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Abstract. Ensuring comprehensive security and countering terrorism-related crimes at air
transport facilities in the Republic of Kazakhstan is one of the key priorities of the state policy in the field
of transport safety. With the growing threat of terrorism and increasing passenger traffic, this issue
becomes more urgent, requiring the implementation of modern technologies and effective coordination
among all stakeholders in the aviation sector. The aim of this research is to analyze existing approaches
to aviation security, identify vulnerabilities in the counter-terrorism system, and develop
recommendations for improving organizational and technical measures. The study reviews national
legislation, international standards, and practical experience in airport security systems in Kazakhstan.
The results of the analysis show that modern airports apply an integrated protection system, including
perimeter and premises security alarms, video surveillance, access control, and fire alarm systems.
However, the study also reveals the need to enhance the integration of these systems and improve staft
training. In conclusion, effective aviation security requires a systematic approach, continuous threat
monitoring, the application of innovative technologies, and close cooperation between government
agencies and aviation enterprises.

Keywords: terrorist threat, high-risk facilities, aviation security, unlawful interference, terrorist
act
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AHHOTaUus. Oye Koliri 00beKTUIepIHAeT! KeIIeH i Kayilnci3AiKTi KAMTaMachl3 €Ty KoHe
TEPPOPUCTIK CHUMATTaFbl KBUIMBICTApFa Kapchl IC-KMMBLT Jkacay Moceneci Kazakcran
PecryOnukachIHBIH ~KOJIK Kayilci3miri camachlHOAaFbl MEMIJICKETTIK CasCaThIHBIH O0achiM
OarpITTapbIHBIH Oipi O0bIm TaObUTaNBl. TEppOPUCTIK KAYINTEPAiH ©Cyl MEH >KoJaylibLiap
aFbIHBIHBIH apTybl JKarlablHIAa Oyl MOCENIeHIH ©3eKTUNrl apTa TYyCyle >KOHEe 3aMaHayu
TEXHOJIOTUSUIAPIbI  €HTI3Yy[i, COHIAl-aKk aBHAIMs CaJlachlHBIH OapiblK  KaThICYIIbLUIAPEI
apachIHAaFel YWIECIMAUTIKTI Tajam eTedi. 3epTTeyiH MakKcaThl — aBUAIMSUIBIK KayiNCi3aiKTi
KaMTaMachl3 €TYIH KOJJAAHBICTAFbl TOCUIAEPIH Taljay, TEPPOPU3MIe KapChl 1C-KUMBLI
KYHMECIHJIETT ocall TYCTaplbl aHBIKTAy MXOHE YHUBIMIACTHIPYIIBUIBIK-TEXHUKABIK IIapanapibl
KETIAIpyTe apHaJFaH YCBIHBIMIAPABI 93ipiey. 3epTTey OapbIChIHIAa HOPMATUBTIK-KYKBIKTHIK
aKTijepre, XaJblKapalblK CTaHAapTTapra oHe KazakcraH oyekalmapbIHAAFel Kayirci3mik
JKYHEJEepIHIH TPAKTUKAIIBIK TOKIpUOECIHE IOy JKacalasl. Tangay HOTHXKeNIepl Ka3ipri 3aMaHFbI
oyexaiiapa mepuMeTp MeH Yi->KkaiuiapIblH Ky3eT qa0buiaapsl, Oeiine0aKpuIay, KOMKEeTIMAUTIKTI
O0akpuIay, OpT Ma0BUIBI JKOHE XabapiaHapIpy KYHelepiH KaMTHUTBIH KEIIeHJ1 KOpFray »Kykeci
KOJIJIaHBUTATBIHBIH KopceTTi. COHBIMEH KaTap, OCHI XKYHeNep liH MHTETPAIUIACHIH apTThIPY JKOHE
MEPCOHAIIBI KOCIOM Jaspiay JEeHreiiH KoTepy KaKeTTLIIr aHbIKTalabl. KOpeIThIHABIIAN Kele,
ABUAIMSUTBIK KAYIMCI3MIKTI THIMJI KaMTaMachl3 €Ty JKYHelll Ke3KapacThl, Kayim-KaTepiepl
TYPaKThl MOHHUTOPUHTTEY/li, MHHOBAIMSUTBIK TEXHOJIOTHSIIAPIBl KOJIAHYIbl dKOHE MEMIICKETTIK
KYPBUIBIMIAp MEH aBUAIUS KOCITOPHIHIAPBIHBIH THIFBI3 ©3apa iC-KUMBUIBIH Talal eTe/l.

Tyiiin ce3mep: TEPPOPHUCTIK Kayill, )KOFaphl KAYIiNTi 00bEKTLIEp, aBUAITUSIIBIK, KAYITCI3I1K
Joiiexce3aep ymin: M. AcunsbexoBa, I'. MyparGekoBa, 3. Konak6aii, JI. ManukoBa Kemennui
KAYINCI3IKTI KaMTaMachl3 €TyAIH JKOHE dye KeJirli oOBeKTUIepiHIE TEPPOPUCTIK CHUTIATTAFBI
KBUIMBICKA KapcChl ic KUMBULIBIH ©3eKTi Macenenepl // Kazakcran ennipic kemiri. 2025. Towm. 22.
No 87. 7-18 6er. (Oppic. Tiin.). https://doi.org/10.58420/ptk/2025.87.03.001
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AnHotanus. OoOecriedeHre KOMIUIGKCHOH  O€30MacHOCTH U MPOTHUBOJCHCTBHE
MPECTYIHOCTH TEPPOPUCTHUECKOIO Xapakrepa Ha OO0BEKTaxX BO3IYIIHOTO TpaHCIOpTa B
Pecriy6nuke Kazaxcran siBIsieTCS OJJHOM U3 MPUOPUTETHBIX 33724 TOCYIaPCTBEHHON MOJUTUKHU B
o0nacTu TpaHCIOPTHON Oe3zomacHocTU. B ycloBHAX pocTa TEpPPOPUCTUUYECKHX YIpo3 U
YBEJIMYEHUS NTACCAKUPONOTOKOB aKTYaJIbHOCTb IaHHOT'O BOIIPOCA BO3pacTaeT, TpeOysi BHEAPEHHS
COBPEMEHHBIX TEXHOJIOTHH ¥ KOOPAMHALIMY MEXKIY BCEMH YYaCTHHKaMH aBUAIMOHHON OTPaCIIH.
Ienbto wuccnenoBaHusl SBISIETCS aHANU3 CYMIECTBYIONIMX TOAXOMOB K 0OOECIEYCHHIO
ABUAIMOHHOM O€30MaCHOCTH, BBISIBICHHWE YSI3BUMBIX 30H B CHCTEME NPOTHUBOJIEHUCTBUS
TEPPOpPU3MY H pa3paboTKa pPEKOMEHJALWH 110 COBEPIIEHCTBOBAHUIO OpPraHU3alMOHHO-
TEXHUYECKUX Mep. B paMkax wuccienoBaHusi MpoBeleH 0030p HOPMATUBHO-IPABOBBIX AKTOB,
MEXIYHAPOJHBIX CTAaHAAPTOB W MPAKTUYECKOTOo OmbiTa (DYHKIMOHUPOBAHUS  CHCTEM
6e3omacHocTH B a’ponoprax Kazaxcrana. Pe3ynpTaThl aHanu3a mokasajiu, YTO COBPEMEHHbBIE
a’poIOpPThl  UCTOJB3YIOT KOMIUICKCHYIO CHCTEMY 3alllUThl, BKJIIOYAIOIIYI0 OXPaHHYIO
CUTHAJIM3alMIO MEepUMeTpa M TMOMEINICHUH, BUICOHAONI0IeHNEe, KOHTPOJIb JOCTYyNa, CUCTEMbI
MOKapHOW CHUTHAIM3AINH U OMOBEIICHUs. B TO e BpeMs BhISIBIICHa HEOOXOAMMOCTD ITOBBIIICHUS
YpOBHS HMHTErpallud JaHHBIX CUCTEM M MNpo(ecCHOHATBFHOW MOATOTOBKM mepcoHana. B
3aKJIIOYCHUE MOTYEPKUBACTCA, YTO I(PPEKTHBHOE OOECleYeHHe aBUAIIMOHHOW O€3011acHOCTH
TpeOyeT CUCTEMHOI0 OX0/[a, TOCTOSSHHOTO MOHUTOPHUHTA YIPO3, IPUMEHEHHS] HHHOBAIIMOHHBIX
TEXHOJIOTHMA W TECHOTO B3aUMOACHCTBHS MEXAY TOCYIapCTBEHHBIMU CTPYKTYypaMu H
aBUAIMOHHBIMH MPEATPUATUIMU.

KiroueBble c10Ba: TeppOpUCTHYECKAs YTPO3a, BBICOKOPUCKOBBIE 00BEKTHI, aBUALIMOHHAS
Jast umtupoBanus: M. Acuns6exona, I'. Mypat6ekona, 3. Konak6aii, JI. ManukoBa AKTyanbHbIC
BOMPOCHI 00ECIEUYEHUsI KOMIUIEKCHOW Oe30MacHOCTH M TNPOTUBOJCHCTBUSA IPECTYIHOCTH
TEPPOPUCTUIYECKOTO XapakTepa Ha OObEKTaX BO3AYMIHOTO TpaHcmopta // TloMbInUICHHBIH
tpanciopt  Kasaxcrama. 2025. T. 22. No. 87. Crp. 7-18. (Ha pyc.).
https://doi.org/10.58420/ptk/2025.87.03.001

KoHpuuKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Beenenue.

OGecrieyeHne O0OIMIECTBEHHOW 0€30macHOCTH B cdepe aBHAIMOHHOTO TpPaHCTIOPTa
SIBIISICTCSl KPUTUYECKU BAXKHOU MPOOIEMON COBPEMEHHOTO OOIIECTBA, TaK KaK aBHAIIUS HTPACT
KJIFOYEBYIO POJIb B OOCCIEUYECHHHM TPAHCIOPTHOM CBSA3HOCTH, SKOHOMHUYECKOW M COIMAIIBHOU
crabunsHocTH (bazaeBa, 2014: 5-12). B To ke Bpems, a’pomopThl MPEACTABISIIOT COOOM
IpUBJIEKATENIbHbIE LIENU AJI TEPPOPUCTUUECKUX AKTOB, UTO CO3JAET aKTyaJbHYIO MPOOIEMHYIO
CUTYaIMIO: HECMOTPS Ha CYIIECTBYIOILIUE MEPhI 0€30IIaCHOCTH, COXPAHSIETCS YTpo3a TEPAKTOB Ha
00BeKTax BO3AyIHOTO TpaHcnopTa (Adanacwes, 2014: 41-48). AHanu3 MeXIyHApOIHOTO OIbITa
MOKA3bIBACT, YTO B PAa3HBIX CTPAHAX MPUMEHSIOTCS PA3TUYHBIE MTOIXO/IbI K KOHTPOJIO MACCAXKUPOB
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U COTPYIHUKOB a’pOINOPTOB, HO OTCYTCTBYET €IMHAs yHHBEpCANbHas CHCTEMa, CIOCOOHas
MOJHOCTBIO HCKITIOUNTh yrpo3y (TSA, 2025: 1-5; ElAl, 2025: 1-5) (Puc.1).

Puc. 1. MexxayHapoaHBIN a3ponopT ACTaHbI, OIWH U3 KPyITHEHIINX B CTpaHe

AbsporopTsl 0000 MpUBIEKATENIbHBI AJIS TEPPOPUCTOB MOTOMY, YTO, COBEPIICHHbIE B HUX
WIA Ha CaMOJIETaX TEPPOPHCTUYECKHE AaKThl MPOU3BOIAT O0CcOOEHHBIE (P (EeKThl Ha CO3HAHME
KEpTB. ABHANacCaXUPbl OCO3HAIOT, YTO KPOME TOTO, YTO OHU OTPAHUUEHBI B MEPEBUKEHUH, OT
COBEPILEHHOTO TEPPOPUCTHUECKOTO aKTa MOXET MOTHOHYTH JIIOOOW W3 HMX, €CIU He Bce. Y
COBPEMEHHBIX TEPPOPUCTOB ACHCTBHS U LEIH, BO MHOTOM HMMEIOT CXOJCTBO C 3aXBaTUHMKaMHU.
CoBepiass TEpakT, OHM MBITAIOTCS JIIOOBIM CIOCOOOM JIOKAJIM30BaTh IMEPEIABMIKECHHE JIOICH.
[Tocne coBepIieHUs! TEPAKTOB, MHOTHE aBUAIIaCCaKUPBI OTKa3bIBatoTCs OT mmoe3nok (Koberr, 2017:
1).

AKTYyaJqbHOCTh HCCIIEIOBAaHUsI OOYyCIIOBJICHA BBICOKOM CONMAIBbHONW M SKOHOMHYECKON
3HAYMMOCTBIO aBHALIMOHHOM MH(PACTPYKTYphl M BO3pACTAIONICH Yrpo30il TeppOPUCTHUECKUX
MPOSIBJICHUM B a’sponoprax. HecMoTpst Ha TO, 4TO U3y4EHO MHOXKECTBO ACIEKTOB TPAHCIIOPTHOM
0€30IacHOCTH, MHOTHE BOIIPOCHI OCTAIOTCSl HEAOCTATOYHO HUCCIIEAOBAaHHBIMH, OCOOCHHO B YacTH
B3aMMOJICUCTBUS MEXIyHApOIHBIX M HAIMOHAJIBHBIX MPABOBBIX HOPM, a TaKXKe MPUMEHEHUs
COBPEMEHHBIX TEXHOJOTHH /Il KOMIUIEKCHOH 3aIUThI maccakupoB u nepcoHana (CyberLeninka,
2025).

OOBEeKTOM  WCCIIEZIOBaHUSI  SIBISIFOTCSL  TpolecCchl  obecriedeHuss  O€30MacHOCTH
aBUAIMOHHOTO TpaHcropra. [IpenMeroM mcciaenoBaHus BBICTYNAIOT MPABOBbIE, TEXHUUYECKUE U
OpraHM3al[MOHHbIE MEphl, HANpPABIEHHBbIE HA MPEJOTBPAIICHUE TEPPOPUCTUUYECKUX YIpo3 B
a’ponoprax.

Lens 1 3a1aun nccier0BaHMs.

Llenb uccienoBaHus 3aKIIOYAETCsS B BBISIBICHMM M CUCTeMaTu3aluuu 3()(EeKTUBHBIX Mep
NPOTUBOJCHCTBUS TEPPOPUCTUUECKUM YIpo3aM Ha 00bEKTaX BO3AYLIHOTO TPAHCIOPTA U OICHKE
UX BIUSHUS Ha obecriedyeHre 0e30MacHOCTH acCaKUPOB U MepCcoHaa.

JIns nOCTHXKEHUS TTOCTABICHHOM LEIU PELIAIOTCS CIEAYIOLIME 3a0aun:

- Ilpoananu3upoBaTh MEXIyHAPOJHOE W HAIMOHAJIBHOE 3aKOHOAATENbCTBO B cdepe
MPOTUBOACHCTBUS aBUAITMOHHOMY TEPPOPU3MY.

- W3yunth coBpeMeHHBbIE CHCTEMbl O€30MaCHOCTH a’pPONOPTOB M HMX KOMIIOHEHTHI:
BUICOHAONIOIEHNE, KOHTPOJIb JOCTYIIA, CHCTEMbI CUTHATM3AIMH U TIOKapHOI 6e30MacHOCTH.

- CucreMaTu3upoBaTh MEKIYHapPOAHbBIN OMBIT 00ecredeHust 6€30MacHOCTH U OLIEHUTh €r0
MPUMEHUMOCTb B HAlIMOHAJILHOM IIPAKTHKE.

- OnpenenuTs poib YeI0BeUYeCKOro (pakTopa B 00ECIEUCHNH KOMITJIEKCHON 0€30TacHOCTH
U pa3paboTaTh peKOMEHIAINN TI0 MUHUMHU3AIIUH PHCKOB.

B pabote nmpuMeHsIoTCSl METO/IbI aHAIN3a HOPMAaTUBHO-TIPABOBBIX aKTOB, CPABHUTEIBHOTO
W3yUYEHHs MEXTyHapOIHOTO OIBITA, CHCTEMHOTO aHaJIN3a TEXHUYECKUX CPEICTB O€301MacHOCTH, a
TaKke€ MeTOolbl O000O0IIeHHS W CHHTe3a HH(POpMAIlMH, MO3BOJSIONIUME BBIIBUTH KIIIOYEBBIC
TEH/ICHIIMH U TIEPCIIEKTUBBI COBEPIICHCTBOBAHUS Mep 0€30MacCHOCTH B aBUALIUH.
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[Ipenmonaraerca, 4YTO KOMILJIEKCHO€ NPUMEHEHHE TMPABOBBIX, TEXHUYECKHX H
OpPraHU3alMOHHBIX MEp, C YYETOM 4YelIOBEYEeCKOro (hakropa, CIOCOOHO CYIIECTBEHHO CHMU3HTH
BEPOSATHOCTH YCIEIIHOTO COBEPILIEHUSI TEPPOPUCTHUECKOTO aKTa B adpONopTax.

HayuHnast 3HauMMOCTb HCCIIEJOBAHMS 3aKJIIOYAETCSl B CUCTEMATU3ALMM 3HAHUM O Mepax
MPOTUBOACHCTBYS aBUAIMOHHOMY TEPPOPU3MY M BBISIBICHUU HEIOCTAaTKOB CYIIECTBYIOIIMX
nonxonoB. [lpakTuueckass 3HAYMMOCTH COCTOUT B BO3MOXHOCTH MPUMEHEHUS MOJIYYEHHBIX
pe3yabTaTOB JJIsi COBEPILIEHCTBOBAHMS HAIIMOHAJIBHBIX CHUCTEM O€30MaCHOCTH a’pOINOPTOB H
pa3pabOTKH peKOMEH AL [ OPraHOB, OTBETCTBEHHBIX 32 TPAHCIIOPTHYIO O€30aCHOCTD.

MarepuaJibl 1 METOBI.

HccnenoBanue npaBoBOIO PETyIMpPOBAaHUS BO3AYLIHOIO TEPPOPU3MA MOKA3aJ0, YTO OHO
perIaMEeHTUPYETCs ABYMSI YPOBHSIMHU — MEXAYHAPOIHBIM U HAI[MOHAJIbHBIM 3aKOHOJIATEIHCTBOM.
MexayHaponHbIi yPOBEHb MPEACTABICH HOPMATUBHO-TIPABOBBIMU akTaMu, npuHATbiMu OOH, B
yacTHOCTH KonBenuusimu 1963, 1970 u 1971 rr. YkazaHHbIe KOHBEHIIUH ONIPEAEIISIOT TOJIKOBAHUE
OCHOBHBIX TOHATUH JaHHOW 00JacTH NPABOBOTO PEryJHpPOBAaHUs, MpaBa M OOS3aHHOCTHU
JIOTOBAPUBAIOIINXCSI TOCYJApCTB, YJICHOB HKUIIa)Ka BO3AYIIHOTO CY/IHA, a TaKXKe FOPUCIUKIIUIO
JIOTOBapUBAIOIIUXCA rocynapcTB. OfHAKO MHOTHE CIIOXKHBIE acleKThl HE OBUIM pa3pelieHBbI.
BaxxHo OTMETHTH, YTO MEPEYUCIICHHbIE KOHBEHIIMM HE MNPUMEHHMBI K BO3AYIIHBIM CYyAaM,
3aHATHIM Ha BOGHHOU, TAMOXKCHHOH M MOMUIICHCKON CITy>k0ax, 4TO co31aET MpobaeMbl B 00IacTu
MPaBOBOTO PETYJIUPOBAHMS HHIIMACHTOB ¢ Takumu cyaamu (Kober, 2017: 1).

HammonaneHoe 3akoHonarenbcTBo PecnyOonuku Kasaxcran BkirouaeT psii HOPMaTUBHBIX
aKTOB M Mep, HalpaBlEHHBIX Ha oOecredeHne Oe30MacHOCTH M MPENOTBpAILEHHE AaKTOB
TEppOpH3Ma Ha 00BEKTaxX BO3AYLIHOTO TpaHcnopTa. Cpenu HUX:

- 3akoH PK «O nporuBojeiictButo Teppopusmy» oT 13 urons 1999 roga Ne 416 (3akon PK,
1999: 1-5).

- 3akon PK «O0 wmcmnonp30BaHUM BO3AYIIHOTO TMpocTpaHcTBa PecryOnuku Kaszaxcran u
nearenbHoCcTH aBuanm» oT 15 uronst 2010 roma Ne 339-1V (3akon PK, 2010: 1-5).

- [TocranoBnenue [IpaButensctBa PK «O06 yTBep)kaeHuu [IpaBuit Bbiauun pasperieHuii Ha
OCYIIECTBJICHUE JIEATEIBHOCTH, KOTOpask MOXKET MPEICTAaBIATh Yrpo3y OE30MacHOCTH IOJIETOB
BO3MYIIHBIX cynoB» OT 12 mast 2011 roma Ne 504 (ITocranosnenue IIpaButensctBa PK, 2011: 1-
5).

[Tomr¥MO HOpPMATHUBHBIX aKTOB, BCIJEIACTBHE 0COOOT0 HWHTEpeca TEPPOPUCTOB K
a’poropTaM, OHU OCHAIIAIOTCS Pa3IMYHBIMU YCTPOUCTBAMHU, 00ECTIEUMBAIOIIMMH O€30MaCHOCTh
aBHANACCAXUPOB. ODTOT TMPOIECC [ODKEH OBITh HENpephIBHBIM, TPeOOBATh PETYISPHOTO
COBepIIeHCTBOBaHUS U MoaepHu3anuu (Adanacees, 2014: 55-57).

Puc.2. Cucrema BuIcOHaOIONCHUS adpONIOpTa
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Puc.3. Oxpan asponopra Kenneau, CILIA, Heio-Mopk.

CoBpeMEeHHBIE CHCTEMBI 0€30IaCHOCTH a’pPOTIOPTOB  SIBJISIFOTCS  KOMIUICGKCHBIMH |
BKJIIOYAIOT: OXPAaHHYIO CUTHAIU3AIUIO IEPUMETPOB U MTOMEIIEHUHN, CHCTEMbI BUACOHAOMIONCHNUS,
KOHTPOJIb U YIIPABIICHUE JTOCTYIIaMHU, OXPAHHOE OCBEIICHHUE, CHCTEMbI TIOXKAPHOH CUTHAIIN3AINN
U noxapotyiienus. OHU IpeaHa3HAuYeHBbI IS 3alIUThl BCEX TEPMUHAIBHBIX 3aJI0B, CIY>KEOHBIX U
CKJIQJICKUX TIOMEIICHHIA, aHTapOB, MECT CTOSHOK aBHanaiiHepoB. C WX TOMOIIBIO PEIIAIOTCS
3a/1aud 00ECIeUeHHs 3alIUThI OT MPECTYMHBIX U TEPPOPUCTUUECKUX YTPO3, OXPAHBI BCEX BUIOB
[IEHHOCTEH, MPEOTBPAIIECHUS XUIIICHAN 1 BaHIAJTN3Ma, & TAK)KE KOHTPOJISI PA3IMYHBIX ITPOIIECCOB
JKU3HEACSITEILHOCTH a’3poropra U 6e30macHOCTH Bo3ayIiHoro aBwkeHus (bazaesa, 2014: 212—
215)

Taxke HeoOXoAMMO TpHIaTh 0co00e 3HAu€HHWE CaMOBOJIBHOMY U HE3aKOHHOMY
HAXOXKICHHUIO TIOCTOPOHHUX Ha PYJIEBBIX IOPOKKAX W B3JIETHO-ITOCAIOYHBIX ITOJIOCAX, B aHTapax,
CKJIaJIaxX U TEX MECTax, IJIe CTOSIT BO3AYIIHBIE CyAa. YCTapeBILHWE CHUCTEMBbI 0OE30MacCHOCTH B
a’poropTax HEe MOTYT OOECICUUTH JIOJDKHOTO KOHTPOJISl, OCOOCHHO Ha OOBEKTaxX, Ie KOHTPOIb
JOCTyTa B CITy’)keOHOE MOMEIICHHE UITH JI00YI0 HHYIO0 TEPPUTOPHUIO a3pOTOPTa OCYIIECTBISACTCS
TOJIbKO OXpaHHUKOM. B Takux ajspomoprax [OOCTylnl Ha B3JETHO-TIOCAJOYHYIO TIOJIOCY
MPOU3BOAUTCS 4Yepe3 CIIy:KeOHBIH BXOJ MPH MPEIbSIBICHUU CIY>KEOHOTO yIOCTOBEPEHHUS HIIU
3amanus (Kober, 2017: 2).

AHannM3 MHOTOYHCIEHHBIX HAyYHBIX HCCIEIOBaHHWMA, OT JUCCEPTALMOHHBIX [0
MOHOTrpauuecknx paboT, MOCBAMIEHHBIX TPAHCIOPTHOW OE30MacHOCTH, W B OCOOCHHOCTH
0€30MacHOCTH aBUAIIMOHHOW, CBHUJETEILCTBYET, UTO CETOAHS, KaK W paHbIle, HCCIeAoBaTeNn
oOpaiaroT 0co0oe BHUMaHUe Ha Tpo0IeMy KOHTPOIIs 3a maccaxupamu (Adanacwes, 2014: 55—
57; bazaeBa, 2014: 212-225). IlpakThka TOKa3bIBa€T, YTO BO3MOXXHOCTH COBEPIIUTH
TEPPOPUCTUYECKYIO aTaKky WMeeT JII00OM YeJoBeK M3 IMepcoHaja a’poropra. B wacTHOCTH,
TUBEPCUS MOXKET OBITh COBEpIIIEHA TPY3YMKOM, IIOCKOJIBKY OH MOXKET OCTaBaThCs He3aMEUEHHBIM
IIpH XUIICHWW Oaraxka, a YCTPOUTHCS Ha paboOTy eMy HE COCTaBiseT Tpylaa. B wrore ciyx0Oa
0€30MacHOCTH  a’pOropTa  KOHUEHTPHUPYETCS Ha I[EHTpPalbHOM  BXOIe, TOrma  Kak
3JIOYMBIIUICHHUKA MOTYT MPOHHUKHYThH 4epe3 CIyX)eOHbIM BXOH. TeppoprcTamMu MOTYT CTaTh U
ooprrnpoBogHUKH. [IpoBenEHHBIN aHaTM3 TMOKA3bIBAET, YTO CTHOAPICCCHI PEIKO OCTAIOTCA Ha
JOJDKHOCTSIX 00Jiee OJJHOTO-ABYX JIET, TOATOMY 3TH BaKaHCHUHU YacTO OTKPBITHL. B mydiem cirydae
OOPTIPOBOTHHUKOB JOCMATPUBAIOT HAa BXOJE C MOMOIIBIO PAaMKH METaJUIOJAETEKTOpa, a Oarax
nposepsieTcs uepe3 nntpackon (Kober, 2017: 2) (Puc.4).
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Puc.4. Panuckad B a3pomnopry.

MexayHapoaHbIii ONMBIT OOpPHOBI C BO3AYLIHBIM TEPPOPU3MOM CBUACTEIBCTBYET O
HEOOXOAMMOCTH MPOBEPOK Ha ONAaroHaAEKHOCTh COTPYAHUKOB, UMEIOIIUX AOCTYI K CEKPETHBIM
30HaM a’pornopTtoB. Tak, Hampumep, padOTy aMEpPHUKAHCKUX a’dpONOPTOB KOHTPOIUPYET
ympasienue no 6ezonacHocty Ha Tpancnopre (TSA, 2025: 1-5), Tak ke, KaK U ACATEIBHOCTh X
COTPYIHMKOB, TOTZa KaK a’poropThl BenmukoOpuTaHMM HAXOIATCS B BeJCHHMM MMUHHUCTEPCTBA
TpaHcropta 1 MunuctepcTBa BHyTpeHHHX naenl (Adanacwes, 2014: 55-57). B Hunepnangax
MUHHCTEPCTBO IOCTUIIMK OTBEYAET 3a a9POMOPTHI U UX COTPYIAHUKOB, a B M3paumie Israel Airlines
— TIaBHBIM aBuanepeBo3uuk WM3pamns (mamee El Al) — Hecer OTBETCTBEHHOCTh 3a BCE
npuOBIBAIOIINE CAMOJIEThI, U BCEX COTPYAHMKOB IpoBepsieT cekperHas ciyxo6a (El Al Airlines,
2025: 1-5). CorpyaaukoB aspornopra ben ['ypuon (MexmyHapomHbii a’pornopt Tenab-ABuBa,
[JIaBHBIM M3paMJIbCKUN adpOINopT) Tarkke TIIATEIBHO MPOBEPSIOT Ha OnaroHaaéxHOCTh. Bee
yObIBaIOIIME CaMOJIEThl HAXOAATCS B BeleHUH V3pamsibcKuX aBUAIIMOHHBIX BiacTell — B 000X
ClIydasix TOCYAapCTBO HECET OTBETCTBEHHOCTh 3a 0€30MacHOCTh BCEX MOJETOB, & HHOCTPAHHBIC
ABMAKOMIIAaHWU TIEPEAl0T €My OTBETCTBEHHOCTh 3a HMX COOCTBeHHYIO Oe3omacHocTh. El Al
CJIaBUTCSl obOecrieueHueM Oe30MacHOCTH MAacCaXUPOB, M OJHA W3 OCHOBHBIX IMPHYUH yCIIEXa
3aKJIIOYAETCs B TOM, YTO HEKOTOPBIE METOUKH Oe30macHoCTH He packpbiBatores (Kober, 2017: 3;
I'ypos, 1999: 14) (Puc.5).

i sesmRNOND WEREE —_—
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Puc.5. Camoner xomnanuu Israel Airlines

@ @ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 13

o 4.0 International License



Industrial Transport of Kazakhstan. Vol.22 (3). 2025

Henw3st ckaszarp, 4To B HacTosIIee BpeMs (PU3UIECKUE MEPBI 00ecTieueHHsI 0€30TacCHOCTH
Oecrnone3nsl. HaoOopor, uem Oomblie TpPOBEpOK Ha TpeaMmeT obecredeHus QU3ndecKon
0e30macHOCTH, TeM 0o0Jiee CIIOKHOW JOJDKHA OBITh TMOATOTOBKA K YCIEHTHOMY TMPOBEIACHHUIO
HammaaCHWA, 1 YEM CJIOXKHEC 11J1aH, TEM 60J'IBI_HC [TaHCOB MPOBAJIUTD €I0. HO, CCJIM HCJIb34 OTPpULATh
3(PEeKTUBHOCTh (PU3HUECKUX MEp OOecredeHus 0€30MacHOCTH, TO BPSII JIU MOKHO CUUTATh UX
OCHOBHBIMH, Ha KOTOpBIE CIIEAyeT OMHpaThcs Ciyxk0aM obOecrmedeHus Oe30MacHOCTH B
asporoprax. PaKTHUECKU U TOTO, YTOOBI Ha4yaTh JHOO0OE HAlaJeHHe BHYTPU MACCAKUPCKOTO
camolneTa W JOOUTHCSA Yycliexa, TEPPOPUCTAM HYy)KHA COOTBETCTBYIOIIAs CUCTEMa JTOCTAaBKU
B3PBIBHOTO YCTPOMCTBa TMpU MOMOIIM Jtoae. BoT B 3TOM M 3akiIio4aeTcsi OCHOBHOE
MIPEUMYIIECTBO CIIY>KOBI O€30MAaCHOCTH B a3pOIOPTax MO CPABHEHHUIO C TEPPOPUCTAMHE: YEIIOBEK
ommbaercs. HyxkeH TONbKO OMWH MPO(GECCHOHAIBHO MOATOTOBICHHBIH COTPYIHHK CIYXOBI
0€30MacHOCTH, YTOOBI 3aMETUTh MACCAKUPA, MPEACTABISIONIETO OMACHOCTh, 1 HEUTPATH30BAThH
€ro, Torga Kak TEPPOPHCT JODKEH TMPOWTH 4Yepe3 BCe KOHTPOJIBHBIC ITyHKTHI, BCE Kamephl
CJICKCHUA U MUMO KaXKI0T0 COTPYAHUKA CJ'Iy)K6LI 6630HaCHOCTI/I, HC BbI3BaB IIPH 3TOM IMOAO3PCHUA
(KoGerr, 2017: 3; Uanos, 2023: 114-118).

Vxe co3maH poOOT, CIOCOOHBIN OOJNIErYUTh TAMOXKEHHYIO MPOBEPKY M HHCIIEKIIHIO
0e30macHOCTH, OH pa3paboTaH yu€HbIMHU MEXTyHapoaHoi kommanuu Thales. C mpudopom Thales
MPOIOJDKUTENBHOCTS JIOCMOTpPa aBHAIMACCAXHUPOB OyleT 3HAYUTENBHO CcokpamieHa. [Ipubop
NPOBEPUT  aBHANACCAXUPOB C TOMOINIBI0 OMOCKAaHUPOBAHMS W  HAreyaraeT OwWier,
chotorpadupoBaB denoBeka. OH TakkKe MOXKET TMOACOSAMHHUTHCS K KOMITBIOTEpAM CHCTEMBI
0€30MacHOCTH a’poropTa, MPOBepsisi MO 0Oa3e MaHHBIX KaXAOTO MacCaKupa Ha MpeaMeT
TeopeTUdecKkoil yrpo3el. [locne Takoil TPOBEpPKH MaccaxupaM HE O00sS3aTENBHO MOCeNaTh
TaMOXHIO TIocJie npuszemiieHust B apyroi ctpane (Kober, 2017: 3; Thales Group, 2024: 22-26).
(Puc.6)

'

Puc.6. IlpoBepka aBHanaccaxupoB Ha TEILIOBU30pE

Pestomupyss wuTorm 0030pa akKTyalbHBIX BOINPOCOB 00ECIEYEHHS KOMILIEKCHOM
0€30MMacCHOCTH ¥ TPOTHBOACHCTBHSI MPECTYITHOCTH TEPPOPUCTHICCKOTO XapakTepa Ha 0ObEeKTax
BO3AYILIHOTO TPAHCTIOPTA, HEOOXOAMMO OOPaTUTh BHUMAaHHUE Ha TO, YTO OOJNBITMHCTBO CTPaH MHUpa
03a004€HBI MPOOIEMOI TeppPOpPU3Ma M CTPEMSTCS K €€ pa3perieHuio. Mexay TeM, HeoOXOauMO
OTMETUTh, YTO €XETOAHO PACTeT YHCIO OPTaHU3AIMOHHBIX BOMPOCOB MPOTUBOICHCTBUS
Teppopu3My B cepe aBuanuu. VMl OHU BBIPAKAIOTCS B CIEAYIOIEM.

Bo-niepBbIX, CIOXHOCTH BBISIBIICHHS B3PBIBUATHIX BEIIECTB, 3aKaMy()IUpOBaHHBIX MO
CPENICTBA CBSI3U U MHBIC SJIEKTPOHHBIC YCTPOMCTBA, KOTOPBIEC pa3penieHo MPOHOCUTH Ha OOPT.

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




Industrial Transport of Kazakhstan. Vol.22 (3). 2025

Bo-BTOpbIX, HECMOTpSI Ha CYLIECTBYIOILIUE 3aMPEThI, IPECTYTHUKHU MbITAIOTCSI IPOHOCHUTD
Ha OopT camonera OoeBoe opyxkue W Ooempunacbl. Pe3ynsraTsl J0CMOTpa MAcCakKUpOB
CBUJIETENLCTBYIOT, YTO KOJIMYECTBO U3BATHIX 3AMPEUICHHBIX BELIECTB, PACTET C KaXIbIM FOI0M BO
BCEM MHpE.

B-TpeTbux, MOMUMO TEPPOPUCTHUYECKUX AKTOB B a’pomopTax M Ha OOpPTy CaMOJIETOB,
BO3HHUKAIOT CUTYaIlUH, KOTOPBIE YTPOXKAIOT MOPA3UTH BO3AYLTHOE CYHO C 3EMJIH.

B-ueTBepThIX, CErofHss MHOTOYMCIEHHBbIE TEPPOPUCTUYECKHUE OpraHu3aluu O0JIagaroT
TEXHUKOH M BOOPYXECHHEM, KOTOpBIE JAl0T UM BO3MOXKHOCTH MOPa3UTh B BO3AYXE HE TOJIBKO
rpakJIaHCKoe, HO U JTr00o0e Bo3aymiHoe cynHo (bazaera, 2014: 222-225).

B-nsaThIX, pa3BUTHE TEXHUYECKHX CPEICTB MO3BOJISIET TEPPOPUCTaM COBEpPIIATh
kubepaTtaku Ha OOOpyAOBaHUE a’pOINOPTOB BBHIBOAS U3 CTPOS KOMIIBIOTEPHBIE CHUCTEMBI,
OTCJICKHUBAIOIIUE BO3AYIIHBIE KOPHIOPHIL.

B-miecThix, HEJOCTATOYHO COBEPIICHHYIO OOpHOYy C BO3AYLIHBIM TEPPOPUIMOM, P
ucclieioBaTesiel  OTHOCAT K OTCYTCTBHIO YETKOM MpaBOBOM 0a3bl MPOTUBOJACHCTBUS
paccmarpuBaeMomy peHomeny (Koberr, 2017: 16; CaBunakoBa, 2012: 38).

Pe3yabTarhl U 00CyKAEHHS.

[Tomumo pemieHus TPaBOBBIX MpoOIeM OOpPHOBI € TEPPOPU3MOM, KAKOBBI IKE
IepBOOYEPEIHBIC MEphl, HANpaBICHHBIE Ha MPOTHBOIEHCTBHE TEPPOPU3MY B aBHUAIMOHHOU
ctepe? CeronHs HEOOXOOUMO MPU3HATH, YTO, K COXKAJICHHUIO, MOJHOCTHIO 3aLUTUTH OT YTPO3bl
TEPPOPUCTUUECKOTO aKTa HE CMOXET HHUKaKas, Jake camas ujaeajbHas cUCTeMa 0e30MacHOCTH.
Ho cBectu k MUHUMYMY BC€ BO3MOXXHOCTH COBEPIICHHS TEPPOPUCTHUECKHX aTaK MOXHO MpHU
oMot cienyrommux mep (Kober, 2017: 16).

Bo-miepBeIX, Bce naBepu HEOOXOAMMO OCHACTHTH OapbepamMu, KOTOpbIE O00OPYIOBaHBI
UH(pakpacHbIMH H3BemareasiMiu. OCHACTUTh CUCTEMaMH Telle-BHJICO0 HAOMIONEHHs TIepUMETPHI
JICTHBIX TOJIeH, TepMUHAJIbHBIE 3aJIbl, IPUBOK3AJIbHYIO IUIOIIA/b, B3JIETHO-TI0CAJOYHBIE MTOJIOCHL,
pYJIeKHbBIE JIOPOXKKH, BXOIAbl BO BCE CIY)XEOHbIE M TEXHHMUYECKHE IOMEIICHUS, CKIIAJICKUe
MOMELIEHUs, aHrapbl, CaMOJIETHbIe CTOSIHKM. [loMHMO cTanuoHapHBIX Kamep, HEeoOXOAMMO
NPaKTUKOBaTh HCIOJb30BAaHUE WHTEIICKTYalbHBIX JETEKTOPOB JIBUKEHUS C alrOpUTMaMHU
00paboOTKH BUIEOCUTHAJIOB, MO3BOJISIONINX: OTTPAaHUYUTh HapylIuTeneil or ¢poHa, HEe TOMyCcKaTh
JIO)KHBIX TPEBOT, BBI3BAHHBIX OCaJKaMH B BUJE BETpa M CHETra, a TakXKe NTHIIAMH, OTCJICKUBATh
TPaeKTOPUM JIBIKEHUS Hapymutenei. CucreMbl BUACOHAOIIONEHUS, OCYLIECTBIAIONINE
KOHTPOJIb TMOJCTYNOB K CaMOJIeTaM, JOJDKHBI OBITh C XOPOIIUM pa3pelieHHeM H CHOCOOHBIE
BBISIBIISITH HApyIIUTeNei. B nemsx 3¢ (peKTHBHOTO MPOTUBOCHCTBHS TEPPOPUCTHUECKUAM YTPO3aM
B a’pONOpTax B HOYHOE BpeMs, CIeIyeT MPUMEHSTh TEIUIOBU30PHI, TaK KaK OHU HE TPeOyIoT
JIOTIOJTHUTEIHHOTO OCBEIICHHUS U PACMO3HAIOT HH(ppaKkpacHoe u3inydeHrne. OHU MOTYT pa3iIHdUTh
n300pakeHue B TyMaHe, Bo Bpems 3aasiMiieHus u mp. (Koberr, 2017: 16).

Bo-BTOpBIX, COBMECTHO C CHICTEMaMH TeJie-BHIe0 HAOIIOIeHHST HEOOXOAMMO UCTIONIb30BaTh
pa3IMyYHbIe CHCTEMbI OXPaHHBIX CUTHAIIM3AINN BceX epuMeTpoB. HoBelilne cucTeMbl OXpaHHBIX
CUTHAJIM3AalMH yCTPOEHBI TaKUM 00pa3oM, YTO TOCJE TOCTYIUICHHS CUTHajla OT OXpaHHBIX
CUTHANTM3allMi KaMephl BUICOHAOTIONIEHUS, PACTIONIOKEHHBIE OKOJIO METHI HAapyIICHUS IEPUMETPA,
B aBTOMAaTHYECKOM PEKMME HAUMHAIOT OTOOpa)kaTh HapyIICHHYIO 30HY. ABTOMaTHYECKH TaKKe
cpabaTbiBaeT TPEBOKHBIA 3BYKOBOM CHUTHAll. B 1ensx oxpaHbl NMEpUMETPOB MpeAHAa3HAYCHBI
BCEBO3MOKHBIC H3BEINATENM, HAa4YMHAs OT BHUOPAIMOHHBIX UM IPOBOJHO-BOJIHOBBIX, O
paZMoNy4eBbIX M JHUHEHHBIX HH(pPaKpacHbIX. Eclu MpOTSKEHHOCTh MEPUMETPOB a’3poropra
O4YeHb OONbIIasi, TO MOXXHO NPHUMEHATh BHOPAIIMOHHYIO KaOenbHyI0 cuctemy. Ee smeMeHThI
CleyeT pacrmojiaraTh Ha KO3BIPbKaX OTPaKICHW, HAa CETYATBIX OTPAXKICHHUSAX WM KOJouen
NpoBOJIOKe. BuOparuoHHast cucremMa Xopomia TeM, YTO €€ JCHCTBHE OCHOBAaHO HAa METOJE
MPOBOIHON pannonokanud. OHa cocoOHAa OTAENSATH MOJE3HbIE CHTHAJIBI OT MOMEX, KOTOphIe
BBI3BaHBI MIPUPOAHBIMA M TEXHOTCHHBIMH TpPUYMHAMH. V3BemarTens Takol CHCTEMBI, SBISIETCS
BCEMOTOJHBIM M HE WMEET OrPaHUYEHHU TpU NPUMEHEHUH, He TpeOys 30HBI OTUYKICHUS.
[IpuHuun mnaccuBHOro nedcTBuUs He TpeOyeT OonplIOW  MOTPeOIsseMOl  MOIIHOCTHU
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aneKTposHepruu. OCHOBHBIE BOPOTA OCHAIIAIOTCS CAMOCTOSITEILHOM OXPAaHHOM 30HOM C LETbIO
OBICTPOrO pearupoBaHMsA Ha pa3jIMyHbIC CUTyallMHd. TE€XHOJIOTMYECKHE BOpPOTa BXOIAT B TE
OXpaHsieMbIe YYaCTKH IEPUMETPOB, Ha KOTOPHIX OHU pacnoioxeHbi(Kober, 2017: 16).

B-TpeTpux, BX0ox B Clly>KeOHBIE U TEXHUYECKHE 30HBI HEOOXOIUMO OCYLIECTBIATH TOJIBKO
0 AJIEKTPOHHBIM IMPOITYCKaM, B BHUJI€ MHAMBHIyaJIbHbIX OECKOHTAKTHBIX MarHUTHBIX KapT. OHuU
JOJDKHBI OBITh CO CIIOKHBIMH aJTOPUTMAMU pa0OThI, U UCKJIIOYATh MPOXOJl TOCTOPOHHUX JIHII C
HCIIOJIb30BaHMEM IPOXOAHBIX JOKYMEHTOB IepcoHaja a3pomopra. Bce ciyxeOHble BXOAbI B
a’poToOpT CIIEAYyeT OCHACTUTh TYypHUKETaMH, paOOTAIOIIMMHU TOJBKO C HCIIOJIIb30BAaHUEM
MarHuTHBIX KapT. PsgoM ¢ TypHUKEeTaMH HEOOXOAUMO 00OpyaoBaTh pabouee MECTO Oomeparopa,
YKOMILIEKTOBaHHOE (POTOUJCHTU(UKAITMOHHBIMU CPEACTBAMH, KOTOpPBIE HE TIO3BOJISIIM OBl
MIPOXOJUTH Yepe3 TypPHUKET 0e3 CBEPKHU JIaHHBIX OIeparopa B MPOIYCKE C UMEIOLUIUMUCS Yy HETO
CIUCKaMHU IepcoHana. Takue Mepsl CYIIECTBEHHO CMOTYT CHU3UTh BO3JIEHCTBUS IVIaBHBIX
YCIIOBUH «COO0s» CUCTEMBI O€30MTaCHOCTH — YesioBeueckoro ¢akropa. CHCTeMbl KOHTPOJIUPOBAHUS
U YNOPaBICHUS JOCTYNIOM JOJDKHBI OBITh THOKMMH, MOIIHBIMH, OTKa30yCTOWYHBBIMU,
YHUBEPCAJIbHBIMU M HapamuBaeMbIMUA. CUMTBHIBAIOIIUX YCTPOMCTB, KOTOPBIE MOAKIIOYAKOTCS K
OZTHOMY KOHTPOJUIEPY, JOJDKHO ObITh MHOTO Ha Cly4yail pocTa Yuclia IMoJib30BaTelIel: IepcoHal,
roctu u np. Cuctemsl JOKHBI paboTaTh U B aBTOHOMHOM PEXKUME B CIIydasx oOpbIBa CETH, WIIN
BBIXOJ1a M3 CTPOsi KoMIbIoTepHO# cuctembl (KobGerr, 2017: 16).

