova, 2019: 234-249).

Results and discussions.

The model and the corresponding ADMS-5 SW are modern means for calculating the
concentrations of pollutants that can enter Env. from both point sources and mobile air pollutants
see Fig. 2 (Zelenko, 2019: 03011).

The model and ADMS-5 SW contain algorithms that allow for many factors, including the
complexity of the terrain; wet deposition of pollutants; short-term fluctuations in pollutant
concentrations; chemical reactions inherent to various pollutants when external temperatures and
humidity change; factors of radioactive decay and gamma doses, etc.
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Fig. 2. General view of the software interfaces of the ADMS-5 complex

Techniques and corresponding SW "TOXI", "TOXI +", "TOXI + Risk" (Huang, 2020: 1—
33), and ALOHA allow us to calculate the characteristics of hazardous substances cloud that
moves in the atmosphere. The SW algorithms are based on the integral laws of conservation of
mass and energy of pollutants (Torretta, 2017: 1-9).
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Fig. 3. General view of the software interfaces of the "TOXI" complex

Based on the above analysis and a brief overview of SW for modeling environmental
emergencies, it can be concluded that there are many diverse models for calculating the dispersion
of hazardous emissions. This list includes both simple Gaussian models and models that have
become the basis for algorithms and SW for detailed calculations of complex gas-dynamic
parameters of the movement of pollutants in Env (Dvorak, 2020: 5494).

The paper aims to develop mathematical models for the decision support system's
computing core in response to accidents on railway transport, accompanied by a threat to
environmental pollution (Batarliene, 2014: 395-400).

Elimination of the consequences of railway emergencies with DG consists of interrelated
processes that require a set of measures aimed at preventing threats to people, protecting the natural
environment, ensuring the safety of cargo, RS, railway infrastructure facilities, restoring train
traffic and shunting operations as soon as possible (Khanmohamadi, 2018: 230-241). At the same
time, the rational use of a variety of resources required to carry out these activities is also
important. So, the balanced timing of the restoration of train traffic (the operability of the transport
system) and the resources required for this are the criteria for the effectiveness of the system for
eliminating the consequences of railway emergency situations during the transportation of DG
(Shalabayeva, 2020: 226-231; Gheorghe, 2005: 247-272).

To automate many works at the site of railway accidents and assess the operational
situation, several researchers, including domestic ones, propose using the potential of automated
information systems and DSS (Hooghiemstra, 1999: 15-32; Dindar, 2019: 203-216). It is
necessary to have tools for processing a large amount of information about the nature of the
accident and the ecological situation at the worksite in the area of elimination of the consequences
of major accidents at RWT, which can potentially be accompanied by the emergence of threats
and risks for Env. Moreover, the amount of such information may tend to grow exponentially as
the situation develops, as, for example, happened during the catastrophe in Canada. It is necessary
to minimize the consequences of environmental accidents on RWT in conditions when information
flows are rapidly growing and liquidators are faced with a lack of time (Shalabayeva, 2020: 226—
231).

The question arises about the need to create well-built computerized systems for automated
operational information support for analyzing the situation at the RWT accident scene (Katsman,
2015: 28-39). Such systems are multifunctional and should, among other things, include the
following functional modules (Shalabayeva, 2020: 226-231):
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- a module for automated assessment of environmental safety in the elimination of the
consequences of accidents at RWT;

- a module for the development and decision-making on responding to the threats to Env.;

- a module for assessing the risks for Env. They may arise as a result of the unfavorable
development of scenarios of the accident consequences during the transportation of DS by RWT
(Schroder, 2016: 322-334);

- other modules.

Using the data obtained from the tools for measuring contamination of Env. components
directly at the accident site (data on the state of air, soil, water sources, etc.), it is possible, through
DSS or information systems, not only to simulate different scenarios for the development of the
situation at the accident site but also to obtain preliminary assessments of risks and consequences,
if the development of the scenario of Env. pollution moves according to the pessimistic scenario
((Shalabayeva, 2020: 226-231; Nowacki, 2016: 21-29).

Studies by many authors in the field of environmental safety in transport show that the
development of automated and intellectualized systems for assessing ecological safety in
eliminating accident consequences at RWT can give a new impetus to the implementation of such
systems in practice (Kornaszewski, 2017: 282-292). This is, in particular, necessary to increase
the objectivity of assessments and reduce the time deficit in the process of liquidation work at the
scene of accidents at RWT transporting DG (Shalabayeva, 2020: 226-231), which can lead to
damage for the Env.

