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Abstract. Automation of the educational process is a relevant task in modern secondary
vocational education. Increasing workloads on teaching and administrative staff make the
implementation of specialized information systems critical for improving the efficiency of college
management. The aim of this study is to develop an Automated College Management System
(ACMY), taking into account the specifics of secondary vocational education, featuring a modular
architecture, role-based access control, and modern UX/UI design. The study involved the analysis
of existing management systems (Platonus, BilimAl, Kundelik, “Univer” System) and popular
social platforms (VK, Facebook) to identify optimal interface solutions. A database was designed
in the third normal form (3NF) to ensure data integrity, scalability, and performance. Interface and
visual design prototypes were developed, and both Front-end and Back-end were implemented
using ASP.NET. The system was tested with students, teachers, and administrators. Results
showed that implementing ACMS optimizes management processes, reduces time spent on
administrative tasks, and improves usability and educational quality. The developed system
features a flexible modular architecture, role-based access, modern UX/UI interface, and
customization options for specific institutions. Developing a specialized ACMS confirms the
hypothesis that college management automation improves staff efficiency and educational quality.
The study has practical and theoretical significance and paves the way for the integration of
modern IT technologies in secondary vocational education.

Keywords: automation, college, ACMS, UX/UI, modular architecture, role-based access
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© JI.P. PamuauHoB

AHHoTauus. binim Gepy mpolieciH aBTOMaTTaHAbIpy Kas3ipri opTa KacinTik 6iimM Oepy
cajachIHJIa ©3€KTI Macese 0o Tadbu1aabl. OKBITYIIBUIAP MEH OKIMIIUTIK IMEPCOHANFA TYCETIH
KYKTEMEHI1 eCKepe OTBIPBIN, apHaiibl aKMapaTThIK XYHeNepHi eHri3y KOJUIeUKIEpal THiMl
Oackapyapl apTThIpyFa MYMKIHIIK Oepefi. 3epTTeyaiH MaKkcaThl — OpTa KOCINTIK OLTiM Oepy/liH
€PEeKILIENIIKTEePiH €CKePEe OTHIPHIIN, MOIYJIbIK APXUTEKTYPACh, pejre OaillaHbICTh KOJDKETIMALTIK
kone 3amanayun UX/UI mnTepdeiici 6ap KoOJISIKII aBTOMATTAaHABIPBIIFAH OacKapy KyHeciH
(ACBX) a3ipney. XKymbic GapbicbiHna 6ap Oimim Oepy Oackapy »xyienepi (Platonus, BilimAl,
Kynnenuk, «YHuBep» xyieci) koHe oneymertik xenuiep (BKonrtakre, Facebook) tammansim,
uHTEepdeiic YIIH ONTHUMAaJAbl INEHIMIEp aHBIKTaIAbL. Jlepekrep 0a3achl YLIIHIII KaJbIIThI
dopmana (3NF) >xobamannmpl, OyJ JepeKTep TYTACTHIFBI, MacIITaOTady >oHE OHIMIUTIKTI
KaMTamachI3 ereii. UuTepdeiic xoHe BU3yaibl AU3aiiH MpoTOTUNTEP] a3ipinensi, Front-end xone
Back-end ASP.NET TtexHonorusickiMeH >Xy3ere achIpbUiabl. JKyle CTyAeHTTEep, OKBITYIIbLIAp
YKOHE 9KIMIIILIEep KaThICybIMEH chiHaKTaH oTTi. Hotmxenep kepcerkenneit, ACBX enrizy 6ackapy
MIPOIIECTEPIH OHTAMIAHIBIPAIBI, OKIMIIIUIIK KYMBICTAPFa KETETIH YaKbITThI KBICKAPTA/IBI )KOHE OKY
IPOIIECiHIH canachkl MEH bIHFAWJIBUIBIFBIH apTThIpaasl. JKylie nkeMIi MOIYIbAIK apXUTEKTypara,
penre OaiimaHbICTBl KoJDKeTiMalLtikke, 3amaHayn UX/UI uHTepdeiiciHe KOHE IXKEKe OKY
OpbIHIapbIHA OeiiMaeyre MyMKiHIIK Oepeni. Mamannanasipeiiran ACBX a3iprey kommemxui
Oackapybpl aBTOMAaTTaHIBIPY NMEPCOHAIIBIH THIMIUIITIH XOHE O11iM Oepy MpOIECiHIH carmachlH
apTTHIPATBIHBIH pacTaibl. JKYMBIC TPAKTHUKAIBIK JKOHE TEOPUSIIBIK MOHTE He OOJBbIN, OpTa
KocinTik OimiMae 3amanayu [T TeXHOMOTUsAIaphIH €HTI13yTe MePCIIeKTUBAIAp allajIbl.

Tyiiin ce3nep: aBTomartanabipy, komiemk, ACBX, UX/UI, Moaynpaik apXuTekrTypa,
pesire 6ailIaHBICTHI KOJDKETIMILTIK
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AHHOTanusi. ABTOMaTH3aisi 00pa30BaTEIBLHOTO TpOIlecca SBISCTCA aKTyaJbHOMN
3ajjaueil  COBPEMEHHOTO  CpelHero mpodeccHoHalbHOrO  o0pa3zoBaHHMs. B ycioBusx
YBEJIMUYMBAIOIIEHCS HArpy3KHU Ha MpenojaBaTesiei U aJMUHUCTPATUBHBIN MepcoHall BHEIPEHUE
CHEMATU3UPOBAHHBIX MH(POPMALMOHHBIX CHCTEM IO3BOJISIET MOBBICUTH 3()()EKTUBHOCTH
yopasiieHus: kKoyemkamu. Llenb nccnenoBanuss — pa3paboTka aBTOMAaTU3MPOBAHHON CHCTEMBI
ynpasienus komiemkeM (ACYK), yuuteBatomeid ocobennoctu CIIO, ¢ MomynbHOM
APXUTEKTYPOH, MOANECPKKON pOJIM-3aBUCUMOTO JocTyna u coBpeMeHHbIM UX/UI untepdeiicom.
B pamkax paboTsl MpoBeAEH aHaNM3 CyllecTBYIOmUX cuctem yrpasieHus (Platonus, BilimAl,
Kynnenuk, Cucrema « YHUBEp») U MOMYJIAPHBIX coruanbHbIX TuiatrgopMm (BKonTtakre, Facebook)
JUTSI BBISIBIICHUSI ONTHUMAIIbHBIX penieHuii natepdeiica. CnpoektupoBaHa 0a3a JaHHBIX B TPEThel
HopmanbHor  popme (3NF) nmns  obecrnedeHHs] IE€IOCTHOCTH, MAacHITaOMPyeMOCTH U
obicTpoaeiicTBus. PazpaboTansl mpoTOTUNBI HHTEpdEiica 1 BU3yalIbHOTO OU3aiiHa, peaan30BaH
Front-end u Back-end ¢ ucnonp3zoBannem ASP.NET. Cucrema mporecTHpoBaHa C ydacTHEM
CTYJIEHTOB, IpENoAaBaTeNell U aJMUHUCTPAaTOpOoB. Pe3ynbpTaTsl nokasanu, uro BHeapeHue ACYK
MO3BOJIIET ONTUMHU3UPOBATH MPOIECCHl YIPABIEHUS, COKPATUTh BpPEeMsl Ha aJMHUHHCTpPATHUBHbBIC
3aJ]auu, MOBBICUTH YZ00CTBO M KauecTBO 00pa3oBaTeiIbHOTO Mporecca. PaspaboTannas cuctema
obsamaeT ruOKoN MOy IBHOU apXUTEKTYPOH, POITb-3aBUCUMBIM JTOCTYTIOM, coBpeMeHHbIM UX/UI
UHTEp(EcoM 1 BO3MOXKHOCTBIO KACTOMM3ALlMU MO KOHKpeTHOoe yueOHoe 3aBeneHue. Coznanue
crnenuanuznpoBanHoil ACYK noarsepkaaeT runore3dy o TOM, YTO aBTOMATHU3ALMS yIIPaBICHUS
KOJJIE[DKEM  TOBBIIIAeT 3(PQPEKTUBHOCTH pabOThl MEpcoHala M YJIy4IIAaeT KadyecTBO
o0Opa3oBaTeNnbHOTO TMporecca. Pabora uMeeT NpaKTHUYECKOE M TEOPETHUECKOe 3HAuYeHHE,
OTKPBIBAET MEPCIEKTUBBI BHEAPEHUS coBpeMeHHbIX [T-Texnonoruii B CI1O.

KiaroueBsble ciioBa: aBromatuzanus, komiemx, ACYK, UX/UI, MoaynbHast apXuTeKTypa,
POAB-3aBUCUMBIN TOCTYII

Juas untupoBanus: J[.P. PammnunoB. Pa3zpaboTka u BHEIpeHHE aBTOMATH3HMPOBAHHON
CUCTEMBI YIIPaBJICHUS KOJUIEIKEM c HCII0JIb30BAHNUEM COBPEMEHHBIX
texHosoruit//[Tomprmnennsiil Tpancnopt Kazaxcrana. 2024. T. 21. No. 83. Ctp. 07-20. (Ha pyc.).
https://doi.org/10.58420/ptk/2024.83.03.001.

KoHduukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Beenenue

ABToMaTu3anus 00pa3zoBaTENIbHOrO MPOLECcca ABISIETCS HEOThEMIIEMOM YacThIO Pa3BUTHS
COBPEMEHHBIX YueOHbIX 3aBefeHHH. OHa HallpaBiieHa Ha MOBBIIIEHHE KayecTBa OOpa30BaHUS,
CHIDKEHHE aJMHHUCTPATUBHOM HArpy3KM M ONTHMH3ALMIO PabOThl MPENoJaBaTeNbCKOro U
yIpaBiieH4ecKoro nepcoHana. OgHako OOJBIIMHCTBO CYIIECTBYIOIIMX CHCTEM pa3paboTaHbl
IPEUMYIIECTBEHHO IS IIKOJ U BYy30B, B TO BpeMsI KaK KOJUIEKH OCTAIOTCSI BHE I0JI1 BHUMAHHUS
pa3pabOTYMKOB. YUWTHIBasg crenuUUecKkue TpeOOBaHUS CpeaHEero MpodecCHOHATBHOTO
o0pa3oBaHUs,  CTAaHOBUTCA  AaKTyaJbHOM  3aJada  CO3JaHMsl  CHELUAIU3MPOBAHHOU
aBTOMAaTH3MpOBaHHOW cucTtembl yrpasieHus koremkem (ACYK) (Landing Page Generator,
2015: 1; Xabp, 2015a: 1; Xabp, 20156: 1; I'epacumenko, 2015: 180-184).

Komnemxu, kak 3BeHO MEX/Ty IIKOJBFHBIM M BBICIIUM 00pa30BaHUEM, UMEIOT YHUKAIbHBIC
0COOEHHOCTH: OTJIMYAIOIIMECcs MiaHbl 00yudeHus, crenupuieckue GopMbl OTYETHOCTH, COCTAB
KOHTHHTEHTA M OPTaHU3aIMOHHBIE TIPOIIECCHI.

Cy1ecTBytoliue cuctemsl, Takue kak Platonus, BilimAl u np., He oxBaThIBatoT cieniuuky
CIIO B nosiHOM 00BEME.

[Ipennaraemas pa3paboTKa OTIMYACTCS aJanTaluel oA Hy Kbl KOJJIEIXKEH, MOANepKKON
MHOTOYPOBHEBOU aBTOPU3ALMHU U PACIIUPEHHON MOYJIBHOW apXUTEKTYPOH.

HoBusHa pa0boThl 3akitoyaercs B:

- HHTETPALlU COBPEMEHHBIX TEXHOJIOTHI pa3paboTku BeO-npuinoxennit (ASP.NET)

-co3aHuu  uHTepdeiica, cooTBercTBytomero UX-tpeOoBaHusM 00pa30BaTeNbHBIX
MOJIL30BATEIICH;
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-MozxenupoBaHuu  0a3epl  maHHBIX B 3NF  ama  oOecmedeHHs  IIEIOCTHOCTH,
MacCIITa0UPyEMOCTH U OBICTPOICHCTBUS;

-TOAJIEPHKKE POJIU-3aBUCUMOTr0 JOCTYMa (CTYIEHT, IPenoaBaTeib, aMUHUCTPATOD);

-TUOKOCTH CHCTEMBI: BO3MOKHOCTh KaCTOMHU3AIIUH 1101 KOHKPETHOE yueOHOe 3aBe/ICHHUE.

MarepuaJjbl 1 METOABI

Marepuansl Ucciie10BaHuUs

OObexkTOM HCCIeOBaHUS SIBISETCS ABTOMATHU3UPOBaHHAs CHCTEMa yNpaBJICHUS
komwtemkeM (ACVYK), paspaboraHHass ¢ WCIONB30BAaHHEM COBPEMEHHBIX BEO-TEXHOJIOTHH.
Marepunan uccae10BaHus NPEICTABICH KaK B KAYECTBEHHOM, TaK U B KOJTMYECTBEHHOM aCIIEKTE:

- KadecTBeHHBII = acCHeKT:  aHalIM3  CYLIECTBYIOIIMX  CHCTEM  YIIPaBJICHUS
obpazoBatenbHbiMu  yupexkneHusmu (Platonus, BilimAl, Kynnmenuk, Cucrema «YHuepy),
n3zydenne UX-nu3aifHa U TpeOOBaHMI KOHEUHBIX IOJIb30BaTENeH (CTYAEHTHI, MpEnoaaBaTeiH,
aIMUHHACTPATOPHI).

- KonmuuecTBeHHBIN acmekT: cOOp JaHHBIX O CTPYKType 00pa3zoBaTeiIbHOTo Mpoliecca,
KOJINYECTBE KypCOB, CTYJEHUECKOI0 KOHTHMHIEHTA, POJIei Mojb3oBaTeneld U (yHKIHMOHAIbHBIX
MOJYJIEN CUCTEMBI.

- Hcnonp3yemple MaTepuasbl BKIIOYAKOT: ApPXMBHBIE IAHHBIE KOJUICIKEH, PE3yJIbTaThl
OINPOCOB METOJMCTOB M MIpenojaBaTesiei, a Takke aHaIu3 HU(PPOBBIX PECYpCOB U MPOTOTHIIOB
AQHAJIOTMYHBIX CUCTEM.

Meropnonorus uccienoBaHus

Hayunas meTononorus paboTel COCTOUT U3 CIEAYIOIIHUX KOMIOHEHTOB:

Bomnpocs! ncciienoBanus:

- Kak aBromaru3anus ynpaBieHUs: MOXKET MOBBICUTH 3(p(PEeKTUBHOCTE 00pa30BaTEILHOIO
nporecca B KoJuieaxke?

- Kakne ¢yHKIMOHANBHBIE U OpraHU3allMOHHBIE OCOOEHHOCTH HEOOXOJUMO YUUTHIBATh
npu pazpaborke ACYK s cpennero npodeccuoHaabHOro 00pa3oBaHus?

- Kak obecrieunts yn00cTBO HHTEpderica s pa3IudaHbIX KaTerOpuid MoIb30BaTele pu
COXpPaHEHHH IEJIOCTHOCTH JIAHHBIX U MacIITA0UPyEeMOCTH CUCTEMBI?

[Ipenmaraemas runotesa (Te3uc): pazpadorka crnenuanusupoBanHoin ACYK ¢ MmogynpHO#
ApXUTEKTYpOl W TOAJEPKKOM MHOTOYpPOBHEBOH aBTOpPH3AallMK MOBBIMACT 3((HEKTUBHOCTH
paloThl MpenoJaBaTeabCKOro U aJMUHUCTPATUBHOIO MEPCOHANA, a TAKXKE YJIyUIlaeT KaueCTBO
00pa3oBaTeNILHOrO IpoIiecca.