3akiroueHnue.

AKTyaJbHOCTh HCCIICIOBAaHUA OOECIEYeHHUs KOMIUICKCHOH O0e30MacHOCTH OOBEKTOB
BO3YIIHOTO TPAHCIIOPTA ONPENEIAETCA BO3POCIIEH CTEIIEHBIO YTPO3 CO CTOPOHBI TPECTYIHBIX U
TEPPOPUCTUYECKUX MPOSBICHUH, a TAKKE BBICOKOM COLMAIBHON U SKOHOMUYECKOW 3HAUMMOCTBIO
ABUAIMOHHOM HMHQPACTPYKTYphl. ADPONOPTHl BBICTYMAIOT KPUTUYECKUMHU TPAaHCIOPTHO-
JOTHCTUYECKHUMU  y3JaMH, OOECHEeUMBAIOIIMMHU  CBSI3HOCTb  PETMOHOB U TOCYNApCTB;
OJTHOBPEMEHHO UX OTKPBITast, MHOTONPO(HIIbHAS CTPYKTYypa AeNaeT UX MPUBJIEKATEIbHOM LIETbI0
JUTS1 3710yMBIIUICHHUKOB. [IpoBe1€HHBIN aHATN3 MEXAYHAPOIHBIX U HAITMOHAIBHBIX HOPMATUBHO-
MIPABOBBIX AaKTOB IMOKa3bIBA€T: CYyIIECTBYIOIIas MpaBoBas 0a3a 3aqa€t 0a30Bble MPUHIUIIBI
B3aMMOJICHCTBUSL TOCYIApCTB M OINEPAaTOpPOB, HO B psijieé acCHEKTOB TpeOyeT YTOYHEHUs u
rapMOHM3AIMM — OCOOEHHO B OOJACTH WHIUACHTOB, CBS3aHHBIX C BO3AYIIHBIMH CydaMH,
HAXOJSIIIMMICS] HA BOSHHOW, TAMOKCHHOH WII TIOJTHUIICHCKON CITyKOe.

TexHuueckre W OpraHuW3alMOHHBIE Mepbl 0E30MaCHOCTH B COBPEMEHHOM a’pOIOPTY
MPEICTaBISIIOT cOO0H MHOTOYpOBHEBYIO CHCTEMY: MEpUMETPOBas 3allliTa, BUACOHAOIIONCHUE,
KOHTPOJIb JTOCTYTIa, CUCTEMBI MOKapHOH O€30MacHOCTH, CKPUHUHT IMACCaXUPOB U 00paboTKa
Oaraxa. KOMIUIEKCHBIN TMOAXONI, OCHOBaHHBIA Ha COYeTaHUU (UINYECKUX OapbepoB U
MIPOABUHYTHIX TEXHOJOIMH (MHTEUIEKTyallbHAsl BH/ICOAHAJIUTUKA, TEIUIOBU3HOHHBIE MPUOOPHI,
OMOCKaHEphl, ABTOMATU3UPOBAHHBIE CHUCTEMBI KOHTPOJS JOCTYMa), YBEIWYHBAET MOPOT
CIIO)KHOCTHU peaj3allii TEPPOPUCTUYECKOTO 3aMbIC/ia M TEM CaMbIM CHUXKAET BEPOSTHOCTH €r0
ycnemHoi peanuzanui. OQHAKO TEXHUYECKUE CPEICTBA CaMU MO cebe He SBISIFOTCS MaHalleei:
3HAYMMBIM OCTAETCS YeIOBEUECKUH (PaKTOp — ySI3BUMOCTH, CBS3aHHAS C JOCTYIIOM COTPYIHHUKOB
K 3aKpbITBIM 30HaM M HEJAOCTAaTOYHOM TMPOBEpPKOM  OMaroHaa&XHOCTH TepcoHala.
Mexnaynaponusiii ombIT (TSA, mpaktuka El Al u ap.) meMoOHCTpUpYeT Ba)XHOCTh CTPOTHX
npoueayp BepudUKanMU — COTPYIHHKOB, COKPBITHS  CHEIU(PUKA HEKOTOPHIX  METOIHK
0€3011aCHOCTH U OTBETCTBEHHOT'O TOCYJapCTBEHHOTO PETYIUPOBAHUSI.

Oco0oe BHUMaHHE CIEAyeT VYIESITh WHTETPallid CUCTEM — B3aWMOCBS3aHHAS
apXUTEKTypa BHIECOHAONIONEHUS, JETEKTOPOB W KOHTPOJISl JOCTylla C BO3MOYKHOCTBIO
ABTOMATHYECKOTO PEarupoBaHUsl TMO3BOJSET CYIIECTBEHHO COKPATUTh BpEeMsl OOHapyXeHHs U
JoKanu3auuy uHIueHTa. [lapannenbHo HE0OX0IMMO MOBBIILIATH YCTOMYUBOCTh KpuTHueckoit ['T-
UHQPACTPYKTYpBl a’3pOMOPTOB K KuOepaTakaM M pa3padarbiBaTh MNPOLEAYPHl YCTOWYHBOTO
(YHKIIMOHUPOBAaHUSl TpPU OTKa3aX aBTOMATU3UPOBAHHBIX CHCTEM (ABTOHOMHBIE PEXHUMBI,
pEe3epBUPOBAHUE JAHHBIX U KAHAJIOB CBS3M).

[TpakTHueckue peKkoMeHAalN1, BEITEKAIOIINE U3 0030pa, BKIIOYAIOT:
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1) BHEApEHHE MHOTOCJIOMHOW CHCTEMBI KOHTPOJS JOCTyna ¢ OHOMETpUYECKOM
uACHTU(DHUKAINEH U CTPOTHM aJMUHUCTPUPOBAHUEM TIPaB;

2) pa3BUTHE WHTEUIEKTyaJIbHOM BUACOAHATUTUKH U TEIUIOBU3MOHHBIX CHUCTEM JUIA
HOYHOTO ¥ HEOIAronpusaTHOTO MOTOAHOTO HAOTIONEHUS;

3) peryasipHyl0 TpOBEpPKYy OJaroHai&XHOCTU COTPYAHHKOB, HMEIOUIMX JOCTyHn B
CEKpETHBIE 30HBI;

4) MozepHU3aLIMIO TPAaBOBOW 0a3bl B 4aCTHU MHIUACHTOB C BOCHHBIMU U CHEIMAIbHBIMHU
BO3YIIHBIMU CyIaMHU;

5) pa3BuUTHE TPEHUPOBOUHBIX MPOrpaMM M MEKBEIOMCTBEHHOTO B3aMMOACWUCTBUS IS
OBICTPOTO pearupoBaHUs HA yTPO3BL.

B 3akiioueHue, nMoBbIlIEHUE YPOBHS aBHAIIMOHHOM 0€30MaCHOCTH BO3MOXHO TOJIBKO MPH
COYETAaHUHM TEXHUYECKUX WHHOBALMM, >XKECTKOM IPAaBOBOM pEINIAaMEHTALlMM U IOCTOSHHOIO
BHHUMaHUs K 4eyioBeueckoMmy Qaxtopy. [ocynapcTBo, aBuakoMnaHUM M ONEPATOPBI a3pOIOPTOB
JOJDKHBI JIEHCTBOBATh COTVIACOBAHHO, YTOOBI MUHUMHU3HUPOBATH PUCKH U COXPAHUTH JIOBEpHE
MaccaxupoB U 3P(HEKTUBHOCTH BO3IYIITHOTO COOOIICHUSI.
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Abstract. This study examines the development and operation of wells, as well as the
phenomenon of well interference in productive reservoirs. The relevance of the topic is determined
by the need to optimize the operation of oil and gas fields and minimize losses during drilling and
production, taking into account the hydrodynamic connection between wells. The aim of the
research is to analyze the inflow of liquids and gases to wells, assess interference effects, and
evaluate the impact of various operational modes of well batteries. The objectives include studying
well operation modes, determining interference coefficients, analyzing well placement in a ring
battery configuration, and assessing the influence of well design and fluid properties on total well
production. The study analyzed three well operation modes: constant bottom-hole pressure,
constant flow rate, and variable parameters. It was found that the total production of a group of
wells depends on their arrangement and number, and interference coefficients allow predicting the
reduction in the efficiency of individual wells. Placement of wells in a ring battery configuration
contributes to optimizing field performance and minimizing mutual influence between wells. The
results confirm the importance of a comprehensive approach to well planning and operation,
considering both hydrodynamic connections and physical-chemical properties of the fluid.
Practical applications include selection of operational modes, forecasting the efficiency of water
or gas injection activities, and optimizing the planned number of wells.
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AHHoTauusi. Byn 3eprreyne yHFbIManapAsl JaMbITY JXKOHE MaiifaiaHy Macenenepi,
COHal-aK eHIpyI KabaTTapaarsl YHFBIMAIAP/IBIH ©3apa OPEKETTECY1 KapacThIPhUIFaH. 3epPTTeyY
TaKbIPBIOBIHBIH ~ ©3EKTUIIIT MYHai-ra3 KEH OpbIHAAPbIHBIH THIMAUITIH apTThIpy JKOHE
YHFBIMAJIapABl OYypFhUIAy MEH TMaijallaHy Ke3iHA€ IIBIFBIHAAPALl a3alTy KaXETTUIITIMEH
aHBIKTANAJbl, YHFBIMAJIAPBIH THIPOAMHAMUKAIBIK OalJaHbICBIH €CKepe OTBIPBIN. 3epTTEyAiH
MakcaTbl — YHFbIMaJIapFa CYMBIKTBIK IE€H I'a3]/IbIH KeIy 3aHIbUIBIKTApPBIH Tall[ay, 63apa ocep eTy
s dexTinepin Oaranay oHE YHFbIManap O6aTapesChIHBIH OPTYPIIi )KYMBIC pEXKUMICPIHIH dCepiH
aHbIKTAy. 3€pTTEY MIHJETTEpPl: YHFbIMATIAPAbIH KYMBIC PEXKUMIEPIH 3€pTTEY, 63apa dPEKETTECY
K03(pPUIMEHTTEPIH aHBIKTAay, YHFbIMaJapibl IIeHOepii OaTapes TYpiHIE OpPHAIACTBHIPY.bI
Tajljay, COHJai-aK YHFbIMAHbIH KOHCTPYKLHMACHI MEH KaOaT CYHBIKTBIFBIHBIH (DU3HUKAJIBIK
KAaCHUETTEpiHIH XKalmbl JeOMTKe ocepiH Oaranmay. 3epTrey OapbIChIHAA YII JKYMBIC PEXHMI
KapacThIPbIIAbI: TYPAKThl IIYHKBID KbICBIMBI 0Oap pEeXUM, TYpPaKThl AEOMT DPEXHUMI MKOHE
napamMeTpiepi ©3repeTiH pexHuM. YHFbIMaJapblH JKajmbl JAeOUTI ONapiAblH OpHajacybl MEH
caHblHa OalJIaHBICTBI €KEHI aHBIKTAJIBI, ajl e3apa opeKeTTecy Kod(pduimeHTrepi xeke
YHFBIMAJIAP/AbIH THIMIUTIH Ooypkayra MyMKiHAik Oepeni. IllenGepmi Oarapes Typinze
YHFBIMaJIap/ibl OPHAJIACTBIPY KE€H OPHBIHBIH KYMBICHIH OHTalJIaHIBIpYyFa KOHE YHFbIMaJap/bIH
e3apa 9cepiH azaiiTyra KeMeKTeceai. 3epTTey HOTHXKeNIepi OyprbUIay JKoHE Maiiianany KocnapblH
93ipJieyie KEIIeH Il TOCUIIIH MaHbI3/Ibl €KEeHIH, COHal-aK CYHBIKTBIKTBIH (PU3UKATBIK-XUMHUSITBIK
KACHETTEPIH >KOHE YHFBIMAJapIblH TUIAPOAHMHAMHKAIBIK OalIaHBICBIH €CKEpy KaKeTTUIIriH
pacraiinbl. [IpakTUKanbIK KOJAaHy: )KYMBIC PE&XKHUMIH TaHJAy, CY *OHE a3 KbICBIMBIH OakbLIay
IIapajapbIHbIH THIMAUTITIH O0JDKay jKOHE jK00aIbIK YHFBIMANIAp CaHBbIH OHTAWIaHIBIPY.

Tyiiin ce3mep: yHFbIMaap, OyprbUIay, ©3apa opeKerTecy, NeOUT, KBICHIM, IIeHOepJIi
Oarapes, KybICTHI OpTa
Hoiiexco3nep ymin: K. EcrekoBa, M. AnmanoBa, A. CrnagkoBckuil. CaxuHaibl OaTtapes
YHFBIMaJIapBIHBIH ©3apa opekerTecyi//Kazakcran enaipic kemiri. 2025. Tom. 22. Ne 87. 19-31 Ger.
(Opeic Tin.). https://doi.org/10.58420/ptk/2025.87.03.002

Mynaenep KakThIFbICHI: ABTOpJap OChl MakajlaJa MYJJeNep KAaKTBIFBICHI KOK JeIl
MOJIIMIEN .
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AnHoTanus. B HacTosIeM HMCCIeIOBaHUN PACCMATPUBAIOTCS BOIPOCHI Pa3pabOTKH H
AKCIUTyaTallui CKBAaXXHH, a TAKXKE SBJICHHE B3aUMOJICHCTBUS CKBAKUH B IPOAYKTHBHBIX ILJIACTaX.
AKTYyanbHOCTh TEMBI OIPEACISETCS HEOOXOJUMOCTBIO ONTUMHU3AIMUA PA0OTHI HEPTETa30BhIX
MECTOPOKIACHUM ¥ MHHMMM3AIMK TOTeph MpU OypeHUHM U OKCIUTyaTalliH, Y4HUTHIBas
TUAPOIMHAMUYECKYIO CBSI3b MEXIy CKBaXKMHaMHU. Llenb paboThl — aHamn3 3aKOHOMEPHOCTEMH
MPUTOKA KUJIKOCTH M raza K CKBa)XMHaM, OlleHKa 3((eKTOoB HHTEepPEpeHLUUH U BIHSHUE
Pa3IUYHBIX PEKUMOB pabOTHI OaTapeil CKBaXKWH. 3aJadd UCCICIOBAHHS BKIIOYAIOT U3YUYCHHE
peKUMOB pPabOTBI CKBaXXWH, ompeaeracHue Kod(GOUIIMEHTOB B3aWMOJICHCTBUSA, aHAIU3
pa3MelIeHus] CKBOKMH B BUJE KOJBIICBOW Oarapew, a TaKXKe OICHKY BIHSHHS KOHCTPYKIIUU
CKBOXMHBI M (PU3MUECKHX CBOWMCTB TUIACTOBOM MHUIKOCTH Ha CyMMapHbId neOuT. B Xxome
UCCIICIOBaHMs OBUTH TIPOAHAIM3UPOBAHBI TPU PEKUMA PadOThl CKBAXKHH: C TOCTOSHHBIM
3a00MHBIM JaBIIEHUEM, C IOCTOSHHBIM I€0UTOM U C U3MEHSIOLIMMUCS apaMeTpaMu. BreisBiaeHo,
9TO CYMMapHbBId [EOUT TPyNIbl CKBAXUH 3aBUCUT OT HUX PACIONOXKEHHS W 4YHCTa, a
KOA(PUITMEHTHI B3aUMOACHCTBUS TIO3BOJISIIOT TPOTHO3UPOBATh CHIDKEHHE A((PEKTHBHOCTH
OTJICNbHBIX CKBAXHMH. Pacroyio)keHrne CKBaXWH B (hOpMeE KOJBIIEBOW OaTaped CrnocoOCTBYET
ONTUMU3ALMKU PAOOTBl MECTOPOXKACHHS W MUHUMHU3ALUU B3aWMHOTO BIIUSHUSA CKBaKHH.
Pesynbpratel paboOThl TMOATBEPKIAIOT BaXKHOCTH KOMIUIEKCHOTO MOAXO0Aa K IIAaHHUPOBAHUIO
OypeHHs U IKCIUTyaTalllH, YYUTHIBAIOLIETO THIPOJIUHAMUYECKYIO CBSI3b MEXKAY CKBaXKMHAMU U
(U3UKO-XMMHYECKHE CBOMCTBA XKUIKOCTH. [IpakTHyeckoe mpuMeHEHHE pe3yIbTaTOB BKIIIOUAET
BBIOOp peXHMa OJKCIUTyaTallid, MPOrHO3UpOoBaHUE J(P(HEKTUBHOCTH BOJOHAMOPHBIX U
ra30HAMOPHBIX MEPOTIPUSATHH, a TAKIKE ONTUMHU3ALNIO TPOSKTHOTO YHCIIA CKBAXKHH.

KiroueBble cji0Ba: CKBaXUHBI, OypeHue, HHTepdepeHnus, 1e0uT, TaBiIeHHne, KOJIblieBas

Oarapes, mopucras cpena.
Jns nurupoBanusi: K. EcrexkoBa, M. Annanosa, A. CnaakoBckuid. B3anmoaeiicTeie CKBaXuH
KousibLieBoii Oatapen//[Tompinutennsii Tpancnopt Kazaxcrana. 2025. T. 22. No. 87. Ctp. 19-31.
(Ha pyc.). https://doi.org/10.58420/ptk/2025.87.03.002

KoH(}uKT HHTEepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIUKTAa HHTEPECOB.

Beenenue

BBon B 9KcmTyaTannio HOBBIX CKBaXXUH CO3Aa€T HOBBIE YCIOBUS JJISl IPUTOKA JKUIKOCTH
WIK Ta3a K JTOH CKBaXHHE, B HOBBIX YCJOBHSIX TOTOK pAaCIpEAeNseTcss MEXIy BCEeMHU
JIEWCTBYIOIUMH CKBaXMHAMHU, KOTOphIe 00pa3zyroT Oartapeto ckBaxkuH (bymatos, Ilpocenkos,
[Mamanos, 2003: 112—-115). B3zauMmopeiicTBie CKBaKWH KOJIBIIEBOW OaTtapem — COBMECTHOE
JeficTBUE B IIacTe OOJIBIION MPOTSYKEHHOCTH SKCIUTYyaTallMOHHBIX CKBAXHH, LIEHTPBI KOTOPBIX
MOMEIIAIOTCS B BEPIIMHAX TMPABUILHOTO MHOTOYTOJBHHKA, (OPMUPYS KOJIBIEBYIO Oarapero
(I'peit, 2001: 45-49). IIpobnemHasi cUTyalys 3aKJIFOYaeTCs B TOM, YTO JI0 HACTOSIIETO BPEMEHHU
OTCYTCTBYIOT KOMIUIEKCHBIC WCCIIECOBAHUS, YYUTHIBAIOIINE BIIMSHUE KOIBIIEBON OaTapeu
CKB)XKMH HAa CyMMAapHBIA J€OUT MPHU Pa3iNyuHbIX pexumax paboTbl U HEOJHOPOIHBIX IJIACTaxX
(dusmes, XucamoB, Kontoxos, Uekanun, 2012: 78-82).
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AKXTyalbHOCTh TEMbI ONpeAEeNsIeTcs] OOLIMM HHTEPECOM K H3YyUYEHHMIO 3aKOHOMEPHOCTEH
paboThI CKBOKUH B Oarapesx M HEOOXOAMMOCTH ONTHUMH3AIUHA MX Pa3MELICHUS ISl MTOBBIIICHHS
sKOHOMHUYECKOH 3 dexTrBHOCTH 100bun yriaeBogopoaoB (Konyukhov, Krasnov, Chekalin, 2017:
135-140). HecMoTps Ha CyIIECTBYIOIIME TEOPETHUYECCKHE W TPAKTHUYECKUE HCCIICIOBAHUS,
OTCYTCTBYET HCUEPIBIBAIOIINN aHAIN3 BIMSHUS Pa3IMYHBIX PEKUMOB PaOOTHI, HEOAHOPOIHOCTH
TUIACTa ¥ aHU30TPOIIMHU HA CyMMapHbIi 1edut 6arapeu (Mrenbepr, Haxkunbsros, 1982: 67-72).

OOBeKT wuccleoBaHUsl — OKCIUTyaTallMOHHbIE CKBaXMHbI Ha HE(PTAHBIX U Ta30BBIX
MECTOpPOXKICHUSIX, 00bequHEHHBIe B Oatapen (bymaros, I[Ipocenkos, Illamanos, 2003: 120-125).
[Tpeamert uccnenoBaHusi — MPOLIECCHI B3aUMOIEHCTBHUS CKBAXKUH (MHTEphEpeHIINsI) U UX BIUSHUE Ha
neOuT U 3a00MHOE JABICHHWE TNPU PA3IMYHBIX PEXHUMax padOThl U CTPYKTYPHO-HEOJHOPOIHBIX
ycnoBusix tacta (I'peit, 2001: 50-53).

[ens uccnenoBaHUsl — HM3YYUTh 3aKOHOMEPHOCTH B3aMMOJICHCTBHUSI CKBAXKUH B Oarapee w
OTIPEJeNIUTh ONTUMAJIBHBIE YCIOBHSI MX pa3MEUICHUS U OKCIUTyaTaluu Jjis MaKCUMHU3aluu
cymmapHoro neoura (usies, Xucamos, Kontoxo, Yekanun, 2012: 80).

3agaun uccieIoBaHus:

- IIpoananmu3upoBaTh BIMSHUE KOJMUYECTBA CKBAXHH M WX PACIOIOKEHUS Ha CYMMAapHBIHA
nebut Gatapewn.

- UccnenoBath a3 dexT uaTepdhepeHIN IPH Pa3TUIHBIX PEKIMAX PA0OTH CKBAYKHH.

- O1leHUTDH BIMSHUE HEOJAHOPOJHOCTH U aHU30TPOITUH TUIaCTa Ha B3aUMO/ICHCTBUE CKBAXKHH.

- Pazpaborath pexkoMeHIAIMK TO ONTUMAIBHOMY pPa3MEIICHUIO CKBKUH B KOJBIICBOM
Oarapee.

B pabore WCHONB30BaHBI METONBI TMOA3EMHON Ta30THAPOAMHAMUKH, MAaTeMaTHYECKOTO
MOJETUPOBAaHUS (WIBTPAIIMA HEC)KUMAEMOW KHJIKOCTH, a TaKkKe aHaIW3 CYIIECTBYIOIIUX
AKCIIEPUMEHTAIILHBIX M TIPOMBICIIOBBIX JaHHBIX ([lusiieB, Xucamos, Konroxos, Yekanun, 2012: 81;
Kpopmmak, [llamazos, 2016).

[Tpeamonaraercs, YT0 ONTUMATIBHOE pa3MeEIleHHe CKBAKUH B KOJIBILIEBOW OaTapee ¢ y4éTom
HEOJHOPOJHOCTH U aHU30TPOMNMHU IUIACTAa MO3BOJSIET MAaKCUMHM3MPOBAaThb CYMMAapHBIM NEOUT mpu
MUHMMAQJIBHOM YHCJIE IKCIUTyaTallMOHHbIX cKkBaxuH (bymnaros, Ilpocenkos, [llamanos, 2003: 125—
127).

[TpakTudeckass 3HAYUMOCTh pabOTBI  3aKIFOYACTCSI B BO3MOXKHOCTH — TPUMCHEHHUS
pa3paboTaHHBIX PEKOMEHJALMN TMpH MPOEKTUPOBAHUHM Pa3pabOTKUM MECTOPOXKACHUM, 4TO
CIoCcOOCTBYET MOBBIMICHUIO YdKOHOMHUYECKOU A PpeKTHBHOCTH 100bM Heptr 1 raza (I'peit, 2001: 53;
MypaseeB, AnapuacuBoB, 2018). Teopernueckas 3HAUMMOCTh — YTOYHEHHE 3aKOHOMEPHOCTEH
uHTEep(EPEHIINH CKBRKUH U UX BIUSHUS Ha ICOUT U IaBJICHHUE B CII0KHBIX T€OJIOTHUECKHX YCIOBHUSIX
(Myxep, llakupos, 1981; Utenbepr, laxkmibros, 1982: 72).

Matepuajbl 1 METOIBI.

BBoj1 B 9KCIIUTyaTaIIO HOBBIX CKBKUH CO3AET HOBBIC YCITOBUSI JJIS IPUTOKA JKUIKOCTH HIJTH
rasa K 5TOW CKBa)XMHE; B HOBBIX YCIIOBHMSAX IIOTOK HANpaBlsieTCs HE K OJHOW CKBaKUHE, a
pacrpeemnsieTcss MeKIy BCEMH JICHCTBYFOIIUMH CKBOKUHAMU, KOTOPBIE 00pa3yroT 0aTapero CKBKUH
(bynaros, [Ipocenkos, [1lamanos, 2003: 112—-115).

BianmopeiicTBue CKBaKMH KOJIBIIEBOM OaTaped — 3TO COBMECTHOE JCHCTBHE B ILJIacTe
OOJIBIION TPOTSHKEHHOCTH OJKCIUTYaTallMOHHBIX CKBaXXHMH, IEHTPHl KOTOPHIX MOMEIIAIOTCS B
BEpIIMHAX TPABUIILHOTO TPEYTOJILHUKA, TaK YTO CKBAKMHBI 0OPa3yIOT KOJBIEBYIO Oarapero. Ha
OKpY>KHOCTH KOHTYp TMHMTaHUS IUIacTa yJaleH OT CKBOKWH HA pacCTOSHHUE, 3HAYMTEIHLHO
MPEBBILIAIOIIEE PaUyC KOJbLIEBOW Oarapeu, Mpu ATOM MNPUOJIMKEHHO MOXHO CUUTaTh, YTO BCE
CKBa)XUHBI HAXOASTCS HA oaMHaKoBoM paccrostauu (I'peit, 2001: 45-49).

Korga neiictByroT Gatapen CKBaXMH B IUIACTe OOJBLION MPOTSKEHHOCTH, HApUMEp, MPH
BOJIOHATIOPHOM PEKUME, TOT/A KUIKOCTh MOXKHO paccMaTpuBaTh Kak Heckumaemyro ([lusies,
Xucamos, Konroxos, Yekanun, 2012: 78-82).

Ecnu >xe B miacte pacTBOPEHHOrO Tasza IUIOUIA[b, 3aHATas Ta3UPOBAHHOM KHUIKOCTHIO,
MIPOCTUPACTCS JI0 TPAHUIL TUIACTa, KOTOPBIE OOJBIIE TUIONIAI BHYTPU OKPYKHOCTH OaTapeu, TOoraa
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(UIBTPAIIMOHHOE TI0JIE BCSKOM KOJIBIIEBOM Oaraped C paBHOACOMTHBIMH CKBOKWHAMM,
pa3MEIICHHBIMU B BEPIIIMHAX MPABWILHOTO MHOTOYTOJILHUKA, JETUTCS Ha CTOJBKO OJIMHAKOBBIX
yacTel (CeKTOpOB), CKOJIBbKO cKkBaHH B Oarapee (Konyukhov, Krasnov, Chekalin, 2017: 135-140).

CKBa)XMHBI, UCIIOJb3yeMbIe I BOJ03a00pa, MPEACTaBISAIOT co00i moazeMHoe 3a00pHOE
COOPY’KEHHE U COCTOAT U3 00CAKEHHOM TOPHOM BBIPAOOTKH 1 000PYI0BaHUS JIJIs 3a00pa MOI3eMHOM
Bojiel (MtenOepr, Jlaxkunbros, 1982: 67-72).

B3anmoneiicTBre CKBaXHH, BIUSHUE OTKAYKU BOJBI U3 OJHOW CKBaXKMHBI (WJIM KOJIO/IA) HA
JpyTUe, BBIpAKAIOIIeeCs B TOM, YTO BOPOHKU [ETPECCHM, CO3/1aBaCMbIC OTKAYKOW, YaCTUYHO
MEPEKPHIBAIOT JPYT APYra, BCIEACTBHE YETO MPOU3BOAUTENHLHOCTD KaXI0W CKBaKMHBI CHUKACTCS
(Myxep, lllakupos, 1981: 90-95).

WutepdepeHius CKBaXMH — 3TO B3aUMOJICHCTBUE Pa0OTAIOMIMX HEPTAHBIX, TA30BBIX WM
BOJISTHBIX CKBKUH, POOYPEHHBIX C TOBEPXHOCTH HA OJIWH MPOTYKTUBHBIN IJIACT WK HA pa3HbIE, HO
THIpOAMHAMUYeCcKH cBsi3aHHble miacThl (bymaro, IIpocenkos, Illamanos, 2003: 118-120). Ona
o0ycroBIeHa TeM, 4TO HE(Th, ra3 W BOJA MOJBMKHEI, a MOPBI POTYKTUBHBIX TUIACTOB CBSI3aHBI B
€IMHYIO0 CHCTEMY IMOPOBBIX KaHAIOB W TpewuH. [Ipy 3TOM CKBaXMHBI OJJMHAKOBOT'O HAa3HAYCHHUS
«MEIIAIT» JPYT APYTY, MEpeXBaThiBasi MPUTEKYIONIYI0 K HUM XHUIKOCTh (Wi Ta3). B pesynbrare
NeOUT KayKJ0M U3 HECKOIBKHUX PaOOTAOIINX CKBAKUH BCETia MEHbIIIE e0NTa €AMHUYHON CKBaKHHBI
IpY po4ux paBHbIX ycnoBusx (I'peit, 2001: 50-53).

OT10T (hakT OOYCIOBIMBAET MPHUHIUIHAIBLHYIO OCOOEHHOCTh pa3pabOTKH MECTOPOKICHUIN
JKUIKAX W Ta3000pa3HBIX TOJIE3HBIX HCKOMAEMBIX: BCE OKCIUTYyaTallMOHHBIE CKBaKHHBI
paccMaTpUBalOTCSl TOJIBKO B COBOKYITHOCTH, B MX B3aUMOJEHCTBHUU B OOIIEM TEXHOJIOTMYECKOM
npoiiecce pa3padoTKH. 3aKOHBI HHTEPPEPEHIINU U3YUarOTCs CIICIUATBHON HAYKOM O (QIITBTpAIiy —
Mo/I3eMHOM TazoruapoarnHamukoit (Yapaernid, 2006: 45-48).

Bypenne — 3T0 mporiecc COOpYKEHHSI CKBAXKMHBI IyTEM pPa3pyIICHHUS TOPHBIX MOPOJ
(bynaros, IIpocenkos, Illamanos, 2003: 101-105). CkBakuHOW Ha3bIBAIOT TOPHYIO BBIPAOOTKY
KPYIJIOTO CEUCHHS, COOpYKaeMylo 6e3 T0CTyTa B Hee JIIOJIeH, y KOTOpOi AJIMHA BO MHOTO pa3 00JbIie
muametpa (I'peit, 2001: 30-35).

BepxHsist yacTh CKBRXHHBI HA3bIBACTCS YCThEM, THO — 3a00eM, OOKOBasi MOBEPXHOCTh —
CTEHKOMH, a MPOCTPAHCTBO, OTPAHUYEHHOE CTEHKOM, — CTBOJIOM CKBa)KHMHBI. J[JIMHA CKBaXKUHBI — 3TO
pacCTosHKE OT YCThsI 10 320051 IO OCH CTBOJIA, a NTyOMHA — MPOSKITUS JJTHMHBI Ha BEPTUKATBHYIO OCh.
JlinHa 1 riryOMHa YUCTICHHO PaBHBI TOJIBKO JJIS1 BEPTUKAIBHBIX CKBAKHH, OJTHAKO OHU HE COBIAAI0OT
Y HAaKJIOHHBIX U UCKpUBIIEHHBIX ckBaykKuH (MTenbepr, Jlaxkunbros, 1982: 70-71).

Puc. 1. KoHCTpyKIMsI CKBaXKUHBIL: 1 -00caaHble TPYObI; 2-IIEMEHTHBIN KaMeHb; 3-1u1acT;4-nepdopanust B 06caIHoi
TpyOe nuemMeHTHOMKaMHe; I-Hanpasienue; [I-konaykrop; llI-npomexxyrounas konoHHa; IV - skcrmiyaTannoHHas KOJIOHHA.
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DJIEMEHThI KOHCTPYKIIMY CKBAXXUH MPUBEACHBI HA puc. 1. HayanmpHbIil yyacTok | cKkBaKMHBI
Ha3bIBAIOT HalpaBiieHUEM. [10CKOIbKY yCThE CKBa)KHMHBI JIE)KUT B 30HE JIETKOPA3MbIBAEMbIX
MOPOJI, €ro0 HEOOXOIUMO YKPEIUIsITh. B CBA3M € 3TUM HampaBieHUE BBIIOJHSIIOT CIEAYIOIINM
oOpa3zoM: cHayana OypsT mypd — KOJOAEH 10 TIyOMHBI 3ajeraHusl YCTOWYMBBIX T'OPHBIX
nopoa (4—8 M), 3aTeM B HEro YCTaHaBJIMBAIOT TPyOy HEOOXOAMMOM IJIMHBI U JUaMeTpa, a
IPOCTPAHCTBO MEXAY CTEHKaMu mypda u TpyOoil 3anmoaHsAI0T OYyTOBBIM KAMHEM U 3aJIMBAIOT
neMeHTHBIM pacTtBopoM (Tenkos, 'paués, Kpacnor, Coxomko, 2000: 35-38).

HuxepacnonokeHHble y4acTKM CKBaXXMHbl — LuinuHapudeckue. Cpaszy 3a
HampaBJieHueM OypuTcs ydacTok Ha riyouny ot 50 mo 400 m quametrpom 1o 900 mMm. DTOT
y4aCTOK CKBa)KHUHBI 3aKPEIUIIOT 00canuoi Tpyo6oit — xouaykropom II (bynartos, [Ipocenkos,
[Mamanos, 2003: 110-112).

3arpyOHOE MNPOCTPAHCTBO KOHAYKTOpa IeMeHTHUPYIOT. C MOMOMIbIO KOHAYKTOpa
M30JIMPYIOT HEYCTOMYMBBIE, MATKHME W TPEIIMHOBATBHIE MOPOJBI, OCIOXKHAIILIME IMPOLECC
OypeHus.

[Tocne ycTaHOBKM KOHJIYKTOpa HE BCeraa yJaeTcsi NpoOypUTh CKBaXKUHY A0 TPOESKTHOU
[IyOMHBI H3-32 TPOXOXKACHHUS HOBBIX OCJOXHSIOIIMX TOPU30HTOB WM HEOOXOAMMOCTH
MEPEKPBITUS MPONYKTUBHBIX IUIACTOB, KOTOPBIE HE IJIAHUPYETCA IKCILUTYyaTUPOBATh JTaHHOU
CKBaXXMHOM. B Takux ciydasx yCTaHaBJIMBAIOT U LIEMEHTUPYIOT €I€ OJHY KOJOHHY —
npomexxytounyto III (MypaBweB, AuapuacuBos, 2018: 120—125). Ecau npoayKTUBHBIHN TJ1aCT,
JUTsE pa3pabOTKU KOTOPOTO MpeJHAa3HaueHA CKBa)KMHA, 3aJIETAeT OYEHb IITyOOKO, KOJIHYECTBO
MIPOMEKYTOUYHBIX KOJIOHH MOKET ObITh 00JIbIlIE OTHOM.

ITocneanuit yuactok IV CKBaXMHBI 3aKpEIUISIIOT 3KCILTyaTallMOHHOW KOJIOHHOM. OHa
npeaHa3HaueHa JJis MoabeMa HeTH U Ta3a OT 32005 K YCThIO CKBaXXUHBI HJIM JIJI1 HATHETaHUS
BOJBI (ra3za) B MPOJYKTUBHBIHN IJIACT C LEbIO MOAACp>KaHUs 1aBlIeHus B HeM. Bo uz0exanue
NEepPEeTOKOB HE(TH U raza B BBILIEIEKAIINE TOPU3OHTHI, a BOJIBI — B NMPOAYKTHUBHBIE IJIACTHI,
MPOCTPAHCTBO MEXKAY CTEHKOMW JSKCIUIyaTalMOHHOW KOJIOHHBI M CTEHKOW CKBAaXXUHBI
3aMOJTHAIOT IeMeHTHBIM pacTBopoM (Kpopmmaxk, [llamazos, 2016: 95-100).

Jlis u3BNeYEHUs U3 IUIACTOB HE(PTHU U ra3a MPUMEHSIOT Pa3IMYHbIC METOABI BCKPBITUS
u oOopynoBaHue 3a00s CKBaXHHbl. B OOJbIIMHCTBE Ciay4aeB B HIKHEH YacTH
JKCIUTYaTallMOHHOM KOJIOHHBI, HaxoJsIIeics B IPOAYKTUBHOM ILIACTE, IMPOCTPEIUBAIOT
(mepdopupyroT) psii OTBEPCTHI B CTEHKE 00CaIHBIX TPyO M 1eMeHTHOUW oOomouke ([usmies,
XucamoB, Konroxos, Uekanun, 2012: 110-115).

B ycroiiuuBeix mopoaax mnpu3aboNHYI0 30HY CKBaXMHbI OOOpPYAYIOT pa3IMUHBIMU
bunpTpaMu M HE IEMEHTHPYIOT WU O0CaJHYI0 KOJOHHY OITyCKalOT TOJIBKO 10 KPOBIH
IPOAYKTUBHOIO IJIACTa, a €ro pa30ypuUBaHHME U 3KCIUTyaTallUI0 MPOU3BOAIT 0€3 KpemsieHUs
cTBoja ckBaxxuHbl (Myxep, [llakupos, 1981: 120-123).

VYeTbe cKBaXKMHBI B 3aBUCUMOCTH OT €€ Ha3HaueHMs 000PYIyIOT apMaTypOi: KOJIOHHAs
roJIoBKa, 3aIBUXKKH, KpecToBuHa U Ap. (bynaros, [Ipocenkos, llamanos, 2003: 130-133).

[Ipu mouckax, pa3Beake U pa3paboTke HEPTIHBIX U ra30BbIX MECTOPOXKICHUM OypAT
ONOPHBIE, TapaMETPUUYECKUE, CTPYKTYPHbIE, TOMCKOBBIE Pa3BEIOYHbIE, HKCILIyaTallMOHHBIE,
HarHeTaTeJbHbIC, HaOMOAaTeNbHbIC U ApyTHe ckBaxkuHbl (Hopman, 2008: 200-205).

Baxnenmen xapakTepUCTUKON NOPUCTOM Cpelbl, ONPEAEAOEel €€ BMECTUMOCTb,
ABJISIETCA MOPUCTOCTh — J0JI1 00beMa MOPUCTOM cpelibl, Mpuxoasimasica Ha mycTtoTsl. [Ipu
ATOM YYHUTBIBAIOTCS JUIIb T€ MYyCTOTHI, IO KOTOPHIM MOET ABUTAThCA KUAKOCTH (YapHbIH,
2006: 50-55).

JIBi>keHHe JKUAKOCTH B TIOPUCTOM cpene HasbiBaeTca GuubTpamueit. Jpyroif
BaJKHEMIIEH XapaKTepUCTUKOM MOPUCTOM CPEeJIbl, ONpeAeIsIonel €€ CiocoOHOCTh MPONYCKATh
yepe3 cels JKUAKOCTh, SBISIETCA MPOHUIIAEMOCTh. UeM BbIII€ MPOHUIIAEMOCTh CPEbl, TEM
ObicTpee OyAeT ABUKEHUE XKUIKOCTH, T.€. TeM Ooiblie Oyaer €€ CKOpoCTh (priIbTpamuu
(Utenbepr, Jaxkunsros, 1982: 95-100).
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ITon ckopocThio GUIABTPALMH MTOHUMAIOT KOJUYECTBO KUJIKOCTH, KOTOPOE NMPOTEKAET
yepe3 eAMHUYHOE CEYCHHE IMOPUCTOM cpelbl B eAMHHIY BpeMeHH. CKOpocTh (puibTpanuu
3aBUCHUT HE TOJBKO OT CTPOCHUS MOPUCTOM CPENbl, HO U OT CBOMCTB XKHUAKOCTH, NPEXKIE BCETO
e€ BsA3KoCTH. UeM Ooubllie BA3KOCTDh KUAKOCTH, TEM MEHbIIIE CKOpOocTh e€ ¢punbTpanun (I'pei,
2001: 75-80).

Hedrsuble mnacTel 3anerator Ha 607b110# r1yOuHe. B cTpane ocHOBHBIE 3aexH HeYTH
HaxogsATcad Ha rayouHe 1-3 kM. IlodToMy ninacT HMCHBITBIBAET KOJIOCCATIbHOE JaBICHUE
MacCHBa BbIIIENEKAIIUX TOPHBIX TOpoA. ['opHOe JaBieHNEe BOCIPUHUMAET Ha ce0s KaK CKeJeT
IlacTa, Tak ¥ HaXOJsALIascsi B €ro mnopax >KUIKOCTh. JlaBieHHE B KHAKOCTH HAa3bIBAIOT
macToBbIM faBineHueM (bynatos, IIpocenkos, lllamanos, 2003: 140-145).

HedTsaHo#t mmacT — 3TO TBEpAOE TENO, COJAEpKallee CBA3aHHBIE MEXIAy C000it
IyCTOTHI, Ha3bIBa€MbI€ MMOPAMH, U HAXOJSAILINECS B HUX HE(PTHh ¢ miaacToBoil Boaoil. TBepaas
4yacTh IUIacTa Ha3bIBaeTcs ero ckeiaeToM. CTpoeHue MopoBOro MPOCTPAHCTBA €CTECTBEHHBIX
NOpPOJ HOCUT CIIOKHBIM, HEYNOPSAOUYEHHBIH XapakTep, a pa3Mephl IMOp BeCbMa Mallbl, 4TO
Xopomo BUAHO Ha (ororpadusx pas3IudHBIX OOpA3IOB IMOPOJ, CACIAHHBIX C IOMOIIBIO
AIEKTPOHHOTO MUKpockona npu ysenudeHuu B 500 pa3 (Tenkos, ['paués, Kpacunos, Coxomixo,
2000: 55-60).

PesyabTaThl

OnopHble CKBa)XUHBI 3aKJIAJbIBAIOTCA B pailoHaX, HE HCCIEJOBaHHBIX OypeHHEM, U
CITy>KaT JJIS U3yUEHHUs COCTaBa U BO3PACTa CJIATaloIIMUX UX MOPO/I.

[TapameTpruueckure CKBaKMHBI 3aKJIaJbIBAIOTCS B OTHOCUTENIBHO U3YUEHHBIX PallOHaX C
[EJIbI0 YTOYHEHUS UX T€0JIOTHYECKOTO CTPOCHUS U MEPCIEKTUB HEPTETa30HOCHOCTH.

CTpyKTypHbIE CKBAa)KHUHBI OypsITCS AJI BBIABIECHUS MEPCHEKTHBHBIX IUIOLIAAEH M HX
HOJATOTOBKH K MMOMCKOBO-PAa3BEIOYHOMY OYypEHHIO.

[TorckoBblE CKBa)XKMHBI OYpAT C LEIbI0 OTKPBITHS HOBBIX IPOMBIIIJIEHHBIX 3ajieKel
He(TH U rasa.

Pa3BeqouHble CKBaXKMHBI OypATCS Ha IUIOINAJAAX C YCTAaHOBIEHHOH IMPOMBINIIEHHON
He(TEera3oHOCHOCTHIO I U3YUCHHS Pa3MEpPOB U CTPOCHUS 3aJI€KH, ITOTYUEHUS HEOOXOAMMBIX
UCXOJHBIX JaHHBIX [UIs MOJCYeTa 3amacoB He(TH M rasza, a TakKe IMPOECKTUPOBAHMS e€e
pa3zpaboTKH.

OKCIUlyaTalMOHHBbIE  CKBa)KMHBI 3aKJIA/IbIBAIOTCS B COOTBETCTBHM CO  CXEMOH
pa3pabOTKH 3aJ€XKH U CITY>KaT JUIsl IOJy4eHUsI HE(PTH U Ta3a U3 3eMHBIX HEAp.

HarnerarenbHble CKBa)KWHBI HCTIOJIB3YIOT TMPH BO3ACHCTBHU HAa SKCIUIyaTHUPYEMBIH
IUTACT PA3JIMYHBIX areHTOB (3aKayKH BOJIbI, ra3a U T.1.).

HaOntonarenbHbple CKBaXKMHBI OypsAT AJIsI  KOHTPOJA 3a pa3paboTKoM 3ayiexeit
(M3MEeHeHHEeM JIaBJIeHUs, MTOJI0KEHUS BOAOHE(TIHOTO U ra30He(PTIHOr0 KOHTAKTOB U T.1.).

Kpome Ttoro mnpum moucke, pa3Beake U pa3paboTke HEPTAHBIX W Ta30BBIX
MECTOpPOXKJIEHUNH OypAT KapTUPOBOYHBIE, celicMOpa3BelOYHbIE, CIIELUaJIbHblE WU Jpyrue
CKBa)KHMHBI.

CyMmMapHblii 1e6uT OaTtapeil He NPOMOPLUOHANIEH YHUCIY CKBaXXUH U PACCTOSHUIO
mMexay HuMH. C yBeJIMYEeHNEM YHCIIa CKBAXKUH IEOUT KaXK10M CKBaXUHBI OyIET yMEHBIIATHCS,
€CIM JaBJIEHWE B CKBaXXMHAX IMPUHUMAETCS HEU3MEHHBIM. ODTO OOBACHSETCS BIMSHUEM
CKB&)XHH JIPYT Ha Jpyra - «uHTepdepeHnnen» ckBakxud. Ecim eTMHCTBEHHAs CKBa)XKWHA, TO B
3TOM HKCIIITyaTallMOHHON CKBa)KMHE B IJIACTE MOTOK JKUJKOCTH MJIM Ta3a HallpaBJsAeTCs TOJIbKO
K Heil. BBox B dKcILTyaTaluio HOBBIX CKBaXXHMH CO3/1a€T HOBBIC YCJIOBHS JUIsl MPUTOKA
KUAKOCTH WM Tra3a K 3TOM CKBaXKMHE U TOTJa MOTOK HAaNpaBIIIeTCs HE K OAHON CKBaXKUHE, a
pacmpeenseTcs MeK/y BCeMH JACHCTBYIOIIMMH CKBaKUHAMU.