T —
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. Photometers for measuring ]
Gas analyzers contamination from oil spills Dust particle
counter

Hardware for collecting primary information for environmental
safety in the elimination of the accident consequences on railway
transport

L 2 ¥

Users Users
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DSS and intelligent systems interfaces for all users

$

DSS knowledge machine and knowledge base of mathematical
models for automated assessment of environmental safety in the
elimination of the accident consequences on railway transport

N Va

Data management system Model management system

Fig. 4. Basic architecture of a computerized decision support system with modules for automated assessment of
environmental safety in the elimination of the accidents consequences on railway transport (Akhmetov, 2022: 1287-1300)
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In the structure of information and automated systems for managing the ecological state of
Env., the main component is a database that provides the system with information and determines
its structure, functions, and ability to solve management problems based on modeling the situation
((Akhmetov, 2022: 1287-1300; Knapcikova, 2018: 71-77).

Analysis of the current management scheme for the railway infrastructure's environmental
safety indicates its imperfection and the absence in its structure of an organized system for
obtaining and analyzing data for the timely adoption of managerial decisions on rational ecological
management and minimizing the negative impact on the Env. (Akhmetov, 2022: 1287-1300).

At the output, the DSS will provide information containing the assessment of Env's state
for the investigated territories at the accident site. Also, the computational core of the DSS includes
models that allow making predictions about the health status of the population in the accident zone
and assessing the situation from an economic point of view and the consequences for Env. The
information obtained can be used by various management structures. For example, such
information will be useful in the process of developing measures to eliminate the consequences of
accidents and to allocate funds for restoring the Env. to its original state (Akhmetov, 2022: 1287—
1300; Abuova, 2019: 234-249).

The models used in the computational core of such a DSS reflect an emergency situation
associated with a DG leak (for example, a spill of contents from a railway tank car), and the response
to such a situation by the units in charge of RWE localizing and eliminating the consequences,
including for Env (Akhmetov, 2022: 1287-1300; Torretta, 2017: 1-9).

A refusal in the RIS safe operation should be understood as any transport accident due to
which RWE with the participation of DG may occur (Dvorak , 2020: 5494). Analysis of the
statistics of DG freight traffic on the railways of the EU countries over the past ten years made it
possible to establish that the number of such RWE with DG participation depends on the total
tonnage of all cargo transported by RWT, which is shown in Fig. 5.

The data shown in Fig. 5 correspond to the generalized statistics for six EU states for the
specified period (Germany, France, Italy, Spain, Poland, Romania) (Huang, 2020: 1-33; Torretta,
2017: 1-9). The dependence of the number of traffic accidents with DG on the road's traffic load
is undeniable, with an approximation coefficient of about 0.74. Obviously, it is general that it can
be attributed not only to a specific EU state but also to any other RWT network.

The dependence y = f(x) shown in Fig. 5 can be presented in a more straightforward form
suitable for the calculations required in this model, for example,

y ! exp ! X
= — — 1
50 |4 M
considering that 0,4822 ~ y a 0,2428 ~ %.
Taking into account the technological parameters used in the model, the value y = ng,., will
then be given as:
1 365-N-G
Mg =—€XpI——————1» 2
¥ 75 p{ 4-10° } ()

where N — is the average daily number of trains that travel by rail in both directions;
G — is average train gross weight, tons.
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Fig. 5. Trend line for the number of RWE with DG in the EU countries over the past 10 years
(data according to [16, 17 (Electronic edition)])

Given the formulas (2) and (3), taking the time 7 =356 days, we obtain the value of the
average duration of the RIS safe functioning state 7, (in days):

T 365-N -G
t o =—=2-365-expy——mF+— - 3
¥ g p{ 4-10° } ©)
Now formula (9) can be modified, using in it, if necessary, time (formula (4)):
{365-N~G} B
4-10° tep +1

=1+ | =t )+ , 4
by 2.365 |:1CR+2'1CF (CF LF) DR:| 4)

here all parameters are defined above.

It is known from practice that the delay in the arrival of liquidation forces and means and
their ineffective use always leads to more severe RWE consequences and more prolonged
elimination. Moreover, the most rapidly the RWE develop in a dangerous direction of increasing
losses from it just after the start of the process, which cannot be ignored in the corresponding
mathematical model. Note that the rapid development of any process in time is well described by
exponential dependence. It is this dependence that we will use, taking as a basis the formula (5):

DM t.,+t
top =2k {l—exp{——c’e LE H, (5)
Hpr Ler

where D, — is the maximum possible amount of work that needs to be done to eliminate

the RWE consequences (for example, removal of the top layer of soil saturated with a hazardous
liquid, in tons, cubic meters, or other units of measurement), and g, — is the productivity of the

forces and means that are involved in eliminating the RWE consequences (in the same units of
measurement per unit of time).
We can see from formula (5) that at 7., — 0,when the total loss of cargo occurs almost

instantly (for example, an explosion), the volume of liquidation works tends to the maximum
possible (since exp{(t.; +1,, )/tcn}— 0 then D,, — D). It can also be seen from formula (5)

that for any non-zero positive ¢, >0, the longer the concentration time is for the liquidation
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forces and means involved in the RWE eliminating, accompanied by a threat to Env., 7., +¢,,,

the greater is the volume of liquidation work (D,, — D;;*). Thus, the model adequately takes

into account both the rate of undesirable RWE development, which depends on its nature and
external conditions, the DG properties (through parameter ¢, ), and the speed of response to this

situation (through ¢, +¢,, ) (Dindar, 2019: 203-216).