DTanbl UCCIEI0BaHUS:

1 AHanu3 CyIIECTBYIOLIMX CHCTEM YIIpaBJIEHUs 00pa30oBaTEIbHBIMH YUPESKICHUAMU U
COLIMANIBHBIX CETEH JUTsI BBISBICHUS ONTHMaIbHBIX pemennid UX/UI;

2 [IpoexTtupoBaHue 6a3bl JaHHBIX B TpeTheil HopManbHOU hopme (3NF) ans obecnieuenus
LIEJIOCTHOCTH, OBICTPOIEHCTBUS U MacIITAOUPYEMOCTH;

3 Pa3zpaGoTka mpOTOTUIOB UHTEP(EICOB U BU3YyaIbHOTO JU3aiiHa;

4 Peamu3anus Front-end u Back-end cuctemsl ¢ ucrons3oBanuem ASP.NET;

5 TectupoBaHHe M KOPPEKTHPOBKA (YHKLIMOHAJIa C MPUBICUYECHUEM I0JIb30BaTENCH
(cTyneHTOB, penoiaBaresiei, aAMUHUCTPATOPOB).

MeTto1bl HCCae10BaHU:

- CpaBHUTEIbHBIN aHAJIN3 CYIIECTBYIOLINX PELICHUM;

- KOHTEHT-aHaJIU3 TOKyMEHTAllUU U LHU(POBBIX PECYPCOB;

- Kelic-aHaJIM3 YCIEUIHbIX MPAKTUK BHEJIPEHUSI 00pa30BaTENbHBIX CUCTEM;

- MOJIEJIMPOBAHUE U IPOSKTHPOBaHKE 0a3bl TaHHBIX U MOJIb30BATENILCKOT0 HHTEepGeiica;

- SMIIMPUUYECKOE TECTUPOBAHUE POTOTUIIOB € NOCIEAYIOLIEN KOPPEKTUPOBKOM Ha OCHOBE
00paTHOH CBSI3U MOJIb30BATENCH.

XapakTepucTUKa MaTepuaja HCCIEI0BaHUS II03BOJISIET OIPENETUTh JOCTOBEPHOCTD
BBIBOJIOB M IIPUMEHSAEMBIX METOJOB. Mcrionb30BaHNe KaueCTBEHHBIX U KOJIMYECTBEHHBIX TAHHBIX
oOecrneurBaeT KOMIUIEKCHBIA OIX0 K pa3paborke u BHeaApeHno ACYK.
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Bce Marepuansl ObTH M3y4eHBI 0€3 TOBTOPEHUS paHee OMyOJIMKOBAHHBIX PE3yJIbTaTOB, C
00s13aTeNnbHON HIeHTU(UKALIMEH UCTOYHIKOB, BKJIIOYAsi ApXUBHBIE U COBPEMEHHBIC TUChMEHHBIC
MaTepuaibl. HoBu3Ha paboThl MpOsBIsSETCS B pa3pabOTKe CUCTEMBI, TOJIHOCTHIO aJalTHPOBAHHON
non crnenuduueckue TpeOOBaHUS KOJUIEKEH, C aKIIEHTOM Ha MOJYJIBHOCTH, POJIb-3aBUCUMBIN
noctyn u UX-nu3aiiH.

Pe3yabTarsl U 00CyKIeHHE

DTanbl TPOSKTUPOBAHMS U peanu3anuu Front-end

OcHoBHBIE JTambl pabOTBI HAjJ BEO-IPOEKTOM  BKJIIOYAIOT  IOCJIEIOBATEIHLHOE
MPOXOXKJICHHE HECKOJBbKUX CTaauil TpoeKTHpoBaHus wuHTepdeiica. Kaxnprii stam au3aifH-
mporecca COCTOUT M3 ABYX (a3: AMBEPreHTHOW (TeHepalus UACH U pacluIupeHre BO3MOXKHBIX
peIIeHui) 1 KOHBEPIreHTHOH (0TOOp ONMTHUMAbHBIX BapHAHTOB M (POKYCHPOBKA Ha KITFOUYEBBIX
pemenusix) (M3mankosa, 2015: 151-158; Cutaukosa, 2015: 137-138; [ununa, 2015: 235-244;
SAxosnes, 2015: 83-90; bepn, 2016: 224; bxackapan, 2015: 256) (Puc. 1).

Ha nuBeprentnoii ¢aze Qopmupyercst O0JbIIOe KOIUYECTBO HJAEH, KOHIENUUH H
BO3MOJKHBIX BapUaHTOB peanu3anuu uHtepdeiica. /lanee, Ha KOHBEpreHTHOU ¢aze, IPOUCXOIUT
0TOOp M yTOUHEHUE HanboJiee yAauHbIX PEIICHHH, YTO MO3BOJSET CY3UTh KOJIMYECTBO BAPHAHTOB
JI0 ONTHUMAaJIbHBIX.

[To 3aBepiieHUH KaXkIOTO dTama CO3JAI0TCS MPOMEXKYTOUHBIE PE3yNIbTaThl, TAKUE KaK
CTPYKTypa caiiTa, IpOTOTHUIIbI CTPAHMULI, BU3yaJIbHbIE PEIICHUS U TU3aiH-KoHIenuu. FiMeHHo Ha
OCHOBE ATUX MPOMEKYTOUHBIX PE3yJIbTAaTOB (POPMUPYETCS KOHEUHBIH MPOAYKT, OTBEUAOIIUN
TpeOOBaHUSAM MOJIb30BATENECH U COOTBETCTBYIOIIUH IIEJIIM MTPOEKTA.

o o o0 —©°

Mpes u ctpyktypa Uccneposakue Mpototun Kontent

L6 L7

Peanuzaums 3anyck

Tectuposcrme

# 3anycK NpoexTa

Puc. 1. CobmoneHne 3TOro CueHapus U BBIACP)KUBAHHUE ITOCIIEA0BATEIBHOCTH - HEKOTOPas TapaHTHsI MOy YESHHS
YIOBJIETBOPUTEIHFHOTO Pe3yIbTaTa

PaccmoTpuM Kaxablii 3ram.

HccnenoBanne — 3T0 crnoco0 MpeBpaTUTh HEOPraHU30BAHHBIN TBOPUECKUN IpPOLECC B
TEXHOJOTHYHYIO IIEMOYKY JICUCTBUMN, KOTOPBIE MPUBOAAT K MPEACKA3yeMOMY pe3yJIbTary.

CaiiTel KOHKYypeHTOB. Korna Bbl onpeneaminchk ¢ uaeei BeO-poeKTa U ero CTpyKTYpOH,
MOCMOTpPUTE BeO-MTPOEKTHl KOHKYPEHTOB U HalauTe Xopolue pemeHus. OneHnBaiiTe He To, Kak
OHM BBITJIAJAT, a COACPKAHKUE: U3 UETO COCTOUT MEHIO, UTO OHU BBIHECIHU Ha IJIaBHYIO CTPaHUILY,
KaKHe pa3/ienbl Ha BeO-IPOEeKTe, YTO OHU MUIIYT U KakK.

Ha pucyHke HMKe MOKa3aHO MpUMEp B HallleM ciaydyae. B Haiiem ciaydyae Mbl OLICHUBAIU
cucreMsl Platonus, BilimAl, Kynaemuk u Cuctema "YuuBep". [loToMy 4TO BCE 3TH CHCTEMBI YKe
paboTayii Ha ypOBHE IIKOJ W YHUBEPCUTETOB. MBI BBIICHWIM HX TJIaBHBIE MPEMYIIECTBO U

HEJ0CTAaTKU. M onTHUManbHO MOCTPOWIIN OJWH M3 HaYaIbHBIX BApUAHTOB AU3aiftHa cucTeMbl (Puc.
2).
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P Cepanim T W
ID 3

“y platonus

]

Puc. 2. Tuzaiin ACY Platonus

Kpocc-kareropun. Kpome TOro Mbl U3y4miii He TOJBKO IOXO0XKHE CUCTEMBI K HALLIEMY U K
TOMY JK€ M3y4alli TIONyJIsIpHBIE COll. ceTH. B Hamrem ciryuae Bronrakre, Facebook u T.1m. Bee ato
JUIS TOTO YTOOBI Y3HaTh Kakue MHPOpPMaLUi JOJIKHBI CTOSTh BMECTE MM HAOOpPOT Pa3lieNnbHoO,
CKOJIPKO KaTeTOpUil MM MOAKATETOPHM HY>KHBI JUI ONTHUMAaJbHO MPOCTOro MHTepdelica u T.1.
(Puc. 3).

EﬂﬂHTﬂHTE 4 Peyimbia b BOmCed noEe  copbigsCiEE  Wipsl MYIRIKE 0 BOMDINE ERETH
Min CTpasiga Mapsm Ly pod
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Mou Mpymned fallann, Lingus Ladna
Mon Hasocm MiaaiaTh MAPoTHY-0 A4 DOpWaD
MoN DTRaTs
Mo Jasnanr R [l 1y g N BT
Mon Hacrooden

W

M paAEda s B ﬁ
Oorymen 1w
Mathna

121 3anuCL
M Oeriiaa 5

CrnoToamnien i Nasen Dy posd
e T —— T : Crnoges AmnonHReTCA 70 naT woessy oty Eanapan
lkE e HITE I E b o LB A

Caua-nmiuy Qypogy — NEoEeCiogy, DoTooy

Ve SO IHYS IRy iy, SETOPY MHOESCTER B W
Hanom it aH e e AL e AnAaUHA. Soree 20 neT o4 MIMannan Efeapy
Clarog<s NaHkE LNACCARCEDA SnanoME CIETF H HA AHHEDE BOWBs-T
ﬂm‘.‘_-:-q-.ﬂ [i| Flash- BRI TER ey B AL A CTR RN aC T () QPeB-S i ieon
fochf narEparype o Poccki.
Puc. 3. luzaitn nonysspHoro coil. ceTst Bkonrakre
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BroxHosnsironue npumepst. Jlake roau ¢ OONBIIMM OMBITOM pabOTHl B BeO-au3aifHE,
PEryJsipHO MPOCMATPUBAIOT HOBBIE CAWTHI, CIACAAT 332 TEHACHIUSMU, HAXOAAT BJOXHOBCHHE B
paboTax KoJuier. BlIOXHOBUTHCS — HE 3HAYUT CKOITUPOBATH MTOTYUCTYI0, HY)KHO ITPOCTO CMOTPETh
KaK BBITJISIIUT COBPEMEHHBINM HHTEPHET BOOOIIIE, YTO Ceifuac MOJTHO U KIIACCHO.

Tak kak HaIra cucTema Jyisi 00pa3oBaTEeIIbHBIN chepbl MbI H3yYalld YTO B TEHACHIIMH B 3TON
chepe. UTo XOTATh BUAET YUUTENS U UYTO XOTATh BUAET OOydalollyMe BeIb Hallla OCHOBHAs
ayauTopus sBiseTcs uMeHHo oHu (Puc. 4).

YTO TAKOE LUOPOBAA OBPA3OBATEJIbHAA CPEAA?

+ CHIHEHHE ABMMHMCTPATHBHOR
HATFY3KH

« YBEMHYEHNE BPEMEHH
JUMA YHEGHOR PABOTEI

= MOTHBALHA K CO3AAHMH
COECTBEHHOTD
OGPAIOEATENEHOND HOHTERTA

» BOIMOMHOCTH [UA CAMOPAIBHTHR

» PACLUHPERHE POTH Y4WTENA:
HACTAEHHE B {HOFOBOM
NPOCTPAHCTBE

MHOOPMMPOBAHHE B PEANEHOM BPEMEHH + OGECTEMEHHE KORRYPENTHOR CPEDbI
h WEIANMOJIEACTBHA TOCYAPCTREHHOMD
+ O YCMEBAEMOCTH PESEHKA WSACTHOTD CEKTOPA B COEPE QBPAI0BAHIR
« 0 ETO NPHCYTCTEWM B WKONE + MOTHEALIKA K CO3AAHNID KAHECTEEHHOM.
OEPASOBATENEHOTO KOHTEHTA

+ CHHXPORU3ALHA NOTPEHOCTER JKOHOMMKMH
W BOIMOMHOCTEN OEPAZDBAHHA

- CORTAHME E/HHOR NAATOOPME! <HIHOPOBAR
BIKOA A, HHTETPHPYIOWIER CYLIECTEVIOUIHE
TIPOTPAMMHO-TEXHHHECKHE PELIEHHA B COEPE
OBFASOBAHNE

Puc. 4. lludposas oOpazoBarenbHas cpea

Ocku3 caiiTa UM OPOTOTHUIL. BBl MOCMOTpeny Ha KOHKYPEHTOB, BAOXHOBUIIUCH KJIACCHBIMU
o0pa3laMu U y Bac B TOJIOBE YK€ MOSIBUIINCH NEPBbIe UaeU. Tenepb HY>KHO 3TH UAEH BBIPA3UTH
rpaduueckn — caenaTh 3CKU3.

DCKU3 UM MPOTOTHUI — ATO CXEMATHYHOE N300paskeHne 0JI0KOB, U3 KOTOPBIX COCTOUT CaMT.
Bam Bu3yanbHbIi CLICHApU.

Jlenaetcs 3TO MPOCTO: BO3BMUTE JIUCT OyMaru, aBa (omacrtepa: YEpHbINA U KaKOH-HUOY b
KOHTPACTHBI M HapHCYHTE CXeMy 4TO 3a 4eM OyzaerT uath. He HyXHO BCe MPOPHCOBBHIBATH
JIeTaJabHO, TOJBKO O0LIyI0 Haet0. Bam HyXHO monydnTh clieHapuil Bameil ctpanuipsl. [lymaiite
Tak, Kak OyJATO BBl JeNaeTe€ TNPE3CHTALMIO, MBICIUTE dKpaHamMu. UTO BBl XOTEIH CKa3aTh?
BeposTHo, cHauana HaJo NoKa3aTh KaKy0-TO KPYTYIO LITYKY, KOTOpas BCEX MPOCTO BIEYATIUT U
JIacT TOHSTH, KyJa YEIOBEK MOMal, JAJbIIe paccKa3blBaeTe KOPOTKO O cebe, TOTOM — TpH
IPEeUMyIIeCTBa, KOMaH/1a, HECKOJIBKO CaMbIX KJIACCHBIX Pa0OT M KOHTAKTHI. Temneps BaM MPOCTO
HY>KHO HapUCOBAaTh BCE, KaK OHO JTOJKHO ObITh (Puc. 5).
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Puc. 5. HpI/IMepBI TOI'0, KaK BBINNIAAAT HAPHUCOBAHHBIE IIPOTOTHUIIBI

Copepxanue. [Ipexxne ueM pucoBaTh AM3ailH, BaM HY)XHO M03a00THTbCS O KOHTEHTE,
noToMy uTo 06e3 Hero nmpuaercs BcE nepeaensiBate. CHauana codoepuTe Bce MaTepHalibl, KOTOpbIE
y Bac €CTh: MPE3CHTANNHN, OPOLTIOPHI, My OJIMKAIMHA. JTO IMOCITYKUT OTIIPABHOM TOUKOW. 1 MBI Bce
9TO ClIeTIAJIA U TIOTOBOPUIIU C METOIUCTAMU, YUUTENIMHU. [ TaBHBIN TEKCT MPO y4eOHBIX 3aBEACHUIA
KaK MPUHSATO MBI IaJTH 3alI0JHUTh METOIUCTaM yueOHbIX 3aBeneHuit (Puc. 6).
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PEMMCTPALUMA KOJITEOXA

Ha3ssanue konnepxa

CokpalleHHoe Ha3BaHue :

CrpaHa: Kasaxcran

lopoa : Anmar

Anpec :

Homep Tenedona

Cucrema obyyeHue : NaTwbannsHas

OdchuumansHbIv canT
Konnepxa :

O Konnegxe

ToroTun konneaxa :

PervucTpauus konnegxa

Puc. 6. HavanpHas cTpaHHLa 3aII0JIHEHNE KOJUUIEIKa

Huzaitn. Ha »rtame pau3aiiHa OOBENMHSIOTCS BCE MpEeAbIAyIIHe cTagud. [IpoToTHIBI
000paunBaIOTCs B YHUKAIBHBIN BU3YAIbHBIN CTHIIb M MOJAXOA K KOMMYHUKAIIMH, HATIOTHSIIOTCS
KOHTEHTOM M MPOIYKT 00peTaeT CBO (PMHAIBHBINA OOJIHK.

Bce paboTel HauMHAIOTCS C TJIABHOM CTpaHUIIBI — OHA KiroueBas. CHavana MPHUXOIUT
MOHMMAaHWe, Kak Oy/eT BBITIISIACTh IJIaBHAS CTPAHUIlA, 3aTEM HAWJIEHHOE BH3yallbHOE PEIICHHC
TUPAKUPYETCS HAa BHYTPCHHHUE CTPAHULIBI.