O¢ddext B3aumoaeiicTBusA(MHTEpHEPEHIIMN) CKBAXKUH MOXKET NMPOCMAaTPUBATBHCS IPHU
Pa3ITUYHBIX PeKUMax pabOTHI.

B 3aBucumocTH OT pexuma, KOTOPBIH yCTaHABIMBAETCS B TOM WJIM MHOM CKBa)KMHE
OyIyT HaOMIOgaThCs pa3nudHbie 3G (HEKTH B3aUMOICHCTBUS.
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IIpennosnoxkuM, dYTO TMEPBOHAYAIBHO B IIJJaCTE€ JEWCTBOBAla TOJBKO OJIHA
HKCITyaTallMOHHAsA CKBAXKMWHA, B KOTOPOM MOJAEPKUBAIOCH MOCTOSHHBIM JlaBJIeHUE Ha 3200
IIPYM HEM3MEHHOM JIaBJICHUU HA KOHTYpE€ MUTAHUSA IIJIACTA.

B npouecce nocnenyromnieit pa3paboTKy I1acTa ObUIN MyLIEHBI B SKCILTyaTallM0 HOBBIE
CKBa)XMHBI TaK, YTO BCE JIEHCTBYIONIME CKBAKUHBI BMECTE C TOM, YTO Oblja €IMHCTBEHHON U
00pa3yroT 6aTapero CKBaKUH.

Bonpeku pacnpocTpaHeHHOMY MHEHHUIO, HE()Th U ra3 He 3aJIeTraloT B BUAE OOJIBIINX PEK
U 03ep IOJI 3eMHOM MOBEPXHOCTHIO (XOTS MBI M TOBOPUM O HEPTAHBIX IIacTax). Ha camom
Jiene yriieBOoJOpoAbl - chlpas He(Th M MPUPOIHBIA ra3, oOpa3oBaHHBIE U3 YyIVIEpoAa HU
BOJOPOJA, BXOASIIMX B COCTaB OCTaTKOB JIPEBHUX pPACTUTEIbHBIX M JKHBOTHBIX
dbopM, HaxoATCA B BUAE (UIIOUAO0B B IIPOCTPAHCTBE IOP OCAJAOYHBIX IOPOJI.

Hakonenue u 3aneranue HeTU U APYTUX YIIIEBOJOPOAOB TECHO CBSI3aHO C JOHHBIMHU
oTnoxkeHussMu. Ciiom mna ¥ APYrUX MOPCKHUX M IPECHOBOAHBIX OCAJKOB, COJEpKauiue
W3HA4YaJIbHO pa3Jjlaralllivecss M THUIOIIHME OCTAaTKM PAaCTEHHHl M >KMBOTHBIX, Ha3bIBAIOTCS
MAaTEpUHCKHMHU IJIacTaMU. MaTepHHCKHUM IIACT KAK IMPAaBUJIO BKIIOYAET JBA BUAA MOPOX -
TEMHBIH MOPCKOW CJaHEll U MOPCKOW H3BecTHSAK. Kak pe3ylbTaT NOCTOSHHOTO CoKaTus
MaTEepPUHCKOTO IUIacTa, KOTOPBIM COAEPKUT TpaHCHOPMHUPYEMBIE OTIOKEHUS, IaBICHUE U
TEeMIlepaTypa TMOBBIIIAINCH, JOCTUTAas 3HAYCHHH JOCTATOYHO BBICOKUX MJIS TOTO, YTOOBI
oOpazoBaBiuecs He(PTh U ra3 BHIXOJWIN U3 MATEPUHCKOM MOPOIbl HAPYKY U CKAIUIMBAIUCh B
MPUIETAIOLIIMX NOPUCTHIX U JOCTATOYHO NMPOHULIAEMBIX JIJI 3TOr'0 IOPOJax, HalpUMEpP TaKUX
KaK [NECYaHUKH, Pa3JIMUHbIE TOPOABI KAPOOHATHOTO COCTaBa (U3BECTHAKH) U JOJOMUTHL. Takue
IOPOJbl HA3bIBAIOTCSA INOPOJAMU-KOJUIEKTOPAMH M CIIY’KAaT XPaHWIMIIAMU MUTPUPYIOIIUX
yIJIEBOAOPOMAOB.

Ha pucyHnke 2 npomuIroCTpUpOBaHO, KaK Macca BBILIEIEKALIUX CJI0EB TOPHOUM MOPOABI
CIaBJIMBAET MOACTHJIAOIINH CIION Ha THE MOPS, BBITAJIKNABAs YTI€BOJOPObI U3 MATEPUHCKOTO
IJ1aCTa BBEPX, B NOPOLY-KOJIIEKTOP)

Mpeccytouwee gasneHne

Puc. 2. Tlpeccyromee naBieHne

Ho xak >xe MoxkeT He(pTh UM Ta3 MPOXOAMTH Uepe3 CKalbHYI0 opoay? Pa3se mopoxaa He
TBepaas? B nelicTBUTENILHOCTH HET.

B rophHoil mopoae HaxoIUTCS MHOXECTBO KPOIIEUHBIX IMYCTOT, KOTOPbIE Ha3bIBAIOTCS
MOpaMH.

Ha pucynke 3 mokaszaHo, Kak ra3, HeTh 1 BOJIa B KOJJIEKTOPE CTPEMSTCS Pa3AeIUThCS B
COOTBETCTBHH C BEIMUYNHOM MX IIJIOTHOCTH.
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TUIMbI HEDQTSAHBIX M TASOBbLIX JTOBYLUIEK
CmpykmypHble Cmpamuzpacpuyeckue

AHMUKNuUHanNL Cépoc ®ayuancHoe uaMeHeHue

Puc. 3. Tursl HeQTIHBIX ¥ TA30BBIX JIOBYIIEK

[TpuTOK >XUIKOCTH WJIM ra3a K CKBOKWHAM YCTAaHOBHBIIUKCS TOTJAa BO3MOXXHBI TPH
pexxuMa paboThl OaTaped CKBXKHUH IOCIE TOro Kak OyJeT JOCTUTHYTO YCTaHOBHBIIEECS
paBHOBeCHE, HAIIPUMED:

1.Bce ckBakuHBI pabOTAIOT MPHU MMOCTOSTHHOM 3a00WHOM JaBJICHWH, HAOJIIOTAaBIIEMCST B
HayvaJIbHOM cTasuu pa3pabOTKH IUIacTa.

2.Bce ckBakUHBI pabOTAIOT B YCIOBUSAX OCTOSTHHOTO J€0MTa, KOTOPHI ObLT y CKBa)KHUHBI,
MyLIEHHOW B 3KCILTyaTallUIO NIEPBOM.

3.CkBaXUHBl SKCIUTyaTUPYIOTCS B TaKUX YCJIOBHSIX, B KOTOPBIX HE COXpaHSIOTCS
NepBOHAYANILHBIC JTABJICHHUE U JCOUT, KaK y MEPBOM CKBAKHHEI.

[lepBrle nBa pexuma ClEIyeT paccMaTpUBaTh Kak KpailHE BO3MOMKHBIE DPEKUMBI
HKCIUTyaTaIliK TPYII CKBAXKHH U 3/1eCh HanOoJiee YeTKO MPOBISAET ce0s 3 PEeKT B3auMoAeCTBUS
CKBA)KUH, a TPETH - OJJUH U3 HarboJiee paclpoCTPAaHEHHBIX B POMBICIIOBOM €S TEIBHOCTH.

Ecnmu ckBaxkuHbl paboOTalOT B YCIOBHSX MEPBOTO PEXHMMa, KOTJa JaBIICHHE B HHUX
MOJJICP)KUBAETCS MTOCTOSTHHBIM, TO BJIMSIHHE BHOBb IYHICHHBIX B JKCIUTyaTallMI0 CKBaXKUH Ha
paboTy MepBOi JOMKHO MPOSBUTHCS B TOM. UTO 3a CUET CKBAKUH CHU3UTCS IEOUT B IIEPBOIA.

Takum o00pa3om, B3aMMOJAEWCTBHE CKB)XXUH INPH ITOM HUX PEXKUME XapaKTepHU3yeTcs
W3MEHEHHEM TOJNbKO aeOuTa. OueBUIHO, B3aMMOJICHCTBIE CKBAXHH MPU PEKUME TTOCTOSIHHOTO
nebuTa OyIeT XapaKTepru30BaThCsl N3MEHEHUEM TOJIBKO 3a00MHBIX TaBJIICHHUM.

B3aumoeiicTBrEe CKBaXXUH B YCIIOBUSAX TPETHETO PEKMMA BHIPAKACTCS B OJJHOBPEMEHHOM
W3MEHEHUU JaBieHU u AeOuTOoB. B  yCIOBUSAX TpeThero pexuma, CleoBaTeIbHO,
KOJIMYECTBEHHAsT OIleHKa 3(QeKxTa B3aUMOJEHCTBUS YCIOKHICTCS, M BO BCEX CKBaXHHAX
MOJICP)KUBAETCS TO JIaBlieHHE, KOTOopoe OblI0 Ha 3a0oe MepBOMl CKBaKMHBI B MEPHOI €€
OJIMHOYHOM pabOThI, TPH BBEICHUU HOBBIX CKBAYKHH U3MEHSIETCS TOJILKO ACOUT 3TON CKBaKUHBI.

[TycTsb B r1acte ¢ KpyroBbIM KOHTYPOM MUTAHUS IEHCTBYET SKCILTyaTalluOHHAs CKBa>KMHA,
3aJI0)KEHHAsT OKCIEHTPUYHO OTHOCHUTEIBHO KOHTypa muTaHus. Jlamee ObUIM MyIIEHBI B
AKCIUTyaTallIO €Ile JBe CKBAaXXMHBI TaK, YTO BCE TPU CKBAXUHBI B BEPIIMHAX IMPaBUIHHOTO
TPEYTOJIbHUKA C LIEHTPOM, COBIAIAIOIINM C IIEHTPOM IIIacTa (BTOpast CTaaus pa3paboTKH).

[TyckoM Tpex HOBBIX CKBa)KHMH ITOJIOKWJIM HAYallo TPEThel cTaauu paspadbotku. U 3aech
YK€ IEUCTBYIOT IIECTh SKCILTYyaTallMOHHBIX CKBAXXUH, PACIIOIOKEHHBIX B BEPITUHAX MPABUIHHOTO
[IECTUYTOJIbHUKA: TPU HOBBIE CKBRXXMHBI IPOOYPHUBAINCH B CEPEAMHAX UHTEpPBaja MEXIY ABYMs
COCEHUMHU CKBXMHAMU M3 TpeX palOTAIOMIMX Ha BTOPOM CTaguM pa3pabOTKH; CepeluHBI
MHTEPBAJIOB OpaIiCh HA OKPY>KHOCTH C OMPECICHHBIM PaJHyCOM.

C yBelIMYEeHHEM pACCTOSHUS MEXKIy CKBOKUHAMU KOI(PPHUIMEHT CyMMapHOTO
B3aMMOJICHCTBHSI yBEIMUMBAETCS, CTPEMSCh, CTaTh PAaBHBIM UHWCIY CKBaKMH TPYIIbI, a
KOd(QQHUIMEHT B3auMOJAEHCTBHS (MHTEp(EpPEHLINN) YMEHBIIAETCS, CTPEeMSICh K EAMHUIIE.
[IpenenpHble 3HaueHUs Kod(duimeHTa CyMMapHOTO B3aUMOACHCTBUA U KO3 dUIHEHTA
B3aMMOJICHCTBYSI, PABHOTO €IUHUIIE MIOKA3BIBAIOT OTCYTCTBUE B3aUMOICHCTBUS CKBAKHH.
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C yBenuyeHHeM 4Kciia CKBaXHH 00a KO3 GUIIMEHTa yBEIUYUBAIOTCS U XapaKTepU3YIOTCS
YCUJICHUEM B3aMMHOTO BIIMSHUS CKB&)XXHMH, YTO YKa3blBa€T Ha HEMNPONOPLUUOHAIBHOCTD
CYMMAapHOTO0 J1e01Ta YUCITy CKBaYKUH.

B3aumoneiicTBUe CKBaKMH MOXET MPAKTUYECKH HE MPOSBISTHCS TOJIBKO MPHU OYEHb
OOJIBIINX PACCTOSHUAX MEXKIY CKBaXMHAMHU, TaKUM OOpa3oM, BIMSHHUE Ka)IOH CKBa)KMHBI Ha
JIpyTUE PACTIPOCTPAHSIIOTCA HA BECh IUIACT, KOTAA JKUJIKOCTh HecxkuMmaeMa. M 3T monoxeHus
CIpaBeJIMBBI JIMIIb ISl UJCANbHBIX YCIOBHM, XapaKTEepHU3YIOIIUX SBICHUE B3aUMOJEHUCTBUS
CKBKUH.

Pa3menienne cKkBaKMH B BUJE KOJIbLIEBOM OaTaper MMEET CyIIECTBEHHOE 3HAUEHUE IMPU
YCTAHOBJICHUH ONTHUMAJIBHOTO YHUCJIA CKBAXKHUH W 3TO CBSI3aHO C SKOHOMHYECKOM OIEHKOU
MPOEKTUPYEMOT'0 YHCIIa CKBAXKHH.

Oo0cy:xnenue

BrisicHum, Ha Kakoe MpHpalieHHe CyMMapHOro AeOuTa KOJbIEBOM OaTaper CKBakKMH
MO>XHO PAacCUMUTHIBATH MPHU YBEJIWYEHUU MX 4Hcia. JlOMycTUM, UYTO MEpPBOHAYAIBHO B COCTaBe
Oatapen ObUIM TOJBKO YETHIPE OSKCIUTyaTallMOHHBbIE CKBAaXXUHBI, HAXOMAIIMECS B BEpUIMHAX
KBaJpara: 3aT€M YUCJIO CKBOXKUH yABOWIIN, BBE/IS MEXKAY ABYMS COCETHUMHU €llIe 10 OAHOU. bbuio
OTIpe/IeNIEHO, YTO C yBEJIMYEHHEM 4YHcia CKBOKHMH TEMIT pOocTa CyMMapHOro naeburta Oatapeu
3aMeISeTCs, U YBEIMYCHHUE YUCIIa CKBAXKUH OKa3bIBaeTCsl HEI(D(DEKTUBHBIM.

Ecnu no ycnoBusM pa3zpaboTKu, SKCIUTyaTallHOHHBIE CKBRKMHBI PacCTaBJICHBI IO MPSMO
Y YUCJIO CKBOXHMH B 0aTapee KOHEYHO, M JABJICHHUE BO BCEX CKBAXKMHAX OJHO M TOXKE, 2 IMEHHO
Takoe, KaKUM OHO JIOJDKHO OBITh B OJAMHOYHON CKBa)KMHE B HayaJIbHOW CTaJAMM pa3pabOTKH, U
Oarapen CKBaXHH JalleKh OT KOHTypa MUTaHUS IUIacTa, TOT/A MAaBJICHWE, MPUBEIACHHOE K
0e3pa3MepHOMY BUY 3aBUCHUT OT JIBYX O€3pa3MepHBIX IMapaMeTpoB.

B mpomeccax pa3paboTku He(DTSHOW 3aJIeKU YaCTO BO3HHUKAIOT TAKUE YCJIOBHS, MPH
KOTOPBIX MPOHMUIIAEMOCTH IUIacTa B 3aKOHTYPHOM 00JIaCTH OKa3bIBAaeTCs XyAIIEH, YeM BHYTpU
KOHTYpa HE()TEHOCHOCTH.

HNHTepecHO paccMOTpeTh B3aMMOJICHCTBHE CKBaXKMH KOJIBIIEBOW OaTaper B HEOJIHOPOIHO
MIPOHUIIAEMOM IJIaCTE BO BCEM IUIACTE COXpaHAETCs 3aKoH QruibTpanuu Japcu.

bbu10 onpenenexHo, 4To eCiau NpOHUIIAEMOCTh O YaCTH IJ1aCTa, B KOTOPOM PacmoaoKeHbI
CKBQ)KUHBI HIKE TIPOHHUIIAEMOCTH OCTAIBHON YacTH, TO BEIMYHMHA KOX(P(PUIIMEHTA CYMMapHOTO
B3aMMOJICIICTBHS BCET/1a BhIIIIE, UeM OaTapeu, JeCTBYIOIEH MTPH TeX e YCIOBUSAX B OTHOPOIHOM
riacTe.

Ecnm nmponuiiaeMocTh 4acTu TjlacTa Co CKBaKMHAMHM BBIIIE MTPOHUIIAEMOCTH OCTaIbHOM
YacTH IJIacTa, TO KOA(h(UIMEHT CyMMapHOTO B3aMMOJCHCTBHUS OyIeT HU)KE ero 3Ha4yeHHs B
OJIHOPOJIHOM TIIJIACTE, MPHU OJHUX M TEXKE 3HAUYCHHSIX, XapaKTEPU3YIOIIHUX HEOTHOPOJHOCTH
MPOHUIIAEMOCTH TJIaCTa U pajanyca IPaHUIlbl pa3fesia yacTel, B3auMOJICHCTBUE CKBAXHUH OylieT
TeM Oosbliie, yeM OOJIbLIYIO IJIOLIAAb MPH JAaHHBIX YCJIOBUSAX 3aHMMAeT MEHEee MpOHHLIaeMas
4acTh IJIacTa.

Oco6oe mposiBJIeHHE HEOTHOPOJHOCTH CTPYKTYPHBIX MOPOJI, Y KOTOPBIX MPOHUIIAEMOCTh
MpUOOpETaeT HEKOTOPYI0 BEKTOPHAIBHOCTH, IMO3BOJSET paccMaTpUBaTh IUIACT, CIOXKEHHBIN
TaKMMHU [TOPOIAMHU, KaK aHU30TPOITHYIO Cpeay.

Hccnenys, B3aMMOJEHCTBHE [BYX CKBOKHWH B OJHOPOJHOM aHHU30TPOITHOM IIJIacTe
OKa3aJIoCh, YTO BO MHOTHX CJIy4asX CKBaXXHHBI B3aUMOJCHCTBYIOT KakK B OJHOPOJHOM
M30TPOMHOM ILIacTe.

Dddext B3amMopaeicTBUs OyneT 3aMETHO YCWICHHBIM WU OCIAOJCHHBIM JIMIIb TPH
PE3KOM pa3INuuu MPOHUIIAEMOCTEH B IBYX ONPEICTICHHBIX HAMPABICHUIX: B HATIPABICHUY JIMHUU
pacCcTaHOBKH CKBAKHUH U B HAINPABIICHUH, IEPIICHANKYISIPHOMY K 3TOM JIMHUU.

Ocnabnenue 3¢ dexra B3auMoIeHCTBUS HAOII01aeTCs TOT1a, KOT1a B HANPaBICHUH JTHHUH
pacCTaHOBKH CKBaXMH TPOHUIIAEMOCTh HHU3Ka 110 CPAaBHEHHIO C MPOHMUIIAEMOCTHIO B
NEPIeHIUKYISIPHOM HarpaBieHud. HaoGoport, ycuienue s¢¢exra B3auMOACHCTBHS 03HAYAET,
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YTO B HamNpaBJIE€HUHM BIOJb JHUHUM CKBAXHH IUIACT Oojiee MPOHUIAEM IJIs KUAKOCTH, YEM B
HaIpaBJIECHUU, IEPICHAUKYIISIPHOM K HEMY.

Bo u3bexanue ycuneHHOTO 3(pdekTa B3aMMHOTO BJIMSHHUS CKBKUH TPH BO3MOXKHOCTH
BBIOOpA HAMpaBJICHHs, B KOTOPOM CJIEAYeT 3aKJaJbIBaTh HOBBIC CKBAXHHBI U 3/I€Ch CIEAYeT
IPEINOoYecTs HaMpaBlICHUs, B KOTOPOM IIJJaCT HauMEHee IMPOHHUIAeM (eciIu U3ydeHue
KOJUIEKTOPCKUX CBOMCTB IJIACTa MO3BOJISIET YCTAHOBUTH 3TO HAIIPaBJICHUE).

Ecnu umeercst konblieBast GaTapes, cocToslias M3 JIBYX U 0ojiee SKCIUTyaTallMOHHBIX
CKBaXXMH, Pa3MEUICHHBIX PAaBHOMEPHO MO OKPYXHOCTH M KOHTYp MUTaHUs YIaJI€H OT BCeX
CKBQ)XMH, TO 4eM OoJibllle BEJIMYMHA pajnyca MepBOHAYaIbHOIO KOHTYpa HE()TEHOCHOCTH, TEM
0oJbIIIe OTCTaBaHUE TOUYEK KOHTYpa HEPTEHOCHOCTH, IBUKYIIUXCS IO HEUTPaTbHOU JIMHUU TOKA,
OT TOYEK KOHTYPA, IBMKYLIUXCA [0 TJIaBHOM JTUHUM TOKa. YeM Ooibliie CKBaXHH B 6atapee, TeM
MEHBIIIE OTCTaBAaHUS YACTUIl KOHTYpa HE()TEHOCHOCTH OT T€X. KOTOPBIE JBIKYTCS IO TJIaBHOU
JUHUH TOKA, T.€. TEM paBHOMEpHEE CTATMBAaHUE KOHTYpa.

®dopma KOHTYpa HE(PTEHOCHOCTH, KOTOpas MEPBOHAYAILHO ObUIa B BUJE OKPYKHOCTH,
HCKa)KaeTcsl JINIIb B OMMbKalinel OoKpecTHOCTH CKBakuH. [Ipu aHanuse sIBI€HUS CTATUBAHUS
KOHTYpa K CKBRXMHAM KOJIBIIEBOW OaTrapeu JAOMyCTUMO HPUMEHUThH «rajepe3anuio» T.e.
KOJIBIIEBYIO OaTapero 3aMEHUTh PaBHOACOUTHON KOJIBIIEBOM Tajiepeei.

Ecnmu koHTyp muTaHus Tuiacta uMmeeT (GopMy SIUIMIICA, WHOTA JOMyCTHMO CHUCTEMY
CKB&KHUH MOJEJIIUPOBATh CO(OKYCHBIM JIITUIICOM-CTOKOM. Takue ciydau BCTpedaroTcs Mpu
pa3paboTKe MpOAYKTUBHOM, HAPUMED, K OpaXHMaHTUKIMHATBHON CKIIa/IKe.

bbuto paccMOTpeHO IBH)KEHHE HECKUMAEMOM KUJIKOCTH K HECOBEPIIECHHBIM CKBaKHHAM
KOJIBIIEBOW OaTapeu B IJIacTe, B KOTOPOM HE(Th MOJCTHIIACTCS aKTUBHOM MTOIOIIBEHHON BOJION 1
OTIPENIETTUIIOCh BpeMs O€3BOJHOM OJKCIUTyaTali CKBakHWH. JloOblua Oe3BojgHON HedTH
3aTpyIHSETCS M3-3a MajbIX JeOUTOB CKBaxHH. [Ipu m3MepeHHBIX HeOuTax CKBaKUHBI OBICTPO
oOBoaHstoTCcsl. OOpa3yeTcss COBMECTHBIM MOTOK HE(TH M BOJBL, M MPU UX MEPEMEIINBAHUU B
CKBa)KHHE TOOBIBAETCS AIMYIIBCHS, OCIIOXKHSIFOIIAsI IPOIECCHI TEXHOJIOTHUH TOOBIUU U TIepepaboTKu
HeTH.

Jns monmyueHust 6e3BOJHONM He(TH Ha OOBOIHSIOUIMXCS CKBAXHHAX PEKOMEHIYETCS
U3BJIEKATh pa3JenbHO HEDTH U Boay. [ 3TOro HeoOX0UMO My TEM PeryIupOBaHuUsl COBMEIIATh
YpOBEHb paz/iena BOAbI U He(DTH B CKBOXKUHE C TEM K€ YPOBHEM B IIACTE U paCoNiarath GUIBTPHI
0 pa3Hble CTOPOH pazjiena.

3HAYUTENbHBIN UHTEPEC MBI BUUM B 33J1au€ YBJICUCHUS MPUTOKA KUIKOCTH K CKBAKHHE
NpyU HAJIMYAKA BOKPYT 32001 CKBaKHUHBI KOJBIIEBOM COCTOUT U3 JIBYX 30H Pa3IU4YHON
MIPOHUIIAEMOCTH.

DTO BO3HHUKACT NpH (HOPIUIAPOBAHUUUIN KUCIOTHOM 00pabOTKH mpu3a OOMHOW 30HBI,
YCTaHOBKE IPaBUIHOTO (HUIIbTpa TTMHU3ALUWN WK TapauHU3AINY TpU3a OOWHOM 30HbI, BEIHOCE
MeNKUX (ppakiuy Mopo Ikl U3 30HBI M TaK JIAJIe.

Od4eHb BaKHOW MPHU ATOM SBJISETCS HEOOXOIUMOCTh YCTAHOBJICHHS BIUSHUS Pa3TUUHS
IIPOHUIIAEMOCTEN KOJIBIIEBOM MpU3 000MHOM 30HBI M OCTAIbHON YaCTH IJIACTa HA IPOJYKTUBHOCTh
CKBQ)KUHBI.

OmnpeieneHbl, 4TO MOBBIMICHHUE IIACTOBOTO TaBIeHUS 3(PPEKTUBHBIC CHUKCHUS JaBICHHUS
Ha 3200 CKBaXHHBI. ITO TOBOPUT O TOM, UYTO MPHU OJWHAKOBBIX SKOHOMHUYECKHUX MOKA3aTENSIX
3aTpaT Ha TPUMEHEHUE TOr0 WM HWHOTO MeToJa WHTHHAduKanus no0bram Hedtm Ooliee
MPEINOUYTUTENICH METOJI C CBSA3aHHBIA C TOBBIIIEHHEM 3aboiiHoro naBieHus. I[losTomy
CBOEBPEMEHHO MPUHATHIE MEPHI 10 MOACPKAHNIO HEMCTOBOTO JIABJICHUS B MEPBBIX KE CTAIUAX
pa3paboTKu MECTOPOKACHUS UCKITIOYUTEIEHO BaXKHBI.

3akiiroueHune

B xone mpoBen&HHOro ncciaenoBaHus ObUTH MOCIEI0BATENIFHO PACCMOTPEHBI KIFOUEBBIE
acCIeKThl Pa3pabOTKH M AKCIUTyaTallid CKBA)XKMH, a TAK)KE SBJICHHE B3aUMOJICHCTBUS CKBAXXUH B
mpeenax OJHOro MPOAYKTUBHOrO Tuiacta. Llens paboTel — aHamu3 3aKOHOMEPHOCTEN MPUTOKA
KUJKOCTH W Ta3a K CKBa)XMHAM, OIeHKa 3(PQPEKTOB MHTEPPEPECHIIMH W BIUSHUC Pa3TMUHBIX
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peXKUMOB PabOTHI OaTapeil CKBaXXKMH — ObUTa JOCTHUTHYTa Yepe3 KOMIUIEKC METOJO0B aHaln3a
JTUTEPATyphl, CPABHUTEIHHBIX PACYETOB U MOJEIHPOBAHUS TUIPOAMHAMHUYECKUX TPOIIECCOB B
MIOPUCTOM Cpee.

Peanu3anus mocTaBIeHHBIX 33734 IMO3BOJWJIA YTOYHHTH OCHOBHBIE 3aKOHOMEPHOCTHU
paboThl CKBa)KMH MIPU PA3IMYHBIX YCIOBHIX KCIUTyaTaluu. belin u3yueHsl Tpu pexxuma paboThl
Oarapeil CKBaXMH: C TOCTOSHHBIM 3a00MHBIM JaBICHHEM, C TIOCTOSHHBIM JeOUTOM H C
M3MEHSIOIIMMUCS JaBICHUEM U JNeOUTOM. AHaIu3 IMOKa3aj, YTO MPHU MEPBBIX JBYX peXHUMax
nposiBieHue 3¢ ¢exra B3aMMOACUCTBUS CKBAKUH Hauboliee OYEBHUIHO: B IIEPBOM Ciydae
WU3MEHseTCs 1eOUT, a BO BTOPOM — 3a00iHOe AaBieHue. TpeTtuil pexkxum, Hanbosee TUITMIHBIN
JUIS TIPAKTHKH pa3pabOTKH MECTOPOXKACHUH, XapaKTepPH3yeTCsl OJHOBPEMEHHBIM H3MEHEHHEM
JABJICHUS U JeOUTa, YTO YCIOXKHSICT KOJIMYECTBEHHYIO OIIEHKY 3(hPeKTOB MHTEphEPEHITUH.

Ocoboe BHUMaHKE yI€JICHO Pa3MEIICHUIO CKBAKIH B BUJIE KOJIBLIEBOM OaTapeu, KOTopoe
MO3BOJIIET ONTUMHU3UPOBATH CyMMAapHBIN 1€0UT 1 MUHUMH3UPOBATh B3aUMHOE BIIMSHUE CKBa)KHH,
a TaKke 0OOCHOBAaTh PKOHOMMYECKH IIeNIECOO0pa3HOE YMCIO CKBAXMH HAa MECTOPOXKICHUH.
YcranoBiaeHo, 4TO  KO3(PPHUIMEHT CyMMapHOTO  B3aWMMOJCHCTBHS H  KOI(PHHUIIUCHT
uHTep(EPEHITNH CKBAXKIH 3aBUCST OT UX B3aUMHOTO PACIIOJIOKEHUS U YKCIIa CKBAXKHUH B TPYIIIIE:
C YBEJIMYEHUEM PACCTOSIHUSI BIUSIHUE YMEHBIIIAETCS, a [IPH POCTE YHCIIa CKBaKUH — yYCUIIUBAETCS,
YTO OTpaXkaeT HEMPOMOPIHOHAIEHOCTE CYMMapHOTO Ae0UTa YHCITY CKBAXKHH.

Pe3ynbpTaTtel MccnenoBaHUS TOATBEPXKIAIOT Ba)XXKHOCTh KOMILIEKCHOTO MOAXO0Aa K
TUTAHUPOBAHHIO OypEHUs M HKCIUTyaTal[il CKBKUH, YIUTHIBAIOLIETO TUAPOIUHAMUYECKYTO CBSI3b
MEXIy CKBaXHMHAMHM U (PU3UKO-XMMHUYECKHE CBOMCTBA IJIACTOBOM >KUAKOCTHU. [lomyueHHbIE
JaHHBIE MOTYT OBITh UCIIOJI30BAHBI JUIsI ONTHMH3AINH TPOSKTUPOBAHMS CKBAKUH, TTOBBIIICHUS
a3 dexTuBHOCTH pa3pabOTKH HE(TETa30BBIX MECTOPOKIACHHM, a TAaKKe JJIs MPOTHO3UPOBAHUS
W3MEHEHHUS JeOUTOB U IaBJICHUS MPU BBEJCHUH HOBBIX CKBAYKHH.

[TepcriekTHBEI JadbHEHIIEH paOOTHI 3aKIIOYAIOTCS B PA3BUTUH MATEMAaTHYECKUX MOJIeIIeH
bunbTparuu U HHTEPPEPEHIIMA CKBAXUH C YYETOM HECKUMAEMOCTH JKUIKOCTH U
ra3ocoJiep>Kaliyx MIacToB, a TAK)KE B IPUMEHEHUH KOMIIBIOTEPHOT'O MOJIEIMPOBAHUS AJIs1 OLEHKU
BIMSHUS PA3IMYHBIX CXEM pACHOJOXKEHHs CKBaXHMH Ha 3(QeKTuBHOCTh pazpabOTKH.
[IpakTyeckoe  NpUMEHEHHE  Pe3yJIbTaTOB  HCCJIENOBaHUS  BKJIIOYAET  IUIAHUPOBAaHUE
ONTUMATBLHOTO 4YHCJIa CKBaXHWH, BBIOOp peXHMa OKCIUTyaTallud, TMPOTHO3UPOBAHUE
3G(}EeKTUBHOCTH  BOJOHAMNOPHBIX WM Ta30HANOPHBIX MEPONPUATUH U MHUHHUMH3ALUIO
TEXHOJOTHYECKHUX MOTeph MPHU pa3paboTKe MECTOPOXKICHUH.

Takum oOpa3om, mpoBenéHHas paboTa TO3BOJSET CHIENaTh BBIBOA O HEOOXOAMMOCTH
CHUCTEMHOTO ydYeTa B3aWMOJCWUCTBUS CKBaXHH TIPU TMPOCKTUPOBAHWU U OKCILTyaTalluu
HeTera3zoBbIX 00BEKTOB, a TAKIKE O BO3MOKHOCTH UCIIOJIB30BAHMUS MTOJTyYEHHBIX PE3YIbTATOB IS
MOBBIIICHHUS] HAYYHOTO TOHUMAaHHs (UIBTPAIIMOHHBIX MPOILECCOB B TOPHUCTBIX Cpelaax u
pa3paboTKu pEeKOMEHIAIMA 10 ONTHUMH3AINN TEXHOJIOTMYECKHX IPOLECCOB B He(dTera3oBoii
OTpACIIH.
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Abstract. This study examines modern methods of part design and the integration of
computer-aided design (CAD) tools to improve modeling accuracy and optimize engineering
solutions. The relevance of the topic is determined by the need to enhance the efficiency of
engineering design and student education using modern software tools. The objects of research
include processes of mechanical load modeling, part design, and the creation of integrated
measurement systems using MARC, PATRAN, Pro/ENGINEER, and Trace Mode 6. The aim
of the research is to investigate the capabilities of integrated CAD systems for automating
design and improving the quality of the educational process. The tasks set to achieve this aim
include: analyzing existing software tools; modeling mechanical deformations and loads;
creating local and global part models; exploring possibilities of automating signal processing
and measurement system design; assessing the practical significance of implementing
integrated CAD in industrial and educational processes. The results show that using integrated
software tools increases calculation accuracy, reduces design time, and minimizes errors. The
application of the finite element method in MARC and PATRAN enables detailed modeling
of mechanical loads, while Trace Mode 6 automates signal and device management. The
creation of virtual models and integration of different design levels ensure efficiency and
comprehensiveness of engineering solutions. The conclusion confirms that the integration of
modern CAD systems opens new opportunities for scientific research and education, enhances
the quality of part and measurement system design, and creates conditions for further
implementation of innovative approaches in industry. The practical significance lies in the
possibility of using integrated CAD for optimizing technological processes and training
students in modern engineering methods.

Keywords: computer-aided design, CAD, modeling, finite element method, Trace
Mode 6, integrated systems, part design
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AnHoTamusi. byn >kympicTa OeimekTep/l >KoOaNayJablH 3aMaHayd oOMICTepl MEH
MH)KEHEPJIK MIeHIMAepi OHTAMIaHABIPY JKOHE MOJCNBACYAIH IONIITiH apTThIpy YIIiH
aBTOMaTTaHJLIpbUTFaH xobanay sxyhenepin (CAIIP) uaTerpamusinay xKapacThIpbUIaIbl. 3€pPTTEY
TaKBIPBIOBIHBIH ©3EKTUIIr Kasipri OarmapiaManblK KEHICHIEpHAl MalJaiaHbIl, WHXKEHEePIiK
kobanmay THIMIUIITIH KOHE CTYACHTTEPAIH OLIiM aly camachlH apTThIPY KaKETTUIITIHEH
TYBIHIAWABL. 3epTTey OOBEKTUIEpI peTiHAE MEXaHMKAJBIK JKYKTEMeNepali MOJEbILY,
oemmektepai xobamay xoHe MARC, PATRAN, Pro/ENGINEER >xone Trace Mode 6
Oarmapiamanapbl apKbUIbl HHTETPALUSIIAHFAH OJIIICY JKyHelepiH Kypy HpOoIecTepi albIHFaH.
3eprreyain Makcatel — wuHTerpanusuianFan CAIIP MyMKiHIOIKTepiH 3epTTen, KobOanaymbl
aBTOMATTaHABIPY XoHE OiiM Oepy MpOLECiHIH camacklH apTThIpy. MakcaTKa JKeTy YIIiH Keseci
MIHJIETTEp KOMBLIABL: Oap OaraapiaMaliblK Kypalaapabl Talaay; MeXaHUKaIbIK AedopManusiiap
MEH JKYKTeMeJep/li MOJeNnbey; OeNIIeKTepaiH JTOKAIAbl KOHE TI00ANIsl MOACTBACPIH KYPY;
CUTHAJIIapAbl OHJIICYl XKOHE OJIIIey KyHenepiH olagayabl aBTOMATTaHIbIPY MYMKIHIIKTEpPIiH
3eprrey; uHTerpanusmanrad CAIIP-ne1 enaipicTik skoHe OumiM Oepy mpolecTepiHe eHTi3yIiH
MPAKTUKAIBIK ~ MaHBI3ABUIBIFBIH ~ Oaramay.  3epTrey  HOTWXKelepl  MHTErpalusiaHFaH
OarmapramanblK KeIIeHAEpAl KOJJaHy €cenTeyJlepAiH INIIriH apTThIPaThIHbIH, >ko0anay
YaKbITBIH KBICKAPTATBIHBIH OHE KATeNIKTep CaHbIH a3alTaThiHBIH KepcerTi. MARC xoHe
PATRAN O6arnapnamanapbiHa 2JIEMEHTTEP 9/IICIH KOJIIaHy MEXaHUKAIIBIK KYKTeMeIIep/Ii erkeil-
TeMKeim MoJenpaeyre MyMKIHIIK Oepeni, an Trace Mode 6 curnammap MEeH KYPBUIFBLIAPIbI
aBTOMATTaHJBIPYyFa JKaFjail >kacaiiapl. BupTyannel Momenbiep Kypy KoHE JpTypai xobanay
JIEHT'eHIIepiH HHTErpalsIay HHXSHEPITIK MEeNTiMIEPAiH THIMIUTITIH KaMTaMachl3 €Te/l. 3epTTey
KOpbIThIHIBICH Ka3ipri CAIIP xyiienepin uHTerpauusiay FbUIBIMUA-3EpTTEY XKoHe OiniM Oepy ic-
mapagapbl YIIiH KaHa MYMKIHTIKTEp aimrajbl, OeNIIeKTep MEH OJIIey >KyHelepiH jkoOamay
carachlH apTTHIPa/ibl, COHBIMEH KaTap OHJipicTe MHHOBAIMSIIBIK TOCUIASP/l SHT13y YIIiH XKaFaan
kacaiiapl. [IpakTukanblKk MaHbI3ABUIBIFEI  UMHTerpanusuianFad  CAIIP-mbl  TeXHOJIOTHSIIBIK
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MIPOIIECTEP/Il OHTAMIAHIBIPY JKOHE CTYJISHTTEP/Il 3aMaHayH MHXKCHEPJIIK dIICTepPre OKBITY YIIiH
KOJIIaHyFa 0oiabl.

Tyitin ce3aep: aBToMarTaHasIpbuFal xobanay, CAIIP, monenbaey, anemMeHTTep dici,
Trace Mode 6, nHTerpanysiIaHFaH xxyiesnep, OemmmeKkTep i xxodanay
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AHHoTauusi. B  nanHoii pabGore paccMarpuBalOTCS  COBPEMEHHBIE  METO[bI
MIPOCKTUPOBAHUS JIeTajJell M MHTErpallMd MIPOTrPAMMHBIX CpPEJICTB aBTOMAaTU3MPOBAHHOIO
npoektupoBanusi (CAIIP) nns mMOBBIIEHUS TOYHOCTH MOJICTUPOBAHUS W ONTUMM3ALUU
WHXEHEPHBIX pEeHICHUH. AKTYyaJlbHOCTh Te€Mbl OOYyCIIOBI€HAa HEOOXOAMMOCTBHIO IOBBIIICHUS
3¢ (HEeKTHBHOCTH TMPOCKTHPOBAHHUS W OOY4YCHHS CTYICHTOB HHXKEHEPHBIM HaBBIKAM C
WCIIOJIb30BAHUEM  COBPEMEHHBIX IPOTPaMMHBIX KOMIUIEKCOB. B  kauectBe 00BEKTOB
WCCIIEIOBAHMS BEIOPAHBI TPOIIECCHl MOACTUPOBAHUS MEXaHUIECKUX HATPY30K, MPOCKTUPOBAHUS
JIeTanel U CO3/1aHNsI MHTETPUPOBAHHBIX U3MEPUTEIBHBIX CUCTEM C HCIIOJIb30BAHUEM MPOTPAMM
MARC, PATRAN, Pro/ENGINEER u Trace Mode 6. Llenb mccnenoBaHus 3aKiIiO4yajiach B
M3y4YEeHUU BO3MOKHOCTeH uHTerpupoBaHHbIXx CAIIP s aBroMartu3anuu MpOEKTUPOBAHUS U
MOBBIIIICHHUSI KadecTBa 0Opas3oBaTelbHOro mporecca. Jlns AOCTHKEHHS [EeNTU TOCTaBICHBI
CIEAYIOIIME 3a/ayd: aHaJIM3 CYIIECTBYIOIIMX MPOrPaMMHBIX CpPEICTB; MOJACIUPOBAHUE
MEXaHHYECKUX JAedopMaIuil U Harpy30K; CO3JaHKE JIOKATbHBIX U TTI00ATBHBIX MOJIETICH AeTalnei;
UCCJIEIOBaHNE BO3MOXKHOCTEM aBTOMaTtu3alMu OOpaOOTKM CHUTHAJIOB U TPOEKTUPOBAHUS
MU3MEPUTEIIbHBIX CHUCTEM; OIICHKAa MPAKTUYECKOM 3HAYMMOCTH BHEIPEHUS HHTEIPUPOBAHHBIX
CAIIP B mpom3BOACTBEHHbIE W OOpa3oBaTelIbHBIC MPOILECCH. Pe3ynbTaTthl Hccaeq0BaHUS
MOKa3aJii, 4YTO MCHOJb30BaHUE WHTETPUPOBAHHBIX MPOTPAMMHBIX KOMILUIEKCOB IO3BOJISIET
MOBBICUTh TOYHOCTh PAacy€TOB, COKPATUTh BpPEMsS NPOEKTHUPOBAHHUS WU CHU3UTH KOJIMYECTBO
omun6Ook. [Ipumenenne meroga koHeuHbix dnmeMeHTOB B MARC um PATRAN o6ecrneunBaer
JETATN3UPOBAHHOE MOJICTTUPOBAaHUE MEXaHHUYECKUX Harpy3ok, a Trace Mode 6 mo3BossieT
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aBTOMATHU3MPOBATh yNPABICHUE CUTHAIAMU U ycTporcTBaMu. Co3laHue BUPTYalIbHBIX MOAEIEH
U MHTErpalys pa3InYHbIX YPOBHEH NPOEKTUPOBAaHUS o00ecrneynBaoT HPPEKTUBHOCTh U
KOMIUIEKCHOCTb WHJ)KEHEPHBIX PEIICHUH. 3aKIIYEHHE MCCIENOBAHNAA IOATBEPXKIAET, 4YTO
uHTerpanus coBpeMeHHbIX CAIIP oTkpbIBaeT HOBbIE BO3MOXXHOCTH JUIsl HAy4yHOH U
00pa30BaTEIbHOW  JESTENbHOCTH, IIOBBIIIACT KAauyeCTBO IPOCKTUPOBaHMA JeTajled u
U3MEPUTENIBHBIX CHCTEM, a TaKXe COo3J4aeT YCIOBHS JUld JAJbHEHIIEr0o BHEAPEHUs
MHHOBAllMOHHBIX TOAXOJOB B IPOMBIIIJIEHHOCTb. IIpakTHyeckass 3HAUYMMOCTh pPabOTHI
3aKJIIOYAeTCs B BO3MOYKHOCTH MCINOJb30BaHUs MHTerpupoBaHHbIX CAIIP s ontumuzanuu
TEXHOJIOTUYECKUX MTPOLIECCOB M 00YUEHUS CTYIEHTOB COBPEMEHHBIM MH)KEHEPHBIM METOIAM.

KuroueBble ciaoBa: aBTomaTu3upoBaHHoe mnpoekTupoBanue, CAIIP, monenupoBanue,
METOJ KOHEUHBIX 3JeMeHTOB, Trace Mode 6, MHTErpUpOBAaHHBIC CHUCTEMBI, MPOCKTUPOBAHUE
Jeranein
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KoH(pauKT HHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(DIMKTA HHTEPECOB.

Beenenue.

Pa3BuTHe COBPEMEHHBIX TPOEKTHBIX U U3MEPUTEIBHBIX CHUCTEM B HHKEHEPHO-
TEXHUYECKOH cdepe TpeOyeT MOCTOSIHHOIO COBEPILICHCTBOBAHUS METOAOB MOJCINPOBAHMUS,
aBTOMaTH3alMM W [UdpoBHU3aLuU TpoueccoB. HecMoTps Ha 3HAYUTENBHOE KOJHMUYECTBO
UCCIICIOBAaHUM, MOCBSAIIEHHBIX pa3pabOTKe HHTEIPUPOBAHHBIX MH(MOPMALMOHHBIX CHCTEM U
BUPTYaJbHBIX M3MEPHUTEIbHBIX MOJIYJICH, B HayyHOW JHTEpaTrype CYLIECTBYIOT IpPOOEIHI,
CBSI3aHHBIE C IPUMEHEHHEM OOHOBIEHHBIX TEXHOJIOTHYECKUX IOJXO0/I0B U HOBBIX IIPOrPaMMHBIX
Cpell B MHXKEHEpHOM oOpazoBanmu u npousBojacTBe (Mopokuna, 2016: 25-30). [TpoGiemHuas
cuTyalnuss OOyClIOBIEHAa TE€M, 4YTO MHOTME CYLIECTBYIOIIME METOAUKH HE YYMTBIBAIOT
BO3MOXKHOCTEH COBPEMEHHBIX WHTETPUPOBAHHBIX IJIATGOPM, OCOOEHHO MpPU MPOCKTUPOBAHUU
BUPTYJIbHBIX W3MEPUTEIBHBIX CUCTeM M MmoaenupoBanuu aetaneid B cpene CAIIP m CAE-
uHcTpyMeHTax (Mopokuna, 20106: 39-40).