Regarding formula (4) and the previous formulas containing the value 4, , it should be

noted that this value also depends on many factors, so we will focus on its analysis.
The value of the productivity of liquidation forces and means x,, is an "integral" value.

This value can be represented as follows:

Hpr = Zﬂi s
©

where u, —is the productivity of the liquidation forces and means of the i — type (for
example, such as fire engines, cranes, or bulldozers), and n, — is the number of units of the

liquidation forces and means of the i — type (Abuova, 2019: 234-249). Moreover, the value ¢,, is

also “integral” in the sense that the indicated liquidation forces and means can be used
simultaneously to perform various types of work, and these works, depending on the nature of the
RWE and the plan for eliminating its consequences, can be completed at different times. Thus, the
total duration of liquidation works ¢,,is determined by the time from the beginning of the "first"

(in order) work to the end of the "last" work, and its determination and minimization can be carried
out using appropriate mathematical methods (for example, network planning or the PERT method
(Knapcikova, 2018: 71-77).

Further attention will be focused on the fact that the earlier and more accurately the
assessment of the RWE is made and the managerial decision on the choice of the parameters for
the concentration and combat deployment of forces and means in the required quantity is made,
the faster the RWE will be localized. And, accordingly, the less severe its consequences will be
and the faster they will be eliminated (Hooghiemstra, 1999: 15-32). In terms of the model
proposed in  the thesis, this means that its mathematical parameters

lep =tgy tipr +lpg =1, + % +1lgs> and also p,, can be optimized by applying

appropriate organizational and technological measures (for example, the optimal deployment of
liquidation forces and means, their appropriate equipment and rapid concentration) and technical
means. For example, it is possible to use UAV and DSS for reconnaissance, assessing the situation
and making decisions on the spot of the RWE. Thus, the most effective implementation of
measures for the containment and elimination of the RWE can be ensured, and, therefore, the
maximum possible reliability of the RTS is ensured when transporting DG that poses a threat to
Env.

Let us return to our model, taking into account the previous reasoning. Now we can write
such an analytical expression:

()

Pss =P = 365-N-G
Xp{ 4-10° } tep +3-t,, DN teg +1
CF LE 4 DR 1—exp _‘cr LE
2-365-24 4 Hpr ter

In order to reflect the logic of these considerations, we compose the following equation:

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



Industrial Transport of Kazakhstan. Vol.22 (2). 2025

+ Ler —ler -(t

tCF =1 CR ~ tmax ) (8)

min
tCR B tmax
Equation (6) reflects the fact that the actual time of concentration of liquidation forces and

means is always within certain limits ¢, <f.- <t ., and they try to reduce it in a certain way
if ¢, — 0. After transformations of equation (21), we obtain a quadratic equation regarding ¢, ,

the only root of which at #;,, Sy <1, will be

5 L L
tCF:tCR+ tCR+ tSA+; ’ tCR_ tSA+;+tRC . (9)

However, if ¢, = 0, then the minimum value of ¢, will be the geometric mean,

L L
lep = tm"'; ’ tSA+;+tRC >

which is known to be close to the lower value.
This reflects that in practice, in hazardous situations, they try to reduce the concentration
time in every possible way. If the "critical time" values are relatively large, that is 7., >> 0, then

there is a certain reserve of time for the concentration of forces.
Let us simulate possible scenarios for the development of the situation. In the first variant,
the duration of time for assessing the situation and making a decision is taken 7;, =0,5h. In the

second variant, this time is taken ¢, = 0,25 h.

The simulation results are shown in Fig. 6.

Fig. 6 shows that reducing the time for deciding to carry out liquidation works by only 15
minutes leads to a decrease in these works' total duration, on average, from one to almost four
hours. Since every hour of delay in the start of response work is associated with a significant loss
of cargo, a negative impact on Env., and direct and indirect economic losses, it is obvious the need
for an early assessment of the current situation, and the adoption of a timely informed decision to
eliminate RWE. This is possible due to the use of the latest technical means of monitoring the
development of such a situation, such as the use of UAVs, security cameras, if available nearby,
and the use of information technology and intelligent DSS (Abuova, 2019: 234-249).

o oo o oo

9 v B oy o W R v e v

Duration of works on RWE liquidation

0,05 0,45 0,85 1,25 1,65
"Critical time", h
Bml B2

(ml —for z;, =0.5 h. and m2 — for 7, =0.25 h.)
Fig 6. Results of modeling the duration of liquidation works at the RWE site
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Considering that a different level of economic indicators characterizes the presence of the
DG transportation system (Fig.5) in each of the states (Huang, 2020: 1-33; Torretta, 2017: 1-9),
it is advisable, using the proposed mathematical models, to assess the economic effects of
maintaining an appropriate level of RIS reliability.