[Tocrme Toro, kKak yTBEpXKJACHA OCHOBHAsI KOHIICTIIIHS, HAYMHACTCS MPOpabOTKa IeTaliei:
pHCYeM MKOHKH, 3aKa3biBaeM (DOTO U BUACOCHEMKY, KOPPEKTHPYEM TEKCThI, COTTIAaCHO JU3aiHY.

He 3a0wiBaiiTe po MOOMIBHYIO BEPCHIO, OHA PHCYETCS TIOCIEC YTBEPKICHUS OCHOBHBIX
MaKeTOB.

Oo6mosxka (TepBBIA PKpaH) 3aCIy’KUBAET 0COOCHHOTO BHUMaHUS. Eciy TaM kauecTBEeHHAs
dororpadus u HeOaHATHHBIN, HETUISIFOIINIA 3aT0JI0BOK, TO NIEPBOE BIeUaTICHHE OyAET yIauHbIM
(Puc. 7).
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A PecrybavikaHckuiA Konneax cnopta
G Y —
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£e 3 AxkeTa CyaeHTa
KPAMAH MEAET AAHUAPY/bI KYPATOP
@ Jlara pow/eHns
"'!'\ HAH ¥50, 1
9 I
on MyX OO ikairatovna@gmadcon
=
Ha 8/1HOCTD: 3 e
® ALMOHANLHOCTE peoy
i paxcparcTao: yrna 101
153 Cemeiiioe nonoxenme xonocT
b iy
DECTUNEHIAS B WKOAE! PecryBmiaH@A O/MMNMaZa N MHdopMaTHie (1 MecTo)

POANTENA

Mansa

Coromsiil HoMep: 7708530445

Agpec

IneKTpoNIE

pute. lraman medet@gmail.com

OTNPABHTH MACEMO HA NOYTY

HATWCATE 8 HATE OTTPABIATE MACHMO HA NOHTY

Puc. 7. Aakera Ctynenra

HaBuranus. Pucys menro , yoeuTech, 4T0 OHO BU3YAIbHO XOPOIIEE: HE CIUIIKOM OOJIBIIIOE,
HE Meperpyx aeT BClo cTpaHuily. [I[yHKTOB MEHIO He JOJKHO OBITh MHOTO, JTy4IlI€ BCETO HE O0JIbIlIe
5. CMmeno ykpymnHsiiTe pa3aensl. HazBanus gemaiite KOpoTkuMu. TpH ciI0Ba Kak IyHKT MEHIO SIBHO
He roautcs. OHU TOJDKHBI CYUTHIBATELCS C epBoro B3rsiaa (Puc. 8).

MEHIO HABMIrALLMM

(& NManens ynpasneHmne

& Cnmcox cryaeHrTos

B8 Texkyuimia cemecTp

E Yue6Hbiia nnax

= pynno:
Pacrnmmcanme

PacnmmcaHnme 3Kk3amMeHOoOB

YyebHasa npakrmka

NMpomssoncre—s\ NpaKkrmka

Kypc

HMHypruranob:

NMpumuemHraas KoMmmMccms

Hacrponknm

Puc. 8. HaBurauus
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Jlorotun nomxkeH OBITH TOPU3OHTAIBHBIM. BepTukanbHble JIOTOTHNBI B BeOe paboTaioT
w10xo. Kak npaBuio, JIOroTUn pacnojiaraercsi B MEHIO, @ OHO HE JJOJDKHO 3aHUMAaTh MHOTO MECTa
Ha skpaHe. Ecau jorotuma y Bac HET, TO MPOCTO HANMUIIUTE Ha3BaHHE MPOEKTa KaKUM-TO HE
cucTeMHbIM mpugToM, Ttuna Proxima wim Futura. He wmyuaiiTech, He 3amMopayuBaiiTech c
JIOTOTUIIOM, €CJIM Yy Bac OrpaHW4YeHHbId Oromker. Ceiluac 3TO HE TaK BaXKHO, Kak oOIIee
BIleYaTiieHue ot caiira. [lomymaiite myunie o ¢pororpadusx u obuem crune (Puc. 9).

A ATLANTIC

Puc. 9. Jlorotun

Ipudt. O6s3aTenbHO MOAKIIOUNTE GUPMEHHBIN MIPUQT, TO BIUACT HA KOMMYHHUKAIIUIO.
Ceifyac Bce IEpKHUTCA Ha KOHTEHTE, MO3TOMY caM HIpU(T U 3a7acT BaM (PUPMEHHBIH CTHIb. Y
KKJIOTO mpudTa €CTh XapakTep, MOAITOMY IMOCTapalTech MOA0OpaTh TaKoW MPU(T, KOTOPHIH
COOTBETCTBYET COJCPIKAHUIO.

Kak mpaBwio, mys caiita BIomHE J0CTaTo4HO ojHOro mpudTa. Ho ecam BBl xoTute
no6uThes 3 (HEKTHOro KOHTpACTA, UCTIONB3YHTE IPHU(TOBBIE Maphl: MPUPT O6€3 3aceuek U mWpHPT

¢ 3aceukamu. [Ipumeps! ynaunsix mpudToBsix coueranuii (Puc. 10):

A ATLANTIC

Poickynos K. T
MEHIO HABUTALUMK

(Z Nanens ynpasnenue

& Cnucok cTyaeHToB

BB Tekywuii cemectp

= YuebHbiit nnan

& rpynne

2 Pacnucanue

8 Pacnucanue s3x3ameHoB
& VyebHasn npakTuka

(' NpoussoacTe- NpaKTHKa

Kypc

& Xyprans
& NpuemHan Komuccus

©f Hactpoitku

r.LUbIMKeHT

A / AiKeTa MeHepepa

PbICKY/IOB KYAHbILLI

TYPCbIHKYITOBUY

Everest Technology

= TKMK "MonutexHuuyeckuin Konneax" ynpasneHus o6pa3oBaHus

AHKeTa MeHef)Xepa

OcHoBHas
nHpopMauus

lleHb poxaenus 15.03.1985
WAH 850315301443
Mon Mysckoi
[paxpaHcTBO Kasaxcran
HaumoHanbHoCTL Ka3ax/Ka3alkKa

CeMeitHoe nonoxexue HeHat/3amyxem

Puc. 10. O0Ouuii B

PoickynoB K. T~

KoHTaKTHble faHHble

e 87077718571

g r.WeiMkeHT, yn. H.banTa6ail, yy 2131
e kryskulov@ukpk kz

CoumanbHble ceTu

Q00O

OTMPABUTL MUCbMO HA NOYTY

HATUCATb B YATE

Copyright 2017-2018

OO6mmit cTriib U akKypaTHOCTh. [locie Toro, kak Bbl opopMuIu Bce OJIOKH, ITOCMOTPHTE,
9TOOBl CAaWT BBHITJISACT MPHUITHO W aKKypaTHO. BBIPOBHSANTE OTCTYMBI, CACIAlWTE 3arojIOBKU
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€AMHOOOPa3HBIMH, TPOBEPHTE, YTO pazMep mpHU(Ta B TEKCTE BE3/1€ OJIMHAKOBBIA. Y 0eIUTECH, UYTO
Ha caiiTe JOCTaTOYHO CBOOOJHOTO NMPOCTPAHCTBA.

3akiaoveHue

B xone mpoBeneHHOTo HccienoBaHMs Oblla YCHENIHO peaji30BaHa 3ajadya CO3JAHHS U
BHEJIPEHUSI aBTOMATU3UPOBAHHOUN cucTeMbl ynpasiieHus kojuiemkeM (ACYK) ¢ npumeHeHuem
COBPEMEHHBIX BeO-TexHoNoruii u mpuHnunoB UX-nuzaitna. PaGora mo3Bonmna oObEIUHUTH
TEOPETUYECKHE IOAXOAbl K aBTOMAaTH3allUKd OOpa3oBaTENbHBIX MPOILECCOB U MPAKTHUYECKUE
TpeOOBaHUS KOJUIEKEH, 4TO 00eCIeUnIo KOMIUIEKCHBIA MOJXOJA K PEIICHUIO MOCTAaBICHHBIX
3ajad.

Lenp uccnenoBanust — paspabotka crnenuanuzupoanHoil ACYK, amantupoBaHHOM 1moj
OCOOCHHOCTH KOJUIeKEHl — Oblla TMOJHOCTBIO JAOCTUTHYyTa. [l peanu3auuu — 1enu
HCIIOJIb30BAJIMCh CIEAYIOLINE METOBL:

- CpaBHUTENbHBIA aHaJIM3 CYLIECTBYIOIIUX CHCTEM YIpaBlieHUs 00pa30oBaTeIbHBIMU
yupexaenusmu (Platonus, BilimAl, Kynaenuk, Cucrema «YHUBEpP»), YTO TO3BOJIMIIO BBIIBUTD
CUJIbHBIE U cJ1a0ble CTOPOHBI aHAJIOTOB U YYECTh X MPH MIPOEKTUPOBAHUH HOBOM CHCTEMBI;

- KoHTeHT-aHa/IM3 M ONpOoChl KOHEYHBIX IMOJb30BaTeNel (MpenosaBareieii, METOAUCTOB,
CTYJICHTOB), KOTOPBII MO3BOJIMII BBISIBUTH MMOTPEOHOCTH B HHTEpderice u GyHKIIMOHATIE CUCTEMBI,

- [IpoexTrpoBanue 0a3bl JAHHBIX B TpeTheil HopManbHOU Gopme (3NF) misa obecnieuenus
IIEJIOCTHOCTH JIaHHBIX, MACIITa0UPYyEeMOCTH CHUCTEMBI M OBICTPOJCUCTBHUS TIpU 00pabOTKe
60bIINX 00bEMOB HH(OPMAITHH;

- Pa3paboTka mpoTOTHUIIOB M BU3yaIbHOTO AW3aiiHa ¢ mpuMeHeHueM npuHimnoB UX/UI, uto
o0ecrieumio y100CTBO U OHATHOCTH UHTep(eiica Ui pa3InyHbIX KaTeTOPHil MOJIb30BaTEeNeH;

- OMIIMPUYECKOE TECTUPOBAHUE MPOTOTUIIOB MU MOAYJEH CHUCTEMbI C TOCIEAYIOIIEH
KOPPEKTHPOBKOH (pYHKIIMOHAJA HA OCHOBE OOpAaTHOM CBSI3H.

Hcnonb30BaHne KaueCTBEHHBIX M KOJIMYECTBEHHBIX METOJIOB MCCIEAOBAHUS MO3BOJIHIO
IIPEBPAaTUTh MCXOAHBIM TBOPYECKUH IPOLECC B TEXHOJOIMYHYIO LENOYKY JEUCTBUHM C
MpeICKa3yeMbIM pe3yibTaToM. Takoil KOMITJIEKCHBIM MOJIX0J OOecneuynBaeT 10CTOBEPHOCTH
IIOJIyYE€HHBIX BBIBOJIOB M HAJI€XKHOCTh BHEAPSEMOI CUCTEMBI.

B pesynbpTaTe pabothl Oblna co3naHa (yHKIIMOHAbHAs aBTOMAaTH3MPOBAHHAS CHCTEMA,
BKJIIOYAIOLIAS:

- ['uOkyr0 MOZIyIbHYIO apXUTEKTYPY, 00ECIEUNBAIOIIYIO PACIIUPIEMOCTh U BO3MOKHOCTD
n00aBIEHNUS HOBBIX (DYHKIIMOHAIBHBIX OJIOKOB;

- Ponb-3aBucuMBIN JOCTYN 711 CTYAEHTOB, IpenoaaBaTenell M aJIMUHUCTPATOPOB, UTO
MO3BOJIAET PA3TPAaHUYUTh MIPAaBa U MOBBICUTH O€30MACHOCTh JAHHBIX;

- Cospemennsiii  UX/UI wuHTepdeiic, OpHMEHTHPOBaHHBIH Ha 00pa30BaTEIbHBIX
MOJIb30BaTeNe, 4TO yIyd4lllaeT BOCHPUATHE MH(OpPMAIMKM W TOBBIIIAET YI0OCTBO padOTHI ¢
CHCTEMOIA;

- bazy nansbix, moctpoeHHyto mno mnpuHiumy 3NF, obecrnedyuBaromnryto eI0CTHOCTb
uHpOpPMaNnH, OBICTPOACHCTBHE NPpHU 00pabOTKE 3aIpPOCOB M BO3MOKHOCTH MACHITA0OMPOBAHUS
MOJT yBEJIMYHMBAIOIIEeCs] KOTUYECTBO MOJIh30BaTENEH;

- B0O3MOXHOCTh KaCTOMH3AIIMM CHUCTEMBI MTOJT KOHKPETHOE Yy4eOHOE 3aBeICHUE, BKIOYAs
aJlanTaluIo Mo yueOHbIe TUIaHbI, OTYETHOCTh U OPTaHU3AIIMOHHBIE MTPOLIECCHI.

[IpoBeneHHbIE TECTUPOBAHMSA IOKA3aJIM, YTO CHCTEMa I03BOJSET ONTUMU3HPOBATh
MPOLECChl YIPABICHUS, COKPAaTUTh BpeMs Ha aJMUHUCTPATUBHBIC 3aJaud U TOBBICUTH
3P PEKTHBHOCTH B3aMMOICHCTBHSI ITPETIOIaBATENICH U CTYICHTOB.

Ha ocHOBe npoBeACHHOTO UCCIIEIOBAHMS MOXKHO CAENATh CIEAYIOIINE BHIBOIBI:

Pazpabotka cnenunanmmsupoBanHoir ACYK mnoxarBepkKmaeT BBIABHHYTYHO THIIOTE3Y:
aBTOMAaTH3AIH yIpaBlIeHUs KOJUTEIDKEM MOBBIIIAECT 3¢ (HEeKTUBHOCTH paboTsI
IPENoAABaTeNbCKOrO U aJIMUHUCTPATUBHOTO  MEpCOHala M yJIydyllaeT  KadyecTBO
00pa3oBaTeNbHOTO Mpoliecca.
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HNHuTterpamus coBpeMeHHBIX BeO-TexHomornii 1 UX-au3aiiHa oOecneynBaeT ya00CTBO AJIs
BCEX KaTeTrOpUil OJIB30BaTENCH U CIIOCOOCTBYET O0Jiee OBICTPOMY OCBOCHHIO CHCTEMBI.

MonynbHas apXUTeKTypa U POJIEBON TOCTYII MO3BOJISIOT THOKO aJalTHPOBATh CUCTEMY O]
pa3iNyYHbIe YUPEXKICHUS M UX BHYTPEHHHE MPOIECCHI, UYTO JENaeT MPOCKT YHUBEPCAIBHBIM U
MacITaOupyeMbIM.

CucremaTdeckoe M3y4YeHHE KOHKYPHPYIOIIMX PEHICHUH M MPaKTUK COIHAIBHBIX CETeH
MO3BOJIWJIO CO3AaTh MHTEp(deic, COOTBETCTBYIOMIUNA COBPEMEHHBIM CTaHAApTaM U MPHUBBIYKAM
MOJIL30BATENECH, YTO TIOBBIIIACT yIOBICTBOPEHHOCTH KOHEUHOTO MOIH30BATEIS.

Pazpaborannas ACYK MoxkeT ObITh BHEAPEHA B KOJJICKAX IS ONTUMHU3AINH YIEOHOTO
mporecca ¥ aIMUHUCTPATUBHOM paboThl. [IpakTHueckoe mpuMeHEHNE CUCTEMbI BKITFOYALT:

- COKpalleHHEe BpPEeMEHM Ha MOJrOTOBKY OTUETHOW JOKyMEHTAlMM M IUIAHWPOBAHUSA
y4eOHOTO MpoIiecca;

- aBTOMaTH3aIUI0 KOHTPOJISI yCIIEBAEMOCTH CTYJICHTOB U yu€Ta MOCEIIaeMOCTH;

- HHTETPAIUIO C CYIIECTBYIOMUMHU 00pa30BaTeNbHBIMHI IIATGOpPMaMHU;

- BO3MOXXHOCTb JIUCTAHIIMOHHOTO OOYy4YeHHsS U yJNajd€HHOrO KOHTPOJS 00pa30BaTEIbHOTO
npoiiecca.