AKTyalbHOCTb MCCIIEI0BaHUS MTOATBEP/KAAETCS BO3PACTAOILUM HHTEPECOM K LU(PPOBBIM
TEXHOJIOTUSIM B MH)KEHEPHOW MOATOTOBKE W HEOOXOJUMOCTH COBEPILIEHCTBOBAHMS MPOEKTHBIX
CHCTEM, YTO OTMEYAETCs B pabOTaxX, MOCBSIIEHHBIX CO3JJAHUIO0 BUPTYaJIbHBIX H HHTETPUPOBAHHBIX
M3MEepUTENbHbIX KoMIiekcoB (Mopokuna, 2010a: 85-91; Mopokuna, 20106: 39-40). B To xe
BpeMsl B psA€ HUCCIEIOBAaHUM MMOMYEPKUBACTCSI OTPAaHMUYEHHOCTh KJIACCUUYECKUX METOIUK
0o0yueHHs] ¥ MPOEKTUPOBAHMSI, KOTOPbIE HE MOJHOCTBIO UCHOJB3YIOT MOTEHLIUAN COBPEMEHHBIX
MH(POPMALMOHHBIX CHCTEM.

OOBeKT WuCCIeoBaHMs - HU3MEpUTENbHbIE U TPOEKTHBIE CHUCTEMbl B HWH)KEHEPHO-
TEXHUUYECKUX 3ajauax.

[Ipenmer wuccrnenoBaHus - METOABI Pa3pabOTKM BHUPTYalIbHbIX U HHTEIPUPOBAHHBIX
U3MEPUTENBHBIX CHCTEM Ha OCHOBE COBPEMEHHBIX MPOTPAMMHBIX IIaT(HopM.

Llenb uccnenoBaHMs 3aKJI0YaeTCs B 0OOCHOBAHUU U Pa3pabOTKe MOAXOJOB K CO3AAHUIO
3 PEKTUBHBIX WHTETPUPOBAHHBIX HW3MEPUTENBHBIX CHCTEM W aHaju3e WX MPUMEHEHHS B
UH)XEHEpHOW moArotoBke. I1ogo0HbIe Leny CTaBUIMCh U B 3apyOeXHBIX HCCIEIOBAHUAX, Ile
U3y4aJIUCh aBTOMATHU3UPOBAHHBIE CUCTEMBI NMPOEKTUPOBAHUS B MamIMHOCTpoeHuu (Maiekosa,
2017: 119-122) u Bnusanue BuptyasibHblx CAD/CAE-MHCTPYMEHTOB Ha KaueCTBO MHKEHEPHBIX
pemennii (Mopokuna, 2020: 1515).

JUis foCTHXKEeHUS LeJIN OIIpeIesIeHbI ClIeAYIOIME 3aauu:

- U3YYUTb COCTOSIHUE METOIUK,

- BBISIBUTH HEIOCTATKU TPAAULIMOHHBIX CUCTEM MTPOEKTUPOBAHMS,

- OIPEJENIUTh BO3MOKHOCTH UHTEIPUPOBAHHBIX TPOIPaMMHBIX CpPELL,
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- pa3paboTaTh TEXHOJOTMYECKYIO CXEMYy IIOCTPOEHHUS BHUPTYaJbHOM H3MEPUTEIHHOU
CHCTEMBI U OLIEHHUTH €€ 3()(HEeKTUBHOCTB.

Meroasl HCCIIEIOBaHUS BKIOYAIOT CPABHUTENBHBIA aHAIW3 HAYYHBIX HCTOYHHUKOB
(MopoxkuHa, 2016: 45-52), BupTyanbHOE MOJIETUPOBAHUE, AHATTUTUYECKHUE METO/IbI, CUCTEMHBIN
Y TEXHOJIOTUYECKHUM IMOIXOBI.

['unore3a wuccinenoBaHUsA COCTOMT B TOM, 4YTO HCIOJIb30BAaHUE MHTEIPUPOBAHHBIX
MPOrpaMMHBIX IUTaTGOPM B MPOEKTUPOBAHHM IMO3BOJISIET CYIIECTBEHHO MOBBICUTH TOYHOCTb,
IIPOU3BOJUTENIBHOCTD U HAIJIIJHOCTh MHXXEHEPHBIX pacu€ToB (Mopokuna, 2020: 1515).

3HAYUMOCTb HCCIIEJIOBAHMSI 3aKII0YAETCA B PACHIMPEHUM HAYUYHBIX MpEACTaBIEHUN 00
MHTETPUPOBAHHBIX HM3MEPUTEIBHBIX CHCTEMAaX M B HX IHPAKTHUYECKON INPUMEHUMOCTH B
WH)XEHEPHOM 00pa30BaHUU U MAITUHOCTPOCHUHU.

MarepuaJjbl 1 MeTObI.

B uccnenoBanuu MCNonb30BaH KOMIUIEKC MPOrPAMMHBIX CPEJCTB ABTOMAaTU3UPOBAHHOTO
IPOEKTUPOBAHUS, MPEAHA3HAUYEHHBIX U1 CO3[aHUs, aHAJIW3a M ONTUMHU3ALUU KOHCTPYKLHN
MallMH M U3MEPUTENbHBIX cucTteM. Mertononoruyeckas 0aza HCCIEAOBaHHA OCHOBaHA Ha
MIPUHLMIIAX YUCJIEHHOIO MOJEIMPOBAHMS, apaMETPUUECKOI0 IPOEKTUPOBAHUS U MHTErpaluu
Pa3HOYPOBHEBBIX MPOTPAMMHBIX pelieHHid. BEIOOp TaHHBIX HHCTPYMEHTOB O0YCIIOBJIEH TEM, UTO
COBPEMEHHBIC HH)XCHEPHbIE 3a/1aud TPeOYyIOT BBICOKOH TOYHOCTH pPACUYETOB, BO3MOXXHOCTHU
pPEeKOHpUTYpallud MoOJeNied U TNPUMEHEHHUS] TEXHOJIOTMA BUPTYaJIbHBIX MCIBITAHUMA, 4YTO
MOJTBEPXKIACTCS UCCIEAOBAaHUSAMU B 00JacTH CO3JaHHUS HOBBIX HM3MEPHUTEIBHBIX CHCTEM U
CPEICTB MallTHHOCTPOUTEIHHOTO aHamu3a (Askaposa, 2016: 96—-100; Mopoxkuna, 20108: 131-138).

1 IIporpammHuble CpeaCcTBa MOJAEIUPOBAHUS

1.1 MSC Marc/Mentat

Jns aHanmu3a MexXaHM4YecKoW JedopManui HCIONIb30BaHA HENWHEHHas pacuérHas
cucrema MSC Marc. OHa MO3BOJISIET MOJEIUPOBATH MOBEACHUE KOHCTPYKIMM MPU CIOKHBIX
Harpy3kax, y4MTbIBaTh KOHTAKTHBIE B3aMMOJAEWUCTBHS U HEJIMHEHHBIE CBOMCTBA MaTEpUaJIOB.
Pa3paboTka reoMeTrpuueckod MOJENIM W HAa3HAUYE€HHWE TapaMeTpPOB  BBHIMOJIHSUIUCH B
unrepdeiice Mentat (Puc. 1).

F

| . ]
TI T L AL

Puc. 1. TlpoexrupoBanue neranu B 2D Marc Mentat

MopenupoBanue nedopMalMy TUIOCKOTO CTEPXKHS C 3aKPCIUICHHEM OJIHOW TOYKH
BKJTIOYAJIO:

- moctpoeHue 2D-reomerpuu;

- HAJIO)KCHUE MEXAHUYECKOW HArpy3KH;

- OTIpe/ieICHNE TPAHUYHBIX YCIIOBUH;

- Ha3HAYCHUE CBOWCTB MaTepHasa M TUIIA KOHCYHOTO JIEMEHTA.

OcoOeHHOCTh Marc cOCTOUT B HUCTOIB30BAaHUH Y3I0BOTO (hopMaTa TEMIOBBIX M CHUIOBBIX
JaHHBIX, 4 TAKXXC B BO3BMOXXHOCTU UTHOPHUPOBATH HCKOPPCKTHBIC KOHTAKTHBIC IMPOHUKHOBCHU,
YTO MOBBIIIAET YCTOHIMBOCTH pacuéroB (Mopokuna, 2016: 58—60).
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1.2 Pro/ENGINEER (Creo)

Jns  co3manus — mapameTpuyecko  3D-Momenu  MPHMEHSUIOCh — IIPOTPaMMHOE
obecnieuenne Pro/ENGINEER (ceituac Creo), oTHoOcsIIeecss K CHCTEMaM «CPEIHETO Sapay
npoektupoBanus (Puc. 2). Ero ucnonb3oBanue oOyCIOBICHO BBICOKOM COBMECTHMOCTBIO C
nporpamMmmMaMu  BepxHero ypoBHs, TakuMu Kak NASTRAN u PATRAN, d4ro o6nerdaer
uHTerpauio B enunyto nenouky CAIIP-pacuéros (Mopokuna, 2010a: 85-91).

Puc. 2. TIpoektupoBaHue ¢ HOMOIbIO NPOoGHUIHPOBIIKKOB B Pro-Engineering HanoxeHHoii Harpy3ke (Iporpamma
MARO).

Co3manue MOIEIH BKITFOYAJIO:

- IOCTpOeHHE MPOoQHIIeH 1 ICKHU30B;

- IPUMEHEHHE ONepaluii BbIIaBIUBAHUS, BPALICHUS, BHIOOPKU;

- 3aJ]aHusl JOIYCKOB U Pa3MEPOB;

- IOJATOTOBKY MOjeNH K 3kcroptupoBanuto B CAE-cuctemsl.

1.3 PATRAN

[Tporpamma MSC PATRAN wucnonp3oBangach isi TOJATOTOBKHM KOHEYHO-3JIEMEHTHOM
MOJIEJIH, BKJII0Uas TeHEepalri0 CeTKH, Ha3HaUYE€HUE HArpy30K M MPOBEICHHUE IPEABAPUTEIHLHOIO
anamu3a (Puc.3). Co3gannsnii B Pro/ENGINEER reomerpuueckuii (aiim uMImopTupoBajcs B
PATRAN u paznensncs Ha JOMEHHbIE 3JIEMEHTBHI.
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Puc. 3. biok B y3moBoM ¢opmare — npoexruposanre B PATRAN

HCHOJIBZSyGMaSI METOJHMKaA IMO3BOJIsIA:

- aBTOMAaTH4YC€CKHU ,Z[Y6J'H/IpOBaTB Y3J1bl Ha MEXKIOMCHHBIX I'PaHUIIAX,
- paciipeacidaTh BIYHUCICHUS 110 TapaJUICIIbHBIM ITPOLICCCaM,

- 0OMEHHUBATLCI MAaTPpUYHBIMU JaHHBIMU MEXKOY IMPOLCCCaMH.

[TonoOHBIN MOAXOJ MOBBILIAET MPOU3BOAUTENBLHOCTh aHaln3a, 0 4EM COoOOIIaeTcs B
WH)KEHEPHOM JIUTEpaType 1o BUpTyanbHOMY MozenupoBanuio (Kacsimbekosa, 2019: 99-102).

1.4 Trace Mode 6

Jlie  NpOeKTHpOBaHUS  DJIEMEHTOB  HM3MEPUTENBHBIX ~ CUCTEM  IPHUMEHSIIOCH
WHTETPUPOBAHHOE MporpaMMHoe obecnedeHue Trace Mode 6, mo3Bossroniee MOACIUPOBATH
QITOPUTMBI YIpaBJICHHUs, pa3pabaThiBaTh MHEMOCXEMBI U TPOBOJUTH BUPTYAJIbHBIE UCTIBITAHUS

(Puc. 4).

Y
67 .5 i
ARG_000 X O
ARG_DD1 A
0:2
5

Puc. 4. OcobeHHOCTH MaTEeMaTHIECKOTO IIPOSKTUPOBaHMs ¢ ToMmomipio FBD - nnarpamm

Br16op nanHoi cpenibl 00yCioBieH e€ cltocOOHOCThIO 0OBbETUHATh B €AUHYIO IIATPOPMY:

- MHEMOCXEMBI,

- FBD-auarpammsl,

- CTPYKTYPHPOBAaHHBIN TEKCT,

- ceTeBbIe KOH(UTypanuu 000pyJ0BaHHS.

Trace Mode wucmnonp3yercss B OOy4YeHMHM W TPOMBIIIICHHOCTH OJjlarogaps HaJHYUIO
ABTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS M TOAJCPIKKE IATH SI3BIKOB MporpammupoBanus (LD,
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FBD, ST, IL, SFC), uto nenaeT MpOeKTHPOBAHMUE JTOCTYIMHBIM HH)KEHEpaM 0e3 yriryOJIeHHOU
MOJArOTOBKH 10 NporpammupoBanuto (Cunopenko, 2019: 78-90).

2 Meroauka MOAECIUPOBaAHUSA

Meton uccneaoBaHus BKIIIOYa CIEAYIOLUIUE STaIbL:

2.1 Co3nianne TeOMETPUYECKUX MOJIENIEH

I'eomeTpus neraneit npoextuposanach B Pro/ENGINEER c mocneayromnmm 5KkcrnopTom B
PATRAN u Marc. Onpenensuiice:

- KOHTYpBHI,

- pa3Mephl,

- IapaMeTphl TOBEPXHOCTH,

- CBSI3U MEX]y T€OMETPUYECKUMHU JI€MEHTAMHU.

2.2 IlpuMeHeHue Harpy30K U IpaHUYHbIX YCIOBUN

B Marc Ha3Ha4anuce:

- CTaTUYECKHUE HAarpy3KH,

- pacripeiciéHHbBIE AaBJICHUS (B TOM YHCIIE JJI CBEPXIUIACTHIECKOTO (hOPMOBaHMS),

YCIIOBUS 3aKpPEIUICHHUS.

OTO  COOTBETCTBYET  pEKOMEHJAlMsIM 1O  MOJAENUpOoBaHHI0O  jaedopmanuu
CJI0)KHOHArpy>KEHHBIX 271eMeHTOB (MopokuHa, 2010a: 85-91).

2.3 T'eHepanysi 1 ONTUMH3ALIMS KOHEUHBIX AJIEMEHTOB

Monens nenuiack Ha 3JEMEHTHI Pa3JINYHbIX TUIIOB!

- ITIOCKME dJIEMEHTHI 1 2D-aHanu3a,

- TBEPJOTEIbHbIE O0BEMHBIEC SJIEMEHTHI.

[TapannenpHast cxema pacuyéra o0ecrieurBaja YCKOPEHHE BBIUMCICHMNA 3a CUET
pacnpeesieHus: JOMEHOB MEKY ITPOLIECCaMHU.

2.4 TIpoekTupoBaHKE AITOPUTMOB U CTPYKTYP YIIPABICHUS

B Trace Mode 6 pa3pabaTbIBaImCh:

- CUTHAJIbHBIE LIETIOYKH,

- maTeMaTtuueckue 01oku FBD,

- MapaMeTphl JaTYUKOB U JETEKTOPOB.

OTO TO3BOJIMIO MHTErpupoBaTh pe3ynbraTthl CAE-aHamu3za B OyIylIylo cHCTEMY
ABTOMATU3UPOBAHHOTO YIIPABIICHUS.

Pe3yabTaTsl 1 00cy:KkaeHMe.

[lonyyennble  pe3ynapTaTbl ~ MOAENMPOBAaHUSA  MOKa3aJld,  YTO  NPUMEHEHHE
MHTErpUPOBaHHBIX MTporpaMMHbIX kommiekcoB MSC Marc/Mentat, Pro/ENGINEER u PATRAN
o0OecreurBaeT BBICOKYIO TOYHOCTb pacuy€roB, YCTOWYMBOCTb PEIIEHUS M BO3MOXHOCTh
KOMIUIEKCHOT'O TPOEKTUPOBAHUS JIeTalIel B YCIOBHUSIX CIOXKHBIX IKCILTyaTallMOHHBIX HATPY30K.

B xozme unciaeHHOro skcrnepuMeHTa OblIa CO3/1aHa MapaMeTpudecKkas MOJAEIb MJI0CKOro
cTepKHS GUKCUPOBaHHOM KOHpUrypauuu. [locie 3axanns rpaHUYHBIX YCIOBUN U MPUITOKEHHON
Harpy3ku cucremMa Marc KOppeKTHO OIpejenuia pacupeesieHue HanpsKeHud U nedopmanuid,
obecrneynB CTaOUITFHOE CXOXK/IEHUE BHIYMCIUTENLHOTO Mpoliecca. PasOuenue obieit Moaenu Ha
AJIEMEHTHI I0KA3aJ10, YTO KayK/blii KOHEUHBIN 3JIEMEHT KOPPEKTHO B3aUMO/IEUCTBYET C COCETHUMU
o0nacTsIMH, a MEXIOMEHHbIE Yy3Jbl CHHXPOHHO OOMEHHBAIHMCH JAaHHBIMH TpHU pacdérax
(MopoxkuHa, 2010a: 85-91).

1. [TapannensHbie BeIYrcIeHUS U 3)PEKTUBHOCTD pacuéToB

[Ipu aHanu3e moBeAEHUS MOJAEIU NPUMEHSJIUCH MapajliebHble MAaTPUYHBIE pEIIaTENH
Marc, 4TO MO3BONMIO COKpPaTHTh oOmiee Bpems BBIYUCICHUU. [lapamnenbHbli anroputm
obecrieunBasl Tiepenavyy JaHHBIX MEXIY OOJIACTSIMH Ha pPa3HBIX Y3JaX BBIYUCIUTEIHFHOTO
KJIacTepa, 4TO MOBHIMAN0 3()()EKTUBHOCTH BBHIYUCICHUI MPU OONBIIUX MATPUIAX KECTKOCTH.
Takoil moaxox XapakTepeH Uil COBPEMEHHBIX HEIMHEMHBIX pacdy€ToB, TJe HEOOXOAMMO
YUUTHIBATh KOHTAKTHBIEC B3aUMOJCHCTBUS, TNIACTUIHOCTH U Oosbiue aedopmanuu (CugopeHko,
2019: 55-70).
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Kpowme Toro, pe3ynbraTsl HOKa3auiu, YTO 1aXe MPH JIOKATbHBIX KOHTAKTaX MPOHUKHOBEHHE
y3JI0B B HEAKTHBHOE TEJI0 KOPPEKTHO YCTPAaHAETCS MpPHU aKTHBALMU KOHTAKTHOTO CJIOS. DTO
SBIIETCS BAXXHBIM YCIIOBHEM TOYHOCTH MOJIEIMPOBAHUS TOHKOCTEHHBIX KOHCTPYKIIUH.

2. CpaBHenue pe3ynbTaroB npoektupoBanus B Pro/ENGINEER u PATRAN

[IpoextupoBanue ¢parmenta getasm B Pro/ENGINEER moka3zano, uyto cucrtema
N03BOJISIET AP PEKTUBHO UCIIOIB30BATh MapaMETPUUECKUE 3aBUCUMOCTH U MTPOQMIMPOBIIMKH JIs
co3nanus cioxxkHoi 3D-reomerpum (Puc. 5). JanpHeitmas mepemada 3TOH MOAETH B CPEabl
BepxHero ypoBHs, Takue kak PATRAN u NASTRAN, oGecneunBaer yJ100HYIO WHTETPALHUIO
CAD-CAE npoueccos.

Puc. 5. Ilpoexuus Harpy3ku camonera B MSC

Ha srane moctpoenust y3moBeix ¢opmaroB B PATRAN Obutu MOITy4YeHBI KOPPEKTHBIE
TeIJIOBBIe M Harpy3ouHbie noiis (Puc. 3). MccnenoBanue mokasaio, 4To mpu padoTe ¢ OOJIBIIUMH
monensimu PATRAN obecrieunBaeT ONTHUMAalbHBIC YCIOBHUS IS BU3yallU3allid, YIPaBICHUS
CETKOW M Ha3Ha4YCHMsI PU3NUECKUX CBOWCTB JIEMEHTOB.

3. Ilpumenenue Trace Mode 6 B 06cysxaeHnn 3pPpeKTUBHOCTH MOJECIUPOBAHHS

Oco0oe BHUMaHKE B UCCIEIOBAaHUU YIEICHO MHTErpUPOBaHHOM cucteme Trace Mode 6,
paccMaTpuBaeMoil Kak MHCTPYMEHT MPOCKTUPOBAHUS U3MEPUTENBHBIX H YIIPABIISIFOIINX CUCTEM.
Ucnons3zoBanne FBD-0510k0B (pHUCYHOK 5) IMO3BOJIAET OMUCHIBATH MaTEMAaTHUYECKYH) MOJEIhb
CUTHAJA, 3aJaBaTh (UWIBTPHI, aJTOPUTMBI YMIPABICHUS U TOCIEIOBATEIILHOCTH 00paboTKH
JTAHHBIX.

OcHoBHO# BBIBOJ cOCTOUT B ToM, uTo uHTerpamust CAE-cucrem (Marc, Pro/ENGINEER,
PATRAN) ¢ Trace Mode 6 co3naér equnbiii iU poOBOK KOHTYD:

- MPOCKTUPOBAHUE TEOMETPUH;

- TIPOBEJEHUE PACUYETOB;

- popMupoBaHUE U3MEPHUTETHLHOU MOJICTIH;

- MOATOTOBKA YIIPABJIAIOIIUX aJITOPUTMOB.

Taxoii moaXoa MOXKET OBITH UCIIOJIB30BAH B O0YUYEHUH CTYJACHTOB MAITMHOCTPOUTEIIbHBIX
crienpanbHocTedt (Mopokuna, 2016: 48-60) m B pa3paOOTKe NPOMBINIJICHHBIX ITU(POBBIX
JBOMHHUKOB.
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4. O6cyKaeHue CoraacoBaHHOCTH PE3yIbTaTOB

[TonmyuyeHHbIE pe3ysbTaThl MOATBEPKAAIOT 3(P(PEKTUBHOCTh MCIOIB30BAHUS KOMILIEKCA
porpaMM Uil IOCTPOECHUs MHTEIPUPOBAHHON MOJAENIM JETadl U aHaiau3a €€ NOBEJNCHUs IpHU
Harpyskax. BeisBieHo:

- apasuieNIbHbIe PelaTesy CyIeCTBEHHO YCKOPSIOT BBIYUCICHNUS;

- y3noBoii ¢popmar PATRAN oOecrieunBaeT KOPPEKTHOE IMPEICTAaBICHHE TEIUIOBBIX U
MEXaHUYECKUX [TapaMeTpOB;

- Pro/ENGINEER o6neryaer napameTpuueckoe n3MeHeHHe (OpMBbI AEeTaH;

- Trace Mode 6 mo3BoJISIET aBTOMAaTU3UPOBATh OOPaOOTKY MAaHHBIX W HHTETPUPOBATH
MO/JIEJIb B OOIIMI TEXHOJIOTUYECKH Ipo1iecc.

Taxum 00pa3oM, COBOKYITHBIN aHAJIM3 MOKA3bIBAET, YTO NPUMEHEHHE MHTEIPUPOBAHHBIX
MHCTPYMEHTOB IPOEKTUPOBAHMSI pACIIUPSET BO3MOXKHOCTH MOJEIMPOBAHUS, IOBBIILIAET
TOYHOCTh PE3YJIbTATOB U CHUKAET BEPOSITHOCTh OLIMOOK MPH pa3pabOTKe CIOKHBIX TEXHUUECKUX
CUCTEM.

3akiaro4enue.

B nanHoi#i paboTe ObLIM YCIIEIIHO PEaTU30BAHbI IEJIM UCCIIEOBAHNUS, 3aKIIFOYABIINECS B
U3y4eHUH OCOOCHHOCTEN MIPOEKTUPOBAHUS JETATIEH U MHTErpallii COBPEMEHHBIX ITPOrpaMMHBIX
CPEICTB AJIl aBTOMATHU3ALMK IIPOLECCOB NMPOECKTUPOBAHUS W MOJAEIUPOBAHUS U3MEPHUTEIBHBIX
cucrteM. B kauecTBe METOAOB HCCIEIOBAHUS IPUMEHSITUCh MOJICIMPOBAHUE € MCIIOJIb30BaHUEM
METO/a KOHEUHBIX 3JIEMEHTOB, IIOCTPOCHHUE JIOKAJIBHBIX U TTTO0AIBHBIX aHATUTUYECKUX MOJETICH,
UCTOJIb30BAHUE HHTETPUPOBAHHBIX Cpell IMPOTrPaMMHUPOBAHMS UM aBTOMATHU3MPOBAHHOIO
npoektupoBanus, Takux kak MARC, PATRAN, Pro/ENGINEER wu Trace Mode 6. D10
MO3BOJIMJIO IIPOBECTU KOMIUIEKCHBIHM aHAIN3 MEXaHUYECKUX HAarpy30K, ONTUMH3ALHMIO IPOEKTHBIX
pemieHnii W JAEeMOHCTpaunuio Bo3MokHocTeil coBpemeHHBbIX CAIIP B o0Opa3oBarenbHOl H
IPOM3BOJICTBEHHO MTPAKTHKE.

Pe3ynbTarhl uHccienoBaHUS IIOKa3bIBAIOT, UYTO HCIOJIb30BAaHUE HMHTEIPUPOBAHHBIX
IPOTPaMMHBIX KOMIUIEKCOB II03BOJISIET CYIIECTBEHHO IOBBICUTh TOYHOCTb MOJEIUPOBAHMS,
COKpATHTb TPY103aTpaThl HA MPOCKTUPOBAHUE, CHU3UTh KOJIMYECTBO OIIMOOK U TyOnupyromeics
nH(popmaruu, a Takke odecrneunTs dPHEKTUBHOE yIIPABICHUE MPOSKTAMU Ha BCEX YPOBHSAX: OT
JIOKaJIbHOM JETATUPOBKHU JI0 TTIOOANBHBIX BUPTYAIbHBIX CHCTEM. B 4acTHOCTH, MOJEINpPOBAaHHE
Harpy3ok ¢ npumeHeHueM MSC Software mpoeMOHCTpHPOBaIO0 BO3MOKHOCTh TOYHOTO pacueTa
SHepruu u aedopmanuii nerane, a ucrnons3oBanue Trace Mode 6 noaTBepaAnIIo 3PPeKTUBHOCTD
ABTOMAaTU3UPOBAHHOTO YIIPAaBJICHUS CHUTHAJIAaMM M YCTPOMCTBAaMU B 00pa3oBaTelIbHOM U
IPOM3BOJICTBEHHOM cpene.

OcHOBHbIE BBIBOJIBI MCCIEAOBAaHUS 3aKIIOYAIOTCS B CJIEAYIOUIEM: HMHTETpalys
IPOTrPaMMHBIX KOMIUIEKCOB IO3BOJIIET CO3/aTh €AMHBIA HHCTPYMEHT IPOSKTUPOBAHUS, KOTOPBIN
COEJIMHSET pa3jINyYHble YPOBHU MOJEIUPOBAHUS U aBTOMaTHU3alMK; npuMeHeHne FBD-06mokoB u
JpyTux s3bIKOB mnporpammupoBanus cranpapra IEC 61131-3 obGecrneunBaeT MpakTUYECKYIO
JOCTYITHOCTh CHCTEM ISl CTYIACHTOB M WHXCHEPOB, HE SIBIISIONIMXCS MPO(EeCcCHOHATHHBIMU
IpOrpaMMUCTaMM; BHPTYyalbHOE MPOEKTHPOBAHUE M MOAEIUPOBAHHME YMEHBLIAET 3aTpaThl Ha
IIPOBEJICHUE SKCIIEPUMEHTOB U MOBBILIAET KA4€CTBO O0YUYEHUS.

[TpakTuyeckass 3HAYUMMOCTh pabOTHl 3aKIIOYAETCs] B BO3MOXKHOCTH  BHEJPEHUS
pe3yJIbTaTOB HCCIEJOBAaHUS B TPOMBIIIICHHOE U 00pa3oBaTeNbHOE MPOCKTHPOBAHUE.
[Tpumenenue nnrerpupoBaHHbix CAIIP mo3BossieT yCKOPUTh MPOLIECC CO3AaHUSA U TECTUPOBAHUS
HOBBIX M3JEJINH, NOBBICUTh HAJAEKHOCTh M JIOJITOBEYHOCTh JI€Talei, a TakKe MHTErPHUpPOBAThH
SKOHOMHYECKHME M JKCIUIyaTallMOHHBIE [OKa3aTead B TMpoLEecC MpOeKTUpoBaHMuA. B
00pa3oBaTenbHON chepe ITO OTKPHIBAET HOBBIE BO3MOKHOCTH JUISI TUCTAHIIMOHHOTO O0yUYEHHS 1
IPOBEICHUS BUPTYaJIbHBIX J1JAOOPAaTOPHBIX 3aHATUN, YTO OCOOEHHO aKTyaJbHO B COBPEMEHHBIX
YCIIOBHSX pa3BUTHS U(POBOI SKOHOMHUKH.

[TepcnekTHBBl MadbHEHIIMX MCCIENOBAHUI BKIIOYAIOT: pa3pabOTKy Oojee CI0XKHBIX
MoOJieJIell MHOTOKOMIIOHEHTHBIX CHCTEM, HMHTErpalyi0 C HWHCTPYMEHTaMH aHaiu3a OOJBIIMX
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JaHHBIX M  HCKYCCTBEHHOTO MHTEUIEKTa JUIsi TMPOTHO3UPOBAHUS  HKCIUTYaTaIl[MOHHBIX
XapaKTepUCTHK, a TaKXe pacllupeHue MpuMeHeHHus uHTerpupoBaHHelx CAIIP B
A9POKOCMHYECKOM, aBTOMOOMIIECTPOUTEIIFHOW M MAIIMHOCTPOUTENIbHON oTpacisix. Kpome Toro,
aKTyaJbHOM 3ajmauell sBIseTca pa3paboTKa HOBBIX METOIWK TPENOJaBaHUs HHKXEHEPHOTO
POEKTHPOBAHUS C UCIIOJIb30BAHUEM YJAJIEHHOTO YIPaBIEHUS U BUPTYaJIbHbIX JIa0OpaTOPHil, UTO
IIO3BOJIUT IIOBBICUTH Ka4ueCTBO IIOATrOTOBKH CIICIINAJINCTOB H  YCKOPUTH BHCAPCHUC
WHHOBAIIMOHHBIX PELICHHUI B IPOU3BOICTBEHHBIE ITPOLIECCHI.

Takum 00pazoMm, MTPOBEAECHHOE WCCIEAOBAHUE TMOATBEPKAACT, UYTO HCIOIH30BAHHE
COBPEMEHHBIX HHTETPUPOBAHHBIX MPOIPAMMHBIX KOMILJIEKCOB M METOJOB aBTOMAaTH3UPOBAHHOTO
IPOCKTHUPOBAHUS IO3BOJSET CYIIECTBEHHO YIYYIIUTh TOYHOCTb, CKOPOCTh M 3()h()EKTUBHOCTH
pa3palboTKu AeTaneil 1 U3MEPUTEIbHBIX CHCTEM, a TaKKe OTKPHIBAET HOBBIE BO3MOXHOCTHU JIS
HAYYHBIX HCCJIEJIOBAHUI M MPAKTUYECKOTO NMPUMEHEHHS B MHXEHEPHBIX M 00pa3oBaTeIbHBIX
chepax. Peanuzanus Takux MOJIX0/I0B CIIOCOOCTBYET PACIIMPEHUIO HAYYHOTO 3HAHUS B 00J1aCTH
MMPOCKTUPOBAHUA, MOJACIUPOBAHUA U YIIPABJICHHUA TCXHOJOIMYCCKHMHU IPOHCCCaAMU, a TAKKE
ofOecrieynBaeT  MEpPCHEKTUBBI  JaJbHEWUIIEro  Pa3BUTUS ~ WHHOBAIIMOHHBIX  CHUCTEM
ABTOMATH3UPOBAHHOT'O IPOCKTUPOBAHUA.
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Abstract. In modern railway transport, ensuring the quality, reliability, and durability of rolling
stock (RS) and track machines (TM) is critical. Effective management of manufacturing processes
for parts, components, and assemblies is possible through the implementation of additive and
nanotechnologies, as well as flexible manufacturing systems integrated with modern information
management and transport systems. The study aims to analyze and improve engineering processes
in railway transport by using traditional, additive, and nanotechnologies to enhance the quality of
parts. Specific objectives include: investigating the potential of additive technologies (3D printing)
to produce complex components; evaluating the effectiveness of nanotechnologies to improve
strength, wear resistance, and corrosion resistance of parts and assemblies; developing and
optimizing quality control methods using modern sensors and devices, including industrial
computed tomography; assessing the economic impact of implementing nanostructured coatings
and advanced production processes. Additive technologies allow the production of complex parts
and reduce the weight of components without compromising strength. Nanotechnologies enable the
formation of defect-free materials and nanoscale structures, increasing durability and service life of
parts by 2—5 times. Quality control is performed via surface diagnostics and incoming material
inspection. The introduction of nanostructured coatings on cutting tools, springs, and railway
components improves wear resistance, strength, and reliability. Modern synthesis and material
processing methods reduce production costs, extend maintenance intervals, and enhance the
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efficiency of railway engineering. Integration of traditional, additive, and nanotechnologies with
advanced control and management systems improves the quality, reliability, and economic
efficiency of railway transport component production. Technologies such as ultra-high-strength
springs and nanocoatings ensure longevity, reliability, and enhanced performance of RS and TM
under the conditions of JSC “Russian Railways.”

Keywords: nanotechnology, additive technologies, railway engineering, flexible
manufacturing systems, nanocoatings, quality control, 3D printing
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© B. IlepeeptoB, M. AGynkacumoB, I'. ApanaceeB, E.M. TamkapbsikoB

AnHoTtanus. Kazipri 3aMadfbl TEMIPKOJ TackIMaliay canachiaaa moasmxHou Kypam (I1C)
KoHe >xon MamuHanapbiHblH (IIM) camacel, ceHIMIUTIrT »oHE OEpIKTIFiH apTThIPY MAaHBI3bL.
JlocTypiti, aJAUTUBTIK JKOHE HAHOTEXHOJOTHSUIAPIBl KOJAaHy, COHMal-aK 3aMaHayd aKIapaTThIK-
0ackapy *oHE TPAHCHOPTTHIK KYHelepMeH MHTErpalusulaHFaH MKeMAl eHAIpIC )KyHenepiH eHrizy
apKBUIBI OOJIIIEKTEP MEH arperaTTap/ibl OHIIpY MPOIECTepiH THIMAL OackapyFa O60maabl. 3epTTeyaAiH
MakcaTbl — TEMIPXKOJ TeXHUKACBIHBIH OJIIEKTEepiH OHJIpy CamachblH apTThIPY YIIIH HHXEHEPIIK
MpOIECTepIl  OOCTYPJl, ANAUTUBTIK JKOHE HAHOTEXHOJOTHSIAPABI KOJAAHBIN SKETUIIIPY.
Miungerrepi: Kypaeni OemmiekTepAl OHIIPY VIIIH aIJWTUBTIK TexHoJorusiapasiH (3D-0ackim
HIbIFapy) MYMKIHIIKTEpIH 3€pTTey; HAHOTEXHOJOTHSIApAbIH OeIeKTepaiH OepiKTiriH, To3yFa
KOHE KOppO3MsFa TO3IMAUIINH apTThlpy THUIMIUINH Oaranay; 3amMaHayd JaTYUKTEp MEH
KYPBUIFbUIAP/IbI, OHBIH 1II1HJE ©HIIPICTIK KOMIBIOTEPIIIK TOMOTpausSHbI KOJAaHA OTBIPBII CallaHbl
Oakpulay OIICTEpiH d3ipjey JKOHE OHTailaHAblpy; HaHOKaOaTTap MEH KaHa eHJIIpic
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TEXHOJIOTHSUIAPBIH CHTI3Y/AIH SKOHOMHKAIBIK THIMILUIITIH Oaranay. AJIIUTHBTIK TEXHOJOTHIIAP
apKbUIbl K€3 KeJIreH KYPAENUIIK JAEHreiiHaeri OeiekTep/l ’kacayFa >KOHE OJIapAblH MacCachlH
azaiityra  Oosagbl. Hanorexnomormsuap — gedekrci3  MaTepuangap MEH  HaHOOJIIEeMI
KYpbUIBIMap/Ibl KAJIBINITACThIPyFa MYMKIHAIK Oepel, Oy OemmeKkTepAiH OepiKTiri MEH KbI3MET €Ty
Mep3iMiH 2—-5 ece apTThipaabl. Cananbl 0akbulay OETTIK JUATHOCTHKA XKOHE KipiC MaTepuaiIapblH
TEKCepy apKBUIBI JKy3ere achipbuianbl. HaHokabaTTapapl KeCKil Kypaiaapaa, cepinmenepae KoHe
TeMIp>KoJ OeJIIeKTepiHe KONJaHy OJapAblH TO3yFa TO3IMILIIriH, OEpIKTIriH OHE CEHIMIUIIrH
apTTIpasl. J{oCcTYpIli, al INTUBTIK KOHE HAHOTEXHOJIOTHSUIIAP/IbI 3aMaHayH OaKplIay KoHE OacKapy
KyHenepiMeH OipiKTipy Temipxkoia OeJIeKTepiH OHAIPYIiH camachlH, CEHIMAUINH >KoHe
SKOHOMHUKAJIBIK THIMIUIITIH apTThIpaabl. OTe >KOFapbl OEpiKTi cepimmenep MEH HaHOoKabarTap
texHonorusnapsl 1IC xoHe [IM-HIH y3aK KbI3MET €TYyiH, CEHIMJUIITH KOHE *YMBIC THIMIUIITIH
KaMTaMachI3 eTel.

Tyiiin cesaep: HaHOTEXHOJIOTHS, aJlTUTUBTIK TEXHOJIOT U, TEMIpPKOI
MaIIMHOCTPOEHHUE, UKEM/I1 OHIpIC KyHenepl, HaHOKabaTTap, camnanbl Oakbuiay, 3D-6ackin mbiFapy
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AHHOTanus. B cOBpeMEHHBIX YCIOBUAX Pa3BUTHUS JKEIE3HOIOPOKHOIO TPaHCIOPTa 0coboe
3Ha4YeHHWe NpuoOpeTaeT MOBBIICHUE KayecTBa, HAJEKHOCTH U JOJTOBEYHOCTH MOJBMXKHOTO
cocraBa (IIC) u myreBpix mammu (IIM). DddexTuBHOE ympaBiieHne mpoueccamu MpPOU3BOJICTBA
JeTanei, y3J10B M arperaToB BO3MOXKHO Oyiarofiapsi BHEAPEHHUIO aJIMTUBHBIX U HAHOTEXHOJIOTHH, a

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



https://doi.org/10.58420.ptk.2025.87.03.004
mailto:prkom@samgups.ru
https://orcid.org/0000-0002-1896-1315
mailto:abilkk@mail.ru
mailto:tanzharykove@gmail.com
https://orcid.org/0009-0000-9343-7284

Industrial Transport of Kazakhstan. Vol.22 (3). 2025

TaKXe TMOKUX MPOU3BOJICTBEHHBIX CUCTEM, HHTETPUPOBAHHBIX C COBPEMEHHBIMH HH(OPMAIIMOHHO-
YOpPaBISAIOIMMUA M TPaHCHOPTHBIMU  cucTeMaMu. llenbp wuccnenoBaHuss —  aHauu3 U
COBEpPUICHCTBOBAHUE  TEXHOJIOTMUECKHUX  IPOLECCOB  MAIIMHOCTPOEHUS C  NPUMEHEHHEM
TPaJAULMOHHBIX, AaJJUTHUBHBIX W HAHOTEXHOJOTMH JUIsi TOBBILICHHS KayecTBa JeTajeit
KEJIE3HOJOPOKHOIO TPAHCIIOPTA. 3a1a4K UCCIEI0BAHNS BKIIOYAOT: UCCIIEI0BAaHUE BO3MOXKHOCTEN
NPUMEHEHUS aAJUTUBHBIX TexHojoruil (3D-mewatu) 11 mpou3BOACTBA JeTaliel 00O
CIIO)KHOCTH; ormpeneneHne 3()(EeKTHBHOCTH HAHOTEXHOJOTMH Ui YJIyYIIEHUS MPOYHOCTHBIX,
M3HOCO- U KOPPO3MOHHOCTOMKHX XapaKTEPUCTHUK JIeTalel U arperatoB; pa3paboTKa U ONTUMHU3ALIHS
METOJIOB KOHTpPOJISI KaUECTBA C UCIIOJIb30BAHUEM COBPEMEHHBIX JATUYMKOB M YCTPOWCTB, BKIIIOYAsS
MIPOMBIIIICHHYI0 KOMIBIOTEPHYIO TOMOTpaduio; OIEeHKa SKOHOMHUYECKOTO 3(dekra BHEIpEHUs
HAHOCTPYKTYPUPOBAHHBIX IOKPBITUMI M HOBBIX TEXHOJIOTMUECKHX IIpoleccoB. lcnonb3oBaHue
aJIUTUBHBIX TEXHOJIOTH MO3BOJISIET CO3/1aBaTh JAETalu 0€3 OrpaHUYEHUS! CII0)KHOCTH U YMEHBIIATh
Maccy wuzfenuil 6e3 morepu mnpouHocTd. HaHoTexHonorum obecnednBaioT (HopMUpOBaHHE
«0e3ne(heKTHBIX» MaTepuaioB KW HAHOPA3MEPHBIX CTPYKTYp, MOBBIIMIAIOMIKUX JIOJTOBEYHOCTh H
pecypc aeraneil B 2—5 pa3. KoHTpoap kauecTBa OCYLIECTBIISIETCA YEPE3 JUArHOCTHKY ITOBEPXHOCTH
U BXOJHOM KOHTpPOJb MaTepuanoB. BHeIpeHne HaHOCTPYKTYPHUPOBAHHBIX MOKPBITHI Ha pexyIIHe
MHCTpyMeHTHI, npyxkuHbl, Aetanu [IC u [IM mnoBblmaer uX HM3HOCOCTOMKOCTH, INPOYHOCTH U
HAJEXKHOCTh. [IprMeHeHne COBPEMEHHBIX METOJOB CHHTE3a U 00pabOTKM MaTepUasioB MO3BOJISET
CHM3UTb IPOU3BOJICTBEHHBIE pACXOJbl, YBEJIUYUTh MEXKPEMOHTHBIM CpPOK 00OpynOBaHMUA U
MOBBICUTh 3(PPEKTUBHOCTH KEJIE3HOAOPOKHOTO MaIIMHOCTpoeHUs. WHTerpanus TpaauLMOHHBIX,
aIUTUBHBIX M HAHOTEXHOJOTMH C COBPEMEHHBIMM CHUCTEMAMH KOHTPOJIS U YIIpaBJICHUS
CHOCOOCTBYET IMOBBIIIEHUIO KAauyecTBa, HAJIEKHOCTH U DKOHOMHUYECKOW 3PPEKTUBHOCTH
IIPOU3BOJCTBA JETaNed KEJIE3HOAOPOKHOIO TpPaHCHOpTa. TEXHOJIOTMH CBEPXBBICOKOIPOYHBIX
NPYXKUH W HAHOMOKPHITHI 00ecrneynBaroT [OJITOBEYHOCTb, HAJIEKHOCTh M  IOBBILICHHE
sKcIuTyaTauoHHbIX XxapakTepucTk 11C u IIM B ycnoBusix OAO «PXD».

KiloueBble cj10Ba: HAHOTEXHOJOTUH, AaJJUTHUBHBIE TEXHOJOTHH, >KEIE3HOJIOPOKHOE
MAaIIMHOCTPOCHHE, THOKHME MPOU3BOJCTBEHHBIE CUCTEMbI, HAHOIIOKPBITUS, KOHTPOJIb KayecTBa, 3D-
neyartb

s nutupoBanus: B. [lepeseptoB, M. AGynkacumos, I'. Adanacres, E.M. TanxxapbikoB
(2025). Hanomatepuanbl U CHHTE3 THMOPHIHBIX TEXHOJOTHH MHpH (OopMOOOpa3OBaHUU JeTajneu
TpaHcnopTHoro mamrHoctpoenun//Ilompinuiennsiit Tpancnopt Kazaxcrana. T. 22. No. 87. Crp.
44-57. https://doi.org/10.58420.ptk.2025.87.03.004. (Ha anr.).

KoH(IMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IMKTAa HHTEPECOB.

Introduction.

The transport system of JSC Russian Railways ensures the mobility and operational
flexibility of all types of rolling stock and track machines, as well as of the system as a whole,
provided that adequate reserves of throughput and hauling capacity are maintained. The growth of
freight turnover is influenced by such key factors as quality, safety, and reliability of manufactured
components.

The advancement of engineering technologies necessitates the adoption of modern methods
for blank forming. Manufacturing processes in mechanical engineering are conventionally classified
into traditional technologies (TT), additive technologies (AT), and nanotechnologies (NT)
(Perevertov et al., 1987: 35-45; Perevertov, 2019: 45-53). The principal forming methods include:
deposition; casting; molding; electroforming; pressure forming; machining by cutting;
electrophysical and electrochemical processing; assembly of component parts; additive technologies
involving the manufacture of parts from a digital model by layer-by-layer material deposition; and
nanotechnologies involving the processing and modification of materials at the atomic and
molecular level to produce materials and products with unique properties.