For the assessment and planning of the actions of the liquidation forces at the RWE site, a
corresponding DSS was developed, the primary interfaces of which are shown in the article
(Abuova, 2019: 234-249).

At the moment, work is underway to implement the models presented in this study in the
form of an independent software product to assess the duration of the liquidation work at the RWE
site, see Fig. 7 (Zelenko, 2019: 03011).

Results of modeling the duration of liquidation
works at the RWE site in case of emissions of harmful

substances into the environment

Fig. 7. General view of the program for assessing the duration of liquidation works at the RWE site with emissions of
harmful substances into the Env.

Conclusion.

The objectives of this study have been fully realized through the development and application
of mathematical models for the computational core of a decision support system (DSS) designed to
respond to railway emergencies (RWE) involving dangerous goods (DG). The research methods
included statistical analysis of railway accident data, modeling probabilistic and dynamic processes
of emergency development, and constructing structural and logical schemes of actions for emergency
response leaders. These methods allowed for an in-depth evaluation of the duration, volume, and
efficiency of emergency mitigation activities, considering environmental impacts, technological
parameters, organizational measures, and the speed of response of liquidation forces.

The main findings of this study can be summarized as follows:

1) Challenges of Decision-Making under Uncertainty: It was established that during an RWE,
in conditions of incomplete or insufficient information regarding cause-and-effect relationships, the
head of the emergency operations center must make numerous individual and collective decisions.
These decisions, which include informational, organizational, and operational actions for
coordinating subordinate control points and liquidation units, often exceed the capacity of a single
manager and may affect the validity of the decisions made. This confirms the necessity of using DSS
to ensure timely and informed decision-making.

2) Development of Predictive Mathematical Models: The study developed models capable of
predicting emergency development, estimating the volume and duration of liquidation work, and
assessing environmental risks. These models take into account the rate of emergency escalation, DG
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properties, external environmental conditions, and the efficiency of liquidation forces. Integration of
these models into DSS enables optimization of force concentration and deployment, significantly
reducing emergency consequences and response times.

3) Formalization of the DG Railway Transport System: The system has been formalized as
an oriented graph of the safe functioning states of the Railway Information System (RIS), considering
emergency occurrence, assessment, localization, and elimination of consequences. This
formalization allows for calculating the probability of RIS remaining in a safe state during DG
transportation under varying technological and organizational measures. The models enable
scenario-based simulation of accident consequences, providing predictive assessments of
environmental and economic impacts.

4) Efficiency Enhancement through DSS and Modern Monitoring Tools: The use of UAVs,
environmental sensors, surveillance cameras, and intelligent DSS allows for early situational
assessment, rapid decision-making, and optimal allocation of resources. Simulation results indicate
that even small reductions in decision-making time significantly decrease the total duration of
liquidation work, thus minimizing cargo losses, environmental damage, and economic consequences.

5) Practical Implications and Prospects for Implementation: The proposed models and DSS
can be implemented as practical software solutions capable of real-time assessment and management
of RWE at DG transportation sites. The system can plan the deployment of liquidation forces,
estimate environmental and economic risks, optimize resource use, and improve objectivity and
efficiency in emergency management. Future development may include integration with railway
traffic management systems, automated environmental monitoring, and predictive analytics,
enhancing operational safety and ecological protection.

6) Scientific Contribution: The study confirms the validity of the hypotheses and contributes
to advancing knowledge in modeling and managing railway emergencies with DG. The research
emphasizes the importance of combining mathematical modeling, information technology, and
automated decision-making to improve railway transport system reliability and safety. The
approaches developed provide a foundation for further studies, including refinement of predictive
models, expansion of DSS functionality, and development of comprehensive risk assessment
frameworks for complex emergencies.

In conclusion, this research demonstrates that the implementation of intelligent DSS,
supported by robust mathematical models, significantly enhances the operational efficiency of
emergency response, ensures faster localization and elimination of RWE, reduces environmental and
economic impacts, and strengthens the reliability of railway transport systems during the
transportation of DG. The proposed solutions are practically applicable and open avenues for further
research and real-world implementation in the fields of railway safety, environmental protection, and
emergency management.
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