[lepcrieKTHBBI JaIbHEHIIIETO PA3BUTHS CUCTEMBI BKIIIOUAIOT:

-  UHTCTpAIMI0 aHATWTHYECKUX MOMAYJIECH [l MOHUTOPUHTA YCIIEBAaEMOCTH |
MIPOTHO3UPOBAHUS 00pa30BaTEIbHBIX PE3yIbTATOB;

- pa3paboTKy MOOMIIBHOM Bepcuu sl 00eCIIeUeHus IOCTYyTa CTYACHTOB U MpenoaBareiei
B JT1000€ BpeMS;

- BHEJPCHUE TEXHOJIOTUH HMCKYCCTBEHHOTO HMHTEJIEKTA JJIsi aBTOMATHU3alUU PYTHHHBIX
oTiepaIvii, TaKMX Kak (hopMupoBaHue OTYETOB U 00pabOTKa 3asBOK;

- MacITabuPOBaHUE CHCTEMBI JUIS CETEBBIX 00pa30BaTEIbHBIX YUPEKICHUHN U KOJUIEIKEHN C
bunuanamu.

[TommydyeHHbIe pe3ydbTaThl BHOCST BKIAJ B PAa3BUTHE METOJOJIOTUM aBTOMATH3AIlUU
00pa3oBaTeNbHBIX MPOIIECCOB B cpeaHeM mpodeccHoHaIbHOM o0pa3oBaHuu. Pabora
JIEMOHCTPUPYET BO3MOYKHOCTh HMHTErpauuu coBpeMeHHbIX IT-rexnonormii, UX-nu3aiiHa u
POJIEBOTO YIIPaBJICHUS JOCTYIIOM B €MHYIO CUCTEMY, UTO CIIOCOOCTBYET PaCIIUPEHUIO HAYYHOTO
3HaHUS B 00J1aCTH 00pa30BaTENbHBIX TEXHOJIOTUH.

Takum oOpa3oM, HcCcleOBaHHE TOATBEPAMIO HMCXOAHBIE THIOTE3bl, JOCTHUIJIO
MOCTaBIIEHHBIX IIEJIell W CO3[1aj0 OCHOBY MAJIs JajbHEHIIEro pa3BUTHS aBTOMATH3UPOBAHHBIX
CHCTEM yTpaBIICHUSI 00pa30BaTEIBHBIMU YUPESKIACHUSIME. [loTydeHHbIe pe3yIbTaThl HIMEIOT KaK
TEOPETUYECKOe, TaK U MPAKTUYECKOE 3HAUYEHUE U OTKPBHIBAIOT MEPCHEKTUBHI IJi BHEAPEHUS
WHHOBAIIMOHHBIX TEXHOJIOTHN B KOJUIEKAX.
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Abstract. This study investigates the quality of MPEG-2 decoders when decoding video
streams with different levels of distortion. The relevance of this research is due to the widespread
use of MPEG-2 in satellite and digital television, as well as in video playback from DVDs and
other media, where streams may contain errors. The aim of the study is to comparatively evaluate
the resilience of various MPEG-2 decoders to corrupted streams and to identify factors affecting
visual decoding quality. To achieve this goal, the following tasks were performed: encoding
standard test video sequences, generating streams with controlled errors, decoding with various
MPEG-2 decoders, assessing quality using the per-frame Y-PSNR metric, and classifying decoders
according to their error-handling capabilities. Experiments were repeated 100 times for each bit
error probability on the Foreman and Battle sequences (10"-4, 10”-5, 10"-6). Results demonstrated
significant differences in visual quality among decoders of the same standard: libavcodec from
FFDShow provided the best performance due to interpolation of corrupted blocks, whereas
InterVideo, BitControl, MainConcept, and Pinnacle decoders exhibited low error resilience. The
conclusion confirms the hypothesis regarding differences in error-handling algorithms among
MPEG-2 decoders and emphasizes the practical importance of selecting optimal decoders for
operation under unreliable transmission conditions. The results can be applied in DVB equipment
design and in developing video stream quality testing methodologies.
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Annoramusi. byn xymeictra MPEG-2 nexomepnepiniH  opTypsmi  OypManaHfaH
OeifHearpIHIApABI JIEKOATAY Ke3iHAE MKYMBIC calachlH Oaranay Mocejeci KapacThIPbUIFaH.
3eprreyain e3ekTiniri MPEG-2-HiH CIyTHUKTIK *oHE CaHIBIK Telleauaapiaapaa, coaaaii-axk DVD
XKoHe Oacka TachIManjayllblIapAarbl OeiHEeH! OiHaTy Ke3iHIe arbIHAapia KaTelikTep OOyl
MYMKIHAITIHEH TybIHAAWIbI. 3epTTeynin Makcatel — MPEG-2 nexonepinepiniH Karemiri Oap
arplHAapFa TO3IMJIUIITIH CaJBICTRIPMAIBI Oaranay *oHe NEKOATAYAbIH BU3Yyalbl camachlHa dcep
eTeTiH (pakTopmapasl aHbIKTay. MakcaTka >KeTy YIIiH KeJiecl MIHACTTep KOWBUIABI: CTaHIaAPTThI
TECTTIK OelfHearbIHaapAbl KOATay, KaTeliKTepi OaKbUIaHATBIH aFbIHIApAbI TeHepalusiiay, SpTypai
MPEG-2 nexoxnepiepin maiganansin aexoaray, Y-PSNR kepcetkirni 6oibIHIIIA camacklH Oaraiay
YKOHE JIeKoJIepIIep/li Karenepi enaeyre Kadinerine Kapaii xikrey. JKymbic OapbicbiHna Foreman
xoHe Battle OeitHearbiHmapbiHaa opOip Kare BIKTUMANABIFel yiIiH 100 per KaliTamaHaThIH
toxipudenep xkyprizimm (107-4, 107-5, 107-6). Hotmxkenep Oip cTaHmapTTarbl ASKOAEpIEPIIiH
BHU3YaJIIbI CallachlHA eIeylli aiblpMambUIbIKTap 0ap ekenin kopcerti: FFDShow-nain libavcodec
JeKoiepl 3aKbIMIATFaH ONIOKTapIbl HHTEPIOJAIMIIAY apKbUIBI €H KaKChl HOTHXKEIEpre KeTce,
InterVideo, BitControl, MainConcept xoHe Pinnacle nekomepiiepi KaTemikTepre TO31MIUTIT TOMEH
eKeHIH KepceTTi. 3eprreydiH KopbeIThiHAbICHE MPEG-2 nexoneprnepinneri kartenepii ©OHICY
AJTOPUTMJICPIHIH albIPMAIIBIIBIFEIH PACTAUIBI )KOHE CEHIMCI3 JCPEKTEep aFbIHAAPBIMEH KYMBIC
icTey Ke3iHJe OHTAMNIbI JIeKoAepiepl TaHIayAblH MPAKTUKAJIBIK MaHBI3ABLIBIFBIH KOPCETEl.
Hotmwxkenep DVB xabnpikrapbia sxo0anay skoHe OeliHearbIHAApIbIH CaachlH TECTUICY 9MICTEPIH
o3ipIieye KONIaHbLTybl MYMKIiH.

Tyiiin ce3nep: MPEG-2, nexonep, 6¢eiinearbin, katemik, Y-PSNR, Tezimaimik

Moiiexco3nep ywin: P. Capun, E. barnomnayiel, 135 Baii. MPEG-2 konekrep oTOachiH
tecriey//Kazakcran enmipic kemiri. 2024. Tom. 21. Ne 83. 21-35 o6er. (Opsbic. TiN.).
https://doi.org/10.58420/ptk/2024.83.03.002.

Mynaenep KakThIFBICHI: ABTOpJIAap OCBHl Makalaja MYIIeNiep KaKTBIFBICHI KOK JIell
MOTIMICH/T.
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AHHoTauusi. B nanHO# pabore paccmarpuBaercs mpobieMa OIEHKH KauecTBa padoThI
MPEG-2 nexonepoB npu ACKOJUPOBAHUM BUJICONOTOKOB C PA3JIMYHOM CTENEHbIO HMCKAXKEHHUS.
AKTYyaJIbHOCTB HccienoBanus o0ycnosneHa npumeHeHneM MPEG-2 B criyTHHKOBOM U u(ppoBOM
TEJIEBUIEHUH, a TAK)KE BOCIIpOou3BeaeHneM Buaeo ¢ DVD u npyrux Hocuresnei, rje noTOKH MOTyT
conepxkarh ommOku. llenpro McclieoBaHusl SBISETCS CpaBHUTEIbHAs OIEHKA yCTONYHMBOCTH
pasnmuuabix MPEG-2 nexonepoB K ommOOYHBIM MTOTOKAM | BBISIBJICHUE (DaKTOPOB, BIMSIONIUX HA
BHU3YaJIbHOE KaYE€CTBO JEKOAUPOBAHUS. JJisl JOCTUXKEHUS 1IeJId MOCTABICHBI CIEAYIOIINE 3aJauu:
KOJMPOBAaHUE CTAHIAPTHBIX TECTOBBIX BHJEOINOCIEIOBATEILHOCTEH, TeHepalsl IOTOKOB C
KOHTPOJIUPYEMBbIMU OIIMOKAMH, JCKOIWPOBAHHWE C HCIONb30BaHUEM paznuiHbix MPEG-2
JIEKOJIEPOB, OIIEHKA KauecTBa 1Mo mokaapoBoi MeTpuke Y-PSNR u kiaccudukanus 1ekonepos 1o
crocobHocTH 00paboTKH omuoOoK. B xome paboThl mpoBeneHbl MHOTOKPATHBIE AKCIIEPUMEHTHI
(100 moBTOPOB MJIs1 KaXKJI0M BEPOATHOCTH OITMOOK) Ha BUICOMOCIIEI0BATEIbHOCTAX Foreman u
Battle ¢ BepostHocTamMu uuBepcuu Outa 107-4, 10"-5 m 107-6. IlomydeHHBIE pe3yNbTaThI
MOKa3ajah, 4TO JEKOAEphl OJHOTO CTaHAapTa CYLIECTBEHHO OTIMYAIOTCS MO BU3YaJIbHOMY
kauectBy: libavcodec or FFDShow nemoHcTpupyer Hawimyyiide TOKa3aTeld 3a CYeT
WHTEPHOJSAIUA TIOBPEKICHHBIX OJIOKOB, B TO Bpemsi Kak aekoaepbl InterVideo, BitControl,
MainConcept u Pinnacle mnoKka3bIBalOT HU3KYI0 YCTOWYMBOCTh K OIIMOKaM. 3aKiiOueHHe
UCCJIEJIOBAHUS TOATBEPkAAET BBIABUHYTYIO TUIIOTE3y O pPa3iMuUAX aJrOpUTMOB 00pabOTKU
ommbok B MPEG-2 nekomepax © TNOMYEpKHMBACT MPAKTUYECKYIO 3HAYUMOCTH BBIOOpPA
ONTHUMAJIBHBIX JIEKOAEPOB ISl pabOThl B YCIOBUAX HEHAJS)KHOM Meperaun JaHHbIX. Pe3ynbraTsl
MOTYT OBITh MCIOJB30BaHBI JIJISl IPOEKTUPOBaHUs oOopynoBanuss DVB u pa3paboTku MeTonoB
TECTUPOBAHUS KaueCTBa BUCOMOTOKOB.

KioueBsle cioBa: MPEG-2, nexonep, Buneonotok, ommdku, Y-PSNR, ycroitunBocTsh

Jas umtupoBanusi: P. Cadun, E. barmommaynel, 131 Bait. TectmpoBaHue KomekoB
cemeiictBa MPEG-2//TTombinnenssiii Tpancnopt Kazaxcrana. 2024. T. 21. No. 83. Ctp. 21-35.
(Ha anr.). https://doi.org/10.58420/ptk/2024.83.03.002.

KoH}uKT HHTEpPEeCcOB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IMKTa HUHTEPECOB.

Beenenue

CoBpeMeHHbIE TEXHOJIOTUH TMepelayd BUACO MPEIbSABISIOT BBICOKHE TpeOOBaHUS K
KauecTBY JICKOIUPOBAHUSI BUICOMOTOKOB, OCOOEHHO B YCJIOBHSX BO3MOXHBIX OIIMOOK KaHala
nepenayr. DTO aKTyaldbHO JJIsi CIYyTHUKOBOTO BemaHus, nudposoro tenesuaeHus (DVB) u
BOCIIPOM3BEJCHUs BUIEO C Hocurened, Takux Kak DVD. Hecmorps Ha mupokoe
pacripoctpanenue crangapra MPEG-2, OGombmIMHCTBO  CYHIECTBYIONIUX  HMCCICIOBAHUI
OTPaHWYMBAIOTCS aHATM30M PabOTHI ACKOAECPOB B HICATBHBIX YCIOBHX IMEpenaud, TOraa Kak B
peanbHbIX CHEHApUAX TIOTOKM MOTYT COJEpXKaThb OIIMOKH, CYIIECTBEHHO BIUSIOIIUE Ha
BU3YyaJIbHOE Ka4yeCTBO M CTaOUIBHOCTH ekoaupoBanus (Markosyan, 2017: 386).

OOBEKTOM HCCIICIOBAHUS SIBIISIOTCS BUaAeoAeKoAepbl crannapra MPEG-2, a mpeameTom —
METOABl WX pPAa0OTHI C HWCKAXCHHBIMU TOTOKamMu. llenb wWccnemoBaHus 3aKkirO4aeTcsl B
CpPaBHUTEJILHOM OIleHKe KadecTBa paboThl pa3audyHblx MPEG-2 nexonepoB npu IeKOAMPOBAHUN
BUJICOTIOTOKOB C OIIMOKAMU W BBISBICHHHM (PAKTOPOB, BIUSIONIMX HAa BU3yalIbHOE KadueCTBO
BOCIIPOU3BEICHUS.

B pamkax uccnenoBaHus ObUIA TOCTABICHBI CICIYIONIHNE 3a/1a9H:
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- [IpoBecTn komMpoBaHUE CTAHIAPTHHIX BUeonocuenoBarenbHoctel (Foreman, Battle) B
dopmar MPEG-2 ¢ koHTpOIHpyeMbIM OUTPEHTOM U TapaMeTpamu;

- CreHepupoBaTh HCKa)KEHHbIE BUJCONOTOKH C PA3IMYHOM BEPOSATHOCTHIO OHMTOBBIX
OIIMOOK, UIMUTUPYIOLIUX PEAbHBIE YCIOBUS MEpPelaur JAHHBIX MO CITyTHUKOBBIM KaHAJIaM;

- JlekomupoBaTh MCKa)X€HHBIC MOTOKHM pasauuHbiMu jaekoaepamu (Elecard, BitControl,
Dscaler, ffdshow, MainConcept, Pinnacle, InterVideo) m oIeHHTH KauecTBO MOJYYEHHBIX
BHJICOTIOCIICIOBATEIIBHOCTEH C UCIIONh30BaHUEM OOBEKTHBHBIX METPHUK, TakuX Kak Y-PSNR;

- IIpoananu3upoBarh pe3yabTaThl TECTUPOBAHUS U KJIACCU(DUIIMPOBATH ACKOAEPHI MO MX
CIOCOOHOCTH paboTaTh C OMMUOOYHBIMU TTOTOKAMH,

- OnpenenuTs ONTHMANILHBIE JEKOMAEPHI Ui paOOThl B YCIOBUSIX HEHAJS)KHBIX KaHAJIOB
nepenayu, ooecrneynBaiolie Hauayyllee BU3yalbHOe KaueCTBO.

MeTtonpl WCCNneNOBaHUS BKJIIOYAIOT MHOTOKPAaTHOE TECTHPOBAHHME BHJICOMIOTOKOB Ha
KOMIIBIOTEpaX C pa3IuM4HON  KOoH(pUrypanueid, HCIONb30BAHUE  CIIEHUATU3UPOBAHHBIX
MPOrPaMMHBIX CPEACTB JUIsl TeHepaluu OMHMOOK M pacueTa METPUK KadecTBa Buaeo. s
konupoBaHus ucmoisb3oBancs TMPGEnc ¢ mocrostaasiM Outpeiitom 3 Mowut/c, coopku B MPEG-
2 Transport Stream — Elecard XMuxer Pro, a uckaxeHuss BHOCWINCH C TIOMOIIBIO CIIEIIHATBHO
pa3pabOTaHHOW yTWJIMTBI Ha OCHOBe OuoOmuorekn pseudo random number generators.
JexogupoBanue BbINONHSIOCH pasznuuHbiMu MPEG-2 nexomepamu, a OleHKa BH3YallbHOTO
KayecTBa MPOBOAMIACKH MOKaAPoBO 1o MeTpuke Y-PSNR ¢ ycpennenuem pesynsratoB nocie 100
noBropoB TectupoBanus (Elecard, 2006: 13; TMPGEnc, 2005: 23; AviSynth, 2004: 25;
VirtualDub, 2003: 15; BitControl, 2005: 30; FFDShow, 2006: 34; Dscaler, 2004: 27).