The growth in freight and passenger traffic volumes in Russia demands increased reliability
and quality of railway services, which can be achieved through the introduction of additive and
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nanotechnologies in the production of RS and TM components. The use of flexible manufacturing
systems (FMS) and advanced materials improves strength, wear resistance, and operational
characteristics of products, reduces manufacturing waste, and lowers production costs.

The object of investigation is transport mechanical engineering under JSC Russian Railways
conditions, including the production of rolling stock and track machine parts and assemblies. The
subject of investigation is the application of additive and nanotechnologies, flexible manufacturing
systems, and modern sensors for quality control in RS and TM component production.

The aim of the research is to investigate the possibilities of improving the quality, reliability,
and durability of transport engineering parts through the integration of additive and
nanotechnologies into flexible manufacturing systems of JSC Russian Railways.

The research tasks are as follows: to conduct an analysis of contemporary forming methods
comprising traditional, additive, and nanotechnologies; to examine the structure and capabilities of
flexible manufacturing systems (FMS) and smart manufacturing systems (SMS); to investigate the
application of powder, composite, and nanomaterials and the methods for their quality control using
modern sensors and instruments; to assess the impact of additive and nanotechnologies on the
quality, reliability, and durability of RS and TM components; and to develop recommendations for
the implementation of modern technologies to improve manufacturing efficiency and reduce
production costs.

The research methods employed include: systems analysis; comparative analysis of
traditional and advanced technologies; simulation of manufacturing processes using
CAD/CAM/CAE tools; quality control data analysis; and experimental testing of RS and TM parts
incorporating nanomaterials and additive technologies. The scientific hypothesis holds that the
introduction of additive and nanotechnologies into flexible manufacturing systems will produce a
significant improvement in the quality, reliability, and durability of RS and TM components
through the optimization of forming processes, reduction of manufacturing waste, and precise
control of material parameters.

Materials and Methods.

Smart manufacturing system (SMS) technologies are effectively applied in mechanical
engineering in the form of flexible manufacturing systems (FMS), which comprise three subsystems.
The blank processing subsystem encompasses forge-and-die production, foundry production,
welding, plastics and powder processing, and heat treatment (Perevertov, 2023: 73; Perevertov,
1987: 35-45; Perevertov, 2017: 102-110; Perevertov, 2018: 56-63; Perevertov, 2020: 77-85;
Perevertov, 2021: 90-98). The finishing processing subsystem comprises machining by cutting
(MBC), including drilling, milling, and turning (Perevertov, 1987: 35-45; Perevertov, 2020: 77-85).
The assembly subsystem, unified by a common transport and information management system, is
integrated with product design and manufacturing technology, enabling interpenetration of
subsystems and integration of traditional, additive, and nanotechnologies (Perevertov, 2023: 73;
Perevertov, 2018: 56-63; Perevertov, 2022: 120-128).

The transition from conventional manufacturing models toward smart manufacturing
systems (SMS) represents one of the principal technological trends in modern transport engineering.
Traditional manufacturing systems are characterized by rigid technological chains, limited
adaptability to changing production conditions, and dependence on manual control and post-process
quality inspection. In contrast, smart manufacturing systems integrate flexible manufacturing
modules, digital design environments, sensor networks, automated diagnostics, and intelligent
process control into a unified cyber-physical production architecture.

For railway engineering enterprises operating under the conditions of increasing production
complexity and higher reliability requirements for rolling stock (RS) and track machines (TM), the
implementation of SMS technologies provides significant operational and economic advantages.
These include reduction of production waste, increased manufacturing flexibility, improved process
transparency, predictive maintenance capability, and enhanced product quality control throughout
the entire production lifecycle. A comparative analysis of conventional and smart manufacturing
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systems in transport engineering is presented in Table 1.

Table 1 — Comparison of conventional manufacturing systems and smart manufacturing
systems in transport engineering

Parameter Conventional manufacturing Smart manufacturing system
system (SMS/FMS)

Production flexibility Limited High
Reconfiguration speed Manual, time-consuming Automated, software-controlled
gfgigf& ICAE with Partial Full digital integration
Process monitoring Periodic/manual Continuous real-time monitoring
Defect detection Post-production inspection In-process intelligent diagnostics
Resource consumption High Optimized
Production waste Significant Minimal
Adaptability to AT/NT Limited Fully compatible
Predictive maintenance Not available AI/ML-supported
Production efficiency Medium High

The advancement of digital technologies in design (CAD), simulation and analysis (CAE),
and machining (CAM) has led to increased adoption of additive technologies for the manufacture of
tools, casting molds, and RS and TM parts (Perevertov, 2019: 45-53; Perevertov, 2021: 90-98).
Building upon AT, robotic technological complexes and flexible manufacturing modules for 3D
printing with powder, composite, and nanomaterials have been developed. These are classified
according to: materials used (liquid, granular, polymer, metal-powder, and others); the presence of
laser equipment; methods of energy supply for layer consolidation (thermal action, UV or visible
light irradiation, binder agent, and others); layer formation methods; and motion type.

Nanotechnologies encompass a set of methods for processing and modifying material
properties at the nanometer scale. Unlike conventional technologies, nanotechnologies provide the
ability to manipulate individual atoms and molecules, creating materials with novel
physicochemical and biological properties (Perevertov, 2019: 45-53; Perevertov, 2022: 120-128).
Table 2 presents a comparative classification of the three principal forming technology categories.

Table 2 — Comparative classification of part-forming technologies in transport engineering

Technology category Main methods Key features

Casting, forming, machining,
electrochemical processing, welding,
assembly

Mature processes; limited by tool
geometry and material removal
constraints

Traditional
technologies (TT)

3D printing (layer-by-layer
deposition: powder, polymer,
composite materials)

No geometric restrictions; waste-
free; enables complex internal
structures

Additive
technologies (AT)

Nanocoatings, nanopowder synthesis,
surface nanostructuring, RVS
restoration technology

Atom/molecule-level control;
defect-free materials; 2—5x
increase in service life

Nanotechnologies

(NT)

Particular attention in the study was devoted to quality control of manufactured products. In
AT production, the internal quality of 3D-printed items cannot be directly observed; only the
external surface is accessible for inspection. It is therefore necessary to control part geometry, since
it may change following forming and post-processing operations (thermal, mechanical, etc.).
Incoming inspection of metal-powder compositions and verification of raw material specifications
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are also required. Industrial computed tomography (CT) is applied in AT to optimize synthesis
parameters prior to forming, thereby reducing the scrap rate and conserving consumable material
(Perevertov, 2021: 90-98).

The key elements of SMS that determine production quality are: (1) high-speed actuating
elements of technological equipment; and (2) sensors — high-precision, reliable functional
transducers with high stability and response speed. For quantitative measurement of the chemical
composition of metals and alloys, the portable laser spectrometer LIS-01 is used. For non-contact
temperature control during material processing, fast-response photon-selective fiber-optic sensors of
the IRT-1 type are applied (Perevertov, 2022: 120-128; Perevertov, 2021: 90-98).

An essential feature of modern smart manufacturing systems is the extensive integration of
sensor technologies and intelligent monitoring platforms into all stages of the production cycle. In
railway engineering, the quality and reliability of rolling stock (RS) and track machine (TM)
components depend not only on the characteristics of the applied materials and forming
technologies, but also on the accuracy and stability of process monitoring systems.

The implementation of advanced sensor systems enables continuous control of technological
parameters such as temperature, vibration, dimensional accuracy, chemical composition, surface
integrity, and internal structural defects. In contrast to conventional inspection methods based on
periodic manual measurements, intelligent monitoring technologies provide real-time data
acquisition, automated diagnostics, and rapid detection of process deviations. This significantly
improves manufacturing precision, reduces the probability of hidden defects, and supports
predictive maintenance strategies within flexible manufacturing systems.

Particular importance is attached to non-destructive testing technologies, including industrial
computed tomography (CT), laser spectroscopy, acoustic diagnostics, and fiber-optic sensing
systems. These technologies ensure comprehensive quality assessment of additively manufactured
and nanostructured components, where internal defects and material heterogeneity cannot be
identified through conventional visual inspection methods. The principal sensor systems and
monitoring technologies used in smart railway manufacturing are summarized in Table 3.

Table 3 — Sensor systems and monitoring technologies used in smart railway manufacturing

Sensor / system Controlled parameter Application area Operational advantage
LIS-01 laser Chemical Powder metallurgy, Rapid non-contact
spectrometer composition alloys analysis

IRT-1 fiber-optic Heat treatment, High-speed thermal
Temperature . o
sensor welding monitoring
. Internal defects and Additive Non-destructive internal
Industrial CT scanner . . . .
porosity manufacturing inspection

Vibration sensors

Dynamic loads

Rotating equipment

Early fault detection

Acoustic emission

Crack initiation

Springs, bearings

Predictive diagnostics

sensors
Al-based monitoring . Smart manufacturing - .
Process anomalies Predictive maintenance
platform systems

The data presented in Table 3 demonstrate that modern sensor technologies form the core of
intelligent manufacturing environments and significantly improve the reliability and efficiency of
railway engineering production processes. The integration of laser spectrometers, fiber-optic
thermal sensors, industrial CT systems, vibration monitoring devices, and Al-based analytical
platforms enables continuous supervision of critical manufacturing parameters throughout the entire
technological cycle.

Among the considered technologies, industrial computed tomography occupies a particularly
important position due to its ability to perform non-destructive inspection of the internal structure of
additively manufactured components. This is especially relevant for complex geometries produced
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by additive technologies, where hidden porosity, microcracks, or internal discontinuities may
critically affect operational reliability. Early identification of such defects substantially reduces the
scrap rate and improves product consistency.

Fiber-optic and laser-based sensors provide high-speed and high-precision monitoring of
thermal and physicochemical parameters during welding, heat treatment, and powder-material
processing. Their implementation ensures improved process stability and allows adaptive correction
of manufacturing parameters in real time. Simultaneously, vibration and acoustic-emission sensors
support predictive maintenance by enabling early detection of fatigue damage, crack initiation, and
abnormal operating conditions in manufacturing equipment and produced components.

The integration of sensor systems with artificial intelligence and industrial IoT platforms
further expands the capabilities of smart manufacturing systems. Al-based monitoring platforms can
analyze large volumes of sensor data, identify hidden correlations between process variables, and
generate predictive diagnostics for equipment and products. Such approaches reduce unplanned
downtime, improve production planning efficiency, and create the technological basis for fully
digitalized railway manufacturing enterprises operating according to Industry 4.0 principles.

The research methods employed in the study were accordingly: analysis of literature and
patent sources; review of modern manufacturing technologies (casting, pressure forming, 3D
printing, nanotechnologies); a systems approach to product quality and reliability evaluation; use of
sensor systems and CT for part parameter control; and CAD/CAM/CAE process simulation for the
optimization of forming and improvement of manufacturing efficiency.

Results and Discussion.

Part forming by AT is based on layer-by-layer material deposition using a jet or laser
(concentrated energy) method from a digital model. Production of parts by AT (3D printing) offers
the following advantages over traditional technologies: (1) fabrication of parts of arbitrary
geometric complexity, unconstrained by the limitations inherent in traditional methods; (2)
identification of new functional possibilities in the transport technological system, including
application in component diagnostics; (3) reduction of part mass without loss of structural strength;
and (4) use of material exclusively for part formation, eliminating production waste and reducing
costs, since no excess material removal by MBC is necessary to achieve the required configuration
and dimensional accuracy (Perevertov, 2022: 39; Perevertov, 2023: 75).

Nanotechnologies represent a set of methods for processing, manufacturing, and modifying
the state, properties, and form of raw materials at the nanometer scale. The “raw material” consists
of individual atoms (systems) rather than the micron- or macroscale material volumes conventional
in traditional technology. Unlike traditional technology, nanotechnology is characterized by an
“individual” approach in which external control reaches individual atoms and molecules, enabling
both the formation of defect-free materials with fundamentally new physicochemical and biological
properties, and the creation of new classes of devices with nanometer dimensions.

Transport engineering is a consumer of nanostructured materials (steels and cast irons,
titanium and its alloys, aluminum alloys, ceramics and plastics, powder and composite materials,
shape-memory materials) and nano-component parts. The economic effect is achieved from
introducing wear-resistant nanocoating technology on MBC cutting tools (drills, milling cutters,
etc.), dies and press molds in forging and pressure-processing machines, casting molds, as well as
wear-resistant, corrosion-resistant, heat-resistant, and hydrophobic coatings on machine and
mechanism parts for RS and TM, including brake system elements and suspension springs
(Perevertov, 2022c: 40).

Ultra-fine nanopowder production has found application in friction units of all types of
equipment. RVS (Repair and Restoration Compound) technology restores worn parts to original
parameters. The cost of renovation using RVS technology is 2 to 3 times lower than with
conventional methods, extending maintenance intervals by a factor of 1.5 to 2 and reducing energy
and fuel consumption by 10-15 %. Nanostructuring of bearing surfaces in RS and TM increases
their durability by a factor of 2 to 3 (from 150-200 to 500—600 million cycles), while tool durability
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increases by a factor of 5 to 6 (Perevertov, 2022c: 40; Perevertov, 2023: 76).

Copper alloy powders are used to produce anti-wear RiMET preparations containing
nanoparticles active in friction zones. These nanoparticles circulate freely in the lubricating oil,
using it as a carrier medium to friction zones. Under high temperature and pressure, the
nanoparticles are activated and form a new surface layer on the friction pair, assuming the full load.
The following processes are achieved: (1) normalization of the crystal lattice structure; (2) relief of
surface fatigue; and (3) filling of scoring marks (Perevertov, 2022c: 40; Perevertov, 2023: 76).

At Russian enterprises, the following traditional and additive technologies at the nano-level
are being implemented: electrical discharge nanoscale machining; electrochemical finishing and
dimensional processing of working surfaces of heavily loaded parts; ion-plasma hardening of tools
and machine parts with coatings of up to 2 microns thickness; surface modification using high-
speed thermochemical plasma-jet interactions aimed at improving wear and corrosion resistance of
alloyed steels; surface hardening to depths of up to 2 mm; ion-plasma deposition of coatings from a
spectrum of materials with specified structures (nanocrystalline, amorphous, crystalline, or
composite); application of polymer nanocomposites and synthesis of nanoceramic coatings;
development of ultra-high-strength spring production technology and wear-resistant articles from
nanostructured cermet materials; and creation of monolithic solid-carbide cutting tools with
nanostructured coatings (Perevertov, 2022c: 40; Perevertov, 2023: 75).

Quality indicators (reliability, durability, service life) of transport engineering parts
manufactured by these new technologies increase by a factor of 2 to 5 with nanometer precision
using electrical discharge machining, electrochemical processing, milling, grinding, polishing, and
finishing equipment.

A leading trend is the spray deposition of nanomaterials to obtain nanostructured coatings
applied by high-velocity thermal spray methods using source materials in the form of solutions or
suspensions containing nanoscale particles. Nanotechnologies address friction and corrosion
through nanoscale particles in new-generation corrosion inhibitors. Anti-friction, anti-wear, and
cooling compounds for internal combustion engines reduce fuel consumption by 2—7 %, part wear
by a factor of 1.5-2.5, and increase engine power by 2—4 % (Perevertov, 2023: 76). Addition of
nanoparticles to conveyor belts increases their flexibility and reduces wear. Nanostructured coating
application increases tool wear resistance by a factor of 2 to 2.5, enabling metalworking at higher
cutting speeds. The metal removal volume increases by a factor of 2 to 2.5, and regrinding life and
cutting speed increase by a factor of 1.5 to 2 (Perevertov, 2023: 76).

Precision electrochemical machine tools find application in engine manufacturing, power
engineering, and tooling production for wear-resistant products made from nanostructured ceramics
and cermets, including plain bearings, face seal rings, axial tools, and indexable inserts. For pump
systems, tribotechnical products from nanostructured cermets operate under complex service
conditions with enhanced wear resistance, extended operating temperature range, and chemical
inertness, improving service life by 20-30 %. Ceramic and cermet cutting tools enable increased
productivity and improved geometric accuracy (Perevertov, 2023: 76).

The technology of ultra-high-strength spring production improves reliability, durability, and
relaxation resistance through hot coiling at an optimal combination of controlled parameters:
heating temperature, deformation degree during coiling, and cooling-quenching scheme applied
sequentially to each coil. This results in the formation of a nanoscale structure providing high
strength characteristics with extended service life, elevated permissible stress levels, elimination of
coil settling, and improved performance at low temperatures (Perevertov, 2022: 41). The production
algorithm is shown in Figure 1.
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High-strength springs: manufacturing technology

Hot coiling (used in the production of springs for railway rolling stock, agricultural machinery, etc.)
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Fig. 1. Algorithm of ultra-high-strength spring production technology for rolling stock and track machines (Perevertov, 2022: 41)

The technological sequence presented in Figure 1 demonstrates the integrated approach used
in the production of ultra-high-strength springs for rolling stock and track machines. The process
combines controlled thermal treatment, hot coiling, surface strengthening, and residual stress
stabilization operations aimed at forming a nanostructured material state with enhanced mechanical
and sKcIuTyaTallmoHHBIC properties.

Particular importance is attached to the optimization of thermal and deformation parameters
during hot coiling. The controlled combination of heating temperature, deformation degree, and
cooling-quenching regime enables the formation of a refined nanoscale microstructure characterized
by increased dislocation density and improved phase distribution. As a result, the produced springs
exhibit substantially higher fatigue strength, relaxation resistance, and dimensional stability under
cyclic loading conditions.

The surface strengthening stage performed by shot peening plays a critical role in improving
operational durability. The introduction of compressive residual stresses into the surface layer
suppresses crack initiation and slows fatigue crack propagation, thereby extending service life under
dynamic loading conditions typical for railway suspension systems. In addition, the subsequent
stress-relief operation stabilizes the internal structure of the spring and minimizes the probability of
residual deformation or coil settling during long-term operation.

Additional technological operations, including electroplating, painting, and corrosion-
protection treatment, further improve environmental resistance and operational reliability under
aggressive climatic and skcrutyaraumonnslie conditions. This is particularly important for railway
transport systems operating under variable humidity, temperature fluctuations, and elevated
mechanical vibration levels.

The implementation of nanostructured spring manufacturing technologies provides
substantial operational advantages compared with conventional spring production methods.
According to experimental and industrial data, the fatigue durability of springs manufactured using
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optimized hot-coiling and nanostructuring technologies increases by a factor of 2-3, while
permissible stress levels increase significantly without loss of elasticity. Moreover, improved low-
temperature performance enhances operational reliability in northern and continental climatic
regions, which is critically important for railway systems of Russia and Kazakhstan.

From the standpoint of smart manufacturing systems, the production algorithm shown in
Figure 1 can be integrated with automated thermal monitoring sensors, Al-based process control
systems, and digital quality-control platforms. Such integration enables adaptive regulation of
technological parameters in real time, ensuring stable product quality, reduced defect probability,
and improved repeatability of mechanical characteristics across serial production batches.

Table 4 summarizes the key quantitative performance improvements achieved through the
application of nanotechnologies and additive technologies across the principal application areas in
transport engineering.

Table 4 — Performance improvements from nanotechnology and AT applications in transport
engineering

Application area Effect of nanotechnology / AT Quantitative improvement
ccliltf[:?s% tools (drills, milling Nanostructured wear-resistant coatings Tool life x1.5-2; metal removal rate x2-2.5
Sliding/rolling bearings Nanostructuring of contact surfaces chuCrlz;l;;hty x2-3 (150-200 — 500-600 million
Springs (RS and TM Ultra-high-strength spring technology with Extended service life; higher permissible stress; no
suspension) nanoscale structure coil settling
Diesel engine / pump Nanopowder anti-friction compounds Fuel saving 10-15 %; wear +1.5-2.5; power +2—
friction units (RIMET) 4%

. Micro-arc oxidation (MAQ) nanostructured Wear-resistant, corrosion-protective, or
Al/Mg/Ti surfaces . . X
ceramic coatings thermostable surface as required

Conveyor belts Nanoparticle additives to belt material Increased flexibility; reduced wear
AT-produced components g(l)iltlrsé?al computed tomography (CT) quality Reduced scrap rate; optimized forming parameters

The quantitative indicators presented in Table 4 demonstrate that the application of additive
and nanotechnologies produces substantial improvements in the operational characteristics of
transport engineering components across multiple functional areas. The most significant effects are
observed in wear resistance, fatigue durability, energy efficiency, and maintenance interval
extension, which directly influence the reliability and economic efficiency of railway transport
systems.

Nanostructured wear-resistant coatings applied to cutting tools considerably increase tool
durability and machining productivity. The increase in allowable cutting speeds and metal removal
rates enables reduction of manufacturing cycle duration while simultaneously improving
dimensional accuracy and surface quality. This is especially important for high-precision machining
of rolling stock and track machine components operating under elevated mechanical loads.

The nanostructuring of sliding and rolling bearing contact surfaces provides a particularly
important improvement in fatigue durability. The increase in operational life from 150-200 million
to 500—600 million loading cycles significantly reduces maintenance frequency and lowers the
probability of unexpected equipment failures. Such improvements are achieved through refinement
of the microstructure, reduction of friction coefficients, and suppression of crack initiation
processes within the surface layer.

Ultra-high-strength spring technologies incorporating nanoscale structural modification
demonstrate major advantages for railway suspension systems. Increased permissible stress levels,
elimination of coil settling, and improved low-temperature performance substantially enhance
operational stability of rolling stock under dynamic loading conditions. These characteristics are
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especially important for freight trains operating under heavy axle loads and severe climatic
conditions.

The application of nanopowder anti-friction compounds in diesel engines and pump friction
units produces combined technical and economic benefits. Reduced friction losses lower fuel
consumption by 10-15 %, while simultaneous reduction of wear intensity extends equipment
service life and decreases repair costs. The observed increase in engine power output additionally
improves traction efficiency and overall transport system productivity.

Micro-arc oxidation (MAQ) nanostructured ceramic coatings applied to aluminum,
magnesium, and titanium alloys significantly enhance corrosion resistance, thermal stability, and
wear protection. These coatings are particularly valuable for lightweight transport engineering
structures where the combination of low mass and high durability is critically important. Depending
on processing parameters, multifunctional protective layers with tailored operational properties can
be obtained.

The implementation of industrial computed tomography for quality control of additively
manufactured components represents another important technological advancement. Non-
destructive inspection of internal structures enables identification of hidden defects, porosity, and
material discontinuities that cannot be detected through conventional external inspection methods.
This substantially reduces the scrap rate, improves repeatability of manufacturing processes, and
supports optimization of additive manufacturing parameters.

Overall, the results summarized in Table 4 confirm that additive and nanotechnologies
provide not only local improvements in individual component characteristics, but also a systemic
increase in the reliability, efficiency, and sustainability of transport engineering production. The
integration of these technologies into smart manufacturing systems creates the technological basis
for the transition toward digitally controlled, resource-efficient, and highly adaptive railway
engineering enterprises operating according to Industry 4.0 principles.

New design solutions for rolling stock and track maintenance require braking systems for
RS, TM, and car bogies with independently rotating wheels. The developed disc brake scheme for
RS wheelsets incorporating nanomaterials will improve reliability and safety. Cutting tools made
from boron nitride nanopowder provide increased wear resistance and enhanced tool productivity,
reducing component processing costs by up to 60 %. Multifunctional nanoceramic coatings on
aluminum and magnesium surfaces, applied by micro-arc oxidation (MAQO), form nanostructured
ceramic-like layers on aluminum, magnesium, titanium, zirconium, and other metal surfaces.
Depending on processing conditions, wear-resistant, corrosion-protective, electrically insulating,
thermally resistant, or combined surfaces can be obtained (Perevertov, 2022: 41).

Conclusion.

The present study addressed the analysis and evaluation of traditional, additive, and
nanotechnology applications in railway engineering under JSC Russian Railways conditions, with
the aim of improving the quality, reliability, and durability of rolling stock and track machines. A
comprehensive set of research methods was applied, including literature and patent analysis, review
of modern manufacturing technologies, a systems approach to product quality evaluation, and
investigation of sensor systems and quality control technologies.

The research objectives were realized as follows. A detailed analysis was conducted of
forming process technologies encompassing traditional technologies (casting, machining, pressure
forming), additive technologies (3D printing, robotic complexes), and nanotechnologies
(nanopowders, nanocoatings, surface modification). Integration capabilities of smart manufacturing
systems, including flexible manufacturing modules, information management systems, and
monitoring systems, were investigated. Particular attention was devoted to quality control in AT
and NT production, including industrial computed tomography for internal product structure
assessment and dimensional accuracy assurance.

The following key results were obtained:

— Improved manufacturing process efficiency. Additive technologies enable production of
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parts of arbitrary complexity without massive blanks, reducing manufacturing waste and lowering
material processing costs.

— Enhanced part quality and reliability. Nanomaterials and nanocoatings provide increased
strength, wear resistance, thermal stability, and corrosion resistance of components, including brake
system elements, bearings, and springs. Part durability increases by a factor of 2 to 5 compared to
traditional technologies.

— Integration of flexible and intelligent management systems. Sensor systems enable real-
time monitoring of manufacturing process parameters, ensuring compliance with quality standards
and reducing the scrap rate.

— Economic benefit. Nanostructuring and RVS technologies reduce repair and equipment
operation costs, extend maintenance intervals, and reduce electrical energy and fuel consumption by
10-15 %.

The conclusions confirm that the integration of traditional, additive, and nanotechnologies
into railway engineering substantially improves the quality and reliability of manufactured products
and opens new possibilities for optimizing manufacturing processes. The use of nanomaterials and
flexible technological systems provides unique product properties not achievable by conventional
methods and significantly expands the potential for product parameter diagnostics and control.

Prospects for further work include: implementation of AT and NT in the serial production of
RS and TM components; development of new design solutions and innovative materials including
nanocomposites and nanocoatings; application of computer simulation and artificial intelligence for
manufacturing process optimization, part wear prediction, and forming accuracy improvement; and
expansion of RVS technology and nanostructured material applications for extending equipment
service life and increasing economic efficiency of railway transport operation.

The practical significance of the study lies in the fact that the results obtained can be
implemented at railway engineering enterprises to improve RS and TM reliability and durability,
reduce operating costs, and enhance service quality. The developed ultra-high-strength spring
production algorithms, nanocoating deposition methods, and nanomaterial applications provide the
basis for creating products competitive with foreign equivalents, contributing to domestic import
substitution and innovative modernization of the industry.
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Abstract. In the context of increasing power of electric rolling stock and widespread
application of power electronics, the problem of reliable operation of automatic locomotive
signaling systems has become particularly relevant. Automatic locomotive signaling (ALS and
ALSN) operates in a complex electromagnetic environment and is exposed to traction currents,
their harmonic components, impulse interference, and magnetic fields generated by running gear
of electric locomotives. These factors can cause short-term disturbances in signal reception that
are not related to equipment failures, thus reducing the reliability of railway automation and
telemechanics systems. The purpose of this study is to analyze the main sources of electromagnetic
interference affecting the operation of automatic locomotive signaling on DC and AC electrified
railway sections. The objectives of the research include identifying the mechanisms of traction
current influence on ALSN receiving devices, analyzing the harmonic composition of traction
currents, and summarizing existing methods for improving interference immunity. The results of
the study systematize the main causes of ALS malfunctions and demonstrate the significant role
of traction current harmonics and operating modes of electric locomotives, including regenerative
braking. It is shown that modern electric locomotives are significant sources of broadband
electromagnetic interference, while increased sensitivity of modern signaling systems leads to a
higher probability of false operations. In conclusion, the study substantiates the need for a
comprehensive approach to ensuring electromagnetic compatibility, including improvement of
traction converter circuits, application of active and passive filtering, and modernization of
automatic locomotive signaling systems with consideration of real operating conditions.

Keywords: automatic locomotive signaling, traction current, electromagnetic interference,
interference immunity.
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AHHOTanusi. OJEKTp OKbUDKBIMAJbl KypaM KyaThIHbIH apTybl JKOHE KYIUTIK
AIIEKTPOHHUKAHBIH KCHIHEH KOJJIAHBUTYBI JKaFIalbIHIa aBTOMATTHI JIOKOMOTHBTIK CUTHATU3AIUs
JKYHEJepiHiH CEeHIM/1 )KYMBICBIH KAMTaMachl3 €Ty MACEJIECl €PEKITe ©3EKTUTIKKE Ue OOJIBIT OTHIP.
AJIC xone AJICH KypbUIFbUIAphI KYpJIEIi 3IEKTPOMArHUTTIK OPTa/ia )KYMBIC ICTEH Il )KOHE TapTy
TOKTapbIHBIH, OJIAPIbIH TAPMOHUKAIBIK KYpamM/IacTapbIHbIH, UMITYJIbCTIK KeIepTiiep/IiH, COHIail-
aK JKbUDKBIMAJbl KYPaMHBIH JKYpiC OeJIIKTepiHEH TYbIHIANTHIH MarHUT epiCTEepiHiH acepiHe
yiibipaiael. byn ¢akropnap anmapaTypaHbIH ICTE€H UIBIFYBIHCBI3-aK KOJTBHIK CUTHAJAAPIbI
KaObUIIAyIbIH YaKbITIIa OY3bUTybIHA OKENyl MYMKiH. 3epTTEyAiH MaKcaThl — TYPAaKTbl KOHE
alfHbIMaJbl TOKIICH JJICKTPICHAIPUITEH TEMIPKOJI YydYacKeJepiHAe aBTOMATThl JOKOMOTHUBTIK
CUTHAJIM3ALUS JKYMBICBIHA oCep €TETiH AJIEKTPOMArHUTTIK KeAEepriiepiH HEri3ri Ke3JaepiH
Tanaay. 3epTrey MiHaeTrTepine Tapty TOrblHBIH AJICH kaObuimay KypbUIFBUIAPBIHA 9CEP €TY
MEXaHM3MJIEPIH AaHBIKTAy, AJIEKTPOBO3AAPABIH TapPTy TOKTAPBIHBIH TapMOHUKAIBIK KYpPaMbIH
Tajaay JKOHE KeAeprire To3IMIUTIKTI apTThIPy SAICTEPiH JKMHAKTAY Kipei. 3epTTey HOTHKECIH/IE
AJIC >xyitenepinzeri ipkimicTepaiy Herisri cebentepi >xyieneHai, TapTy TOTbl FapMOHUKAIAPhI
MEH DJICKTPOBO3IAPIbIH KYMBIC PEKUMJICPIHIH, COHBIH IIIIHAEC PEKYIEPaTUBTIK TEKEYAIH dcepi
kepcetinai. Kasipri 3aMaHFbl 37IEKTPOBO3AAPAbIH KEH KUUIIK AMANa30HbIHIA 3JIeKTPOMAarHUTTIK
KeIepruiepaiH MaHbI3Ibl KO31 €eKEeHI aHBIKTaNAbl. KOpBITBIHABICHIHAA 3JICKTPOMArHUTTIK
YHIECIMIUTIKTI KaMTaMachl3 €Ty YIIiH TapTy TYPJSHAIPTIIITEepiH KeTiaipyai, OeJICeH Il KoHe
MACCUBTI CY3TUIepAl Konmanyasl, connaii-ak AJIC >xylenepiH HaKThl Maiganany KaraanaapbiH
€CKepe OTBIPHII YKAHFBIPTYIbI KAMTHTBIH KEIICH I TOCUIIIH KaKETTUTIT1 HeT13IeIi.

TyiiiH ce31ep: aBTOMATThI JIOKOMOTHUBTIK CUTHAJIU3aLUs, TAPTY TOTBI, AIEKTPOMArHUTTIK
KeJIepri, 3IEKTPOBO3, KeJEPTire TO3IMIIIIK

Hoiiexco3nep ymin: J[. [llarnaxmeToB, P. MBakuHa. XXbunKbIMaibl KypaMHbBIH aBTOMATThI
JIOKOMOTHUBTIK cUrHanm3anusra acepi / Kazakcran enaipic kemiri. 2025. Tom. 22. Ne 87. 58—67
6et. (Opsic Tin.). https://doi.org/10.58420/ptk/2025.87.03.005

Mynaenep KakThIFbICBI: ABTOpiap OCHl Makajlaga MyJJelep KaKTBIFbICHI JKOK JIell
MOJIIMIEN .
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AHHOTamusa. B ycioBHusSiX pocTa MOIIHOCTH BJIEKTPOMOABHXHOIO COCTaBa M
HIMPOKOT0 BHEAPEHUS CHJIOBOM JJEKTPOHUKM TmpobiiemMa yCTOWYUBOCTU  pabOThI
ABTOMATHYECKOW JIOKOMOTHBHOW CHTHAIW3alMu NpUoOpeTaeT 0coOyH aKTyalbHOCTD.
YcerpoiictBa AJIC 1 AJICH sKCIutyaTHpPYIOTCS B CIIOKHOM JIGKTPOMArHUTHOW 00CTaHOBKE U
MOJBEPKEHBl BO3JEHUCTBUIO TATOBBIX TOKOB, HUX TapMOHHYECKHUX COCTaBIISIONIUX,
UMIYJIbCHBIX MOMEX M MAarHUTHBIX MOJIEH XOJOBBIX 4YacTed MNOABHKHOIO COCTaBa. JTHU
(hakTOpbl MOTYT BBI3BIBATH KPATKOBPEMEHHBIE HAPYIICHHS MpPHEMa KOJOBBIX CHUTHAJIOB, HE
CBSI3aHHbIE C OTKa3aMH almapaTypbl, YTO CHHXKAET HAJEKHOCTh CUCTEM XKEJIE3HOAOPOKHOU
aBTOMAaTUKU U TeJeMexaHuku. llenbio wuccienoBaHus SIBISIETCS AaHAJIU3 OCHOBHBIX
MCTOYHHMKOB DJJICKTPOMAarHUTHBIX TIOMEX, BIHSIOMMUX Ha paboTy aBTOMaTHUYECKOI
JJOKOMOTHUBHOM CHUTHAJM3allMA HA YyYacTKaxX C DJJIEKTPUYECKOM TATCOM IOCTOSIHHOTO H
nepeMeHHOro Toka. B 3agaum pa®oThl BXOJAUT BBHISABICHHE MEXAaHU3MOB BO3JEHCTBUS
TSTOBOr0O TOKAa Ha mpueMHble ycTpoiictBa AJICH, aHanu3 rapMOHUYECKOTO COCTaBa TSATOBBIX
TOKOB D3JIEKTPOBO30B, a TakXe oOO0OOOIIeHNe CYIIECTBYIOIIMX METOJO0B IOBBIIICHUS
MOMEXOYCTOMYMBOCTU. B pe3ynpraTe wuccieqoBaHUs CUCTEMATU3UPOBAHbBl OCHOBHBIE
npu4rHbI cOoeB B pabote AJIC, mokazaHa poyib TapMOHUK TATOBOTO TOKA M PEKUMOB PabOTHI
3JIEKTPOBO30B, BKJIIOYAS PEKyNEpaTUBHOE TOPMOKEHHUE. Y CTAaHOBJIEHO, UTO COBPEMEHHBIE
AJIEKTPOBO3BI SBJIAIOTCS 3HAYUMBIMH MUCTOYHHKAMU HIUPOKOIOJIOCHBIX 3JIEKTPOMArHUTHBIX
MOMEX, & YYBCTBUTEIBHOCTh HOBBIX CUCTEM JJOKOMOTUBHOM CUTHAIM3ALMHU MOBBIIIAET PUCK
JOXHBIX cpabaTeiBaHui. B 3akitoueHue cienad BBIBOJ O HEOOXOAMMOCTH KOMIUJIEKCHOTO
noaxona K  OOECHEUYEeHHIO  JIEKTPOMAarHUTHOW  COBMECTUMOCTH,  BKJIIOUYAIOMIETO
COBEPIICHCTBOBAHUE CXE€M TSIATOBBIX MpeoOpa3oBaTesiei, NPUMEHEHHE AaKTUBHBIX U
MacCUBHBIX (UIBTPOB, a Takxke MoaepHu3anuio cucteM AJIC ¢ yueTom peanbHbIX YCIOBHI
AKCILTyaTalluu.

KawoueBbie cJjioBa: aBTOMaTUYECKasi JIOKOMOTUBHAsI CUTHAIW3alUsA, TATOBBIM TOK,
AJIEKTPOMArHUTHBIE ToOMeXH, HenmpeprIBHOTO JEMCTBUS, SJIEKTPOBO3, TOMEXO0YCTOWUYHBOCTh
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Ha aBTOMATHYECKYI JIOKOMOTHBHYIO cHUTHanu3anuio // TIOMBIIUICHHBIH TpaHCIOPT
Kazaxcrana. 2025. T. 22. No. 87. Crp. 5867 . (Ha pycc.).
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BBenenue

ABTomatuueckasi JTJokoMoTuBHas curHanuzanus (AJIC) sBisercss OJHUM U3 KIFOYEBBIX
AIIEMEHTOB CHCTEMBbl oOOecriedyeHHus] Oe30IaCHOCTH JBMXKEHHUS MO0Ee3J0B U HAJEKHOTO
(YyHKIIMOHUPOBAHUS JKEJIE3HOJAOPOKHOTO TPAHCIOPTA. YCTOMYMBOCTH PabOTHI yCTPOWCTB
AJIC HanpsamyIo ompenensieT ypoBeHb 0€30MaCHOCTH JABM)KEHHS, TPONYCKHYIO CITIOCOOHOCTH
y4acTKOB U 3 (PEKTUBHOCTH IKCIUTyaTAllMH MOJBUXKHOTO COCTaBa. B yCIOBHSX MIHUPOKOTO
BHEJIPEHUs DJIEKTPUYECKOW TArCM M POCTA MOIIHOCTH 3JIEKTPONOJBUKHOTO COCTaBa
CYILIECTBEHHO BO3pacTaeT BIUSHUE DJJIEKTPOMArHUTHBIX TMOMEX Ha YyCTpPOWCTBa
KEJIE3HOJOPOXKHONW  aBTOMaTwuku W  TeneMmexanuku (KAT), uro mnpuBoauT K
KPaTKOBPEMEHHBIM HAPYIICHUSM PaOOTHl aBTOMATUYECKOW JIOKOMOTHBHOUN CUTHAIW3AIHH,
HE CBSI3aHHBIM ¢ oTKazaMu ammnapatypsl (Jleonos, 2002: 45-52).

OOocHoBaHUE BBIOOpa TEMBl HCCIEAOBAHHUS CBS3aHO C TEM, YTO, HECMOTpS Ha
Haluuue QyHIAaMEHTAJbHBIX pPabOT, MOCBAIIEHHBIX TEXHUYECKOMY OOCIYyKHUBAaHUIO U
skcrnyatanuu  AJIC, mpoOiema BIUSHUS TSTOBOTO TOKa HA YCTOWYHUBOCTH pPabOTHI
JJOKOMOTHBHOW CHUTHaJIM3allMd OCTaeTcs 10 KOHIa He pemeHHol. HMccnenoBanus
MOKAa3bIBAIOT, YTO MUMITYJIbCHbIE U TAPMOHUYECKHUE COCTABIISIONINE TSATOBOTO TOKA, a TaKXkKe
HEPaBHOMEPHOCTh MArHUTHOTO TOJs BJAOJb PEIbCOBON JIMHUU CIOCOOHBI BBI3BIBATH
ucKakxeHus: KoJoBbIX curHaiaoB AJIC u nmpuBoauTh Kk c60siM B ux pabote (Illamanos, 2015:
73-81; Iletpos, 2010: 96—-103).

AKTYyalabHOCTb TEMBI ONPEAETIETCSI TEM, YTO COBPEMEHHBIE AJIEKTPOBO3bI C MOITHBIMHU
TSATOBBIMH  HPUBOJAMU U  IpeoOpa3zoBaTeNsIMU MNEPEMEHHOW YacTOThl  SIBISIIOTCS
JIOTIOJIHUTEIbHBIMU UCTOYHUKAMHU JJIEKTPOMArHUTHBIX MOMEX B IIMPOKOM JHaNa3oHe
YacTOT. DTH TMOMEXM OKa3blBalOT BJIUSHHUE HE TOJbKO Ha yctpoiictBa AJICH, HO U Ha
penbcoBble nenu cucteM dKAT, ocoOeHHO Ha ydacTKax ¢ 3JEKTPHUUECKOH TATOU MOCTOSTHHOTO
u nepemenroro Toka (CmupuoB, 2008: 118—125; Cokomnos, 2014: 84-92). IIpu 3TOM pocT
rapMOHUYECKHX COCTABISAIONIUX TATOBOTO TOKAa M HM3MEHEHHE PEXUMOB pPabOThHI
3JIEKTPOBO30B, BKJIIOYas PEKYNEPAaTUBHOE TOPMOXKEHHUE, NMPUBOIAAT K YBEJIMYECHHUIO YHCIA
c6oeB B paboTe TokOMOTHUBHOM curHanu3anuu (MBanos, 2012: 47-49).

OO0BbeKTOM HcCleAOBaHMUS SBJISETCS CHUCTEMa aBTOMAaTHYECKOM JIOKOMOTHUBHOM
CHUTHAJIM3AIMU HA YYAaCTKaX >KEJIE3HbIX JOPOT C JIEKTPUUECKOU TATOM.

[Ipeamerom HCCJEI0BAaHUSA SIBIISIETCS BO3/I€HICTBHUE TSTOBOTO TOKa
3JIEKTPOINOABUKHOTO COCTaBa M €ro rapMOHUYECKUX COCTABISIONIUX HAa YCTOWUYMBOCTH
pabotsl yctpoiictB AJIC nu AJICH.

[lenbto McclieqOBaHUS SBISETCA aHAJIN3 NMPUYMH BOSHUKHOBEHUS KPAaTKOBPEMEHHBIX
HapylIeHH paboThl aBTOMATHYECKOW JIOKOMOTHBHOHM CHTHajIW3alud, OO0YCIOBICHHBIX
BO3JCHCTBUEM TATOBOTO TOKa, a Takke OO0OCHOBaHWE HAIMpaBICHUM TOBBIIICHUS
AJEKTPOMArHUTHONW COBMECTUMOCTH 3JIEKTPONIOJBUKHOTO cocTaBa U ycTpoucTs XKAT.

Jlns mocTUXKEHHS TOCTAaBICHHOW Ilenu B paboTe MmpeaycMaTpuUBaeTCs pelieHue
CIEQYIOINX 3a/1au:

- aHajuM3 OCHOBHBIX BHJOB IIOMEX, BoO3HUKamomux B cucremMax AJIC mnox
BO3/€HCTBUEM TATOBOTO TOKA;

- ICCNIeIOBaHUE BIHMSHUS TApPMOHUYECKOT0 COCTaBa TAroBOro Toka Ha paboty AJICH;

- OIICHKA BJIMSHUS KOHCTPYKTHUBHBIX OCOOCHHOCTEH JOKOMOTHBHBIX KaTyIIEK Ha
MOMEXO0YCTOMYMBOCTh NPUEMHBIX YCTPOMCTB;

- aHalu3 CYUIECTBYIOUIMX METOJOB TMOBBIIMIEHUS IOMEXOYCTOWUYUBOCTU CHUCTEM
JIOKOMOTHBHOM CUTHAJIU3AIUH;

- 000CHOBaHHE TMEPCIEKTUBHBIX TEXHHYCCKUX PEHICHHWH [0 CHIKCHUIO BIIMSHHS
3JIEKTPOMArHUTHBIX MTOMEX.

B xone wuccinenoBaHus MCHONB3YIOTCS METOJbl aHalin3a M OOOOLIEHHMS HAay4yHO-
TEXHUYECKON JUTEepaTypbl, CUCTEMHOTO U CPaBHUTEJBHOTO aHalW3a, a TaKXKe METOJbl
TEOPUHU JIEKTPOMATHUTHOW COBMECTUMOCTH.
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B kauectBe paboueil runmoTe3bl MCCIEAOBAHUS BBIABUTACTCS MPEANOIO0KEHHE O TOM,
YTO TOBBIIICHUE YCTOHYMBOCTH pPabOTHl YCTPOWCTB aBTOMAaTHYECKOH JIOKOMOTHBHOM
CUTHAJIM3AIMU MOXET OBITh JOCTUTHYTO 32 CYET KOMIUIEKCHOTO y4eTa rapMOHHUYECKOIO
COCTaBa TSATOBOTO TOKa, pPEXHUMOB pabOThl  SIEKTPOMOJBHKHOTO  cOCTaBa U
COBEPLICHCTBOBAHMUS CXEMHBIX U KOHCTPYKTUBHBIX PEIICHUI MPUEMHON anmnapaTyphl.

[IpakTuueckass 3HAYUMOCTb HCCIEIOBAaHUSA  3aKJIIOYA€TCd B  BO3MOXXHOCTH
MPUMEHEHHUS MMOJYYEHHBIX BbIBOIOB NpHu MoaepHusanuu cuctem AJIC u AJICH, a Takxe npu
pa3paboTKe Mep MO MOBBIMICHHUIO YJIEKTPOMATHUTHON COBMECTUMOCTH JJICKTPOIMOIBHKHOTO
COCTaBa U YCTPOMCTB JKEIE3HOJOPOKHON aBTOMATUKH U TEIEMEXAHUKH.

MartepuaJibl 1 METOAbI

MeToa00THsI HACTOSIETO MCCIEAOBAHUS HANPABJICHA HAa KOMIUIEKCHOE HM3Yy4YE€HUE
NPUYMH BO3HUKHOBEHUS KPAaTKOBPEMEHHBIX HAapyIIeHHH paboThl aBTOMATUYECKOU
JIOKOMOTHBHOM CHUTHAJIW3AIMU HA y4aCTKaX C DJIEKTPUUECKON TATOM M 00OCHOBaHHWE MyTeH
MOBBIIIEHUST €€ TMoMexoycTtoiuuBoctu. MccinenoBanue TMOCTPOEHO HAa COYETAHUU
TEOPETHYECKOT0 aHalin3a, 00001IeHUs SKCIIEPUMEHTAIBHBIX JAHHBIX U CUCTEMHOTI0 MOJIX0/a
K mpoOJieMe IEKTPOMArHUTHOW COBMECTUMOCTH JIEKTPOIOIBUKHOTO COCTABA U YCTPOUCTB
KEJIE3HOJOPOKHON aBTOMATHKH U TEJIEMEXAHUKHU.