Ha ocHOBe npoBEeICeHHBIX YKCTIEPUMEHTOB YCTAHOBJICHO, YTO JICKOJIEPHI OAHOTO CTaHapTa
CYIIECTBEHHO OTJIWYAIOTCA IO CIIOCOOHOCTH 00pabarhiBaTh OIMMOOYHBIC BUICOTIOTOKH.
Hexotopsie nexonepsl, Takue kak libavcodec ot ffdshow, oGecneunBaroT BHICOKOE BH3yalbHOE
KaueCTBO 3a CYET HMHTEPIOJSIUU HCKAKEHHBIX OJIOKOB, B TO BpeMsSl KaK JApPYTHe AEKOIephl
(InterVideo, BitControl, MainConcept, Pinnacle) moka3piBatoT HU3KOE Ka4€CTBO I HE MOTYT
KOPPEKTHO JIEKOIUPOBATh IMOTOKH IPHU BBICOKOW BeposiTHocTH ommbok (Elecard, 2006: 13;
TMPGEnc, 2005: 23; AviSynth, 2004: 25; VirtualDub, 2003: 15; BitControl, 2005: 30; FFDShow,
2006: 34; Dscaler, 2004: 27). Takue pa3nuuusi 0OBICHAIOTCS TeM, 4To cTanaapT MPEG-2 nums
3a/1aeT 00IIKe MOAXOABI K BOCCTAHOBIICHHUIO TIOCIIE OITUOOK, HE PETIAMEHTHUPYS UX KECTKO, YTO
OCTaBJIIET TPOU3BOJUTENSIM JIEKOJAEPOB MPOCTPAHCTBO JUISl pealu3alid  COOCTBEHHBIX
aJITOPUTMOB.

3HAYCHHUE TaHHOTO HMCCIICOBAHUS 3aKJTFOYACTCS B MPAKTUICCKONW BO3MOXKHOCTH BhIOOpA
JEKOAEPOB JIsl pabOThI ¢ OIIUOOYHBIMH MTOTOKAMU, OIICHKU HaJeXHOCTH obopynoBanus DVB u
NPOTHO3MPOBAHMSI  KA4eCTBA BHJCONEPENaYd B  pPEaNbHBIX  YCIOBUSX. BBIABICHHBIC
3aKOHOMEPHOCTH  TO3BOJIAIOT  Oojiee TOYHO MOJENIHUPOBAaThH paboOTy JEKOAEpOB MpH
MPOCKTUPOBAHUM CHCTEM CIIyTHHKOBOTO M IU(POBOTO TEICBHJICHUSA, a TaKXKe IpHU
BOCITPOU3BEICHUH BUJIEO C MOBPEKICHHBIX HOCUTEIICH.

Takum 00pa3oM, TPOBEICHHOE HCCIIEIOBAaHHE BOCIONHSET CYNIECTBYIOMIMK TpoOen B
ornenke paborsi MPEG-2 nexomepoB mpH OMMOOYHBIX TOTOKAX, a MPEATIOKECHHBIE METOIbI
TECTUPOBAHUS U aHAJIN3a MOTYT OBITh UCITOJBL30BAHBI JUIS JATBHEUIITUX UCCIICIOBAHMA B 001aCTH
HaJEKHOM u(poBoOIi epenaun BUAECO.

MarepuaJsl ¥ METOAbI

OObekToM HccieIoBaHus SBISIOTCS BUAeoaekoaepsl ctanaapra MPEG-2, ucnons3yembie
JUTSI ICKOJIMPOBAHUS BUJICOTIOTOKOB C Pa3IMYHBIMU YPOBHSIMHE OIMOOK. B KauecTBe ucciieyeMbix
nexonepoB 0buH BeIOpanbl: Elecard MPEG-2 Demultiplexer, BitControl, Dscaler, libavcodec ot
FFDShow, MainConcept, Pinnacle u InterVideo (Elecard, 2006: 13; TMPGEnc, 2005: 23;
AviSynth, 2004: 25; VirtualDub, 2003: 15; BitControl, 2005: 30; FFDShow, 2006: 34; Dscaler,
2004: 27).

B KauecTBe  BHJEOMAaTepuaia  MCIONb30BAIMCh  CTAaHAAPTHBIE  TECTOBHIE
MOCIIEIOBATEIHOCTH:
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- Foreman — pa3pemenue 352%288, 300 kanpoB, IBETOBOE MPOCTPaHCTBO Y V12, yactora
kazapos 30 fps, mporpeccuBHBbIN hopmar;

- Battle — pagpemienue u mnapaMeTpsl COOTBETCTBYIOT CTAaHJAPTHBIM TECTOBBIM
nocienosarenbHOCTIM MPEG-2.

- KomupoBaHue BHAEOMOTOKOB BHINONHATIOCH ¢ momolmbio TMPGEnc Bepcun 2.5 ¢
MOCTOSIHHBIM OuTpeiirom 3 MOuT/c n HacTpoiikamu 1o ymondanuto. Coopka nmorokoB B MPEG-2
Transport Stream npoBomuiack ¢ ucnonb3oBanueM FElecard XMuxer Pro Bepcum 1.1. [J{ns
BHECEHHsI CITy4allHBIX OIIMOOK B IMOTOKM MCIIOJIb30BaJach CHEIMAIbHO pa3paboTaHHAas yTUIUTA
Ha OCHOBE OTKPBITOM OMOIIMOTEKH T€HEPATOPOB CydalHbIX uncel randoma.lib.

TectupoBaHue IPOBOAMUIOCH Ha ABYX KOH(UTYpaLUsAX MEPCOHATBHBIX KOMITBIOTEPOB:

- mporneccop Pentium 4 2.8 GHz ¢ Hyper Threading;

- onepanuonHas cucremMa Windows 2000 Pro SP4;

- mamsth 1 Gb;

- Bugeoyckopurenb ATI Radeon 9600;

- )xectkuii quck 2x80 Gb ATA100.

[Ipennaraemasi TMIIOTE3a 3aKIIIOYAETCA B CIEIYIOIIEM: KauecTBO AekoaupoBanus MPEG-2
BUJICOTIOTOKOB C OIIMOKaMU 3aBUCHUT HE TOJBKO OT THUIA U BEPOATHOCTH OIIMOOK B IMOTOKE, HO U
OT JITOPUTMOB 00pabOTKM OMIMOOK, peaT30BaHHBIX B KOHKPETHBIX JeKkonepax. CienoBaresbHo,
JEKOZIepbl OJHOTO CTaHAApTa MOTYT AEMOHCTPUPOBATH CYIIECTBEHHBIE PA3IMYUS 10 BU3yaIbHOMY
KaueCTBY BOCIIPOM3BEACHHUS B YCIOBHUSAX OIIMOOUYHBIX TOTOKOB.

OTanel UCCIEIOBAHMS:

- KopupoBanue ucxonnsix Bugeonocnenonarenbnocreid B MPEG-2 Elementary Stream c
MTOCTOSTHHBIM OUTPEHTOM.

- Coopka notokoB B MPEG-2 Transport Stream.

- BHecenue ciyuyaliHbIX OMTOBBIX OMHMOOK ¢ BepostHOcTsMu 107-4, 107-5, 107-6 mis
Foreman u 10"-5 nns Battle. I1epBbIit 3aroioBOK MOTOKA BCETIa COXPAHSIICS.

- JlexonupoBaHKe UCKa)KEHHBIX MOTOKOB paznuyHbiMu MPEG-2 nexonepamu.

- OueHka BHM3yaJbHOI'O KauecTBa JECKOAMPOBAHHBIX IOCIEAOBATEIBHOCTEN C MOMOUIbIO
obwexkTuBHOM MeTpuku Y-PSNR Ha mokaapoBoii ocHoBe. 11 KaapoB, KOTOPBIE JEKOEp HE CMOT
pacnakoBaTh, yCTaHaBJIMBAJIOCh 3HaUYeHUE MEeTpUKH .

- IloBTopenne skcnepuMenToB 100 pa3 mnga ycpeaHEHUsl pe3yibTaroB U HCKIIOYEHUS
CIIy4aifHOTO BIIUSHUS MO3UIIUU OIIMOKH B TIOTOKE.

- CpaBHeHue ycpenHeHHbIX 3HaueHn Y-PSNR 1151 Bcex nexonepoB u kinaccudukanus ux
MO CIIOCOOHOCTH PabOTHI C OUTUOOUYHBIMH MTOTOKAMHU.

Mertopl Hccileq0BaHUS:

- DKCrepUMEHTaIbHBIN METOa — KOJMPOBaHHE u JIEKOANPOBAHHE
BUICOTIOCTIEIOBATEILHOCTEH C KOHTPOJIMPYEMBIMH ITapaMeTPaMU M BEPOSTHOCTHIO OITHOOK.

- Meton 00bEKTHBHOI OLIEHKH KauecTBa — MoKaApoBeli pacueT Y-PSNR (peak signal-to-
noise ratio) Juist U3MEPEHUs Pa3INIUI MEKIY UCXOIHBIM U IEKOJUPOBAHHBIM BUJICOTIOTOKOM.

- Craructuyeckuif MeToJ — MHOTOKpaTHOe MoBTopeHue skcrepumenta (100 pa3) u
YCPEIHEHHE PE3YIbTATOB IS MTOy4YEHHUs JOCTOBEPHOI OLIEHKH KaueCTBa.

- CpaBHUTENbHBIN aHAJIN3 — COMOCTaBIECHHE PabOTHl Pa3HBIX JIEKOJAEPOB U BBISBICHUE
3aKOHOMEPHOCTEH X PabOTHI C OMIMOOYHBIMH ITOTOKAMH.

Meton knaccuukanuu — pacupesesieHne JeKOAepOB MO KilaccaM B 3aBHCHUMOCTH OT
crocoOHOCTH 00pabaThIBaTh MOBPEXKICHHBIE BHUICOIOTOKH, BHU3YAIbHBIX apTe(akToB U
YCTOHYMBOCTHU K BHICOKMM BEPOSITHOCTSIM OLITHOOK.

HoBuzna pa0othbl 3akiodaercs B KOMIUIEKCHOM OIIEHKE YCTOWYMBOCTH COBPEMEHHBIX
MPEG-2 nexonepoB K OIIMOOYHBIM TMOTOKaM C KOHTPOIUPYEMBIMU BEPOSTHOCTSIMHU OHTOBBIX
OLINOOK, a TAKXKE B MPEAJIOKEHUH METOAUKH CUCTEMHOTO TECTUPOBAHUS C MIOKAPOBBIM aHAIU30M
meTpukd Y-PSNR. Ilomy4yeHHble pe3ynbTaTbl MO3BOJSIIOT HE TOJBKO BBIIBUTH DPA3NIMUUA B
anropuTMax o0pabOTKH OMIMOOK y pa3HBIX JIEKOIEPOB, HO M JaTh PEKOMEHIAIMH MO BHIOOPY
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JIEKOJIEPOB Ul pabOThI B pEaJIbHBIX YCIOBHAX MEPEAaYn BHJIEO, BKJIIOYAsl CITyTHUKOBBIC KaHAJIbI
u nudposoe tenesuaeHrne DVB.

Pe3ynbrarsl n 00cyx1eHNE

OcHOBHOW 3afadyel CTaBUJAch CPaBHUTENbHAs OIICHKAa KauecTBa palbOThl JEKOAEPOB
crangapra MPEG-2 mpu nexkomupoBaHMM TIOTOKOB € OMMMOKaMH. ITO aKTyaJbHO st
CIIyTHUKOBOTO BEILIaHUs U, B MEHBILIEH CTEIIEHHU, IS IIPOUrpbiBaHus Buaeo ¢ DVD.

[IpaBuna TecTrupoBaHus:

a) npu nomor TMPGEnc nocnenoBatensHoCcTh KoaupoBanack B MPEG-2 Elementary
Stream ¢ mocTosTHHBIM OUTpEHTOM 3 MOUT/C ¥ C OCTAIPHBIMH HACTPONKAMH 110 YMOJTYAHHIO;

6) nmpu nomoutu Elecard XMuxer Pro nanusiii motok cobupaincst B MPEG-2 Transport
Stream,;

B) NPH MOMOIIM CIIEIHATFHO HAMKMCAHHON YTHIIMTHI TaHHBIE MOJBEPTaIUCh CIy4aiHOMY
UCKa)KEHHIO. BeposaTHOCTh BHECEHHs OMTOBBIX OLIMOOK perynupoBanack. IIepBblii 3aroaoBok
MIOTOKA BCET/Ia COXPAHSICS B LIEJOCTH;

I') HCKaXEHHbIE [JaHHbIE JEKOAMPOBAIMCH pa3HbIMU JEKOJEpaMU U IOITy4EHHBbIE
BUICOTIOCTIEIOBATEIFHOCTH CPABHUBAINUCH MPU MOMOIIU OOBEKTUBHBIX METPUK C MCXOAHBIMU
JIEKOIMPOBAaHHBIMU MOCIIEI0BATEIILHOCTSAMU;

1) s TonydeHuss Oojiee aJeKBaTHOTO pe3yibTara MpOIecC BHECEHHUs OIIMOOK,
JNEKOIMPOBaHUS W Tmozcuera MeTpuk moBTopsuics 100 pa3. DTto 00yClOBIEHO TEM, YTO
BO3MO)XHOCTb 3()(peKTUBHOTO HCIIPABICHHUS UM CMITYECHUS BIMSHUS OIIMOKU BO MHOTOM 3aBUCHT
OT €€ MECTOIOJIOKEHUS B TOTOKE;

€) €CNIM JIEKOZep HE MOT PaclakoBaTh KaJp, B PE3yJbTHUPYIOIIYIO MOCIEI0BATEILHOCTh
MOJICTABIISIICA Kaap ceporo upeta. JJist mokagpoBoro cpaBHeHHs 3HadyeHne MeTpuku Y-PSNR miist
TaKUX KaJpOB YCTaHABIMBAIOCH PaBHBIM 0;

) JJAHHBIE YCPEHSIINCH.

Hns TectupoBanust DirectShow KOIEKOB HCHONIB30BANKCH CIEAYIOIMIME HPOTrpaMMHBIE
HPOIYKTHI U MOAYJIU:

a) GraphEdit Bepcun 1.33133;

0) AviSynth Bepcum 2.55;

B) VirtualDub Bepcuu 1.6.14;

r) TMPGEnc Bepcun 2.5;

n) Elecard Xmuxer pro Bepcuu 1.1;

e) Elecard MPEG-2 Demultiplexer Bepcuii 2.0b2 u 1.0.47.

B npensapurensHOii yacTu qaHHoro Tectuposanus trial-sepcusi Elecard Demultimplexer
NoKa3ajia XOpOIIue pe3yabTaTsl, U Mo npockbe aBTopoB kommanus Elecard mpemocraBmna mis
JaHHOTO TecThpoBaHus noynyto Bepcuio Elecard MPEG-2 Demultiplexer 2.0b:

a) TIpU HAMHMCAaHUM YTWIATHI TEHEpalMd OMMOOK ObUIa HWCIONB30BaHA OTKPBITAsS
o6ubmmoteka randoma.lib u3 Habopa Pseudo random number generators3;

0) T pacdyera BCEX METPHK MCIOIB30BAJICA CIEIUAIBHO TOATOTOBICHHBIN ISt
TecThpoBaHus Bapuant nporpammbsl MSU Video Quality Measure4.
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: MPEG-2
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HernckakeHHBIT
JIeKOIIIPOBAHHEII CHTHAT
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CpaeHeHHe
CHIHAIOB

Jexogep 1 -

Puc. 1. Cxema npoBesieHUs TECTUPOBAHUS IEKOJCPOB

Pesynerar

JIJisi TecTUPOBaHUS WCIOIB30BAMCH J[BA KOMITBIOTEPA CO CIEAYIOMEH KOH(UTYpaIre
(ITeckos, 2008a: 16—19):

a) mpoueccop: Pentium 4, 2.8 GHz with Hyper Threading;

0) oneparmonHas cuctema: Windows 2000 Pro, SP4;

B) mamsTh: 1Gb;

r) Buzeo yckoputenb: ATI Radeon 9600;

n) sxxéctkuii quck: 2x80Gb ATA100.

Hassanue mocnemoBarenpHOoCcTH foreman. Paspemenue 352x288. Yucno kaapos 300.
[BeroBoe  mpoctpanctBo  YV12. Yactora kagpoB 30. MHcerounuk  CranpaprHas
MOCJIEZI0BATEILHOCTD, IPOTPECCUBHBIN (hopMarT.

Jexonepsr:

a) BitControl;

0) DirectShow nexonep;

B) Bepcus 1.5.0.251;

T') Ipu pabOTEe MOBHIIIACT IPKOCTH BUACOIMOCICOBATEIIHHOCTH.

OCHOBHOM NMPUHIUN JaHHOW YaCTH TECTUPOBAHUS: Pa3HbIE AEKOJEPHI IEKOJUPYIOT OIUH U
TOT 7K€ UCKaKEHHBIN IOTOK.

B kauectBe gexomepa Uil JEKOAMPOBAHMS HCXOJHOTO HEUCKAXEHHOTO CHUTHAla
UCTIONB30BaICs Aekonep ot komnanuu Elecard. 910 0ObsCHSIETCS TeM, YTO MOUTH BCE JACKOICPHI
pacrmakoBajdl HEMOBPEXKIECHHBIM MOTOK BU3yallbHO OJMHAKOBO (32 HCKIIIOYEHHEM JIeKoJepa
BitControl) — 3nauenne metpuku Y-PSNR nns vux ot 60 mo 100 nb. Jlns cpaBHEHUs: curHaioB
st gexonepa ot BitControl mpu nekoqupoBaHUM HEMCKAKEHHOTO TIOTOKA TaKKe MCIOIb30BaJICs
nexozaep ot BitControl (ITeckos, 2008a: 16—-19).

TectupoBanue MpOBOIUIOCH HA ABYX BHJIEOMOCIEI0BATENbHOCTSIX:

a) Foreman;

0) Battle.

Ha nocnenoBarensHocTH Foreman kogupoOBaHHBIA MOTOK IMOABEPrajcs HUCKAKECHUSIM C
BEpOSTHOCTAMHU mHBepcuu Omta 107, 107, 10°. JlaHHBIE BEpOATHOCTH OBUTH BBHIOPAHBI, KaK
COOTBETCTBYIOIIIUE THIIOBHIM BEPOSTHOCTSM HCKXCHHS TPU CIYTHUKOBOW Tiepenade TMpu
UCIIOJIb30BaHUM HEeHaJexHoro kanana. Ha mocnemoBarenbHocTH Battle xopupoBanHbI mOTOK
noziBeprayics HCKaXXEHMSIM C BEPOSTHOCTBIO MHBepcHH Outa 107, Jlna m3MepeHHs KauecTsa
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JIEKOTMPOBAHHOTO BHUAEO Hcronb3oBaitack meTpuka PSNR. PSNR (peak-to-peak signal-to-noise
ratio) — 3TO KJIacCHYEeCKasi METPUKa JJIsI U3MEPEHUS KauecTBa CKaToro Buaeo. /st IByX KapTHHOK
X1, j ¥ Y1, ] 3HAYEHUE METPUKHU BBIYUCIIETCS TIO CIEAYIOIIeH Gopmyie:

255% .n’

Z(Xij - Yij)z |

i=1,j=1

(1

d(X,Y)=10-log,

Hecmortpst Ha TO, 4TO 3Ta METpPUKA B OOLIEM CIydae HE OTpa)kaeT BOCIPUATHE YETOBEKOM
UCKOKEHUH KapTUHKH, Ha MPOTSHKCHUH TOCICTHHX IECATHIICTHA OHA SIBISETCS OCHOBHBIM
OOIIETIPUHATHIM CPEICTBOM JUIsl OLIEHKU KauecTBa paboThl BuaeokoaekoB. IlociaenoBaTenbHOCTh
“Foreman” TlokaapoBbie 3HaueHus MeTpuku. [lockonbky mpoBomunock 100 3amyckoB u
U3MEPEHU A1 KayKA0H BEPOSITHOCTH OIIMOOK [Tl BCEX JIEKO/IEPOB, TO IIPUBECTH BCE IrpauKu He
NPEACTaBISIETCS BOZMOXKHBIM M pa3yMHBIM. B TaHHOHW paboTe MpUBENEHO MO OAHOMY TpaduKy
NOKaJapoBoro 3HaueHus MeTpuku Y-PSNR nns kaxnmoil u3 tpex BeposTHocTel omubok. Ecnu
JIEKOZIep HEe MOT JEKOAMPOBATh Kaap, TO B MOTOK 3amuchiBajcs Kaap. Ceporo mpera, 3HaueHHUE
METPHUKHU JUIsl TAKUX KaJpoB HU3Koe. [l HaIISIIHOCTH BU3YaJIM3alluU MMOKAIPOBBIX METPUK IJIs
NPOTMYIICHHBIX KaJpOB MPHHATO HyJeBoe 3HaueHue MeTpuku. Perframe Y-PSNR Frame number
Y-PSNR, dB BitControl Dscaler Elecard FFDShow InterVideo Ligos MainConcept Pinnacle
(ITeckos, 20086: 80—84).

Ha Pucynke 2 oTcyTCTBYIOT AeKozepbl oT komnanuil InterVideo, Pinnacle u MainConcept
10 IPUYUHE TOTO, YTO JAHHBIE IEKOAEPHI HE CMOIIIM PACIIAKOBATh IMOTOK C BEPOSTHOCTH OIINOOK
10“. Jlexonep or kommanuu InterVideo mpomycTusi Bce Kajpbl, a JEKOAEPhl OT KOMIaHHii
MainConcept u Pinnacle He cMorH OTKpBITH Takol MOTOK. Brimie kauecTBo. Frame number Y-
PSNR, nb (Markosyan, 2017: 386-389).

30

25

Y-PSNR (dB)

SN\
\,-__\__,_,_/—/\/“

13 10 20 30 A0 50
Number of frame
— MSIUJ FRC
= Frame Repetition
~— Linear Interpolation

Puc. 2. Tlokanpossiii Y-PSNR, BepositHOCTh MHBepcur 6utal0* nocnemoparensaocts “Foreman”

[Mepuoanunocts 3HaueHuit metpuku Y-PSNR nns gexonmepa ot xommanuu Inter Video
00BSCHSIETCS TEM, UTO JJAHHBIN JIEKO/EP B IIEJIOM IIJIOXO0 PAabOTAET C MCKAKXEHHBIM ITOTOKOM, H JIJISI
JAHHBIX, MIPEJICTABICHHBIX Ha PucyHke 3, pe3ynsrar ero paboThl CIEAyIONIUi: YacTh KaJpoB HE
JIEKOIMPOBaHa — CephIe KaJphl (3HAUCHUE METPUKHU HYJIEBOE), a ApyTasi 4aCTh MPEACTaBISIET COO0M
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MOBTOPSIIOIIMECS KYCKH, COCTOSIIIME W3 OJHUX U TeX ke KamapoB. Perframe Y-PSNR. Frame
number. Y-PSNR, 1b.

[Ipu anamms3e rpaduka Ha PucyHke 3 Hajo yduThIBaTh, 4yTO 3HaueHHe MeTpukum PSNR
paBHoe 100 nb o3HadaeT MONHYIO MACHTUYHOCTHh JBYX KaJpoB, a 3HadeHus, cseimie 50 b
03HAYarOT, YTO KaJAPbl BU3yaJIbHO HIICHTUYHBI, XOTSI 1 UMEIOT He3HaunuTeabHbIe paznudus ([leckos,
200806: 80—84).

Jlst aexoaupoBaHus HEMCKaKEHHOTO TTOTOKa ObLT BeIOpaH nekonep ot kommnanuu Elecard
Y IIO3TOMY Ha HEKOTOPBIX Kaapax 3HaueHue MeTpuku Y-PSNR s nannoro nexonepa pasno 100
nb, B TO Bpewms, Kak Apyrue Aekoaepbl AocTuraroT toibko n1b. Ho 310 Mano ckaspiBaeTcs Ha
CpeIHEM 3HAUEHUU HJsl TOCIEeI0BaTeNbHOCTH. B Xome MpoBeJaHHOTO HCCIEAOBaHUS OBLIO
3aMEeUeHO, 4YTo Jekomephl oT kommaHuii MainConcept m Pinnacle mamT odeHb MOXOXKHE
PE3yIBTaTHIL.

BriBonsr:

a) BBICOKOE Ka4yeCTBO JICKOJUPOBAHHBIX IOCJIEIOBATEIHLHOCTEH TPU HCIOIb30BAHUN
nexonepa ffdshow oOBsicHseTcss TeM, YTO OTOT JEKOAEp 3aMEHSeT OIMMOOYHBIC OJOKH
WHTEPIIONSALNEH COCeTHUX OJIIOKOB;

0) Huskoe kadectBo BitControl oOBsicHseTcs TeM, 4YTO B JIEKOAMPOBAHHOM
MOCJICZIOBATEILHOCTH MPOU3OIIEN CIBUT KaJIPOB;

B) gekogep ot InterVideo He cMor pgekomupoBaTh HH  OJHOTO  Kajpa
BHJICOTIOCIICI0BATEILHOCTH IPH BEPOSTHOCTH OO0k 1074;

r) aexoaepbl or MainConcept u Pinnacle aexogupoBaiyd TOJBKO HECKOIBKO IEPBBIX
KaJpoB;

Peframe Y-PSNR
1 I T T RETTETPRIRPP EEPERRRPRPRR EEE TR P PR PPPRRIP P :

i
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o
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s —  MV2ZMVDF2 | : : :
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0 20 40 60 &0 100
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Puc. 3. Tlokanpossiii Y-PSNR, BepositHOCTb MHBepcuu 6utal 0~ nocnenosarensHocts “Foreman”
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Peframe Y-PSNR
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—DBitControl ——DScaler ——Ekcard —— FFDShow
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Puc. 4. Tlokanpossiii Y-PSNR, BepositHocTh MHBepcun 6uta 107 nocnenosarensnocts “Foreman”

1) OCTaJIbHBIE JIEKONIephl HE 00pabaThIBAIOT OMIMOOYHBIE OJIOKH, OoTOoOpaxkas ux 0e3
u3Menenuit (ITeckos, 20086: 80—84).

Hexonmep ot InterVideo mpomyCTHN MOYTH BCE KaApbl, OCTABUB TOJBKO HECKOJBKO.
Cy1ecTByeT IIMPOKO PACIPOCTPAHEHHOE MHEHHE, YTO KOJEKH OJHOIO CTaHJapTa OTINYAIOTCA
KpaiiHe HE3Ha4MTEJIbHO, BCE JEKOJepbl paboTraloT ofuHakoBO. IIpoBeneHHoOe uccienoBaHue
yOeuTeNbHO MOKa3bIBaeT, YTO 3TO HE TaK. B yacTHOCTH, MPOU3BOAUTENHN JEKOAEPOB Pealu3yroT
B CBOMX MPOIYKTaX pa3iHyHbIE CIIOCOOBI pabOTHl ¢ MCKaKEHHBIM BHJICONOTOKOM. HekoTopsie
JICKOJIEpbl HE paccyMTaHbl Ha padOTy B HEHAJEKHBIX Cpeflax IMepelayd JaHHBIX, U KaueCTBO
JEKOAMPOBAHHOTO BUJIEO OU€Hb HU3KoeE. [IprunHa pasnuuuii B Aekonepax ciaenyromas: CTaH1apT
MPEG-2 mpemiaraer HEKOTOpble CIOCOOBI BOCCTAHOBIEHHSI MOC]E OMIMOOK, HO 3TU CHOCOOBI
KECTKO HE OTOBOPEHBI B cTaHmapre. [IpoTecTHpoBaHHBIEC JIEKOIEPHl MOKHO pa3leiUTh Ha ISTh
KJIaCCOB:

a) TIePBBI KJIacC COAEPKUT TOIBKO OH Aekoaep — libavecodec ot ffdshow — atot nexonep
MOKa3aJl HAaWTy4lIMi BU3yaJIbHBIA pe3ynbTar MpH padoTe ¢ UCKa)KEHHBIM BUAECOMOTOKOM 32 CYET
TOTO, YTO 3aMEHSUT HICKKCHHBIE OJIOKH WHTEPIIOIMPOBAHHBIMU;

6) Bo BTOpOM Kiacce Tpu aekonepa: Elecard, Ligos u Dscaler. Onu MoryT aekoqupoBaTth
MIOBPEKICHHBIN MTOTOK ¢ BU3yaJIbHBIMU apTe(akTaMu J1a)ke IPU BBICOKOH BEPOSTHOCTH OMIMOOK;

B) TPETHi KJlacC cOCTOUT M3 JABYX AekonepoB: MainConcept u Pinnacle. Otu nexonepst
MOTYT JICKOTUPOBATh IOBPEKICHHBIN ITOTOK, /1aBasi HEOOIbIINE BU3yalIbHbIE apTe(aKThl, HO OHU
HE MOTYT JIEKOJIUPOBATh MOTOK C BHICOKOM BEPOSITHOCTHIO OIINOOK;

T') 4eTBEePTHI Kilacc — aexozep ot BitControl, mporpamMma qexoaupyeT HCKaKEHHBIN IIOTOK
C BHU3yaJIbHbIMU apTedakTamMH, HO OH IOBBIIIACT OOLIYIO0 SPKOCTh BHUEONOCIEI0BATEIBHOCTH
(maxxe eciam MOTOK Oe3 OMIMOOK) U MPH JIEKOAUPOBAHUU HMCKAKEHHOTO BHJICONMOTOKA HWHOTIA
HPOU3BOAMT CABMT KaJIpOB;

I) TSITBIA Kiacc coaepkuT nexonmep ot InterVideo, KOTOpBIE HE MOXET KOPPEKTHO
JIEKOIUPOBaTh MCKA)KEHHBIN MOTOK Ja)ke MPHU HEBBICOKOM BEPOATHOCTU OIIMOOK U MO3TOMY He
MOAXOAUT JJi pabdOThl C UCKKEHHBIMU BUJEONOTOKaMU. Takum oOpazom, nyummum MPEG-2
JIEKOJIEpOM JUIsl paboThl C MCKa)KEHHBIM BHJEONOTOKOM, KaK OOeCleuMBaIOIIMN Hawilydliee
BU3yaJIbHOE KaueCTBO, sBisieTcs nexoaep libaveodec ot FFDshow.

N3mepenue ypoBHs omunbok B kaHasie DVB kak ¢ynkius otHomenust C/N (S/N Eb/No).

[Ipn mnpoexTHpoBaHMM M OLEHKE amnmaparypbl W JIMHAW CBsA3M B cranpapre DVB.
Heob6xonumo paccmotpets cienytomue Bonpocsl: pu kakoM C/N otHomenuu STB npogomxkaer
paboTtarh KOPpPEKTHO, TakoW 3amac Mbl uMeeM mipu padore ¢ DVB-S unun DVB-C curnanamu,
KaKoBa 3aBUCUMOCTh ypoBHs ombok (BER) ot aTux napamerpos.

Bo wmuormx cmydasx 3to omnpenenéHHeii nmopor BER s ompenenénnoro DVB
000pyIOBaHUS WM YUIICETA
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Pasznuynble 3HaUEHUS ATOTO MapaMeTpa Uil pa3IMuHbIX BUJOB MOIYJISIIUH.

DVB-S (QPSK) —umeer aBa ypoBHs kogo3amuTtsl : Viterbi u Reed Solomon (RS).

DVB-C (nQAM)- Tonpk0 0oauH ypoBeHb. | paduku, moydeHHbIC HIKE HILTIOCTPUPYIOT
9TH 3aBUCHUMOCTHU JJisi Pa3HBIX TUIIOB MOAYISAIMU. Tak Kak JOCTATOYHO CIIOKHO CT€HEPUPOBATH
notok DVB c¢ onpenenéansim komuuectBoM BER, mpumenén Oonee mMpakTUYHBIA METOI
u3menenus: C/N u kontpons BER.