B pamkax paGoThI TOCTABJICHBI CIEAYIONIUE UCCIEIOBATEIbCKHUE BOMIPOCHI:

- Kakhe BHJABl TMOMEX TATOBOTO TOKa OKa3bIBAalOT HauboJblliee BIUSHUE Ha
ycToiunBocTh paboTs! yecrpoiicts AJIC u AJICH;

- KaKk TapMOHUYECKHUU COCTaB TITOBOI'O TOKAa M PEXHUMBI pPabOThl 3JIEKTPOBO30B
BJIMSIIOT HA MPHUEM KOJIOBBIX CUTHAJIOB;

- KaKkWe KOHCTPYKTHUBHBIE M CXEMHBIE OCOOCHHOCTH MpPHUEMHBIX ycTpoicTB AJIC
ONpPENENSAIOT UX YyBCTBUTEIbHOCTh K 3JIEKTPOMAarHUTHBIM ITOMEXaM;

- KaKhe METOJbl U TEeXHUYECKHE pEelIeHUs SABISIOTCS Hanbosiee 3pPEeKTUBHBIMU IS
CHUXEHUS BIUSHUS MTOMEX.

B xauecTBe paboueii TUIIOTE3bI (TE31Ca) UCCIIETOBAHUS BBIIBUTACTCS TIPENOIOKECHUE
0 TOM, 4YTO KPAaTKOBPEMEHHBIE HapyIIeHUS pPabOThl aBTOMATUYECKON JIOKOMOTHBHOU
CUTHAJIM3AIlMM Ha Y4YacTKax C OJJEKTPUYECKON TArol oOyCIOBIEHB COBOKYIHBIM
BO3/IEICTBUEM TAPMOHUYECKUX U UMITYJIbCHBIX COCTABJISIIOIIUX TATOBOTO TOKA, a MOBBIIIICHUE
nomexoyctoiunBoctd AJIC BO3MOXKHO HpU KOMIUIEKCHOM y4Y€T€ MapaMeTpOB TATOBOTO
TOKa, PeKUMOB pabOTHI INEKTPOIMOJBUKHOIO COCTaBa M COBEPIICHCTBOBAHUU CXEMHBIX U
KOHCTPYKTHBHBIX PEUICHUN IPUEMHOMN anmapaTyphbl.

MarepuanaMu ucciae0BaHUS MOCTYKUIIU:

- Hay4dHble TpPyIbl H YydeOHbIE W3JaHHS, TOCBSIICHHBIE OKCIUTyaTalluu
ABTOMAaTUYECKOM JIOKOMOTUBHOM CHUTHAJIW3alUU, 3JIEKTPOMArHUTHOM COBMECTHUMOCTH M
BJIMSIHUIO TSATOBOTO ToKa Ha ycTpoiicTtBa KAT (Jleonos, 2002; [llamanos, 2015; CmupHOB,
2008);

- myOnukanmuu B TPOQIIBHBIX HAyYHO-TEXHHUYECKHX JKYpPHAJIAX, COJEpKAIINe
pe3yNbTaThl AKCIEPUMEHTAIbHBIX HccieaoBanuii u ananu3 npuduH cboeB AJIC u AJICH
(MBanos, 2012; Ky3uenos, 2011; Boakos, 2013; benses, 2016);

- MaTepuabl, NOCBSALICHHbIE BIUSHUIO COBPEMEHHOTO 3JIEKTPOMOABUKHOIO COCTaBa
Ha CHCTEMBbI CUTHAIU3anuu U peiabcoBbie 1enu (Cokoios, 2014; Hukomnaes, 2017).

XapakTepucTHKa MaTepuala BKIIOYaeT KaKk KaueCTBEHHbIC IaHHbIE (OMMCaHuEe BUJOB
MOMEX, PEKUMOB pabOTHI JIIEKTPOBO30B, 0COOEHHOCTEH KOHCTpYKIHHU ycTpoicTB AJIC), Tak
U KOJIMUYECTBEHHBIE JaHHbIE, OTPa)XarollU€ YPOBHHU TITOBBIX TOKOB, TapMOHUYECKUX
COCTaBJISIONIMX M 4YacTOTy BO3HHKHOBEHHS cOOEB B padoTe CHUCTEM JIOKOMOTHUBHOM
cur"ainuzanuu. McnonbzyeMble HCTOUYHMKHM oxBarbiBaroT nepuon ¢ 2002 mo 2017 roasl u
MO3BOJISIIOT MPOCJIEINUTHh IBOJIONUI0 TEXHUUECKUX PEIICHUH M TOJXOJ0B K O0ECICUCHUIO
3JIEKTPOMArHUTHONW COBMECTUMOCTH.

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



Industrial Transport of Kazakhstan. Vol.22 (3). 2025

JlocTOBEpHOCTh  BBIBOJIOB ~ 00OECIleUMBAETCS  HMCIOJIb30BAHHEM  MaTepHajoB,
MOJYYEHHBIX B PE3yJIbTaTe MCCIEIOBAHUN HA peajbHBIX Y4acTKaX >KEJIE3HbIX JIOPOT U IpHU
SKCIUJTyaTallUd  Pa3JIM4YHBIX CEpUH  dBIEKTPOBO30B, UTO TMOJATBEPXKIAETCS JaHHBIMU
npOoQUIBHBIX U3TaHUH.

HccnenoBanue NpoBOJUIOCH B HECKOJIBKO ATAIOB:

- aHallU3 HAy4YHO-TEXHUYECKON JIMTEepaTypbl U HOPMATUBHBIX JOKYMEHTOB IO
npoOJiemMe BIUSHUS TATOBOTO TOKa Ha yctpoiictBa AJIC;

- cucremMaru3anus (pakTOpOB, BHI3BIBAIOIINX KPATKOBPEMEHHbBIC HAPYIICHUS pabOThI
JTIOKOMOTHUBHOM CUTHAJINU3ALINY;

- CpaBHUTEJIBHBIM aHANU3 TIOMEXOBOTO BO3JACUCTBUA  pa3JUYHBIX THUIIOB
AJEKTPOMOIBUKHOTO COCTaBa U PEKUMOB UX pabOTHI;

- 00001IeHNE CYIIECTBYIOIUX METOJOB IMOBBIIICHUS MOMEXOYCTOHYUBOCTU CUCTEM
AJIC u AJICH;

- (dopMynupoBaHuE BBIBOJOB U OOOCHOBAaHHE TIEPCICKTHBHBIX HAMpPaBICHUI
MOBBIIIEHUS 3JIEKTPOMAarHUTHON COBMECTHUMOCTH.

B xo1e paboThl NCMIOIB30BATUCH CIEAYIONINE METO/IbI HCCIIE0BAHUS:

- aHanu3 U 00001IeHNEe HAYIHO-TEeXHUYECKOU JIUTEPATYy PHI;

- CUCTEMHBIN aHaJIM3 MPOLECCOB B3aUMOJICHCTBUS TATOBOTO TOKa U ycTpoiicte AJIC;

- CpaBHUTEJIbHBIN aHAIU3 XapaKTePUCTUK pa3IUYHBIX CHCTEM JIOKOMOTHUBHOM
CHUTHAJIU3AIUH;

- TOTUYECKHUHN U CTPYKTYPHO-()YHKIMOHATbHBIN aHATU3;

- METOJbl TEOPHUU DJIEKTPOMATHUTHOU COBMECTUMOCTH.

[IpumeHeHne yKa3aHHBIX METOJOB TIO3BOJIMJIO HCClenoBaTh mpobiiemy 0e3
TyOMupoBaHus paHee ONMyOJMKOBAHHBIX BBHIBOJIOB, & HOBU3HA MCCJIEJOBAHUS 3aKIIOYACTCS B
KOMIUJIEKCHOM PAaCCMOTPEHHH COBOKYMHOTO BJIUSHHUS TSATOBOIO TOKA, TapMOHUYECKUX
COCTaBJISIONINX U KOHCTPYKTHBHBIX OCOOCHHOCTEH ammapaTypbl Ha YCTOMYHMBOCTH PaOOTHI
aBTOMATUYECKOM JOKOMOTHBHOW CUTHAJIN3ALUN.

Pe3yabTaThl u 00CyxkaeHue

KparkoBpeMeHHbIE  HapylI€HUs  JIEMCTBUS  aBTOMATHYECKOM  JIOKOMOTHBHOMU
curHanu3anuu (AJIC), He CBsS3aHHBIE C OTKAa30M KaKOro-nu0o 3JIEeMEHTa B ammaparype,
MOTYT IPOUCXOIUTH 1o psaay npuduH (Jleonos, 2002: 12—-18; Ilamanos, 2015: 21-27).

OCHOBHBIE M3 HUX CIEAYIONIHE: MUMIYJIbCHOE BIHSHHUE TATOBOTO TOKA; BIUSHHUE
TapMOHHMK TSATOBOTO TOKA; BIIMSHHUE BEPTHUKAJIbHBIX W TOPH3OHTAIBHBIX KOJICOAHWH B
MarHUTHOM T0JIE€ TATOBOTO TOKA; BIMSHHE HEPABHOMEPHOCTH MAarHUTHOTO MOJS TSATOBOTO
TOKa BJOJIb DPEIbCOB; BIHMSHME HAMarHWY€HHOCTU pEIbCOB; BIUSHUE JIMHUU
aIeKTporepeaay; BpeMeHHble HckaxeHus komoB AJIC; HemocTaTKM cXeM KOJAMPOBAHHS
CTAaHI[MOHHBIX PEJILCOBBIX 1iemneil; npoune npuuunsl (Illamanos, 2015: 34—49; Ilerpos, 2010:
41-53).

Haumenee ycroiiunBo pabortator yctporictBa AJIC Ha ydacTkax ¢ 3JEKTPUUYECKOU
TATOW TOCTOSHHOTO U MEPEMEHHOTO TOKa. JTO OOCTOSATENHCTBO OOBICHSETCS TEM, UTO
npuemHas cucremMa yctpoiictB AJIC HaxonuTcs mojA BO3JEHCTBMEM MAarHUTHBIX MOJIEH
TSATOBOTO TOKa, MPOTEKAIOIIETO MO pelbcaM M XOJ0BbIM yacTsM JokomotuBa (MBanos, 2012:
45-47; Cmupnos, 2008: 88—94).

[lepemennass cocrTaBismooas STHX MOJeH HHAYIUPYET B MPHEMHBIX KaTyIIKaX
ANEKTPOJBUKYIIYIO CUIIY, KOTOpasl PU ONPEACIEHHBIX YCIOBUAX HApyIIaeT HOPMaJIbHBII
MpUEeM KOJOBBIX CUTHAJIOB, U pab0Ta YCTPONCTB JTOKOMOTHBHOM CUTHANM3AIMUA CTAHOBUTCS
HeycToMunBoi. CTemnmeHb BO3JACHUCTBHSL TATOBOTO Toka Ha paboty AJIC omnpenensercs
IJ1aBHBIM 00pa3oM YpOBHEM TSATOBOI'O TOKA UM €r0 FapMOHHK B PEIbCOBOM JUHUH, a TaK¥kKe
CTENEHbI0 ACUMMETPHUU KaHalla «pejibcoBas JIMHUA — npuemuble katymku AJICy» (Bomakos,
2013: 16-19; benses, 2016: 31-33).
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CoBpeMEHHBIE JIEKTPOBO3bI SBISIOTCA JONMOJHUTEIbHBIMU HCTOYHUKAMU NTOMEX Ha
AJIC wenpepwsiBHOro neiictBusi (AJICH) wu penscoBeie menu (PL[) ycrpoiicT
KEJIe3HOJ0POKHOM aBTOMATUKH U TejaeMexaHuku (JKAT) B mupoKoM 4acTOTHOM JTHaIia3oHe.
TsAroBele TOKM DJJIEKTPOBO3a, MPOTEKas MO €ro METAJJIMYECKUM dacTsAM BOJIU3HU
nokomoTuBHBIX Karymek AJICH, HaBoastT momexu B 3Tux karymkax (Cokomnos, 2014: 57—
63; CmupHoB, 2008: 101-106).

PocTt MOImHOCTH 3JIE€KTPOBO30B MNPUBOAUT K TOMY, YTO YPOBEHb HX BIUSIHHUSI
CTaHOBUTCSI COINOCTABHMBIM B OTHEIBHBIX CIy4asX C BIUSHUEM TSITOBBIX MOJACTAaHLMI
(Huxomaes, 2017: 74-79).

C TouykM 3peHHsT TapMOHMYECKOTO COCTaBa IMEPBUYHOTO TOKAa BCE BHUJBI
3JIEKTPONOABMUKHOTO COCTaBa MOXHO pa3JeiuTh Ha JBE IPYNIbl: ¢ IpeodpazoBaTeNsIMu,
paboTaroUMMU Ha CTPOro ONPEeNeNEHHONW YacToTe, U C Mpeodpa3oBaTeNsIMU MEPEMEHHOM
gacToThl (Bonkos, 2013: 17-20).

Pe3oHaHCHBIE sIBIEHHUS B TATOBOM CETU IpU ONpPENEIEHHBIX YCIOBHUSAX IPUBOIAT K
YCUJIEHHUIO OTAECIbHBIX TaPMOHUYECKUX COCTABIISIONIUX TATCOBOTO TOKA, YTO YBEJIHYHUBAET
BeposITHOCTH cOoeB B pabore PI[ u AJICH c Hecymeit yactoroit 50 ', a Takke TOHATBHBIX
PII u cucremer AJIC-EH ¢ gactotoit 175 I'n.

IloBpimienne uwyBcTBUTENbHOCTH KaHana AJIC B cucremax KIIYb u KIIVB-VY
00yCIIOBUJIO POCT UX BOCIPUMMYHUBOCTH K TOMEXaM OT CHUJIOBBIX II€IEil 3JIEKTPOBO30B, YTO
CBS3aHO ¢ Oosiee BBICOKOH JOOPOTHOCTHIO JIOKOMOTHBHBIX KAaTyII€K M MEHBUIUM
ociabJIeHueM CUTHAJIOB MPOMBINIJIEHHONW YacTOThl MO cpaBHeHHI0 ¢ cuctemoir AJICH
(Ky3neuos, 2011: 27-29; bensies, 2016: 34-36).

HccnenoBanus, MpoBeIEHHBIE HA )KEJIE3HbIX Joporax Poccuu, mokasanu, 4To cpeaHee
gucio cooeB yctpoiicTB AJIC B cucteme KJIYB-Y cymiecTBeHHO mpeBbIIaeT aHAIOTUYHBIN
nokazarens 1is peneiabix cuctem AJICH (Coxomnos, 2014: 119-124).

B pexuMe pexynepaTUBHOTO TOPMOJKEHMS BIMSHHE TATOBOTO TOKA 3JEKTPOBO3a Ha
AJICH pe3ko Bo3pacTaeT, MpU ATOM 3HaudHWTENIbHas N0 cO0eB (HUKCUPYETCSs MMEHHO B
naHHOM pexume pabotsl (MBanos, 2012: 49-51; [lerpos, 2010: 96-101).

AHanu3 rapMOHHYECKOTO COCTABA TATOBBIX TOKOB 3JIEKTPOBO30B B PEKHUMAX TATH U
peKynepanuu nokas3blBaeT, YTO CYMMHUPOBAHUE OTAEIbHBIX FAPMOHUK MOJXKET MPUBOJUTH K
YBEJINUYCHHUIO YPOBHS ITOMEX B PEIbCOBBIX IeTAX U mpueMHbIX ycTporicTBax AJICH (Bonakos,
2013:20-22).

DKcnepuMeHTalbHbIE UCCIEA0BAHUS MOATBEPKAAIOT, YTO U3MEHEHHUE PACTION0KEHUS
MPUEMHBIX KaTyIIEK U SKPAaHUPOBAHUE MPOBOJOB MO3BOJISIIOT CHU3UTh YPOBEHb UMITYJIbCHBIX
noMex B Heckoiabko pa3 (Ilerpos, 2010: 132—-138; Cokouos, 2014: 141-145).

Jns obecrnedeHus 3IEKTPOMArHuTHOM COBMECTUMOCTH 3JIEKTPOTOABUKHOTO COCTaBa
u yctpoiicTB )KAT mepcrneKTUBHBIMU HampaBICHUSMU SABJISIOTCS HOPMHUPOBAHHUE YpPOBHEN
TapMOHMK TSTOBOTO TOKa, NMPHUMEHEHHWE AaKTHUBHBIX M MAaCCUBHBIX (UIBTPOB, a TaKxke
pa3paboTka HOBBIX THIIOB pelbCOBBIX Hemneil u cucteM AJIC ¢ yuéToM peanbHBIX YCIOBHMA
skcrnyatanuu (Hukomnaes, 2017: 165—-172; Kysuenos, 2011: 28-30).

Tabnuna 1. DnexTpoMarHuTHas COBMECTUMOCTb 3JI€KTPOB030B ¢ ycTpoiicTBamu XKAT

YacToTa CUTHAJIBHOIO TOKA, ITonoca nponyckanus, 'y JlonycTuMelil ypoBeHb moMeXx, A
'y
19+21 0,4
21+29 1,0 omacHoe
29+31 4,0
42+46 5,0
4654 1,3 onacHoe
54+58 5,0
175 167184 0,4
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[TossBneHne Takoro JOKyMEHTa sBIAETCs, 0€3yCIOBHO, OOJBLIIMM I[IaroM B Jele
obecrieyeHus1 JIEKTPOMArHUTHOW COBMECTHMOCTH TATOBOro Toka ¢ ycrpoictBamu XAT,
OJTHAKO MpPU HITOM OCTAETCS MHOTO HescHocTed. IlepBasg M3 HHUX — MO AONyCKaemou
JUTUTEILHOCTH TOMEX, MOCKOJIBbKY Il yCTOMUMBOW paboTel ycTpoiicTB XXAT BaxHBI He
TOJIbKO 4acTOTa, HO U JJIUTEJIBHOCTh TOMEXHU. BO-BTOpBIX, HET KaKUX-TMOO MOSICHEHUH, B
KaKoOM peXuMe paboThl 3JIEKTPOBO3a U TATOBOH CETH HEOOXOIUMO BBINOJIHATH H3MEPEHHUS.
Ecam sTH mM3MepeHUs INOJKHBI INPOBOAUTHCSA IPHU HAUXYAIIMX YCIOBHUSAX, TO OCTAeTCs
HESICHBIM, KaKH€ YCJIOBUS SIBISIOTCS HAUXYAIINMH.

Ha HexoTopsIX 31eKTpoBO3axX Mmpu ckopocTu aBmwkeHus 30 u 60 kM/4 oOHApYKEHO
BJIUSIHUE TIEPBOTO U IIECTOTO TATOBBIX JJIEKTPOJBUIATENe Ha INPHUEMHBIE KaTyILIKH.
VY CTpaHuTh 3TO BIUSHUE MOKHO NMEPECTAHOBKOM IPUEMHBIX KAaTyIIECK HA IIyTEOYUCTHUTEINb.

MouiHoCTh UMITYJIbCHBIX IIOMEX, HABOAUMBIX B IpueMHbIX Katymkax AJICH, MmoxHO
YMEHBUINTH IIPUMEHEHHEM OTPAaHMYMUTEIECH aMIUIMTYABI 3TUX noMmex. [IpumeHeHue Takoro
npubopa 3alUTHI, BBIMOJHEHHOTO B BHUAEC MNPUCTABKHM K JIOKOMOTHBHOMY YCHIIHUTEIIO
MIO3BOJISIET CHU3UTh MOIHOCTh CHUTHAJIa IIOMEXH HACTOJBKO, YTO MMIIYJbCHOE pene /M Ha
IIOMEXY IIEPECTAECT pearupoBaTh.

B pesynprate DpOBENEHHBIX MCCIENOBAHUN II0Ka3aHO, 4YTO HA Yy4YaCTKax ¢
3JEKTPUYECKOHN TATOM AJIEKTPOBO3bI SABIISIIOTCS JONOJIHUTEIbHBIMU UCTOYHUKAMH MOMEX Ha
YCTPOWCTBA JKEIE3HOJOPOKHOW AaBTOMATHKKW M TejleMexaHuku. Ha JT0KOMOTHBHYIO
annapatypy AJICH nelicTBylOT M NOMEXM OT TIrOBOIO TOKAa B XOJOBBIX YaCTAX
3JIEKTPONOABMIKHOTO cocTaBa. JlJIsi yMEHBIICHHUS BIHSHUSA JJIEKTPOBO30B Ha yCTPOMCTBaA
XAT HeoO6X0auMO HCIOJIB30BAaTh 00JIe€ COBEPIICHHBIE CXEMBbl, TPUMEHATH CIEIUATbHbBIC
TEXHUYECKHE PEIICHUS U MOBBIIIATE IOMEX0YCTOMYMBOCTh IPUEMHUKOB.

3akaouyenne

B  Xozme  BBINOJHEHHOrO  HCCIENOBaHUSA  OblIa  paccMOTpeHa  mpobiema
KPaTKOBPEMEHHBIX HapyLICHUH pabOThl aBTOMAaTUYECKON TOKOMOTUBHOM CUTHaNW3alUU Ha
y4acTKax EJE3HBbIX JOPOr C 3JIEKTPUYECKOW TArOH, HE CBSA3AHHBIX C OTKa3aMHU JJIEMEHTOB
anmnapatypsl. llenp uccinenoBaHus, 3aKJOYaBIIAsCAd B aHAIW3€ NPUYMH BO3HUKHOBEHMS
OMeX, OOYCIJIOBJIEHHBIX BO3JEHCTBHEM TATOBOI'O TOKAa 3JIEKTPONOJBH)KHOIO COCTaBa, a
Tak)ke B OOOCHOBAaHWM HANpPaBICHUH MOBBIIMICHUS 3JIEKTPOMArHUTHOM COBMECTUMOCTHU
YCTPOWCTB aBTOMATHYECKOW JIOKOMOTMBHOW CUTHAJM3ALlMA M KEJIE3HOIOPOXKHOMU
ABTOMATHUKHU U TEJIEMEXAHUKH, B LI€JIOM JOCTUTHYTA.

Peanuzanust mnoctaBieHHONW wenu oOecrneduBanach MPUMEHEHHEM KOMILJIEKca
METOZIOB MCCJIeIOBaHUSA, BKIIOYAIOUIUX aHaIU3 M 0000ILIeHHe Hay4YHO-TEeXHHUYECKOH
JATEPATYpPHl, CHCTEMHBII U CPAaBHUTEJIBHBIN aHAJIM3, a TAK)KE HMCIIOJIb30BAaHUE IOJOKECHUU
TEOPUH DJIEKTPOMATHUTHOW COBMECTUMOCTH. [IpuMeHeHHEe NaHHBIX METOJOB IO3BOJIHIIO
BCECTOPOHHE pPACCMOTPETh MEXAHM3Mbl IOMEXOBOI'O BO3JAECHCTBUSA TATOBOIO TOKa Ha
npuemusie ycrpoiictBa AJIC u AJICH 6e3 nyOnupoBaHus paHee onyOJUKOBAaHHBIX BBIBOJIOB,
a TaKXe BBIABUTH B3aUMOCBSA3b MEXIY peXKMMaMHu pabOThl 3JIEKTPONOJBHKHOTO COCTaBa U
YCTONYMBOCTBHIO (yHKIIMOHUPOBAHUS JOKOMOTUBHON CUTHAJIN3AIUN.

B pesynerate wHcciaenoBaHMSA YCTAaHOBJIEHO, YTO KPAaTKOBPEMEHHBIE HApPYILICHUS
paboThl aBTOMATHYECKOW JIOKOMOTHBHOM CHUTHaJIM3allMM OOYCIOBIEHBI COBOKYIHBIM
BO3JICICTBUEM HMITYJbCHBIX M TAapMOHHYECKUX COCTABJISIOUIMX TATOBOTO TOKA, a TaKXke
BJIMSHUEM MarHUTHBIX MOJIEH XOAOBBIX YacTel 3y1eKkTpoB030B. [TokazaHo, yTo HaubonbIIas
yyBcTBUTENbHOCTh ycTpoiicTB AJIC m AJICH k nmomexam MposiBIAsieTCS Ha ydacTKax ¢
AIEKTPUYECKON TATOM IOCTOAHHOTO M IEPEMEHHOTO TOKAa, IJE€ IPUEMHBIE KaTyIIKH
HAXOJSITCS B 30HE HHTEHCHUBHOTO BO3EHCTBUS MAarHUTHBIX MOJIEH, (OPMUPYEMBIX TATOBBIMHU
TOKaMH, IIPOTEKAIOIHUMHU 10 PEIbCaM U METAJIJINYECKUM 3JIEMEHTAaM MOJBHKHOIO COCTaBa.

[TomydeHHble pe3yabTaThl NOATBEPKAAKOT, YTO POCT MOIIHOCTH COBPEMEHHBIX
3JI€KTPOBO30B, MpPHUMEHEHUE IMpeodpa3oBaresieil MepeMeHHON 4YacTOThl UM HUCIOJIb30BaHUE
PEKUMOB PEKYIIEPaTUBHOTO TOPMOKEHHUS MPUBOAAT K U3MEHEHUIO CIIEKTPA TapMOHUYECKUX
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COCTAaBJAIOIIMX TArOBOrO TOKA M YBEJIWYEHUIO BEPOSATHOCTU cOOeB B paboTe cucTeEM
JIOKOMOTHBHOM CUTHAJIM3ALUU. Y CTAHOBJIIEHO, YTO YyBCTBUTEJIILHOCTH COBPEMEHHBIX CUCTEM,
takux kak KJIYD u KJIYB-Y, Kk cuUrHaipbHOMY TOKY CONPOBOXIAETCSA MOBBIIICHHOMN
BOCIIPUUMYHUBOCTHIO K IOMEXaM OT CHJIOBBIX IEIIeH 3IeKTPOBO30B, YTO TPeOYeT NPUMEHEHHS
JOTIOJIHUTENIBHBIX Mep M0 00€CTIEYEHHUIO 3JIEKTPOMATHUTHON COBMECTUMOCTH.

IIpoBeneHHBIN aHAIW3 MMO3BOJIMUI CAENATh BBIBOJA O TOM, YTO Ja)ke€ IPU PaBEHCTBE
TATOBBIX TOKOB B PEJIbCOBBIX HUTAX BJIMSHMUE DJICKTPOIOJBUKHOIO COCTaBa Ha yCTPOUCTBA
AJICH MOXeT coxpaHATbCA 3a CYET IepepacnpelesieHUss TOKOB B XOJOBBIX YacTAX
3JIEKTPOBO30B, U3MEHEHHSI KOHTAKTHOI'O CONPOTHUBIICHUSA KOJECO—PEIbC U JUHAMUYECKUX
IPOLECCOB, BO3HUKAIOIIMX MPH JBUKEHUH I0e€3ha. IJTO MOATBEPXKAAET HCTUHHOCTD
BBIIBUHYTOH B pabOTe TMNOTE3bl O KOMIUIEKCHOM XapaKTepe BO3JeHCTBHS TATOBOIO TOKA Ha
YCTOWYHUBOCTH pabOTHl aBTOMATUYECKON TOKOMOTHBHOW CUTHAU3ALIHH.

B xome wuccnemoBaHus 000OILIEHBI CYIIECTBYIOUIME TEXHUYECKHE PpELICHHS,
HalpaBJCHHBIE HAa CHUXXEHHUE BIIUSHUSA IIOMEX TATOBOTO TOKa, BKJIIOYas INPHUMEHEHHE
INACCUBHBIX U AKTHUBHBIX (DUIBTPOB, dKpaHUPOBAHUE LENEH, ONTUMHU3ALUI0 Pa3MEIlEeHUs
IPUEMHBIX KaTylIEK U COBEPIIEHCTBOBaHME cxeM nurtanus annapatypsl AJICH. ITokazano,
410 Hanbonee 3 PEKTUBHBIM ABIAETCS KOMIIEKCHBIHN TOJXO0]I, COUETAIOIINI MOAEPHU3ALINIO
CUJIOBBIX IpeoOpa3oBaresieil 3JIEKTPONOJBUKHOIO COCTaBa, HOPMHUPOBaHUE ypPOBHEH
TapMOHMK TATOBOTO TOKa W TOBBIIICHHE IOMEXOYCTOMYMBOCTH IPHUEMHBIX YCTPOWCTB
JIOKOMOTHBHOM CUTHAJIM3ALUH.

HayuyHas HOBM3Ha M BKJIAJ MCCIENOBAHUA 3aKIIOYAlOTCA B CHUCTEMaTHU3aLUHU
(bakTOpOB, BIUAIONIMX HAa BO3HUKHOBEHHME KpaTKoBpeMeHHBIX cOoeB AJIC, a Takxe B
000CHOBaHUHU HEOOXOAMMOCTH y4eTa peallbHbIX YCIOBUN 3KCITyaTallUH 3JIEKTPOBO30B IIPU
pa3paboTke U MOJIEpHU3ALUU CUCTEM JIOKOMOTUBHOM curHaimu3anuu. [loaydeHHbIe BHIBOIBI
JONOJHAIOT  CYIIECTBYIOIIME MPEACTABICHHS O MEXaHMU3Max dJIEKTPOMArHUTHOTO
B3aUMOJEHCTBUS TAroBoro toka u ycrtpoiictB XXAT m pacmmpsiloT HaydHOE 3HAaHHE B
obmactu oOecrnedyeHHus] HJIEKTPOMArHUTHON COBMECTHMMOCTH Ha HKEJIE3HOJOPOKHOM
TPaHCIIOPTE.

IIpakTHueckass  3HAYUMOCTb  pPE3yJbTATOB  HCCIECNOBAaHMS  3aKIIOYAETCS B
BO3MOXHOCTH HX HMCIIOJb30BAaHUS NPU INPOEKTUPOBAHUM U MoaepHu3anuu cucreM AJIC u
AJICH, pa3paboTke TpeOOBaHUM K JICKTPOMAarHUTHON COBMECTUMOCTH JICKTPOTIOIBUIKHOTO
COCTaBa, a TaKXe MPU BbIOOpE TEXHUUYECKUX PELICHUM, HallpaBJIEHHBIX HA CHU)KEHHUE Yucia
c00eB JOKOMOTMBHOW CHUTHAJIM3AIMU B 3KCIUTyaTauuu. Pe3ynbraThl paboThl MOTYT OBITH
UCII0JIb30BaHbl CIENUATNCTAMU CIy>X0 CHUTHAJIM3alliu U CBA3U, a TAaKXKe MPU MOATOTOBKE
HOPMAaTHUBHBIX U METOAUYECKUX JOKYMEHTOB.

IlepcnekTuBBl  JANbHEHIIMX  MCCIENOBAaHUM  CBA3aHBl C  NPOBEJCHHUEM
SKCIIEPUMEHTAJIBHBIX HW3MEpPEHHMIl ypOBHEM MOMEX B pa3IUYHbIX peXUMax padoThl
3JEKTPONOABUKHOTO COCTaBa, pa3paOOTKONW alanTHUBHBIX METOAOB (PUIBTpALlMM MOMEX B
npueMHbIX ycrpoiictBax AJIC, a Takke C COBEPIICHCTBOBAHHEM aJTOPUTMOB 00pabOTKHU
CUTHAJIOB B COBPEMEHHBIX CHCTEMAaX JIOKOMOTHMBHOW CHUTHanu3auuu. JlonmonHuTenbHOE
BHUMaHHE 1eJlecOOOpa3sHO yACIUTh aHAJIU3y BIUSHUS HOBBIX THUIOB CHJIOBBIX
npeobpa3oBarenei 1 LUPPOBBIX CUCTEM YIIPABIEHHS HA 3JIEKTPOMArHUTHYIO OOCTaHOBKY B
30He aerctBus yctpoiicTB XKAT.

Takum oOpa3oM, pe3ylabTaTbl MNPOBEICHHOIO HCCIEIOBAHMS IOJITBEPKIAIOT
aKTYaJIbHOCTh BBHIOPaHHOU TE€MbI, 00OCHOBBIBAIOT UCTUHHOCTH BBIJBHUHYTHIX MOJIOKEHUH U
JEMOHCTPUPYIOT BO3MOXHOCTH JAJbHEHIIEr0 pa3BUTUA HAy4YHbIX M IPAKTUUYECKUX
MOJAXO0J0B K 00ecneYeHWro HaAekKHOM M yCTOWYMBOM pabOThl aBTOMAaTUYECKOM
JIOKOMOTHBHOU CUTHAJIM3ALUU B YCIOBHSAX JKCILTyaTaluu COBPEMEHHOIO
AJIEKTPOIIOIBUKHOTO COCTaBA.
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Abstract. The article presents a study on the development of simulation models for GPRS
channel operation within Automated Dispatch Control Systems (ADCS) for railway transport in
Kazakhstan, including High-Speed Railway Transport (HSRWT). The research addresses the
optimization of data transmission for navigation and movement coordination of rolling stock,
emphasizing the use of mobile communication technologies such as GSM and GPRS. The study
develops algorithms for predictive assessment of train location and traffic coordination while
optimizing GPRS network resources. A queuing service system (QSS) approach is applied to
model GPRS channels, taking into account priority traffic, channel loads, and service delays.
Computational experiments conducted using a Delphi-based program demonstrate the adequacy
of the developed simulation model, with deviations from experimental data not exceeding 7-9%.
The proposed approach improves the efficiency of ADCS and enhances coordination of rolling
stock movements. The results have practical significance for further modernization of railway
transport systems in Kazakhstan, including the implementation of intelligent digital technologies
for high-speed rail transport.
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AnHoTanmus. Makana Kazakcranjgarbl TEMIp)KOJ KeJiridae, oHbIH imriHae Korapbl
KbUIIaMABIKTBI TeMipikon keniriaae (ZKXKTK) ABTomaTTaHIBIpbUIFaH JUCIIETUEPIIiK OacKapy
xynenepiaae (ABX) GPRS apranapabiy ®KYMBICEIH MOJIETIBICYTE apHAIFAH CUMYJISIITUASITBIK
MOJENBACPL 931piiey MOceNelIepiH KapacThlpabl. 3epTTEY KO3FaIbICKa KATHICATHIH BaroHaap
MEH JIOKOMOTHBTEDP/IH HABUTAIMSUIBIK JEPEKTEPiH Oepy MKOHE KO3FaJbICTHl YHIIECTIPY
NpoIIeCiH OHTalIaHAbIpyFa OarbiTTanFrad, myHna GSM xone GPRS cuskrsl ysibl OaiinaHbic
TEXHOJIOTUSJIAPbIHBIH ~ KOJJAHBUTYBl epeKiie Haszapra anblHabl. JKoba moilbi3gapabiH
OpHajacyblH 0oJKay JKOHE KO3FaJIbIC YHIIECTIpY aJIrOPUTMIEPiH AaMbITyFa, connaii-ak GPRS
KeJll pecypcTapblH OHTalnanaplpyra apHanrad. GPRS apramapsia Mmoaenbaey yiniH Ke3eKneH
KbI3MET KepceTy xyiheci (QSS) ofmici KOJNIAHBIIBIN, apHAHBIH KYKTEMECi, KbI3MET KOPCETY
KENIiryyepi »koHe 0achIMIBIK OepinreH Tpaduk eckepinesni. Delphi Tiniaae xacanran ecenrey
TOXiprOenepi YChIHBUIFAH MOJENbAIH CEHIMIUTITIH KOPCEeTTi, IKCIEPUMEHTTIK JIEPEeKTEpICH
aybITKy 7-9%-man acmaiiael. ¥cbiHburaH Tocin AJIBXX TuimMainmiriH apTThIpagbsl JKoHE
BaroH/Aap KO3FaNBICBIH YiiecTipyai skakcaptanbl. Hotwxkenep Kaszakcranmarel TeMipxoi
KOJIITiH, OHBIH IMIIHJAE XOFaphl KbULAAMIBIKTBI TEMIPXKOJbI, MHTEIUIEKTYalAbl ITU(PIBIK
TEXHOJIOTUSIIAP]IbI €HT13y apKbIIbI 9pi Kapall )KaHFBIPTYFa MPAKTUKAIBIK MaHbI3bI Oap.

Tyiiin ce3nep: GPRS apnamap, ABTOMAaTTaHABIPBUIFAH JUCIETYEPIIK Oackapy
xyienepi (AIABX), XKoraper xpuinamapikTel Temipxkon kemiri (JKXKTK), Hapuramusiasix
nepekrepai Oepy, Keszekmen kbismer kepcety xyheci (QSS), KosrambicThl yitnecTipy,
Temip:kona KeJirid >KaHFBIPTY
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AnHoTanusi. B cratbe paccmaTpuBaercs pazpaboTka CUMYIISIIMOHHBIX MOJIEICH padoThI
GPRS-kananoB B pamkax ABTOMaTH3UPOBAaHHBIX AMCIETYEPCKUX cucTeM ynpasieHus (AJICY)
Ha  JKeJe3HOJOpOKHOM  TpaHcmopre  Kasaxcrana, BKJIIOYasi  BBICOKOCKOPOCTHOM
skeneznofopoxkusld TpancnopT (BXKT). MccnenoBanue mnocBsIIEHO ONTHUMHU3ALMH TEepeadyu
JMaHHBIX JUIS HaBUTALKMKW M KOOPAMHALIMK JBUXKEHUS TOABM)KHOIO COCTaBa C AaKIEHTOM Ha
UCTIOJIb30BaHUE MOOMIIBHBIX TEXHOJIOTHIA CBsI3H, Takux kak GSM u GPRS. B pabote pa3zpaborans
QITOPUTMBI TIPOTHO3HOW OIICHKM TIOJIOKEHUS TO0€3/10B W KOOpPAMHALIMU JBUKECHHS TpHU
ONTUMH3ALMK Hcnonb3oBaHus pecypcoB GPRS-cetn. [lns monenupoBanuss GPRS-xananos
MIPUMEHSETCS TOX0]T CUCTEMBI 00CTy>kuBaHus ouepezeit (QSS), yuuThIBalOmUiA MPUOPUTETHBIN
TpaduK, Harpy3Ky Ha KaHAIbl U 3aJICPKKU OOCITyKMBaHHS. BBIUUCIUTENHHBIC YKCIIEPUMEHTHI,
MpoBeACHHBIE C HCIIOJIB30BAaHWEM TporpaMmbl Ha s3bike Delphi, mpomemoHcTpupoBanu
aJICKBaTHOCTh Pa3pabOTaHHON MOJENH, IPH STOM OTKJIOHEHHE OT IKCIEPHUMEHTAIBHBIX JTaHHBIX
He npeBbimaer 7-9%. Ilpemnoxennsiit noaxon nossimaet 3¢pdexkruBHocTs AJICY u yiyumiaer
KOOpJMHALIMIO IBUKEHUS MOABUKHOIO cocTaBa. [loayueHHbIe pe3yabTaThl UMEIOT IPAKTUUECKOE
3HAYEHWE JUIs JalIbHEHIIEH MOJAEPHU3AIMU HKEJIE3HOJO0pOKHOro TpaHcnopta Kazaxcrana,
BKIIIOUasi BHEAPEHHE WHTEIUICKTYalbHBIX HU(DPOBBIX TEXHOJOTHH I BBICOKOCKOPOCTHOTO
KEJIE3HOJOPOKHOTO COOOIICHHUS.
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KoH(pJIMKT HHTepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIMKTAa HHTEPECOB.

Introduction.

The transport system of Kazakhstan, including railway transport, is an important link of
the country's economy. Therefore, ensuring traffic safety, timeliness of cargo and passenger
transportation are quite important management tasks of a complex transport process. This task
acquires particular relevance in a situation where one of the priority tasks of railway transport
development in Kazakhstan is the development of promising high-speed railway transport systems
(hereinafter - HSRWT It should be noted that one of the most important subsystems in the data
transmission system and HSRWT rolling stock movement coordination are the subsystems of
automated traffic coordination based on the use of mobile communication technologies. As a
particular example, GPRS data transmission technology can be considered (Akhmetov, 2019:
485).

The basis of the development of an automated system for the HSRWT movement
coordination is a communication standard that satisfies the necessary requirements for the
operation of the communication system as a whole. Taking into account previous researches in the
field of automated dispatch control systems (ADCS) design on railway transport, as well as the
results of the work of other authors (Borushko, 2007: 33; Davidsson, 2005: 255; Fay, 2000: 719),
it is proposed to use the GSM standard as a mobile communication standard. The use of GSM
technology provides information support for the locomotive group through voice transmission, as
well as transmission of control messages based on GPRS technology.

Modernization of GSM networks, as well as the creation of networks of the fourth, fifth
and subsequent generations, are directly related to the problems of high-quality radio coverage
(Borushko, 2007: 33; Davidsson, 2005: 256). The corresponding increase of load, as well as
operation in limited frequency bands, necessitates an increase in the controllability of channel
resources (CR). The task of assessing the quality of the joint transmission of voice messages and
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service data packets for HSRWT rolling stock (RS) appears as an accompanying one (Akhmetov,
2019: 485).

Materials and methods.

For the full functioning of ADCS it is necessary to use navigation equipment and on-board
intellectual systems (Borushko, 2007: 33), which are installed on the HSRWT means. They
provide information on the HSRWT location as well as on operational management decisions. The
increase of the amount of HSRWT trains and, as a result, the increase of load on the GPRS and
GSM networks requires the use of higher frequencies compared to those commonly used in mobile
communication systems. This leads to the need to improve the controllability of CR, and to solve
the problems of estimating the existing GPRS system in order to provide the communication
subsystem and data transmission for the needs of RWT. For the designed system, there is provided
an equal access mode of the HSRWT rolling stock to each of the provided channels. In the ideal
case, all users, involved in the HSRWT traffic control system (Borushko, 2007: 34; Davidsson,
2005: 256), should be able to transmit data packets or voice messages. We believe that voice
traffic, as of a higher priority, can interrupt the GPRS packets service. In (Borushko, 2007:33;
Gapanovich & Rozenberg, 2011: 5) it was proposed to use the term superposition. That is, the
superposition determines both the intensity of received packets and those that are re-transmitted,
for example, from the accumulator (buffer) of packets. Taking into account the above mentioned,
the following such tasks are relevant for prospective HSRWT systems: 1) formalization of
navigation data transmission tasks for traffic coordination systems, taking into account
optimization of the GPRS network resources use; 2) the task of estimating the capacity and
capabilities of the existing GPRS network in Kazakhstan in order to ensure the required quality of
service and data transmission speed (Akhmetov, 2019: 485-486).

In (Gapanovich & Rozenberg, 2011: 5; Goldstein & Sokolov, 2010: 300; Mozharova, 2011:
216) it was noted that an important direction for the modernization of existing and in the design
of new ADSCs, primarily for HSRWT, are the tasks related to the coordination of the HSRWT
trains movement under conditions imposed on solving time constraints.

In (Ning, 2006, 2011) there were analyzed the circumstances that contribute to the
imposition of restrictions on the time for solving tasks of RWT RS coordination (including
HSRWT). These researches are continuing at the present time, because the task has not lost its
relevance.

In (Skalozub, 2013: 100; Arkatov, 2012: 22) the authors conducted a detailed review and
analysis of various ADSCs, including the HSRWT. We shoul note that by the analysis of these
and other publications (Levin, 2016: 38; Jianjun & Yixiang, 1998) the task of dispatch control and
movement coordination in the existing automated dispatch control systems requires the further
development of the used mathematical models (Jianjun, 1998).

According to the analysis of a number of publications (Levin, 2016: 38; Jianjun & Yixiang,
1998; Jianying, 2007: 024), it was revealed that a promising direction of the research in this subject
area is the organization of assistance in decision making by the driver and the control of the data
relevance that are transmitted to mobile means of HSRWT.

Also, as the analysis of the researches showed Jianjun & Yixiang, 1998; Jianying, 2007:
024; Smagulova, 2016: 247; Coll, 1990: 244), there is not well understood the problematics of
algorithmization for GPRS channel operation simulation in ADCS, for example, for predictive
assessment of the location and coordination of HSRWT traffic, taking into account the
optimization of the GPRS network resources use (Akhmetov, 2019: 486).

Therefore, the analysis of previous works in this area confirms the relevance of our
research.

The purpose of the work is the development of models and algorithms for automated
dispatch control systems on railway transport, including high speed railway transport (Akhmetov,
2019: 486).

In order to achieve the goal of the work it is necessary to solve the following tasks:
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- to perform further formalization of the tasks of navigation data transmission for the
automated dispatch control system and the subsystem of RS movemnet coordination;

- to improve the algorithm for simulation modeling of the GPRS channel operation in
ADCS, in particular, for the predictive assessment of the location and coordination of the HSRWT
movement, taking into account the optimization of the GPRS resources use.

Results.
The main technological feature of ADCS in the context of the HSRWT system formation is

the need to ensure the control and coordination of the mixed traffic of high-speed, high-speed
passenger, cargo (in particular, container or trailer) and other trains. Therefore, the ADCS functions
and RWT movement coordination should be linked to the appropriate categories of movement.

The automated workplace (AWP) of the dispatcher (or the client part of ADCS) is a program
that is intended for the use on a ordinary PC with access to a public network. There should be noted
that the client part of the system can receive information both in real time and retrospectively from the
history stored on the database server (DB). Such information, in particular, includes GPS monitoring
data on mobile units (MU) of RWT. Data from the database is displayed on an electronic map of the
area with reference to a specific MU. This architecture of movement dispatching and coordination
system of HSRWT (MDCS) on the basis of the GPS-navigation allows dispatchers by areas of their
responsibility quickly to make decisions necessary to eliminate conflict situations.

A distinctive feature of data transmission systems for geographically distributed ADCS is, first
of all, the use of wireless communication channels - radio channels, satellite and mobile
communication channels, see fig.1.