B cdhopmupoBannbiii DVB-C u DVB-S curnansl moprimoHHO JOMEMIUBANICA «OEbIN»
mrym. ['apantupoBanHas TouHocTh He 6oree +0,25dB.

Han6onee MHTepecHas YacTh 3THX XapaKTepHCTHK HaxoauTces B 30He BER =10 10 107,

N3menenue S/N Ha 1dB maer usmenenue BER Ha mopsiaok.

Hanee mpuBeaeHsl quarpammsl, cHIThIe 1711 DVB-S (QPSK) ¢ paznuvabsiMU 3HAaYCHUSIMHU
FEC.

[Tpu monynsiimun DVB-S (QPSK) — rae ucnonb3yroTcs ABE CXeMbI KOAO03AIUThI CUTYaIIHs
HECKOJIBKO XYK€ B IJIaHE YyCTBUTEILHOCTH K n3MeHeHusiM S/N. Tak npu nu3menenusx S/N Bcero
Ha 0,5dB BER u3mMmensieTcst mouTu B JeCATH pas.

Boo6mie yuactok roe BER nmocturaer sHaueHus 10 naubonee KPUTHUYEH TaK KaK 3TO 30Ha
rmopora Jijisi O0JBITMHCTBA TPUEMHBIX ycTporicTB DVB.

[Ipeobpazosanue S/N (C/N) to Ev/No.

Yacto unauuupyertcs 3Hauenust BER, Ev/No u qpyrue. C y4éroM Heckoabkux (pakTopoB
X MOJKHO KOHBEPTHUPOBATh MEXYy COOOM:

C E
ﬁ = N_l; + kFEC QPSK /QAM P (2)

10°

cm/i///n

symbol error rate
~
S
(]
[
|

=)
IS
|

|

10°

\

10 15 20 25 30
SNR per bit, dB

=]
[4)]

Puc. 5. 3aBucumoctu BER ot S/N 1151 pa3HBIX THIIOB MOIYJISILIUH
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Puc. 6. Nuarpammsl, caatsie it DVB-S (QPSK) ¢ pasnnunsimu 3Hauenusmu FEC
E C
N_];:E_kFEC _kQPSK/QAM _kp’ 3)
E S
N_b = ﬁ - kro]loff - kFEC - kQPSK/QAM - kp > “4)
0
C S
ﬁ = ﬁ B krolloff' (5)
®axTop BnusHuA koga Puna Conomona:
188
K, =10-1g —— | =-0,3547 1.
204
®daxTop BIUSHUS MAaMHTa (MOAYIISALINN):
kQPSK/QAM =10- lg(m)' (6)
®daxTop BIUAHUSA Koga Butepou:
k, =10-1g(P). (7)
Tabmuia 1. JlaHHBIC pa3IMYHBIX BHI0B MOIYJISLIUU
Mode m k 1B
QPSK /QAM *
QPSK 2 3,0103
16 QAM 4 6,0206
64 QAM 6 7,7815
256 QAM 8 9,0309
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Tabnuna 2. JlaHHBIC pa3IUYHBIX BUJIOB MOIYJISIIUA

Mode P k . 1B
QPSK 1/2 -3,0103
~/-/- 2/3 -1,7609
~/-/- 3/4 -1,2494
~/-/- 5/6 -0,7918
-/-/- 7/8 -0,5799
QAM 1 0
®daxkrop,
(0
krolloff =10- lg 1——1| 3
4
Tabnuna 3. JlanHbIe pa3IuYHBIX BUJIOB CTAHJAPTOB
Mode 04
krolloff » b
DVB-C 0,15 -0,1660
DVB-S 0,35 -0,3977
~/-/- 0,27 -0,3035

Tak e uMeeT 3HaYeHUe i€ BBIUMCIIAIOTCS 3TH B3aMMOOTHOIIEHUs. Tak, Hanpumep, AJs
KaHaJsia pacupoctpanenuss QAM:

E, C 188
—=—-10-1gl — |—10-1g(m). 9
N, N g(204j g( ) )
Hns nemonynsitopa QAM:
E, C o 188
—=—-10-1g/ 1—— |-10-1g] — [—10-1g(m). 10
N, N g( 4) g(zo4j gm) 1o

Hns nemonynsaropa QPSK ¢ u3mepenuem nocie Viterbi:

E, C a 188
b2 1019 1-=|=10-1g] —= |=10-1g(m)—10-1g(P). 11
N, N g( 4) g(204j glm) e(P) ah

st nemonynsropa QPSK ¢ uamepennem o Viterbi:

E, S o
b == _10-lg/1-—=[=10-1g(m)—10-1g(P). 12
g( 4j g(m) g(P) (12)

0

Takum 00pa3om, pasnuuHble 3Ha4deHHs! ompenenéHHoro nopora BER st paznuunbix
BHUJIOB MOIYJIALIMM IIpeACTaBlIeHbl Ha Pucynke 5.

I'paduxu, nomyuyeHHbIe BbIIE WIIIOCTPUPYIOT 3THU 3aBUCUMOCTH JJIsl Pa3HBIX THUIIOB
MOJYJISILIVIN.

3akiarouenue

Lenbto MpoBEEHHOTO HCCIEJ0BaHUS OBLIO IPOBEIEHNE CPAaBHUTEIBHOM OLIEHKN KauecTBa
pabotel pasmuuabix MPEG-2 nexomepoB Tpu JEKOAWPOBAHHH BHUICOTIOTOKOB C PA3IMYHOM
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CTENEHbI0 MCKa)KEHUS, a TaKXe BbISBICHHE (DaKTOPOB, BIUSIOLUIMX HA BHU3YyaJbHOE KaueCTBO
BOCIpou3Be/ieHUs. JJiss TOCTHKEHUS 3TOM 1IeJIM UCIOJIb30BAINCH SKCIIEPUMEHTAIIbHBIE METOIBI,
BKJIIOYAIOIIME KOJUPOBAHUE CTAHJAPTHBIX BUJICOMOCIEIOBATEILHOCTEH € MOCTOSHHBIM
OUTpeTOM, reHepalnIO CIy4YalHbIX OMMOOK B MOTOKE C PA3IMYHONW BEPOSTHOCTHIO MHBEPCUU
OUTOB, JEKOAMPOBAHHE MCKAKEHHBIX BHJICOTIOTOKOB PA3IMYHBIMU JIEKOJEPAMH M OLIEHKY
BHU3YaJIbHOTO KauecTBa MOKaApPOBO ¢ Momoupio MeTpuku Y-PSNR. MHorokpatHoe noBropeHue
skcriepuMeHToB (100 pa3 a1 KaXK10¥ BEpOSITHOCTH OIIMOOK ) TTO3BOJIHIIO TTOTYYUTh YCPEAHEHHBIC
3HAYCHUS METPHK ¥ UCKITIOYUTH BIUSHUE CIIyIaifHOTO MOJIOKEHUS OITMOKHU Ha PEe3yibTaT.

Marepuassl Hccie0BaHus BKIIIOUAIN CTaHJapTHBIE BUEOIOceoBaTenbHOCTH Foreman
u Battle, pazmuunsie MPEG-2 nexonepst (Elecard, BitControl, Dscaler, FFDShow, MainConcept,
Pinnacle, InterVideo) m cnenuanu3upoBaHHOE MPOTPpaMMHOE OOECIEUYEeHHE I TeHepaluu
OmMOOK W pacdyeTa METPUK KadecTBa. lCMOnb30BaHME TECTOBBIX IMOCIIEIOBATEIBHOCTEH C
U3BECTHBIMU XapaKTEPUCTHUKAMU M KOHTPOJb BEPOSTHOCTH OLIMOOK IMO3BOJIMIM pEaIn30BaTh
BOCIIPOU3BOIUMBIIN JKCIIEPUMEHTANLHBIN MPOILIecC U 00ECIEUUTh TOCTOBEPHOCTh IMOMYYEHHBIX
PE3yIbTaTOB.

B xoze uccnenoBanust IOATBEPKI€HA BBIBUHYTAsl TUIIOTE3a O TOM, UTO JIEKOJIEPhI OTHOTO
CTaHJapTa CYMIECTBEHHO OTIMYAIOTCS IO CIOCOOHOCTH KOPPEKTHO paboTaTh C OMIMOOYHBIMU
BUJieonoTokaMH. [lomyueHHbIe pe3ynbTaThl JEMOHCTPUPYIOT, YTO:

- llexozep libavcodec or FFDShow oOecnieunBaet Haumydiee BU3yajlbHOE Ka94eCTBO MIPH
JEKOANPOBAHHUH ITOTOKOB C OIMIMOKAMU 32 CUET HHTEPIOJISAINH MTOBPEXKICHHBIX OJIOKOB;

- Hexonepsl Elecard, Ligos u Dscaler koppekTHO IeKOIUPYIOT TOBPEKIECHHBIN MOTOK C
BU3YaJIbHBIMU apTedaKkTaMu JaKe TPU BHICOKOM BEPOSATHOCTH OIIHOOK;

- lexonepst MainConcept u Pinnacle cmocoOHbI 1ekoupoBaTh MOBPEKACHHBINA MTOTOK, HO
HE BBIJICP’KUBAIOT BHICOKYIO BEPOSTHOCTH OIMIMOOK;

- Hexonep BitControl moka3siBacT HU3KOE Ka4ECTBO JICKOIUPOBAHUS, COTTPOBOXKIAIOIEECS
CIABUTOM KaJIpOB U TIOBBIIIICHHEM SIPKOCTU U300paKECHHUS;

- Jexomep InterVideo He crmocoOeH KOPPEKTHO JACKOAMPOBATH TOTOKH C BBICOKOM
BEPOSTHOCTHIO OITMOOK U HE MOAXOAUT AJIsi paOOTHI B HEHAICKHBIX YCIOBUSX TEPEaadH.

[IpoBeneHHOE HCClIeIOBaHKUE MO3BOJISIET CAENAaTh BBIBOJ O TOM, 4To cranaapt MPEG-2
NPEAO0CTABIISACT JIUIIB OOIIHE PEKOMEHIAIINH TI0 00paboTKe OMIMOOK, OCTABIISASL MPOCTPAHCTBO IS
peanu3aiuy pa3InyHbIX aITOPUTMOB I€KOJUPOBAHUS, YTO OOBICHSET CYIIIECTBEHHBIE PA3IUUUS B
paboTe MAEKOIEepOB OAHOTrO CTaHAapTa. Takum o00pa3oM, pe3ynbTaTbl pabOThl HE TOJBKO
MOJITBEPKAAIOT UCXOTHBIN TE3UC O PA3NHUUSIX JEKOJAEPOB, HO U PACIIUPSIOT HAYYHOE 3HAHHE O
npaktudeckoi ycroitunBoctu MPEG-2 nekoziepoB K OIIMOOYHBIM MOTOKAM.

[IpakTuueckass 3HAUMMOCTH WCCJIEIOBAHUS 3aKJIIOUYAaeTCsl B BO3MOXKHOCTH BbIOOpa
ONTHUMAJBHBIX JEKOIEPOB IS BOCHPOU3BEICHHS BUACO B YCIOBUSAX HEHANICKHOW Mepenadu
JIAHHBIX, BKIIIOYasl CITyTHUKOBOE BellaHWe, mudposoe teneBuneHne DVB, BocnpousBeneHue ¢
DVD u npyrux HOCcHUTeNeH C OTEHIIUATbHBIMU MTOBPEKICHUSIMH OTOKA. Pe3yapTaThl MOTYT OBITH
UCTIOIB30BaHbl TMMPU MPOCKTUPOBAHUUA OOOPYIOBaHUS W MPOTPAMMHOTO OOCCIICUCHHS IS
nexoaupoBanust MPEG-2, a Takxe npu pa3paboTke TECTOBBIX METOIUK OIEHKU YCTOWYMBOCTU
JIEKOJIEPOB K OIIUOKAM.

[TepcriekTUBBI AaNbHEHIINX UCCIEAOBAHUN BKIIOYAIOT:

- pacuMpeHue 3KCIEPUMEHTOB Ha JIPyrue CTaHIApThl BUICOKOAMUPOBAHMS, BKIIIOYAS
MPEG-4, H.264/AVC u HEVC, nns olileHKH yCTOWYMBOCTH K OIIUOOYHBIM MOTOKAM;

- aHayu3 paboThl IEKOJEPOB B YCIOBUSAX PEaJIbHBIX KaHAJIOB nepeaaun, Bkitoyast DVB-S,
DVB-C u IPTV, ¢ yueTom BIMSHUS Pa3IUUHBIX CXEM KOJ03aLIUThI;

- pa3pabOTKy METOIMK aBTOMATHYECKOTO BRIOOpA ONITUMAIBHOTO JIEKOJICpa B 3aBUCUMOCTH
OT THUIAa KaHalla Iepeadyd U BEPOITHOCTHU OIIHOOK;