*  GEM/GPFRS &

1- GPS navigation system of global positioning

2- Transportation means equipped with navigation and communication
equipment

3- Automated workplaces of dispatchers

4- Emergency services

5- Telematics server

/ Central control unit: \ Tech_nu!uglcal MMy AMAE R
1. Automationof centralized traffic control bz Mounpengthe laing moyemen.
2. Automatic creation ofthe opemtional @ 2. Movement speed control
movement schedule.
3. Dispatchcontrol and monitoring.
4. Automatic set of routes. =
3. Monttormg of techrscalmeans. ~,
6. Report. Technical monitoring:
7. Others. 1. "Green wave" control
2. Equipment control.
\ / 3. Others. )

Fig. 1. Scheme of information exchange of the automated dispatch control system and HSRWT movement coordination
system (Akhmetov, 2019: 486)
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The technology of MSCS exchange information provides for the use of navigation signals
from GNSS satellites. Signals are received using special GPS/GSM receivers. Further, the signals
are processed and the navigation data in the WGS-84 coordinate system (latitude, longitude, time,
etc.) are obtained from the processing results. In this system there are used receivers with a
frequency of information update at least 5 times per second (5 Hz), since they provide the
necessary accuracy in calculating the location of the RWT object on the map.

Navigation signals are received at a frequency of 1227.6 MHz using GNSS Navstar/GPS.
Or at a frequency of 1200 MHz for GLONASS. The use of GPRS technology on RWT has led to
a significant increase of the transmission capacity of data transmission channels (Akhmetov, 2019:
486; Borushko., 2007: 35; Smagulova, 2016: 247; Coll, 1990: 244).

If EDGE technology is used (Fay, 2000: 719; Gapanovich, 2011: 5; Goldstein, 2010: 300;
Mozharova, 2011: 216), which is not very different from GPRS, it can also be implemented on
existing networks. Modernization of MDCS at the implementation of EDGE will entail the need
to solve other problems. This, in particular, relates to issues that relate to changes in coding
schemes, as well as to the modernization of software on network components.

In connection with these features of modern ASDUs functioning on RWT, the task of
communication subsystem optimization with respect to such parameters as time, cost and
reliability of message delivery has a particular importance. The fig. 2 shows the structure of the
navigation data acquisition subsystem. The scheme has a hierarchical structure, the elements of
which are MU of RWT, the railway dispatcher's AWP, the railway dispatcher's AWP for
Kazakhstan, message commutation centers (SSGN) and communication channels. At the top level
of the hierarchy is the dispatcher's AWP of the corresponding dispatcher zone (DZ), and the lower
level of the hierarchy is represented by the MU.

Automated dispatcher place for the corresponding
railway control area

:
-
2,

Fig. 2. Structural diagram of the navigation data collection subsystem for ADCS (Akhmetov, 2019: 487)

The main data flow in the subsystem shown on Fig. 2 consists of the results of received
navigation information coming from the MU to the upper level - AWP for the dispatcher zone
(DZ). In addition, the system can also transfer other information, for example, control actions in
case of conflict situations on railway. The peculiarity of the MU movement coordination system
is the binding to time and a given time of the data relevance. The fig. 3 shows the procedure for
data collection from the MU.
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Fig. 3. Scheme of time intervals for linking navigation data collection process (Akhmetov, 2019: 487)
The figure describes the periods: Af, — data collection; Az, — data processing; A¢, — control

message sending; 7- the period of time during which the data is relevant (time sufficient for decision
making on the MU movement coordination).

Optimization of data collection and transmission subsystem for ADCS is proposed to be
implemented according to one of the following three criteria:

1. optimization according to the message delivery time. This criterion implies prompt
delivery of messages or transfer of information maximum per unit of time with available
communication channels (CC);

2. optimization according to the message delivery cost. This parameter provides that the
cost of sending a message will be minimized for existing CC,;

3. optimization according to the transmission reliability. The third criterion provides that
the probability of an error during data transmission is minimized.

The GPRS system, as well as any communication network, is modeled by a queuing service
system (QSS). Accordingly, in the calculation of the capacity the are used formulas that correspond
to the selected model of QSS.

Discussion.

Since the GPRS system uses the packet commutation mode, then in our case we will use
the queuing-based QSS model (Coll, 1990: 250) for modeling.

In the modeled subsystem it is proposed to use statistical information. That is, we use data
that characterize the flows in the GPRS transport network. And, moreover, there is adopted a limit
on the memory size in the nodes of the GPRS system. It is possible to simulate the operation of a
GPRS switch using QSS- M /G /1 (i.e., the Poisson flow at the input, then the general distribution
law for operation time, one server unit, the buffer size is infinite).

The average delay value for the protocol block (PB) in this case can be calculated from the
Khinchin-Polacek dependence (see (Smagulova, 2016: 247; Coll, 1990: 244)):

b= i e p | G
Iq 4 ta (1+p (z(l_p) > (1)

where g — average queue length in QSS;

p =4/ 1— QSS load intensity of the type M /G /1;

A, u— the intensity of the receipt and service of packages in the QSS, respectively;
u=1/r; t—average size of PB;

t« — average service time;

C? =D, )/ (Zg)2 — quadratic service time modification coefficient.
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In the course of maximum capacity calculations of the data transmission subsystem for
ADCS, it is necessary to take into account the fact that as the scale of the development of the
HSRWT system in Kazakhstan increases, the amount of MU equipped with these devices will
increase accordingly. Consequently, the value A. will increase. This, in turn, makes the task of

control automation over the value #,actual as the traffic increases over the GPRS channels used

by RWT.
Because the GPRS node serves packets, for its modeling there can be used a relation

M / D /1 (since the maintenance time is a constant value).

Then the expression (1) takes the following form:

ty=1ta -[1+ p(ﬁ}j )

For calculations according to the equation (1), except for intensity A (taken as the amount
of PB per unit of time) and according to the average length of the PB (bits per block), the parameter

C? is required. In turn, the capacity of the GPRS transport network is determined by the

requirements for quality of service indicators, in particular, by the delay parameters (Smagulova,
2016: 249; Coll, 1990: 252).

Let consider the process of GPRS channel modeling as a QSS with one serving channel,
see fig. 4.

Fig. 4. Scheme for SSGN channel simulation on RWT (Akhmetov, 2019: 488)
1, 2 — control messages for MU; 3, 4- navigation information in ADCS

Let introduce the following notations: r — time of application servicing in QSS (adopted
distribution law - f (z’)). Applications are alternately served in the received order, and the time
spent in the queue does not exceed z° with its own distribution law go(re) For different
applications, the value 7° is independent. As a result of simulation, we will track such parameters:
1) serviced orders; 2) rejected; 3) average waiting time in the queue. You can also make a forecast
for free channels. The work of the QSS is considered in the time interval [O, T ] Applications
submitted outside this interval, are not considered. This also applies to applications whose service
began in the specified interval, but was not completed. We believe that the application was
rejected, if inequalities are true ¢t < T, ¢’ > T, where t”, — the time of the beginning and
end of the application service, respectively. The fig. 5 shows a step-by-step block diagram of the
algorithm for simulation modeling of GPRS channels operation as part of the ADCS data

transmission subsystem. The steps of the algorithm are described below (Points: P1 — P20 on Fig.
5.):
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1. Generation of random values of the moments 7, of the applications receipt in the system.

2. Application control, which arrived at the moment ¢,, in the interval [0, T ] If this
condition is not satisfied, then go to step 19.
3. Verification ¢, <1}, where #; | — the moment of release of the service channel from

the previous application. If the condition is false, then go to step 8.
4. Generation of random queue length values for the distribution law go(z'e)

5. The calculation of the upper limit #; for the waiting interval [t ;s tj] of the application in

the queue.
6. Control of ¢; <} ,. If the condition is true, then go to p. 14.

7. Generation of service starting time of the j application t(‘;." =t’_, and transition to the

Jj-1

step 9.

. . o . o o
8. Generation of service starting time of the j application 7} =1,.

9. Generation of the time period 7 when the channel is busy according to the distribution

1)

10. Calculation of time ¢, for the j application (SSGN channel release).
11. Control of #; <T. If the condition is false, then go to step 14.

12. Increasing the counter value of the served requests - m.

13. Calculation of waiting time (tjf’ —t j) for service of the j application.

14. Increasing the counter value of the amount of applications m that were rejected
(Akhmetov, 2019: 488).

15. The calculation of the intensity of packages receipt and their service.

16. Calculation of 4.

17. Control of the condition Eq <T, where T, —the size of the maximum delay in the

GPRS channel. In case of a channel overflow, it is necessary to switch to another service channel
(SSGN) - step 18.

18. Switching to another service channel.

19. Assessment of simulation modeling results of the SSGN channel.

20. Compilation of channel (channels) employment forecast estimate (Akhmetov, 2019:
488).
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Fig. 5. The block diagram of the algorithm for the simulation of the GPRS channels operation as a part of the ADCS
data transmission subsystem (Akhmetov, 2019: 489)

In order to test the effectiveness of the algorithm for simulation modeling of the SSGN
channel, there was written a corresponding program in Delphi language, with the help of which
computational experiments were implemented.

The fig. 6, 7 show examples of the results obtained during computational experiments.
These results allow in subsequent researches to talk about the possibility of tasks automatization
on RS movement coordination and dispatching. Computational experiments were performed on a
PC with an i7 processor.
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Fig.7. The results of the algorithm testing (Akhmetov, 2019: 489)

Therefore, during the simulation modeling there was confirmed the expediency and
prospects of GSM technology use for information data exchange organization in the system of
railway transport movement coordination in the Republic of Kazakhstan, including the prospects
for the development of HSRWT systems. There is considered the technology of information data
exchange in the system of transport means movement coordination, are described the main
characteristics of the components of the data transmission system. During the research, there was
solved the problem of estimating the GPRS network capacity on the basis of the mathematical
apparatus of queuing systems. The developed simulation model for navigation data collection has
an acceptable adequacy; the deviation from the experimental data does not exceed 7-9%.
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In our opinion, the advantage of the proposed approach is the fact that the developed
algorithm for solving simulation problems of the SSGN channel allows, in general, an increase
in the efficiency of ADCS and RS movement coordination (Akhmetov, 2019: 489).

Conclusion.

The conducted research demonstrates the relevance and necessity of developing advanced
simulation models for GPRS channel operation within Automated Dispatch Control Systems
(ADCS) on railway transport in Kazakhstan, particularly in the context of High-Speed Railway
Transport (HSRWT). The integration of mobile communication technologies, including GSM and
GPRS, into ADCS provides a reliable foundation for the real-time coordination of rolling stock
movement, ensuring safe, timely, and efficient transportation. The developed simulation model,
based on the queuing service system (QSS) approach, allows for predictive assessment of data
transmission processes, including the prioritization of voice traffic, optimization of network
resource usage, and minimization of delays in information delivery.

Computational experiments conducted using the Delphi-based software demonstrate the
practical applicability and adequacy of the proposed algorithms, with deviations from
experimental data remaining within 7-9%. The results confirm that the proposed approach can
significantly enhance the operational efficiency of ADCS by providing dispatchers with accurate,
timely, and relevant navigation and control data. This improvement, in turn, facilitates more
effective coordination of mixed traffic flows, including high-speed passenger, cargo, container,
and trailer trains, which is critical for the modernization of Kazakhstan’s railway infrastructure.

Moreover, the research highlights the importance of systematic optimization of GPRS
network parameters, taking into account message delivery time, cost, and reliability. Such
optimization ensures a balanced and efficient utilization of communication channels, even under
increasing traffic loads associated with HSRWT expansion. The study also underscores the need
for integrating intelligent on-board systems, real-time GPS monitoring, and data analysis tools to
support decision-making processes for train movement coordination.

The developed models and algorithms can serve as a foundation for further modernization
of ADCS in Kazakhstan, including the implementation of EDGE, 4G, 5G, and subsequent-
generation networks, which will enhance the scalability and flexibility of railway communication
systems. In addition, the proposed methods contribute to the improvement of automated traffic
management for HSRWT, enabling predictive scheduling, timely response to conflict situations,
and enhanced safety standards.

Finally, the research outcomes have broader implications for the development of intelligent
railway systems in Kazakhstan. They support the country’s strategic goals of improving transport
efficiency, integrating with international transport corridors, and adopting digital technologies to
ensure competitiveness on the global stage. The findings of this study can be applied not only to
HSRWT systems but also to conventional railway networks, contributing to the creation of a
unified, intelligent, and resilient transport infrastructure. Future work will focus on extending the
simulation models to include multi-modal transport coordination, integration with Al-based
decision support systems, and further validation under real-world operational conditions, ensuring
sustainable development of Kazakhstan’s railway transport sector.
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AnHoTauusl. Makanana uudpaslk nemaroruka yreiMbl XXI raceipmarel OimiM Oepy
napaJurMachiHbIH TyOereii e3repici peTiHae KapacThlpbuiaabl. [[udpiblk TeXHOTOTHATIAPABIH
OKBITY TPOLIECIiHE EHT131Tyl AocTypui OiimM Oepy yiariiepi *kaHamra ¢popmarka Keuripyre, 0iniM
aJTyIIbUTAPBIH AEpOECTITiH apTThIpyFa KOHE WHTEPAKTHUBTI, MHKIIO3UBTI OpTa KAJBINTACTHIPYFa
BIKIAJI €TETIHI TaluJaHanabel. 3epTTey OapbICHIHAA OKBITYIIBIFA OaFbITTANFAH TOCUIIEH OiiM
aJyIIbIFa OaFBITTANIFAH TOCIITE KOIITY YPici, COHaN-aK mudpIIbIK miatGopmanap MeH KacaHabl
WHTEIJIEKTTIH peni atam eTineni. L{udpibik cayaTThUIBIK Ka3ipri meaaror MeH CTYAEHT YIIiH
HEri3ri Ky3bIpeT peTiHnae cunartananbl. COHbIMEH KaTap, nepOec ACpeKTepaiH Kayirci3miri,
ITOPUTMIIK OeHTapanThIK >kKoHE HUQPIBIK TEHCI3AIK Macenenepi KapacThIpbliaibl. OJIeMIIK
TOXipHOE MEH HaKThl MBICAJIJApFa CYHEHE OTBIPHIM, KOFAPBI OKY OpPBIHIAPHIHIA KOJIJAHBLUIBII
KYPreH TUIMAI TUQPIBIK MeJaroruka MoJenbaepi KepceTiireH. 3epTrey HoTHxKeNnepi OOMbIHIIA
O1mimM Gepyeri TaObICThI IUPPIBIK TpaHCchOpMaITUs KyHesl KOoJAay/ bl, OKy OaFapiraMaiapblHbIH
MHHOBAIMSUIBIK jK00aJaHybl MEH TEXHOJIOTUSI MEH TeJIarOTUKaHbl YilnecTipe OUTyal Tajamn eTei.
Hudpasik megarormka — Oy TEK TEXHOJOTHSUIBIK YpAIC emec, OumiM Oepy MakcaThl MEH
Ma3MYHBIH KaliTa aHBIKTAWTBIH MOJIEHU JKoHE (PUI0coPUATIBIK OaFbIT.
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AnHoramusi. B crarbe paccmarpuBaercs ¢deHoMeH IMGPOBOM TMETarorMKd  Kak
dbyHIamMeHTanbHOE TpeoOpazoBaHue menarornyeckoi mapagurmel XXI Beka. AHanu3upyercs
BIUSHUE LU(POBBIX TEXHOJOTHMIl Ha cHCTeMy O00pa3oBaHHs, HX poJib B TpaHchopMaluu
TPAJUIMOHHBIX METOAOB OOyueHHss U (HOPMUPOBAHMM WHTEPAKTHUBHOM, WHKIIO3UBHOM
obpazoBarenbHO cpenbl. Ocoboe BHUMaHUE YIEICHO MEePEX0y OT MOJIEIH, OPUCHTHPOBAHHON
Ha TperojaBaTelis, K MOJEIH, OPUEHTUPOBAHHONW Ha OOYYalOIIEerocs, YTO CTaJ0 BO3MOXKHBIM
Oytaroaps pa3BUTHIO ITU(DPOBBIX TUIATPOPM, HCKYCCTBEHHOTO HHTEIIJIEKTA M aHATTUTUKHA OOJIBIITNX
naHHbIX. OTMeuaeTcs KIito4yeBast poiib HU(PPOBOM IPaMOTHOCTH KaK BaKHEHIIEH KOMIETECHIIUH
COBPEMEHHOr0 Mejarora u cryneHTta. PaccmaTpuBaioTcst mpoOiieMbl STHYECKOTO XapakTepa —
3alMTa NEPCOHATIBHBIX JaHHBIX, IPEAB3ATOCTH AITOPUTMOB U I (PpoBoe HepaBeHCTBO. Ha ocHOBe
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aHaJlM3a MEXIYHAPOIHBIX MPAKTUK U KOHKPETHBIX MPUMEPOB MOKa3aHbl 3(PPEKTUBHBIE MOAETU
u(pOBO TEeNaroruky, peann3yeMble B By3aX pa3HbIX cTpaH. CHenaH BBIBOJ, YTO YCIEIIHAs
nudposas tpanchopmaius oOpa3oBaHUs TpPeOyeT CHCTEMHOW MOAMECPKKH, WHHOBAIIMOHHOTO
NPOSKTUPOBAHUS yYEOHBIX TPOrpaMM UM TapMOHHYHOTO COYETAaHUS TEXHOJIOTHH C
neparorndeckumMu  npuHuunamu. udpoBas nemarornka mpencTaBiseTcs HE  MPOCTO
TEXHOJIOTHYECKUM TPEeHIOM, a (PUIOCOPCKUM M KYJIbTYPHBIM CIBUTOM, TEPEOTPEICIISIONINM
LEIH U METOJIbl 00pa30BaHUs.

KuaroueBble cioBa: 1mudpoBas Megaroruka, 3JIEKTPOHHOE OO0ydYeHUE, MCKYCCTBEHHBIH
WHTEJUICKT, BhICIIEe 00pa3oBaHUE, HHHOBAIMH, IU(PPOBas TPaMOTHOCTbh, TpaHChHOpMaIus

Jas nutupoBanus: XK. K. Monnamesa. [{udpoas negaroruka: peBOTIOIMOHHBIN CIBUT
B niegarornueckoit napaaurme//Ilompinuennasiii Tpancnopt Kazaxcrana. 2025. T. 22. No. 87. Crp.
81-88. (Ha anr.). https://doi.org/10.58420/ptk/2025.87.03.007

KoHduukT uHTEepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Introduction.

In the twenty-first century, education has undergone a fundamental transformation driven
by the rapid advancement of digital technologies. The traditional teacher-centered model, which
emphasized memorization and one-way knowledge transmission, is gradually being replaced by a
digital pedagogy framework that prioritizes interactivity, collaboration, and learner autonomy
(Asanova, 2022: 114). Digital pedagogy redefines the role of teachers as facilitators who guide
students in the process of constructing knowledge rather than simply delivering information
(Kasymbekova, 2023: 88).

The emergence of online platforms, virtual classrooms, and artificial intelligence (Al) tools
has shifted pedagogical focus toward competency-based and individualized learning approaches
(Abildina, 2021: 52). Students are no longer passive recipients but active participants who co-
create learning content through digital engagement, multimedia tools, and peer collaboration
(Arystanov, 2024: 91).

Moreover, digital pedagogy bridges geographical, cultural, and socioeconomic barriers,
providing equal access to educational resources for learners across the world (Zhumabayeva, 2020:
76). The integration of digital literacy, critical thinking, and creativity into modern curricula
contributes to forming future-ready individuals capable of adapting to the demands of Industry 4.0
(Amanzholova, 2024a: 110).

However, despite the opportunities, challenges such as unequal access to technology, lack
of digital skills among educators, and the risk of information overload remain significant
(Amanzholova, 2024b: 270). These issues require systematic reforms in teacher training programs
and institutional support mechanisms.

This article explores the evolution of digital pedagogy, identifies its key principles and
tools, and analyzes how digital transformation reshapes the traditional educational paradigm in
Kazakhstan and globally.

Materials and methods

The methodological foundation of this research relies on an interdisciplinary approach that
combines theoretical analysis, empirical investigation, and comparative evaluation of international
pedagogical practices. The study explores the conceptual framework and implementation of digital
pedagogy as a transformative paradigm in higher education. This approach allows for a
comprehensive understanding of how digital tools, technologies, and innovative teaching methods
reshape the educational environment and influence the effectiveness of the learning process
(Andreev, 2011: 52-60).

To ensure the reliability and validity of results, the research employed a mixed-methods
design, integrating both qualitative and quantitative components (Amanzholova, 2024a: 89-97).
The quantitative phase focused on analyzing statistical data from educational institutions in
Kazakhstan and other post-Soviet countries over the period 2019-2025. Official reports from the
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Ministry of Science and Higher Education, UNESCO, and OECD were used to identify patterns
in the adoption of digital educational technologies, distance learning tools, and electronic resource
platforms (UNESCO, 2022: 211-215; OECD, 2023: 199-202; World Bank, 2023:9-15).

The qualitative phase involved in-depth interviews and focus group discussions with
teachers, academic administrators, and students from five Kazakhstani universities actively
introducing digital learning methods into their curricula (Barmakova, 2020: 80-97). A total of 150
lecturers and 300 students participated in the survey. The questions aimed to assess the level of
digital competence, attitudes toward e-learning, perceived barriers in digital instruction, and
overall satisfaction with blended and online teaching formats.

To complement survey data, semi-structured interviews were conducted with senior
teachers and experts in educational technology. These interviews helped identify pedagogical
strategies that effectively combine digital platforms with classical teaching principles. Special
attention was given to identifying the psychological and methodological challenges educators face
during the digital transition — including technological resistance, lack of digital literacy, and
difficulties in maintaining student engagement.

The study also employed content analysis of academic and policy literature. Sources
included peer-reviewed journals, government regulations, university reports, and open educational
resources. The analysis of secondary materials focused on detecting terminological and conceptual
differences between “digital pedagogy,” ‘“e-learning,” and “technology-enhanced learning”
(Arkeshev, 2014: 109-122).

To process the empirical data, descriptive statistics and thematic coding techniques were
used. The data from questionnaires were processed using the statistical software package SPSS
26.0. The reliability of responses was verified through Cronbach’s alpha coefficient (o = 0.84),
confirming internal consistency. Qualitative data were coded manually and categorized into
themes related to teaching transformation, learner autonomy, and institutional readiness for
digitalization.

Furthermore, comparative analysis was applied to identify similarities and differences in
digital pedagogy implementation across universities of Kazakhstan, Russia, and European
countries. This allowed the study to determine the degree of integration of interactive learning
tools such asLearning Management Systems (LMS), MOOCs, and Al-based tutoring
systems (Amanzholova, 2024b: 270-284.).

In addition, the research considered ethical and academic integrity principles, ensuring that
all participants gave informed consent, and all secondary data were cited according to academic
standards. The triangulation of data sources, combined with methodological pluralism, ensured the
comprehensiveness and accuracy of conclusions drawn from both empirical observations and
theoretical interpretation.

Thus, the methodological design of this study provides a solid framework for assessing the
depth and dynamics of the digital transformation of modern pedagogy, offering a balanced
perspective on the opportunities and challenges associated with the integration of digital
technologies into educational practice (Aspanova, 2025: 401-408).

Results and discussion

The analysis revealed that digital pedagogy represents not merely the integration of digital
tools into traditional classrooms but a profound rethinking of the entire educational paradigm. It
transforms the teacher’s role from a transmitter of information to a facilitator and co-creator of
knowledge, while students evolve from passive recipients into active participants in the learning
process (Arkeshev, 2014: 109-122). The findings demonstrate that this paradigm shift is
characterized by three interconnected dimensions: technological innovation, pedagogical
transformation, and cognitive adaptation.

1. Technological Innovation and Infrastructure Development

The results indicate that universities that have successfully adopted digital pedagogy
possess a robust technological infrastructure—including reliable internet connectivity, modern
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LMS platforms, and digital resource repositories. Data collected from surveyed institutions show
that 68 % of higher education institutions in Kazakhstan have implemented platforms such as
Moodle, Canvas, or Google Classroom. However, only 34% have developed customized systems
designed to meet national educational standards.

Teachers reported that the integration of artificial intelligence (Al) tools, such as automatic
grading, chatbots for academic advising, and personalized learning analytics, has significantly
improved the efficiency of educational processes. According to respondents, Al-assisted feedback
mechanisms reduced grading time by 45% and enhanced student engagement in self-directed
learning.

Nevertheless, the study revealed a digital divide between urban and regional universities.
Institutions in major cities like Almaty and Astana demonstrate higher digital readiness, while
rural universities continue to face challenges such as unstable connectivity, insufficient digital
skills among faculty, and limited access to licensed educational software. This inequality
underscores the need for national programs that would support infrastructure development and
teacher training across all regions.

2. Pedagogical Transformation

The qualitative data show that the shift toward digital pedagogy requires a fundamental
transformation in teaching philosophy and methodology. More than 70% of surveyed teachers
acknowledged that they had to redesign their curricula to integrate interactive and student-centered
learning methods. Project-based and collaborative learning approaches have become increasingly
popular due to their compatibility with digital platforms and their ability to develop critical
thinking and problem-solving skills.

Teachers highlighted that multimodal instruction—combining text, video, audio, and
interactive simulations—has significantly increased students’ retention and comprehension rates.
For example, one university introduced virtual laboratories for engineering courses, which
improved students’ practical understanding by 28% compared to traditional labs.

However, challenges remain in maintaining academic integrity in online settings.
Plagiarism detection software (such as Turnitin and Unicheck) has been implemented, yet teachers
still struggle to design authentic assessments that minimize cheating opportunities. This issue
points to the necessity of developing assessment models focused on creativity, analytical
reasoning, and application of knowledge rather than memorization.

3. Cognitive and Psychological Adaptation

Digital pedagogy also affects how students perceive and process information. The study
found that online learners exhibit greater autonomy but also face increased levels of cognitive
fatigue and social isolation. About 60% of students reported difficulties with time management
and motivation in self-paced courses. This aligns with global research emphasizing the
psychological costs of excessive screen time and lack of face-to-face interaction.

To mitigate these challenges, educators began implementing hybrid models that combine
synchronous and asynchronous learning. These models allow students to interact virtually while
still participating in on-campus activities that foster social belonging. Teachers emphasized that
digital pedagogy must remain human-centered, prioritizing emotional engagement and empathy
in virtual communication.

4. Institutional Readiness and Policy Implications

From an institutional perspective, the success of digital pedagogy depends heavily on
the strategic management of educational change. The analysis of administrative reports revealed
that only 40% of Kazakhstani universities have developed official digital transformation strategies
aligned with national education policies. The absence of a unified framework results in fragmented
implementation and inconsistent quality across institutions.

Respondents stressed the importance of continuous professional development for teachers.
More than 80% of educators expressed the need for systematic training programs focused on
digital literacy, instructional design, and online classroom management. Universities that
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established internal centers for digital competence reported a 30% improvement in teaching quality
and student satisfaction.

Additionally, the study underscores the role of policy-level support in promoting open
educational resources (OER) and open access publishing. Such initiatives enhance global visibility
and academic exchange, allowing Kazakhstani scholars to integrate into the international research
community.

5. Comparative Perspective and Global Trends

When compared to European and North American universities, Kazakhstani institutions
are still at the transitional stageof digital transformation. Western universities have already moved
toward Al-driven personalized learning ecosystems, while post-Soviet universities remain focused
on basic digital adaptation. However, Kazakhstan demonstrates a promising trajectory, as national
digitalization programs and public-private partnerships increasingly support education innovation.

The comparative analysis revealed that cultural context significantly influences how digital
pedagogy is perceived and implemented. In Western contexts, education is more individualized,
whereas in Central Asia, collectivist traditions still shape classroom dynamics and student
expectations. Hence, digital pedagogy must adapt to local educational values rather than merely
replicate global models.

6. Synthesis of Results

The results collectively suggest that digital pedagogy is not a supplementary innovation
but a systemic transformation. Its implementation redefines curriculum design, communication
models, and institutional governance. The study demonstrates that the effectiveness of digital
pedagogy depends on three interrelated conditions:

- Adequate technological infrastructure and access;

- Continuous teacher training and methodological renewal,

- A supportive policy environment that ensures equity and innovation.

This triadic framework offers a comprehensive foundation for reforming higher education
systems in Kazakhstan and beyond. Ultimately, digital pedagogy should be viewed as a cultural
and epistemological revolution—one that reconfigures how knowledge is produced, shared, and
experienced in the 21st century.

Conclusion.

The comprehensive analysis of digital pedagogy confirms that the contemporary
transformation in education is not limited to the technological modernization of the learning
process. Rather, it signifies a philosophical and methodological evolution that redefines the nature
of knowledge acquisition, teaching practice, and the role of educational institutions in society. The
results of this study allow us to assert that digital pedagogy is both a reflection of global
technological progress and a catalyst for pedagogical innovation.

At its core, digital pedagogy represents a human-centered transformation in which
technology serves as a mediator, not a replacement, of human interaction. The digital environment
expands the teacher’s toolkit, offering opportunities for differentiated instruction, real-time
feedback, and cross-border collaboration. However, the effectiveness of these innovations depends
on the teacher’s ability to critically interpret technology through a pedagogical lens rather than as
an end in itself. The teacher becomes an architect of learning environments that balance innovation
with human empathy — a key component often lost in purely technical interpretations of
education.

From a pedagogical standpoint, digital transformation promotes a shift from reproductive
to constructivist learning models. This change emphasizes the active role of learners in
constructing knowledge through interaction, reflection, and collaboration. Such an approach aligns
with global trends in competency-based education, where success is measured not by rote
memorization but by problem-solving and adaptability.

Psychologically, the research reveals that digital pedagogy has dual implications. On one
hand, it enhances student autonomy, enabling flexible, self-paced learning. On the other, it raises
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concerns about cognitive overload, reduced attention span, and social isolation among students.
Therefore, digital pedagogy requires a careful psychological balance that integrates motivational
design, emotional engagement, and social presence. These findings underscore the necessity for
educators to acquire digital emotional intelligence, allowing them to build trust and empathy in
virtual environments.

Institutional readiness emerged as a decisive factor for successful implementation of digital
pedagogy. Universities that demonstrated proactive management of digital transformation —
including investment in digital infrastructure, teacher training, and open resource development —
achieved higher levels of student satisfaction and learning outcomes. In contrast, institutions that
adopted digital tools without methodological adaptation faced limited success, revealing
that technology without pedagogy remains ineffective.

At the policy level, Kazakhstan’s educational modernization strategy provides a favorable
framework for developing digital learning ecosystems. However, the implementation of these
policies must go beyond formal adoption and focus on sustainable integration that ensures equal
access, quality assurance, and academic freedom. The creation of national repositories of digital
content, the expansion of broadband access, and the inclusion of digital literacy in teacher
certification standards represent essential steps toward this goal.

Ethical and Cultural Considerations

One of the most critical findings concerns the ethical dimension of digital pedagogy. The
widespread use of Al, biometric monitoring, and data analytics in education raises questions of
privacy, consent, and the moral responsibility of educators. Institutions must develop ethical codes
and transparent governance systems to ensure that technology serves pedagogical and societal
goals rather than commercial interests.

Culturally, digital pedagogy must adapt to national educational traditions rather than
blindly replicating Western models. In Kazakhstan and Central Asia, where collective values and
respect for authority play a significant role, digital pedagogy should promote dialogue between
traditional didactic approaches and modern constructivist practices (Barmakova, Kasymova, 2020:
203). This synthesis can produce a hybrid educational model that combines technological
efficiency with cultural authenticity — ensuring that digital transformation remains locally
relevant and globally competitive.

Looking forward, the future of digital pedagogy lies in the integration of artificial
intelligence, virtual reality, and data-driven learning analytics into personalized education
systems. These technologies will enable dynamic feedback loops between teachers and learners,
ensuring continuous improvement and adaptability. However, technology should remain a means
of enhancing human creativity, not replacing it. The concept of “pedagogical wisdom”— the
ability to apply technology responsibly, ethically, and purposefully — will define the next
generation of educators.

In this regard, universities should evolve into innovation ecosystems, where research,
teaching, and digital experimentation coexist. Collaborative projects between academia, industry,
and government can foster open educational platforms, promote interdisciplinary research, and
create inclusive educational opportunities across social and geographic boundaries.

The conducted study concludes that digital pedagogy is not a replacement of traditional
pedagogy but its evolutionary continuation. It reinterprets established principles of learning
through the prism of digital communication, offering a more dynamic, interactive, and flexible
framework for education. Nevertheless, successful digital pedagogy requires systemic support —
technological, methodological, and ethical — to achieve its transformative potential.

Thus, the future of education depends on our collective ability to harmonize humanistic
pedagogy with technological innovation. As educators, policymakers, and researchers embrace the
opportunities of the digital age, they must remember that the ultimate goal remains unchanged: the
development of a free, creative, and responsible individual capable of shaping the future. Only
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through such an integrative and ethical approach will digital pedagogy truly fulfill its mission as a
revolutionary yet human-centered shift in the pedagogical paradigm.
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Abstract. The article addresses the evaluation of the performance of an integrated logistics
system in a large industrial enterprise, specifically a metallurgical plant. The objective of the study
is to develop a methodological approach that incorporates both tangible and intangible indicators
for assessing the efficiency of the logistics system. The authors emphasize the importance of a
comprehensive analysis that covers not only material aspects (financial flows, resource utilization,
cost reduction) but also intangible parameters — integration, informativeness, and the kinetic
energy of the system. Three key performance indicators are proposed: the integration coefficient,
the informativeness coefficient, and the system’s kinetic energy. The integration coefficient
reflects the level of interaction among the enterprise’s structural divisions; the informativeness
coefficient characterizes the speed and quality of information processing; and the kinetic energy
indicator demonstrates human efficiency and the dynamics of internal processes. The practical
application of the proposed methodology is illustrated using the example of the “Zaporizhstal”
metallurgical plant. The analysis results show that optimizing logistics processes, improving
informatization, and implementing innovative approaches reduce costs and enhance the
effectiveness of the integrated management system. The developed organizational and economic
evaluation mechanism provides a comprehensive understanding of system performance and
supports more balanced managerial decision-making. The proposed approach can be applied to
further development of integrated logistics systems in industrial enterprises, enhancing
competitiveness in a volatile economic environment.
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AnHoTamusi. Makanana ipi ©HEpPKOCINTIK KOCIMOPBIHHBIH, aTan aWTKaHaa OojaT
3ayBITHIHBIH WHTETpAlMSsUIAHFaH JIOTUCTHKANBIK JKYHECIHIH THIMIUIITIH Oaraimay Mocelect
KapacThIpbUIaAbl. 3€pTTEYIiH MakcaThl — JIOTUCTUKAIBIK S>KYWEHIH THIMAUTITIH Oaranayna
MaTepHaABIK )KOHE MaTEPUANIIBIK EMEC KOPCETKIIITEeP1i KAMTHTBIH 9/1iCTEMEIIIK TICUIAL a3ipIiey.
ABTOpNap TangaylblH TEK MaTepUabIK acleKTUIepiH (KapKbUIBIK arbIHAAp, pecypcTapibl
naiijanaHy, IIBIFBIHAAPIBI a3aliTy) FaHa €Mec, COHBIMEH KaTap MaTepHaiblK eMec
napaMmeTpiepiH — UHTerpauusi ACHreiiH, aKMapaTThbUIBIKTBl JKOHE JKYMEHIH KUHETHKAJbIK
SHEPTUSACHIH 3€pTTEY KAXETTUIrH aram eTeldi. 3epTTey HOTWXKECIHAEe YII Herisri Oaramay
KOPCETKIII YCHIHBUIABI: WHTErpamust Kod(QUImMeHTi, akmaparThulblK KOd((UIIMEHTI >KoHE
KYHEHIH KUHETUKAJBIK SHEeprusicbl. MHTerpamus kod(p@UIMEHTI KOCIMOpBIH OemiMiienepi
apachIHJIaFbl ©3apa OpEKeT JEHTCHIH KepceTeadl; aKMapaTThUIBIK Kod()QHUIMEeHTI akmapar
aFbIHIAPBIHBIH OHJIETY JKbUIIAMIBIFBIH JKOHE CAlachlH CHUIIATTANIbBI; al KHHETUKAIBIK SHEPTHUs
KepceTKim afgaM (aKTOPBIHBIH THIMJIUIIN MEH 1K1 MPOIECTEPAIH CEPHIHALIITH OciHenenmi.
«3amopoKCTANTBY METAJLTyprusi KOMOMHATHIHBIH MBICAJIBIH/IA YCHIHBUIFAH TOCUIAIH MPAKTUKAIBIK
KOJIJIaHBLTY Bl KOpCceTUIreH. Tangay HoTHxKelepl JIOTUCTUKAJIBIK MPOLeCTepAl OHTaIaHIbIpY MEH
aKMapaTTHIK ©3apa SPEKEeTTECY Il )KEeTUIAIPY MbIFBIHAAPABI a3aiThIN, KYHEHIH YHIeCIMIUIIrT MeH
WHHOBALIMSUIBIK QJIEYEeTIH apTTHIPATHIHBIH JAdJIENeiHAl. O3IpJeHTeH YHbIMAACTBIPYIIbUIBIK-
HKOHOMHMKAJIBIK Oarajay TeTirl >KYMeHIH KbhI3METIH KEHICH[ TYCIHyre *oHe OacKapyIIbLIBIK
mienrnmaepal THiMAI KaObuimayra MyMKIHAIK Oepesi. By Tocim eHepKocinTIK KOCIMOPBIHAAPABIH
Oacekere KaOUIETTUIIMH apTTHIPHII, TYPAKThl AAMYBIH KAMTaMAaChI3 €Tyre OarbITTaIFaH.

TyiiiH ce3ep: UHTErpalUsUIaHFaH JIOTUCTUKA, TUIMIUTIK, HHTETPallks, aklapaTTaHabIpy,
OHTaWJIaHJBIPY

Joiiekco3nep ymin: ©O. YpaimeBa, M. AwmanoBa, H. Cypamos, [. Kapabacos.
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AHHoTauusi. B craree paccmarpuBarOTCS BONPOCH OLEHKH d3(dexTuBHOCTH
(YHKIMOHUPOBAHUS MHTETPUPOBAHHON JIOTMCTUYECKON CHUCTEMBl KPYHMHOI'O MPOMBIIIIEHHOTO
NPEINpUATHS Ha MPUMEpPEe METauTyprudeckoro 3aBojaa. Llemp wmccienoBanuss — pa3padboTarthb
METOAMYECKUH MOIXO0/, BKIIOYAOIINNA KaK MaTepHajbHbIe, TAaK U HEMaTepUalbHbIE NOKA3aTeIN
OLeHKHA 3((EKTUBHOCTH JIOTUCTHUECKOM CHUCTEMBl. ABTOPHI aKIEHTUPYIOT BHUMaHHE Ha
HEOOXOIMMOCTH KOMILIEKCHOTO aHaln3a, KOTOPbIM OXBAaThIBAET HE TOJBKO MaTepUalIbHbIE
acrekThl ((puHAHCOBBIE MOTOKM, HCIOJB30BAHUE PECYpPCOB, CHUIKECHHE H3JEPKEK), HO U
HeMaTepHasbHbIE MapaMeTpbl — MHTETPaLNI0, HHPOPMATUBHOCTh M KMHETUYECKYIO SHEPTUI0
cucteMbl. [IpeanokeHsl TpH KIIIOYEBBIX MOKa3arens oueHkd 3¢ddexruBHOCTH: KOIDDUIIUEHT
MHTETPUPOBAHHOCTH, KO3()PUIMEHT MH()OPMATUBHOCTH M KHHETUYECKAs SHEPrUsl CUCTEMBI.
KoadduumeHT MHTErpupOBaHHOCTH OTPAXKaeT YPOBEHBb B3aUMOJICHCTBHS MEXAY CTPYKTYPHBIMH
NOJPAa3/IeEHUs MU IPEIPUATHS, KOAPPUIUEHT HHPOPMATUBHOCTU XapAKTEPU3YET CKOPOCTh U
KayecTBO OO0pabOTKM WH(POPMALMOHHBIX IOTOKOB, a IIOKa3aTellb KUHETHYECKOW SHEPrHH
JEMOHCTPUPYET 3(P(PEKTUBHOCTD YEIOBEUECKOro (pakTopa U JUHAMUKY BHYTPEHHHUX IPOLIECCOB.
Ha npumepe MeTajurypruueckoro KoMmOMHAaTa «3amopoXKCTajby IIOKa3aHa MpaKTHYecKas
peanuzanys NPeIOKEHHOM MeToAuku. Pe3ynbraThl aHamu3a CBHUAETENIBCTBYIOT, 4TO
ONTUMH3AIMS JIOTUCTUYECKUX TPOLIECCOB, MOBHIIIEHUE YPOBHSI MH(OpPMATH3AIlMK U BHEAPEHHE
VMHHOBAIIMOHHBIX IOJXOJIOB IPHUBOAAT K CHIJKEHHIO 3aTpaT M MOBBIMIEHUIO 3(deKkTuBHOCTH
MHTETPUPOBAHHON CHCTEMBl YyIpaBieHHs. Pa3zpaOoTaHHBI OpraHM3alMOHHO-3KOHOMHUYECKHMA
MEXaHU3M OLIEHKH 00ecnedrBaeT KOMIIEKCHOE MOHUMaHue paboThl CUCTEMBI M CIIOCOOCTBYET
NPUHATHIO 00JIee B3BEUICHHBIX YIPABICHYECKHX pereHu. [IpeanoxkeHHbIi T0o1X01 MOXKET ObITh
UCTIOJIb30BaH /7S JAJIbHEHIIIEro COBEPLUIEHCTBOBAHUS HHTETPUPOBAHHBIX JJOTUCTUUYECKUX CUCTEM
B NPOMBIIUIEHHOCTH, 00€CleunBas poCT KOHKYPEHTOCIIOCOOHOCTH MPEANPHUITHN B YCIOBHUSX
HECTaOMJIbHOW HKOHOMMKH.
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KawuyeBble cj10Ba: MHTETPUPOBAHHAS  JIOTUCTHUKA, A(PQGEKTUBHOCTh, HHTETPAIHS,
WH(OPMATUBHOCTD, ONTHMH3AIUS

Jasi uuTupoBanusi: A. YanueBa, M. AmanoBa, H. Cypamos, 1. Kapabacos. Onenka
sbdekTuBHOCTH  (QYHKIIMOHMPOBAHHSI ~ MHTETPHUPOBAHHOW  JIOTUCTHYECKOHW  CHUCTEMBI
npeanpustus//Industrial Transport of Kazakhstan. 2025. T. 22. No. 87. Ctp. 89—-102. (Ha pycc.).
https://doi.org/10.58420/ptk/2025.87.03.008

KoH(}JIHMKT HHTEPECOB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(MIIMKTa HHTEPECOB.

Beenenue.

@OYHKIIMOHUPOBAHUE KPYIHOI'O IPOMBIIUIEHHOTO NPEANPUITHS B COBPEMEHHBIX
HKOHOMUYECKUX YCIIOBUSAX OMPEIENSIeTCS BBICOKON NTMHAMUYHOCTBHIO BHEIIHEW CpPebl, pOCTOM
KOHKYPEHIIMU M HEOOXOIMMOCThIO ONTHMHU3ALMU BHYTPEHHHX IporieccoB. OaHUM U3 Hanboee
3G (}EeKTUBHBIX MMOAXOIOB K TMOBBIIICHUIO PE3yJIbTaTUBHOCTU JAESITEIbHOCTH MPEeIIpUITUN
ABIISICTCA  CO3JaHUE MHTETPUPOBAaHHBIX Jsoructuueckux cucrem (MJIC), obecneunBaromumx
KOOpJMHAIIMIO MaTepuajbHbIX, HWHPOPMAIMOHHBIX M  (UHAHCOBBIX TIOTOKOB  MEXIY
CTPYKTYpPHBIMH NoJpa3aeneHusMu. IIpu atom npoexkruposanue, BHeaApeHue U ynpasinenue NJIC
COTPOBOXIAIOTCS 3a/adeii pa3paOOTKU OOBEKTHBHBIX METOIOB OICHKUA 3(P(HEKTUBHOCTH HX
(YHKIMOHUPOBAHUSL.

OOGocHoBanue BbIOOpa Tembl. HecMOTpsi Ha 3HAYMTENBHBIM BKJIAaJa HCCIENOBaTelield B
passutue teopuu snoructuku (I'puropak, 2010: 45-50; Jlykunckui, 2007: 112-118; Hepym,
2006: 203-210; Croxk, 2005: 54-60; Xappucon, 2007: 91-98), B HayuyHOUW JuTEepaType
coxpaHsieTcs npodieMHas cuTyaius. Bo-nepBbIX, OTCYTCTBYIOT €IUHBIC KPUTEPHH HHTET PAIbHON
oneHku 3¢ dextuBHoctd MJIC. Bo-BTOPHIX, CYIIECTBYIONIME METOIUKHA MPEHMYIECTBEHHO
VYHUTHIBAIOT MaTepualbHbIE TOTOKU, HE OXBaThiBas HMH()OPMAIMOHHBIC, OPTaHU3ANHOHHBIC U
JUHAMHYECKHE CBOWCTBA CHUCTEMBL. B-TpeTbuX, HEIOCTaTOYHO pa3pabOTaHbl TMOKa3aTeln
MHTETPUPOBAHHOCTH, COIJIACOBAHHOCTH, AJalTHUBHOCTH M JHEPreTHUUYECKUX XapaKTEPUCTHK
JIOTUCTUYECKON CUCTEMBI. DTO CBUIECTEIHCTBYET O COXPAHEHUU CYIIECTBEHHOI'O TEOPETUUECKOTO
U TIPaKTHYECKOT0 Mpobena, YTo 00yCIOBUIIO BEIOOP TEMBI IaHHOT'O UCCIICIOBAHMUS.

AKTYallbHOCTh ~ TE€MBI OTIPEJICISACTCS  pacTyllel MOTPeOHOCTBIO MPEANPHUSATHNH B
MOBBIIIEHUH YCTOWYUBOCTH U THOKOCTH JIOTMCTHYECKUX MPOLIECCOB, UX HU(PPOBU3AINH, A TAKXKE
B COBEpPILIEHCTBOBAaHMU METOJIOB yIpaBlieHYeCKOro aHaiu3a. [Ipu cymiecTByIolmeM HHTEpece K
M3YYCHHIO JIOTUCTUYECKUX CHCTEM B HAYYHOU Cpejie OTCYTCTBYIOT HCUEPIIBIBAIOIIUE MOIXOBI K
KOMIUIEKCHOU oleHKke 3(dextuBHocTH (yHkunonupoBanuss WNJIC, ocHoBaHHble Ha yuére
WHTETPUPOBAHHBIX TOTOKOB M JUHAMHYECKHUX MMapaMeTpoB. ITO MOMYEPKHUBAET Kak
TEOPETUUECKYI0, TaK U MPAKTUUECKYIO0 3HAYMMOCTb JAHHOT'O UCCIICJOBAHMUS.

OOBEKT uCCIeIOBaHUS — WHTETPUPOBAHHAS JIOTUCTUYECKAs CHCTEMa MPOMBIIIIEHHOTO
TIPEITPHSITHSL.

[IpenmMer uccnenoBaHus — METObI U MMOKA3aTeaN OLleHKH 3(PPEeKTUBHOCTH (PYHKIIMOHUPOBAHUS
NJIC.

Ilenp wuccrenoBaHUS — YCOBEPIICHCTBOBAHHE METOJWYECKOTO IMOAXO0/a K OIICHKE
3P PEeKTUBHOCTH (HYHKIIMOHUPOBAHUS HHTETPUPOBAHHOM JIOTHCTUYECKON CUCTEMBI TPEIIPUSITHSL.

3aaum vccae10BaHus BKIIOYAIOT:

- AHaM3 TEOPETUKO-METOJOJIOTHYECKUX OCHOB (DOpMHUpPOBAHUS U (PYHKIMOHUPOBAHUS
NJIC.

- HccnenoBanue CyIIECTBYIONMX KPUTEPUEB OIECHKH 3()(PEKTHBHOCTH JOTHCTUYECKHUX
CHUCTEM.

- OnpeneneHre OrpaHUYCHUN COBPEMEHHBIX MOIXOA0B U (popMUpOBaHUE TPEOOBAHUHN K
HOBOU I'pyIIIE ITOKA3aTEeIIeH.

- Pa3zpabotky moxkasareneit 3gdexkruBHocTr NJIC, yIUTHIBAIOMNX WHTCTPUPOBAHHOCTb,
MH(GOPMATUBHOCTh U JTUHAMHYECKHE XapaKTEPUCTHKHU.
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- OneHKy npeyI0KeHHBIX TToKasatenei Ha mpumepe NJIC metammyprudeckoro komonHaTa
OAO «3anopoxcranby.

- Pa3paboTky oOpraHuzannoOHHO-IKOHOMHUYECKOTO MEXaHW3Ma KOMIUJIEKCHOM OIEHKU
spdextuBHOCTH pyHKIIMOHUpOoBanus UJIC.

Metoapl HCCIeAOBaHUS: CHCTEMHBIN aHAJIN3, CPaBHUTEJIbHBIM METOM, JOTHUCTUYECKHI
MO/IXO0/, AaHATIMTUYECKOE MOJIETMPOBAHUE, IKOHOMUKO-MATEMaTHYECKUE PACUETHI.

['unoTe3a uccienoBaHus 3aKII0YAETCS B MPEANONIOKEHUH, YTO TPUMEHEHHE MTOKa3aTenen
WHTETPUPOBAHHOCTH, HHPOPMATHBHOCTU U KuHeTudeckoi saeprun NJIC mo3Bonmut odecnednTsb
0ojiee TOYHYI0O M BCECTOPOHHIOIO OICHKY 3(P(GEKTHBHOCTH JIOTUCTUYECKOW CHUCTEMBI I10
CPaBHEHHUIO C CYILIECTBYIOIIUMU METOJAMHU.

HayuHnas u npakTuyeckasi 3HaUUMOCTb COCTOUT B TOM, YTO MPEATI0KEHHBIM METOUUECKHI
MOAXO0/ MO3BOJISET JAaTh KOMIUIEKCHYIO OLIEHKY JIOTUCTUYECKON CUCTEMBI, BBISIBUTH Y3KHE MECTa
U MOBBICUTH COTJIACOBAHHOCTH MPOLIECCOB, YTO MOKET OBITH UCIIOJI30BAHO MPEANPUATHIMU AJIs
ONTUMU3ALMH JIOTUCTUUECKOU IEATETbHOCTH.

MarepuaJbl 1 METOIbI.

B Hacrosimiee BpeMs cosgaHue BbICOKOA((HEKTUBHOTO MPOU3BOJCTBA C HAWMEHBIIHMMHU
3aTpaTaMM Ha COBPEMEHHBIX NPEINPUATHAX BBIHOCUTCS Ha IEPBOE€ MECTO, OJHUM U3
3 PEKTUBHBIX MEXaHW3MOB pELICHUs CIOXMBIICHCS mpoOiemsl sBisieTcs co3ganue WIIC.
UccnenoBanus Teoperuko-mMeronoornueckux acrnektoB MJIC oToOpakeHBI B TpyaaxX TaKHX
yueHHbIX: P. Xoyka, J[x. Ctoka, M. I'puropax, E. Kpukasckoro, B. Jlykunckoro, 1O. Hepyma u
np. (IlamoBasnos, 2013 : 1;I'puropak, 2010: 45-50; BacuneBcbkuii u ap., 2008: 596; JIykuHCKHiA,
2007: 448; Hepyur u np., 2006: 520; Crok, 2005: 797; Xapucon, 2007: 368).

Jloructrueckne CUCTEMBI YKIIQJIBIBAIOTCS B OOIICTIPUHATOE TMOHSATHE ''CUCTEMBI", T.K.
CKIIQJBIBAIOTCA M3 CHUCTEMHO OOpa3yloluX »JJEMEHTOB, TECHO B3aUMOCBS3aHHBIX U
B3aMMO3aBUCHUMBIX MEXIY CO0OI, KOTOpblE HMEIOT YIOPSJIOYEHHBIE CBSI3U U 00pa3yloT
OTIPEJICIICHHYIO CTPYKTYPY C 3apaHee 3aJaHHBIMH OcOOeHHOCTSAMH. OTIUYAOTCS 3TH CUCTEMBI
BBICOKOW CTENEHbIO COTJIACOBAHHOCTH BXOJHBIX MPOAYKTHBHBIX CHJ C LENbIO YIpPaBICHUS
CKBO3HBIMHU ITOTOKaMH.

Jloructuueckas cucrema (mamee — JIC) — »3TO clokHas CTPYKTYpHUpOBaHHAas
SKOHOMHUYECKash CUCTEMa, COCTOSIAs M3 3JEMEHTOB — 3BEHBEB, B3aUMOCBSI3aHHBIX B €JIMHOM
MPOLIECCe YIPaBIEHUS MAaTE€PUAIbHBIMH, CEPBHCHBIMH U COIMYTCTBYIOIIMMU WM IOTOKaMHU
(JIyxunckuit, 2007: 448; Hepym, 2006: 520; [Topoxns, 2012: 261-269; Cemenos, 2008: 328).

JIC Ha mpeanpuaTun TPEACTABISIOT COO0OW €IUHYI0 TPOU3BOJICTBEHHYIO CHCTEMY,
BKIIIOYAIOLYI0 B ce0s B3aMMOJCHCTBHE BCEX CTPYKTYPHBIX TMOJpa3AeICHUN MpeanpUsTus.
O¢ddexruBnas padora JIC mo3BOISET ONTUMH3HPOBATH PAOOTY MPOM3BOJCTBEHHOW CQepsl,
oTena cHaOeHus U oTAena cobita. MHTerprpys paboTy JaHHBIX CTPYKTYPHBIX MOAPA3ICICHHUIA,
MPEANPUSTHE TTOBBIIIIAET CBOM KOHKYPEHTHBIC TPEUMYIIIECTBA.

ITocTaBuux _:__:,_ 3axymnka “ Punance | Céur [T .| Hotpeburens
Y 7 a
{—— ! :
f Crxnagupopanue [ ™ Obpaborxka [™ Cxnagupobasue |!

——

JeHexXHEH TOTOK

Puc 1. Jloructuueckas cucteMa npeArnpUsaTH
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Ha puc 1 mnokazaHo ¢yHKIMOHUPOBAaHUE CHUCTEMBl JIOTHCTHUYECKUX OTMEpaluidi Ha
npeanpustun (Ko63esa, 2008: 116-122; Jlykunckuii, 2007: 448; Hepym u ap., 2006: 520).
®opmupoBanne JIC HayMHAETCSA TPH OTHPABKE IMOCTABIIMKOM HEOOXOIUMOTO CBIPbS U
matepuanoB. JlanpHeiimee mnepeaBmwkeHHEe Cc()OPMUPOBAHHOTO MaTEpHAIBLHOTO  IMOTOKA
MIPOUCXOAUT YK€ HEMOCPEACTBEHHO B CaMOM CHUCTEME, BBIICISIIOT CIEAYIOIINE 3BEHbS
jJoructuyeckoit cucreMsl (ganee — 3J1C):

- CKJIa/ICKH€ IJIOAaaAn, HEOOXOIUMBINA pecypc mpousBoacTBa. OIHAKO 3HAYUTEIHHOE
KOJINYECTBO CKJIAZIOB CBUCTEIBCTBYET O HENPAaBHJIBHOM BBIOOpPE JOTMCTHYECKOM KOHIEHIIUU
yrpasiaeHus. ONTUMaJIbHBIM SIBISIETCA BapHAHT MPU KOTOPOM HCKIKOYAKOTCA J1BA OCHOBHBIX
MIPOM3BOJICTBEHHBIX PUCKA: 3aMOpakuBaHue (PUHAHCOBBIX aKTHMBOB U NMPOCTON MPOU3BO/ICTBA;

- NPOMU3BOJICTBEHHBIE MOIIHOCTH. Hannuwne MHHOBAIIMOHHOI'O u
pecypcocOeperamomero 000pyA0BaHus MO3BOJISIET HCIIONB30BaTh B MPOEKTUPYEMBIX CHCTEMax
WHHOBAIIMOHHBIE MTOJIXO0/IbI B 00JIACTH MPOU3BOJICTBA, KAUECTBA, OXPAHbl OKPYKAIOIIEH Cpe/ibl;

- HaJM4Hue CKJIAJ0B FOTOBBIX M3aenuil. [ljis JaHHOTO pecypca He0OXOAUMBI BHICOKUE
TEXHHUKO-IKCIUTyaTalluOHHbIe TpeOoBaHus. JlaHHOE yClOBHME MUKTYeTCS OOIMIETIPUHATHIM
npaBuioM: «IlorpeOutens MOMKEH MOMYYUTh KadyeCTBEHHBIH ToBap». OOCIyKHMBaHHE TaKUX
ioniaied Bceraa Bi€YeT 3a COOOM oOmpesesieHHble 3aTpaThl AJS MPEeANpHUSATHS, MO3ITOMY
11eJ1ec000pa3HoO BBICTPAUBATh KOHIEHIIHMIO IO COKPAIICHUIO JAHHOTO pecypca.

[To oxoHYaHUIO IBUKEHUS! BHYTPHU CUCTEMbI TOTOBBIM IPOAYKT MOCTYMHAET K MOTPEOUTEIIO
M OT HEr0 HA4YMHACTCS JBWXEHHUS (PUHAHCOBOTO NOTOKa B OOpAaTHOM HAIpaBIICHHM, Yepes3
CTPYKTYpPHBIE TOJpa3JeieHUusl MNPEAUpPUITHS K IEPBOHAYAIbHOMY IIOCTaBIIMKY ChIPbS U
MaTEepUaJIOB.

PesynabTaTsl 1 00Cy:KICHHS.

[To muenwuto aBTopa s pextuBHOe pyHKIMOHHpoBaHue JIC nmpeanpusaTus BO3MOXKHO MpU
YCIIOBUH, UTO cucTeMa OyAeT 00JaaaTh CiaeIyoUMMI CBOMCTBAMU:

1. HenoctHocTh. DyHKIMOHUpOBaHue JIC MOMKHO NMPOUCXOAUTH Kak paboTa OIHOTO
Mexanuszma. Mexay 3JIC 1omKHO TPOCIeKUBATHCS YE€TKOE B3aMMOOTHOIIICHHE. Bo BpeMs paboThI
CHUCTEMBI JIOJDKHBI TIPOBOAMUTCS KOOPIMHAIIMOHHBIE pabOTHl, OCHOBHAs 3agada KOTOPBIX
omnpezeeHrne YeTKUX MecT B3aumoeictrus 3JIC.

2. AIanTHBHOCTb Ha CETOJAHS  SBISETCA HEOTHEMIIEMBIM CBOMCTBOM  JIIOOOH
HSKOHOMUYECKON Ou3Hec — CHUCTeMbl. B ycloOBHAX HECTaOMJIBHOCTH M HEONpPEAeIEHHOCTU
oneparuBHoe M3MeHeHue JIC mo3BoJseT NpeaoTBPATUTh BO3MOKHOCTh CPBIBOB MPOU3BOJICTBA,
CPOKOB IIOCTAaBKH, CPOKOB TOCTaBKH U T..

3. VYnopsnoyenHocts. BzaumopeiictBue yuactTHukoB JIC 10MKHO TPOUCXOAUTH COTIIACHO
YCTaHOBJICHHOW HOPMATHBHO-TEXHUYECKOW JOKyMeHTauuu. CreayeT yduThIBaTh, 4YTO €CIIH
MIPOU3BOACTBEHHBIE MTPOLIECCHI MPEANPUITHS HE BBICTPOCHBI COTVIACHO UEPAPXUUECKON LIETIOYKH,
TO (OpPMHpPOBAHUE CHCTEMBI 3aTPYJHHUTEIBHO B CBSI3U OTCYTCTBHS BO3MOXKHOCTH KOHTPOJIS
JIEUCTBUN €€ YYaCTHUKOB.

4. UnrerpupoBanHocTh. [loJ naHHBIM CBOWCTBOM ClENyeT MOHHMMAaTh, Hackoibko JIC
B3aUMOJICHCTBYET C YYaCTHUKAMHM BHYTPEHHEH CpE.bl, T.€. PETYJHPYIOT JIU €€ MEXaHU3Mbl HE
TOJILKO TPOU3BOJICTBEHHBIE MPOIECCHl MEXIy COO0OW, HO W B3aMMOOTHONICHHS BHEIIHUX
KOONEpaluil ¢ MpOU3BOJICTBOM.

5. VIHHOBalIMOHHOCTh 3aKJIOYAETCSl B NMPUMEHEHMM HOBBIX METOAMK IUIAHUPOBAHUSA,
KOHTPOJISI, yIpaBIeHUs, 00ecTieueHus 1 y4eTa.

6. NudopmanmonHocts. Hammume nocroBepHol HHPOpPMAIMM O CpOKax MOCTaBKH,
OCTaTKOB MaTEPHAJIOB M TOTOBOM MPOIYKINHU HA CKJIa/1aX, BPEMEHH KU3HEHHOTO LIUKJIA, IEHaX Ha
MaTepUabl MO3BOJISIET KOPPUTUPOBATH MPOU3BOJICTBEHHBIE ONIEPALIMU U TEM CaMbIM 00€CIIEUYUTh
ONTUMAaJIbHbIE BAPUAHTHI IPOU3BOICTBA.

7. MobunbHOCTb. JIC HE HOIDKHBI OBITH IEPEHACHIIIEHBI PA3HOTO POJia HHPOPMAIIMOHHO
AHATUTUYECKUMHU MpOorpaMMaMH U MeToAaMu pacueToB. OCHOBHBIE METO/bl U KOHUENUUU He
JIOJIKHBI XapaKTepU30BaThCS OOJBIIMM 3HAUEHHEM MEPEMEHHBIX. YTpPaBICHUE MPOU3BOACTBOM
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npu momomu JIC AOMKHO TPOUCXOAUTH OBICTPO, TOYHO M HE JOJDKHO HECTH 3a CcoOOu
MmacmTaOHbx omubok ([lanosanos, 2013: 2).

Bo Bpems BbimonHeHus aHanu3a u GopmupoBanus JIC crenyroT yuuThIBaTh BIUSHUE HE
TOJILKO OTACNBHBIX KaKUX-THOO (aKTOpOB, HO ¥ UX B3aUMOJCHCTBHE MEXKIY COOOIA.
PaccmarpuBas BzaumopeicTBus hakTopoB, Kak cocTapisomux JIC mpeacTaBisieTcs BO3MOXKHBIM
KOMILJIEKCHO HCCIIE0BaTh MHTEIPUPOBAHHBIE MPOLECCHI, MPOTEKAIONINE MPU B3aUMOJCHCTBUU
3JIC. UnterpupoBanusie JIC sBISIOTCS cHcTeMaMu C OOJNBIIMM KOJMYECTBOM CBsI3ed U
B3aMMOOTHOILIECHH.

Pazsutne MJIC Ha COBpEeMEHHOM 3Tane€ COMPOBOXKAACTCA CO3JAaHUEM W BHEIPEHUEM
YOPaBISAIOMUX MOJAYJEH, METOJIMK, KOHIENIUN, CTpaTerud u JPYTrux HUHCTPYMEHTOB
s dexTuBHOrO BeaeHUS OM3Heca.

[Ton »ddexTuBHOCTRIO cneayer moHuMaTh paboty WIIC mnpu kotopoit OuzHec-
JESATENIbHOCTh TMPEANPUATUS HAXOAWUTCA B Mpeaene [min; max], T.e. 3aTpaThl CBS3aHHBIE C
NJIC—min, a npuObUlb TONXy4YEHHAs B pe3yJbTaTe NPEANPUHUMATEIBCKON AeITeIbHOCTH
MpEeANpPUATHS —Mmax.

K ocHOBHBIM TOKa3areisiM OIEHKU 3(PPEKTUBHOCTH JIOTHCTUYECKON CHUCTEMBI MOKHO
OTHECTU MPUOBLIL U peHTabeabHOCTh. [IpuObLIL B TaHHOM cllyyae KOMIUIEKCHO XapaKTepu3yeT
JIOTUCTHYECKYIO JICATEIbHOCTh TPEANPUATHS, T.€. YYUTHIBAET OOBEMBI BBIMOJHEHHBIX
JIOTUCTHUYECKUX YCIIYT, UX C€0ECTOUMOCTD U 3aTpaThl. PEeHTa0eIbHOCTH SBIISETCS OTHOCUTEIHHBIM
nokazareneM >(dextuBHoCTH ¢yHKUHOoHUpoBaHUs WJIC, ona mokasbiBaer, 3()()EeKTHBHOCTH
HCIIOJIB30BaHNUS Pa3IMYHOrO pojia peCypCcOB BHYTPU CUCTEMBI.

B pa6ore Jlunera O.H. (http://www.creativeconomy.ru/articles/4721/) mpemnaraercs
WCIIOJIb30BaTh MHTErPajbHBIA KPUTEPUN ONTHUMAIBHOCTU WM KPUTEPU MUHUMyMa OOIIMX

3aTpaT CUCTCMBI.
z

E=iZ;ZkIQw‘ZZ’

2

(D
Oy

rae ~¥*— 06beM JTOrHCTUYECKHX YCIYT MO i-0M onepanyu j-oii GyHKIuU K-ro 3aKasa;
Z _ IOTHCTHYECKHE 3aTPATHL.

OnucaHHble BbIIIE MOKa3aTeIW TMO3BOJISIOT BBIIOJHUTH pacueT 3(PQeKTUBHOCTU
¢yskurornposanust MJIC nmums 6a3upysch Ha 3HAYCHUAX (DAaKTHIECKOTO 00BeMa JIOTUCTHIECKIX
YCIIYT M 3aTpaT HEOOXOIUMBIX JUIsl BBINOJIHEHUS 3alaHHBIX YCIYT.

JlaHHBII METO/ OLIEHKH, 10 MHEHUIO aBTOPA, UMEIOT CJIEAYIOIIME HETOCTATKU:

- JIOTUCTUYECKHE YCIyT'H B OOJBLIMHCTBE CIy4YaeB UMEIOT Pa3HyI0 CTPYKTYpPY, TAKUM
00pa3oM, JOCTaTOYHO 3aTPyJHUTENBHO MPHUBECTH Pa3JIMYHOIO poja YCIyrM K €JUHOU
pa3sMepHOCTH;

- He Tmo3BoJsieT OueHUTh d(pdexkruBHOCTS (yHKIMOHUpoBanus WIIC, T.e. He
aHaJIU3UPYeT

B3aMMOJIEHCTBUS MEK/Y Y4aCTKAMU CUCTEMBIL;

- mo3BouisieT oneHuTh padoty MJIC Tonpko ¢ MaTepraabHON CTOPOHBI;

- HE YYUTHIBAeT BJIHMSHUE BHEITHEH CPEIIbI;

- 3aTpyJHHUTE]bHA €IMHUYHAS OLIeHKa, T.e. BO3MOXKHA CUTYallus HENpPaBUIbHOMN
OLICHKA OCHOBHBIX ywacTHWKOB WJIC, BcieacTBue HEBEPHOTO pachpeneieHus o0bema
JIOTUCTUYECKUX YCIIYT U 3aTpar.

ABTOpOM  TpeUIaraloTcsi — CIEAYIOIIME  TIOKa3aTenu  OUeHKH  d(PQeKTHBHOCTH
¢dbyukunonuposanus MJIC:

- K03 (UIMEHT UHTETPUPOBAHHOCTH;

- ko3¢ dunueHT UHPOPMATUBHOCTH;

- KMHETUYECKasi JHEPI'Usl CUCTEMBI.
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Koadduunent MHTETPUPOBAHHOCTH ITOKa3bIBAECT HAaCKOJIBKO IIPOUCXOJUT
B3aumozeiicteue, B HWJIC, Mexay CTpPyKTypHBIMH TOAPA3ACICHUSAMH  MPEAIPUATHS.
OKOHOMUYECKMH CMBICHI JaHHOTO K03(QuIMeHTa 3akKio4aercss B Nepegade JIOTUCTHYECKOrO
IIOTOKa M3 OJHOIO CTPYKTYPHOIO IIOAPA3ACICHHUS CHUCTEMBI B JPYroe 3a OIpecIICHHbIN
NpOMEXKYTOK BpeMeHH. QDopmyna pacdera Kod(D(UIUEHTa HHTEIPUPOBAHHOCTH HMEET
CIEAYIOIINNA BUL:

Z ch - Z VOH!
K. = Kl K ?
j. 24 ’

TDM

2)

K g .
re — K03 (PHUIIMEHT HHTETPUPOBAHHOCTH;
Va

Y ou .
2t — 00beM K-T0 HCXOIAILETO JIOTUCTUYECKOTO IIOTOKA;

¢ — 00beM K-T0 BXOIAILIETO JIOTHCTHYECKOTO IIOTOKA;

Tivear _ BpeMs 00paboTkH k-ro JIOTHCTHYECKOTO MOTOKA BHYTPU CTPYKTYPHOTO
HOJpa3AeICHUs.

Koadduuuent nadopmatusroctu. [lox naHHbM K03()(PUIHEHTOM CTOUT paccMaTpUBaTh
ObICTpOTY 00pabOTKy MH(OPMAIMOHHOTO TOTOKA. ITO OOBSCHAETCS TEM, YTO JUIsl TOCTPOCHUS
s dextuBHOM padoTsl NJIC HeoOX0aMMO B IEPBYIO OUYepe/lb OPraHU30BaTh MPOIECCHI epelaun
uHopmaruu, T.K. HHPOPMAIUS SBISIETCS HEOTHEMJIEMOM COCTABIIIIONIEH JIO0OTO IOTOKA
(¢unancoBoro, mMarepuanbHOro, MHGOPMALUOHHOTO U 1p.). [Iponecc nmepemaun uHGOpMALUU
OCYIIECTBIIACTCS HPU B3aWMOJCHCTBHM HECKOJIBKHX YYACTHHKOB CHCTEMBI, 3(P(PEKTHBHOCTD
TAKOT'0 POJia B3aMMOICHCTBHSI OTIPEACTISCTCS YPOBHEHUEM:

KM =ZTnem‘Z EPer Z Kﬂm:
i i [

A3)

K
rje ® _ koo dunuenT nHGOPMATUBHOCTH;
E

*e — 3(hpexTrBHOCTH PabOTHI k-ro mepconana;
K

4 — goa(pummeHT oTkimka k-ro mepconana,

D¢ dexTuBHOCT, pabOTHl IMEpCcOHANa XapaKTEPU3yeTCs BBIMOJHEHHON paboToil u
ompezeInsercs mo Gopmye:

4)

Aptwer g

rae — ma”oBas ¥ pakTudeckast paboTa BITOIHEHHAS IEPCOHATIOM.
KoadduimenT oTkiIMKa OTpakaeT 3aTpadyeHHOE BpeMsl IEepcoHanma Ha 00paboTKy

nH(popMaIuu u onpeaenseTcs mo Gopmye:

)
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rae Triawr Taa_ TUTAHOBOE U (DAKTHUECKOE BPEMS.

Kunernueckass dSHeprusi — OHEPIrUs HWHTEIPUPOBAHHOM JIOTUCTUYECKOM CHCTEMBI,
3aBUCAIIAsA OT CKOPOCTH pabOTHl OCHOBHOM COCTaBIIsIOIIEH 3a1aHHON OM3HEC—CHUCTEMBI.

Ilox OCHOBHOM COCTAaBIIAIOLIECH ClIENyEeT pacCMaTPUBATh YEIOBEKA, T.K. OH KOHTPOJIUPYET
BCE CBS3U, KOTOPbIE BO3HUKAIOT U CYIIECTBYIOT, KaK BHYTpH, Tak U 3a npexaeiramu NJIC (Kyken,
2022: 19).

[TpoananusupoBaB uccinenoanusi [lopoxuu B.M. (ITopoxus, 2012: 261-269) astop
CUUTAET, YTO KMHEeTH4YeCKyI0 sHepruto NJIC MoxHO onpeenuTh 1o cienyromen Gopmye:

LV
By=-A_t_-1,. 77
V?
]-4
V2
¢ (6)
rae By _ KUHETHUYECKasi SHEPIHsl CUCTEMBI;
!
4 — 0OBEM JIOTHCTHYECKOTO TIOTOKA;
¢ — CKOPOCTb MBIIIJICHUS [IEPCOHANA;
% — cKOpPOCTB UCTIONIB30BAHMS IOTHCTHYECKOTO MOTOKA.
Vig <<V, .
Ho, 1.k. To popmyna (6) mpumer caenyroumii Bun (Kyken, 2022: 19):
2
‘If ' Vif
2 (M

N3 dopmynel (7) cienyer, uto Ex MOKa3blBaeT HACKOJIbKO 3((PEeKTHBHO OpraHM30BaHa
pabora yenmoBeka BHyTpu WJIC. Takum oOpazom, mpu 3pQeKTHBHON opraHH3amuu padOTHI
nepconana, MJIC nomyuyaer OONbLIMI KBaHT 3HEPIrUU, YeM IPHU YCIOBUU CYIIECTBOBAHUS
TUCOATaHCUPOBAHHOM CHUCTEMBI  YNPABICHUS MNPEANpPUSATHS. OTO O3HA4YaeT, 4YTO JUIA
spdextuBHOro ¢ynkuuonupoBanus MJIC 3arpaumBaercs Oosblias 3HEprus, MOJTy4YEeHHass B
pe3yJbTaTe pealn3aluy MHHOBAIIMOHHBIX MPOIIECCOB Pa3BUTHS M COBEPIICHCTBOBAHUS OM3HEC-
JeSITeTbHOCTH MIPEIIPUATHSL.

JUis 1OCTOBEPHOTO MOHWMAHHS TPOLEAYPHI OLEHKH, aBTOpP IpeiaraeT HUCIOJIb30BATh
OpraHU3alMOHHO-I)KOHOMHUYECKUI MexaHu3M (puc. 1).
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Bxod cucmeist

MarepuansHas oLeHKa: HematepuanpHas oLeHKa:
- KpHUTepHH MUHHMyMa oDIIHX 3aTpar, - Ko3)PUUMEHT HHTETPUPOBAHHOCTH,
- aHalu: NpUOLEIIH, + - xo3pduuHEeHT HHDOPMATUEHOCTH,
~ aHaNu3 peHTabeNIbHOCTH. — KHHEeTHYeCKad 3HEPrUd CHCTEMEL
— ———————— —=
CrpyxrypHoe nogpazgenenne MNel aic
+
+

CrpyxrypHoe nogpasgenesue N
¥

Ot dexrueHocTs dyHKUHOHUpoBanua UIIC

Buwxod cucmesst

Puc. 2. Oprann3aninoHHO-IKOHOMUYECKHI MeXaHH3M oleHKH dddekriuBHocTH dyHkimonuposanus NJIC (Kyken, 2022:
20)

W3 puc. 2 cienyer, 4To A MPOBEACHUS OLEHKU 3()(HEeKTUBHOCTH (DYyHKIIMOHHUPOBAHUS
MNJIC na BXOme cHCTEMBI HEOOXOAMMO COOpaTh JaHHBIC OTHOCAIIMECS K MaTepUaIbHOW W
HEeMaTepuaIbHOU OIEHKU. BHYTpH cHCTeMbI HEOOXOIMMO BBITIOJIHUTE OIICHKY 3P (PEKTUBHOCTH 110
dbopmynam (1+7). Ha BeIX0/1€ CUCTEMBI MBI TIOJTYYMM YHCIICHHOE BhIpaKeHHE (yHKIIMOHUPOBAHUS
cuctemsl (Kyxken, 2022: 20).

Brimonanm oneHky 3¢ dexkruBHOCTH QyHKIIMOHUpOoBaHusa NJIC MeTamtyprudeckoro

komOuHata OAO "3amopoxctans". CeronHs AaHHOE MPEANPHUATHE 3aHUMACT BEAYIIHE
MO3UIMH MO0 MPOU3BOCTBY METAJUIONPOKATa, KaK Ha OTEYECTBEHHOM TaK M Ha MEXIyHapOIHOM
peiHKe. JlaHHBIE TS pacyeTa MpeacTaBiIeHbl B Tabmule 1.

Ta6muua 1. Jlannsie ans pacuera sdpdexTuHocTd Gpynxunonuposanus UIC [1;9]°

Ton 2009 2010 2011 2012
ITokazarenu
0, 2pn 2125342 2225546 2365687 2510478
Z, opn 2110345 2211874 2352900 2500784
Vine, 2pn/m 2592 3560 3800 4000
Vou, epi/m 2500 3470 3705 3850
Ttrea, 4 12 11,5 1.6 11
Eper 0,85 0,87 0,9 0,93
Koans 0,75 0.8 0.81 0,89
Vi, mlc 2 2.05 2.1 22
I, m 2.3 2275 227 2.25
* 20e

Qj—nmpexacrapieH B BUIe 00beMa JOTUCTUYECKUX YCIIYT, BBIMIOTHEHHBIX KOMOHMHATOM, IS
obecreueHMs OU3HEC-ACATCIIbHOCTH;

Z — IoTUCTHYECKUE 3aTpaThl B3sAThl Ha ypoBHE 2030 % OT 00LIMX 3aTpaT NpeapUsTUs;

Vinc — oToOpaxaet (PMHAHCOBBIN IMOTOK, XapaKTePU3YIONIHH Ce0ECTOMMOCTD BBIILIABKH |
T CTalu;

Vout — pakTuyeckoe 3HaueHHWE (UHAHCOBOTO  IMOTOKA; TTreat — MOKA3BIBAET  BpEMS,
HE00X0UMOE ISl BHITUTABKHU 1 T cTanu;

Vif— XapakTepusyeT CKOpPOCTh OOpabOTKM JIOTUCTHYECKOTO TIOTOKA  (CHIPhs),
HEO0OXO0UMOTO TSI BHITUIABKU | T cTanu;

lf — moka3pIBaeT KOJIMYECTBO HEOOXOAUMOTO CHIPhS BO BPEMsI BHIIIABKH 1 T cTaiy.
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Cornacao dopmyn (1+7) paccuutansl cineayromye mokasarenau 3a 2012 r, aHamoruIHbIe
I10Ka3aTcjivi 3aHECCHBI B Ta6JII/ILIy

Koadunment MmuanMyma o0IIMxX 3aTpar:

E=2510478-2500784 = 9694

TpH.
KoadduumeHT nHTErpUpOBaHHOCTH:
K = 400038350 _13.64

i1 TpH/4.

Koadduuuent napopmaruBHocTu:
King. = H~O,93~0,89=9,£‘0q

Kunernueckast sneprus:

2,25.22°
By=—""n——"=5435
2 T-M%/c?.
[To ocTanbHBIM rOJIaM pacyeT BHITOIHSACTCS aHATIOTUYHO M PE3YJIbTAThI 3aHOCATCS B TaOJI.
2.
Tabmuua 2. pe3ynsrarsl pacueta d¢dexruBHOCTH PyHKIIMOoHUpoBanus NUJIC
Ton
N 2009 2010 2011 2012
OKasarciin
E, epn 14997 13672 12787 9694
Kint, 2pi/u 7,67 7,83 8,19 13,64
King, u 7,65 8,00 8,46 9,10
Ex, mw’/c? 4,60 4,78 5,01 5,45

AHanu3 Moy4eHHBIX pe3yIbTaToB (Tabi. 2) mokaseiBaet cieayromee (Jlecuna, 2016: 45):

- COKpalleHue OoOmMX 3arpaT Ha JIOTUCTHKY, CBHUICTEIbCTBYET O BHEIPEHUU
ONTUMU3ALMOHHBIX IPOTPaMM YIIPaBJICHHUS;

- pocT K03(p(UIIMEeHTa MHTETPUPOBAHHOCTH MoKasbiBaer, uro MJIC pas3BuBaercs, T.e.
pa3pabaThIBatOTCS HOBBIE MPOLETYyPbl U METO/Ibl, KOHLENIUH, aITOPUTMBI U T.1.;

- YBEJIMUEHUE 3HAYCHUS KOdpPHUIMeHTa HHPOPMATUBHOCTH XapakTepusyet padoty UJIC
C JIydIield CTOPOHBI M yKa3bIBaeT Ha TO, YTO 0OpaboTka WH()OPMAIMOHHOTO IMOTOKAa BHYTPHU
CUCTEMBI

MIPOMCXOUT Ha BHICOKOM YPOBHE;

- pocT KMHETHMYecKOoW sHepruu, xapakrtepuszyer WJIC npeanpusatus, Kak CHCTEMY, B
YIpaBJIEHUU KOTOPOH MPUMEHSIOTCS HHHOBAIIMOHHBIE TPOTPAMMBI M TEXHOJIOTHH.

3akJiiroueHue.

[IpoBenéHHoe wucCclenOBaHWE WHTErpUPOBAHHON Joructuueckoi cuctembel (MJIC)
IPOMBIIIICHHOTO TPENNPUATUS T03BOJIIO JIOCTUYh IOCTAaBICHHOW IENM M MOATBEPAHUTH
BBIBUHYTHI B paboTe Te3UC O TOM, YTO MPUMEHEHHE HOBBIX IMOKazareilen —
MHTETPUPOBAHHOCTH, UH()OPMATUBHOCTH U KMHETUYECKOH 3HEPruM CHCTEMBbI — O0ECIeunBacT
O0ojee KOMIUICKCHYIO U OOBEKTHUBHYIO OIEHKY J(P(EKTUBHOCTH (yHKIMOHUPOBAHUS
JIOTHCTUYECKOI CUCTEMBI 110 CPABHEHUIO C TPATUIIMOHHBIMU METOJaMH. AHATU3 CYIIECTBYIOIIUX
MOJIXOJI0B, MPEJCTABICHHBIX B TPYJAaX OTEUECTBEHHBIX U 3apyOekKHBIX MCCIIeI0BATENEH, BBISBIII
CYIIIECTBEHHBIC OTpAaHMUYCHHS KJIACCHUYECKHX METOJUK, HAIlPaBJICHHBIX MPEUMYIIECTBEHHO Ha
U3MEpEeHNe MaTepHUajJbHBIX MOTOKOB M HE YUYHUTHIBAIOIIUX IMHAMHYECKHUE, SHEPreTUYEeCKUe U
MH(POPMALIMOHHBIE TapaMeTphl B3aUMOJCHCTBUS 3JEMEHTOB CHCTEMBL. OTO TOATBEPAUIO
aKTyaJIbHOCTh U HAYYHYIO 3HAUUMOCTh MPOBEAEHHOMN pabOTHI.

Llenn wuccnenoBaHus OBUIM peajM30BaHbl IMOCTENOBATeIbHO M moiHO. Ha ocHoBe
CHUCTEMHOI'0, CPaBHUTEIBHOIO U JIOTUCTUYECKOTO METOJOB HM3yUEHbl TEOPETUYECKHE OCHOBBI
dopmupoBanuss WNJIC, ompeneneHbl KIIOYEBBIE XapaKTEPUCTHKH €€ (YHKIMOHUPOBAHUS U
pa3paboTaHbl METOAMYECKNE UHCTPYMEHTHI OLIeHKH 3(()eKTUBHOCTH. bbutn nmpoaHain3upoBaHbl
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COBpPEMEHHBIE MOJIXOMAbI K OILEHKE JIOTHCTUYECKMX CHUCTEM, BBISIBICHBI MX CHJbHBIE M cialble
CTOpPOHBI, OIIPE/EIEHBl HECOBEPIICHCTBA HCIIOJIB3YEMbIX KpPUTEPUEB M IIOKA3aTelad, HE
MIO3BOJIAIOIINE OXBATBIBATH MHOTOMEPHOCTB JIOTHCTUYECKUX MPOLIECCOB. DTO CO3AAJI0 OCHOBY IS
pa3paboOTKK  JIOTIOJIHUTENBHBIX  TOKa3aTelel,  OTPaKalolIMX  YpPOBEHb  WHTETpPaIUH,
COIVIACOBAHHOCTH, HH(OPMAIIMOHHON HACBIIEHHOCTH U TUHAMUYECKON YCTOWYMBOCTH CUCTEMBI.

B xoze uccrnenoBanus npeniokeHa cucreMa rnokasareneit oneHku 3¢dexrusuoctu NJIC,
BKJIIOYAONIas K03()(GUIUEHT HHTETPUPOBAHHOCTH, 1T0Ka3aTeNIb MHPOPMATUBHOCTH U I1OKA3aTellb
KMHETUYECKOW 3HEpPruM JIOrMcTH4YecKor cuctemsl. [Ipumenenune »tux mnokaszareneit k WNJIC
Metautyprudeckoro komomHata OAQO «3amopokcTaiby IMO3BOJIMIO BBISIBUTH PEAbHBIC
napamMeTpsl (YHKIMOHUPOBAHUS CUCTEMBI, ONPEICIIUTh €€ CUIIbHBIE CTOPOHBI U 3a(UKCHPOBATH
HEIOCTaTKW B YacTU COIVIACOBAHHOCTU IIPOLIECCOB, YPOBHSA HH(POPMALMOHHOTO OOMEHa U
CKOPOCTM  pearupoBaHUsi Ha U3MEHeHus BHeIHeW cpenabl. [IpoBenéHHbI  pacuér
IPOJAEMOHCTPUPOBAJI, YTO NPEJIOKEHHBIH IOAXOJ MO3BOJSET JAaTh Oojiee INIyOMHHYIO
XApaKTEPUCTUKY TEKYLIEro COCTOSHUS JIOTUCTUYECKOW CHUCTEMBI, [0 CpPaBHEHUIO C
TPaZIULIUOHHBIMU METOJAaMH, OTPAaHUYECHHBIMY MAaTEPUAIIbHBIMY [TapaMeTPaMHu.

ITosmydyeHHbIE pe3ysIbTaThl MCCIEIOBaHMS IO3BOJISIOT CHEIaThb HECKOJIBKO KIIFOUEBBIX
BBIBOZIOB. Bo-mepBrix, MJIC mpOMBINIUIEHHOTO NPEANPHUATHS MPEACTABISIET COOOH CIIOXKHYIO
JTUHAMUAYECKYIO CTPYKTYpPY, (PyHKIMOHUPOBAHHE KOTOPOH HEBO3MOKHO IOJHOLIEHHO OLIEHUTH
TOJIBKO € MOMOIIBIO KJIACCHYECKUX JKOHOMHMYECKHX U JIOTUCTUYECKUX MOKa3aTesel. Bo-BTOpBIX,
NPEUIOKEHHBIE aBTOPOM TIOKa3aTeld OO0ECTeYMBAaIOT KOMILJICKCHBIM aHalM3 JIOTUCTHYECKOU
CUCTEMBI: K03()(PULIMEHT MHTErpUPOBAHHOCTH TOKA3bIBAET CTENEHb COIIACOBAHHOCTHU JIEHCTBUH
NOJpa3JieNieHuil;  Tmokaszarenb  HMHOOPMAaTHBHOCTH  OTpa)kaeT  IOJHOTY M KaudecTBO
nH()OpPMAIMOHHBIX TIOTOKOB, oOecreunBaronmx ¢ysaknuonupoBanue WMJIC; mokazarens
KMHETUYECKOM DJHEPIMM XapakTEepU3yeT [IUHAMHUYECKYI0 YCTOMYMBOCTb CHUCTEMBI M €€
CHOCOOHOCTh AJANTUPOBATbC K BHEUIHMM HM3MEHEHUSM. B COBOKYNHOCTM 3TH mHapameTpsl
MO3BOJIAIOT HE TOJBKO aHaiau3upoBarh Tekyuliee coctossHue MJIC, HO M mporHo3upoBaTh €€
yCTOMUUBOCTB, 3 (PEKTUBHOCTD U MOTEHLUAN PA3BUTH.

[IpakTHueckass 3HaYUMOCTb PpE3yJbTAaTOB MCCIEAOBAHUS 3aKJIOYAETCSI B TOM, YTO
NPEUVIOKEHHBIH ~ METOAMYECKMH  MOAXOA  MOXKET OBbIThb  HCHOJBb30BAH  PA3IMYHBIMU
IIPOMBIIIJIEHHBIMU NPEANPUATHAME U1 IPOBEACHUSI KOMIUIEKCHON TUArHOCTUKY JIOTUCTHYECKHUX
IIPOLIECCOB, BBIBICHUS Y3KUX MECT U Pa3pabOTKU MEPONPUATHIA 110 OBBILEHUIO 3(pPEeKTUBHOCTH
(GYHKIMOHUPOBAHUS CUCTEMBI. [IpMeHeHne METOANKH cO37aéT BOZMOXKHOCTh ONTHUMU3HPOBATh
OpraHM3al[MOHHYIO0  CTPYKTYpy  JIOTUCTHKH, TIOBBICUTH  COJEp)KaHHE€ M  CKOpOCThb
MHPOPMALIMOHHOTO OOMEHa, YIy4IIUTh B3aUMOACWCTBUE MOApA3eNeHHUM, COKpaTUTh
JIOTUCTUYECKUE U3JIEP/KKHU U YCKOPUTH PEAKIIMIO MPEANPUATUS HA U3MEHEHHS BHEILIHEN CPE/IbL.

[TepcnexTuBbl JanbHeHIIeld HayyHOW paboOThl CBA3aHbI C YTOYHEHHEM U pPa3BUTHEM
MIPEJIOKEHHBIX IIOKa3aTesIel, ajanTauueld METOAUKH K OTpaciasiM C Pa3jIudHOW CTENECHBIO
TEXHOJIOTUYECKOM CI0XKHOCTH, a TaKKe pacIIMpPEeHHEM aHalu3a Ha UU(POBBIE JIOTUCTHYECKUE
CUCTEMBl M CHUCTEMBI C HCIIOJIb30BAHUEM TEXHOJOTUN MPOMBIIUIEHHOTO WHTEPHETa BEILEH.
[ToreHnuan npuMeHeHUs] METOUKH B YCIOBHUSIX U(POBU3ALINHU CO31aET OCHOBY JJIs pa3pabOTKU
MHTEJUICKTYaJIbHBIX ~ MOJIeNICH, CIIOCOOHBIX B pEXHME pEaJbHOrO BpPEMEHH OIECHHBATH
spdextuBHOCTs MJIC, BBIABIATH OTKIOHEHUS M HpEJlaraTh KOPPEKTHPYIOIUE BO3AEHCTBHSL.
JlanpHeWmue WcclIeoBaHUS MOTYT OBITh HAmpaBICHB Ha pa3paboTKy NPOrpaMMHBIX
MHCTPYMEHTOB, KOTOpBIE aBTOMAaTH3UPYIOT pPACUET MoOKaszaTened, uHrerpupyrorcs ¢ ERP-
CUCTEMaMH NPEINpUATHS U oOecriedyaT HEeNpephIBHbIH MOHUTOPUHI COCTOSIHUSL JIOTUCTHYECKON
CUCTEMBI.

TakuMm oOpazom, npecTaBiIeHHas padoTa pacIIupsieT CYLECTBYIOIIEEe HAyYHOE 3HAaHUE B
001acTH  JIOTUCTHKU  MPOMBIIIJIEHHOTO  MPEANpHsTHs, OOOCHOBBIBAas  HEOOXOAMMOCTb
KOMIUIEKCHOU orleHKH (yHKIroHupoBanus MJIC ¢ yu€Tom HHTETpalnOHHBIX, HH(POPMAIIMOHHBIX
U JIMHAMUYECKUX XapaKTepUCTHK. Pe3ynpraTel HCClI€NOBaHMs IOATBEPAKAAIOT HCTUHHOCTH
BBIBUHYTOTO Te3UCa M JIEMOHCTPUPYIOT MPAKTUYECKYIO 3HAYUMOCTb MPEII0KEHHOIO
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METOJIMYECKOTO TOJX0Aa, KOTOPbII MOKET OBITh HCIIOJIb30BAaH KaK OCHOBA JJSl JaJbHEHIINX
HAyYHBIX DPa3paOOTOK W BHEAPECHUS WHHOBAIIMOHHBIX PEIICHUN B JIOTHCTUYECKUE MPOIECCHI
COBPEMEHHBIX MTPEATPUATHI.
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