- CO3[aHWE€ QJANTHUBHBIX AQJITOPUTMOB JICKOAMPOBAHUS, CIOCOOHBIX JTUHAMUYECKHU
KOPPEKTHPOBaTh 00pabOTKY MOBPEKIACHHBIX OIOKOB MJIsi TOBBIIICHHUS BHU3YaJIbHOTO KayecTBa
BU/ICO.
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Takum 00pa3oM, Ha OCHOBAHMHU IIPOBEIEHHOIO HCCIENOBAHUS PEAJN30BAHbI LIETU U
METONbI paboThI: 3KCIIEpUMEHTANIbHAs TMpoBepKa Tumoresbl o pasnnuuix MPEG-2 nexonepon
HOATBEPK/JCHA, BBISBICHBI KOJMYECTBECHHBIE M KAUECTBEHHbIE pa3iuyus B 00paboTke OIMMOOK,
KJIacCU(UIIMPOBAHBI JIEKOAEPHl IO CTENEHH YCTOHYMBOCTU K TOBPEKACHHBIM IOTOKAM.
Pesynbrarhl uccnenoBaHHs IO3BOJSIOT OOOOIIMTH CYIIECTBYIOIIME 3HaHWS B OOJIACTH
BUICOKOIUPOBAHMS, TOATBEPAUTH HCTHHHOCTD BBIIBUHYTOTO T€3UCA M CO3/IaTh HAy4YHYI0 0a3y s
JAJIBHEHIINX MCCIEOBaHUM M MPAaKTUYECKOro MPUMEHEHHMs B IM(PPOBOM BUACOBEILAHUH U
CHUCTEMax BOCIIPOU3BEICHUS BUJIEO.
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AnHOTanusi. 3epTTey TakbIphlObl — KazakcTaHmarbl HECHENIK CKOPHHT JKYHECl XKoHE
nepbec Hecuelnik ecenTepAiH peii. Hecuemik CKOPHUHI — Kapbl3 alyIIbIHBIH Hecue KaOuIeTiH
Oaranay yIIiH OaHKTEp MEH KapyKbl HHCTUTYTTAPhl KOJIAHATHIH CTATUCTUKAJIBIK TajIay JKyHecl.
byn 3eprrey Kasakcranmarbl jkeke KOHE KOPIOPATHUBTIK HECHE ECENTEPiHIH KYpPBUIBIMBIH,
xanbikapanblk FICO sxone VantageScore mMopaenbaepiH CalbICTBIPYIbI, COHAAN-aK KPEIUTTIK
HICHTIMIEPre 9CEPiH Tanay bl KAMTHIbL. 3epTTEYAiH HEeri3r1 MaKkcaThl — HecHe Oepy MmpoleciHae
nepbec HecHesiK €CeNTIH pPOJiH aHBIKTay, HECHE adyIIbUIApJbIH KAapXKbUIBIK MiHE3-KYJIKBIH
3epTTey JKOHE KPeOUTTIK Oamabl Oaranay oaictepiH Tanaay. Mingerrepi: 1) Kazakcranmarsl
HECHEeNIK OHIMJEp MEH JepOec HECHesiK €cenTi NaijallaHy CTaTUCTUKACBIH >KUHAY IKOHE
xyheney; 2) FICO xone VantageScore MozenbIepiH canbICThIpy; 3) nepOec HeCHeliK eCenTiH
HecHe IapTTapblHa 9cepiH Oaranay; 4) aBTOMATTaH IBIPbUTFAH TAIIAY 9IICTEPIH KOJAHy apKbLIbI
KPEIUTTIK IIEIIIMICp CamachlH apTThIpy. 3epTTey HOTHKENepl KOpPCETKEHICH, XabIKThIH
KOIIIIIrT Hecue aiay Ke3lHIe nepOec HEeCHEeNiK eCelKe >KEeTKUTKTI KeHin1 Oemmeiimi. JlepOec
HECHEIK €CelTi MaiiiananFad Kapbl3 amylibliap HeCHe IMAapTTAPBIH KAKCAPTyFa KoHE OaHKIICH
THIMJII BIHTBIMAKTACTBHIK OpHATyFa KabineTTi. Python Garmapnamanay TUTIH KoJgaHy JEpeKTEpi
ABTOMATTAHJBIPBUIFAH Talnayra MyMKiHIIK Oepnai. KopeITeiHIbICEIHAA, Ka3akcTanaarsl Hecue
OepyaiH THIMIUTITIH apTTHIPY YIIiH AepOec HECHENIK €CeNTIH MaHbI3bl aHBIKTAJIBIN, KA KbLIBIK
CayaTTHUIBIKTHI aPTTHIPYABIH MEPCIEKTUBACH] YCHIHBUIIBI.
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AnHoTanus. Tema uccineoBaHus — CUCTEMA KPEAUTHOTO CKopuHTra B Kazaxcrane u posib
MEPCOHANIBHBIX KPEAUTHBIX OTYE€TOB. KpeIUTHBIN CKOPUHT — 3TO CTATUCTUUYECKUNA METO]] OIICHKU
KPEAUTOCIIOCOOHOCTH 3aeMIINKa, HCMOJIb3yeMbli OaHKaMu W (DUHAHCOBBIMU HMHCTUTYTaMHU.
HccnenoBanue 0XBaThIBACT aHAIHM3 CTPYKTYPhI HHIUBUAYATHHBIX M KOPIIOPATUBHBIX KPEAUTHBIX
otyeToB B Kazaxcrane, cpaBHeHue mexayHapoanbix moneneid FICO u VantageScore, a Takxke
BIMSHUE 3TUX CHUCTEM Ha KpeauTHble peuieHus. llenb ucciienoBanus — ONpEAENIUTH POJib
NEPCOHAIBHOTO KPEIUTHOTO OTYETA B MPOLIECCE KPEIUTOBAHNUS, U3yUUTh (UHAHCOBOE MOBEICHNE
3a€MIIMKOB U TPOAHAIM3UPOBATh METOBl OIIGHKH KpeauTHoro Oamia. 3amauu: 1) cOop u
CUCTeMaTH3allisl CTaTUCTHUKU MO HCIHOJIb30BAHUIO KPEAMTHBIX MPOAYKTOB M MEPCOHAIBHBIX
KpeauTHbIX oTyeToB B Kazaxcrane; 2) cpaBHenue mojaeneit FICO u VantageScore; 3) onenka
BJIUSIHUSL TIEPCOHAIBHOTO KPEAMTHOIO OTYeTa Ha YCJOBMSI KpeauToBaHHs; 4) MpUMEHEHUE
ABTOMATU3MPOBAHHOTO aHAIM3a ISl MOBBIMICHUS KAadecTBa KPEAUTHBIX pelieHuil. Pe3ynbTaTsl
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UCCIIEIOBAHMsI  TIOKa3ald, YTO OOJIBIIMHCTBO 3a€MILMKOB HEJIOCTAaTOYHO YYMTBHIBAIOT
NIEPCOHAIBHBIN KPEAUTHBIN OTUET NP IOJyYEeHUHM KpeauTa. Vcmonb3zoBaHME NEPCOHAIBHOIO
OTYeTa yJIy4dllaeT YCJIOBUS KPEIUTOBAHUSA U COTpyAHUYECTBO ¢ OaHkoM. Ilpumenenue Python
MI03BOJIWJIO TPOBOJUTH aBTOMAaTU3UPOBAHHbBIN aHAJIN3 JAHHBIX. B 3aKIt04eHUH MOATBEPKAAETCS,
YTO TICPCOHAJIBHBIE KPEAWTHBIE OTYETHl HMEIOT KIIOYEBOE 3HAYCHHE IS IIOBBIILICHUS
3QPEKTUBHOCTH KPEIUTOBAHUS U MPEUIaraloTcs IEPCIEeKTUBbI TOBBIIECHUS (UHAHCOBOU
IPaMOTHOCTHY HACEIICHUS.

KiroueBble cj0Ba: KpeAUT, CKOPUHI, KpPEOUTHBIA Oani, MEpCOHAJbHBIM OTYeT,
(uHaHCOBasi FPaMOTHOCTb, ABTOMAaTU3UPOBAHHBIN aHAIIN3

Jass nurupoBanusi: E.M. TamxapbikoB. CuUCTEMHBIH aHaau3 IOCTPOCHMSI MOJENH
KpeIUTHOTO ckopuHTra Ha si3bike Python//ITomeimuiennsiii Tpancnopt Kaszaxcrana. 2024. T. 21.
No. 83. Ctp. 3647. (Ha kas3.). https://doi.org/10.58420/ptk/2024.83.03.003.

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

Kipicne

Kazipri Tagma Kap>kbl HapBIKTAPBIHBIH MU(PIAHYBl MEH ACPEKTepre HET13eNreH MIeIliM
KaObLIIay TETIKTEPIHIH 1aMybl HECHEIIK TOYCKeAep 1 OaraiayblH XKaHa dICTEPiH Tajall eTy/Ie
(FCBK, 20246). Ocwl TypFblAa HECHENIK CKOPHHI JKYHeJIepi KpeauTopiap VIIiH Kapbi3
ATYIIBIHBIH TOJIEM KaOUIeTTUIITIH jKeIelT Opi 0OBEKTUBTI OaraliayAbIH HET13T1 KypaJibiHa aifHAIBITT
oteip (Investopedia, 2024). Hecuenik CKOPUHT Kapbl3 alylIbUIapAbI ipikTey, 1ehONT ToOyeKeliH
TOMEHJIETY KOHE Kap Kbl YUBIMAAPBIHBIH TYPAKTHUIBIFBIH KAMTaMachl3 €Ty MaKcaTblHa KeHIHEH
kosanbuianbl (STAN.KZ, 2023).

Anaiina, xanbplKapaJIblK TOKipuOeIe HECHENIK ecel IMeH aepOec HEeCHENIK PEHTHUHTTI
OeJIceH Tl Maki1ajany KaJbIThl KyOBLIbIC OosiFaHbIMeH, Kasakcran PecnyOukachiHia XalbIKThIH
OacwiM OeJiri Hecue aimy OapbICHIHA ©31HIH HECHETIK TapuXbIHA KOHE JIepOec HecHenik ecedine
KeTKUTIKTI neHreine keHin 6enmeiini (FCBK, 2024a; First Credit Bureau, 2024). byn xarmaii
Kap>KbUTBIK CayaTTBUIBIKTBIH TOMEHIITIMEH OHE HECHENIK CKOPUHT JKYHECIHIH KYMBIC iCTEY
MPUHIMITEPIH TePeH TYCiHOCyMeH OallaHbICThI TpoOyeMansiK axyanasl kepcereni (National
Bank RK, 2023). 2019 xbuinbiy O6ipinmni TokcanbiHaH 60actan 2024 >KbUIIBIH €KiHII TOKCaHbIHA
JIEHIHT1 CTATUCTHKANBIK JIEPEKTEp HECUEITIK OHIMICPre CYPaHBICTHIH XKOFaphl eKeHiH, all nepoec
HECHEIIIK €CeNTl MaijaliaHy VJCCIHIH aWTapibIKTali TOMEH JCHreW/ie KaJbIll OThIPFaHBIH
nmanennaeiai (Brobank.kz, 2024).

3epTTey TaKBIPHIOBIHBIH ©3CKTLTITT — HECHETIK CKOPUHT MOJIEIBACPIHIH KYPBUIBIMBIH,
onapabiH KazakcTaH >karmailbiHAa KOJJAAHBUTY €peKIIeTiKTepiH jKoHe AepOec HeCHEeNiK eCemnTiH
Kap>Kbl HapBIFBIHAAFBI POJIIH JKYHEIl TypHae TalfayablH JKeTKiTiKci3 3eprrenyinae. CoHbIMEH
Karap, xanbikapanblk FICO xone VantageScore wMonenbAepiHiH OIiCHAMAChlH OTaHIBIK
TOXKIpHOEMEH CallbICTBIpa OTBHIPBINT KApacThIpy MPAKTUKAIBIK MaHbI3fa HWe. by 3eprrey
HOTH)KENepl XallbIKTBIH  Kap)KbUIBIK ~CAayaTTBUIBIFBIH  apTTHIPYFa, COHAAN-aKk HECHENiK
ToyeKeAep i 6ackapy TETIKTEPiH XKETUAIpyre MYMKIHIIK Oepe/i.

3eprrey o0bekTici — Kazakcran PecnyOnmkachiHIa KOJNJaHBUIATHIH HECHENIK CKOPUHT
Kyheci.
3epTTey MoHI — JaepOec KoHe KOPHOPATUBTIK HECUEINIK €CeNTep/li KalbINTacThlpy MeH Oaranay
MeXaHU3M/IEPI.

3epTTeyiH MaKcaThl — HECUEIIK CKOPUHT KYHECIHIH KYPbUIBIMBIH, HET13T1 MOJIEIbACPiH
xoHe Kazakcranmarsl KOJIJaHBUTY THIMIUIITIH Talay apKbUIbl JepOec HECHEINIK €CeTTiH Kap Kbl
HAPBIFBIHAFbl MAHBI3BIH FRUTBIMH HETI3IEY .

Aranran MaKcaTKa KETy YILIIH Kelecl MIHJETTEP KOMBLIBI:
— HECHUEJIK CKOPHHT oHe JIepOec HeCHesiK ecenl YFhIMIaphIHBIH TEOPHUSUIBIK HET13/IepiH Talaay;
— FICO xone VantageScore MOAENbICPiHIH KYPBUIBIMABIK €PEKIICTIKTePiH CaJIBICTHIPY;
— Kazakcrangarsl ~ HeCHeNiK  CKOPUHITIH  KONJAHBUIY  CTaTUCTUKACBHIH  3€pTTEY;
— nepbec HecHWeNiK ecemnTi NaijanaHy JACHreWiHiH TeMeH Ooiy ceOenTepiH aHBIKTAy;
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— aKmapaTThIK TEXHOJOTHSJIAp MEH OarmapiaMaiblK Kypajlgapabl KOJIIaHy MYMKIHIIKTEPiH
KapacThIpy.

3epTTeyliH d9/liCHaMaNIBIK HET131H KYHEIIK Talay, CAIbICTRIPMAIIBI 9[iC, CTATUCTHUKAIIBIK
JIepEKTep/Il OHACY XKoHEe OarmapiaaMajblK MOJICINIbaey oaicTepi Kypaiiasl. CoHbiMeH KaTap Python
Oarnmapnamanay TiJIi MEH aBTOMATTaHIBIPBUIFAH IEPEKTEPIl OHIALY KypaJIaphl KOJIIaHBLIIBI.

3epTTeyIiH FRUIBIMH JKaHAIBIFBI — Ka3akcTaH KarqaibIHIa HECHUETIK CKOPUHT JKYHECiH
nepOec HecHeNiK eCelmeH OailIaHBICThIpa OTBIPHIN KEMICHI Talijiay KypriziutyiHge. Au
MPAKTUKAIBIK MaHBI3ABUIBIFBl — QJIBIHFAH HOTHXKENEPAl Kap Kbl YIUBIMIAphI, HECHEIIK Oroporap
KOHE KapKBIIBIK CayaTThUIBIKTHI apTThIpyFa OarbITTasIFaH KoJ1aH0asl )kobanapaa nainaganyra
OOJaTHIHIBIFBIH]IA.

3epTTey MaTepuaJIapbl MeH dicTepi

3eprrey 0o0bekTici — KasakcTanaarbl HeCHeIiK CKOPHHT JKYHeCi, OHBIH 1IIH/IE KEKe )KOHE
KOPITOPATUBTIK Hecue ecentepi (aepoec HECHEIiK ecerl JKOHE KOPIIOPAaTUBTIK KPEIUTTIK €cel).

3epTTey MaTepuaibiHa KeJeci AepeKTep Kipei:

- DnektpoHabIK pecypctap: FCBK (2024a, 20246), First Credit Bureau (2024), National
Bank RK (2023), Halyk Bank (2023), Brobank.kz (2024), STAN.KZ (2023), Forbes Kazakhstan
(2024).

- XanbIKapajdblK FBUIBIMH JCPEKTEp: KPEAUTTIK CKOPUHT MOJebaepl OoHbIHIIA
Investopedia (2024), Python 6arnapnamanay TutiHiH Kockimimanapsl (Python, 2024).

- Craructukanslk gepektep: 2019-2024 sxpuimap apanblFbiHAaFel KazakcTaHgarsl
KPEIUTTIK OHIMIEPTE CYpPaHbIC, HECUE aTyIIbUIAP IbIH MaNbI3bIK YIIeCi, 1epOec HeCHeIiK eCenTi
aJy CTAaTHCTHKACHI XKOHE HECHE OHIMIEPIH Malijanany KOpPCeTKIIITepi.

Matepuan caHabIK KaFbIHAaH — MBIHAAFaH JKeKe TYJIFadapblH KPEIUTTIK TapUXbl )KOHE
JKY3JETeH KOPIMOPATUBTIK KIUEHTTEPIiH ACPEKTepl, CalallbIK KaFbIHAH — KPEAUTTIK Oayliabl
€CernTey 9JIiCTepl, CKOPUHT MOJEIbASPiHIH KYPBUIBIMBI, OAHKTEPAIH TIKIpUOETiK HYCKayIaphl
(FCBK, 2024a; STAN.KZ, 2023).

3epTTey cypaKTaphbl:

- Kazakcrangarel HecHeTiK CKOPHHT XKyHeci Kaaid KypbUIBIT, XaJIbIKapaIblK MOJICTbACD
(FICO, VantageScore) kamait KoimaHblIaab1?

- Jepbec Hecuwemik ecem Hecue Oepyre miemiM KaObUigayra >KOHE KpeauT Oepy
mapTTapbliHa Kayiaii ocep eremi?

- XanplK apacblHIa HecHWe OHIMJIEpiH MaijanaHy >KoHe aepOec HECHENiK €CemTi amy
CTaTUCTUKACKHI KaHgai?

- Kaps13 amymisinapablH Kap:KbUIBIK CayaTTBUIBIFBIH aHBIKTAWTHIH HETI3T1 (pakTopriap
KaHgamn?

l'umote3a: JlepOec Hecuemnmik ecenTi MaiijanaHy >KOHE OFaH JIeTeH aKmapaTTaHAbIPY
XQJBIKTBIH KapKBUIBIK CAyaTTBUIBIFBIH apTTHIPAAbl KOHE OAHKTEpPJiH HECHe TOyeKeAepiH
TOMEHIETYTe, KPEIUTTIK HIeIIIMAEPAIH camachliH )KaKcapTyFa MYMKIHAIK Oepei.

3epTTey Ke3eHaepi:

1) AHaTMTHKAJIBIK KE3CH;:

- Hecue eHiMzaepi, KpemuTTIK TapuXTap >KOHE CKOPWUHT MOJeNbAepl OOWbIHIIA
MaimMeTTepal xuHay xkoHe xyheney (FICO, VantageScore).

- XanbIK apacblHIa KPEIUTTIK OHIMIEPi MaiaanaHy KoHe AepOec HECHENiK eceml airy
JICHIeiH Tanaay.

2) MeTon0NOoTHsIIBIK KE3EH:

- 3epTTey cXeMachiH jkacay, OOBEKT JKOHE MOH/1 aHBIKTAY, TaJIay 9/IICTEepiH TaHaay.

- Hecue anymbuiapapig KpeAUTTIK KaOUIeTiH Oarayiay KpUTSPUUIICPIH KAIBIITACTHIPY.

3) DOMIHUpHUKAIBIK KE3€H:

- Xunanran nepexrepre Tangay Kyprizy: KpEAUTTIK OaJUIIbl €CENTey, OPTYPIIi 3aEMIIIbI
KaTeTOpUsTIaAPbIH CANBICTBIPY.

- Hecue Gepymrinep mremiMine acep eTeTiH (pakTopiIap/ sl aHBIKTAY.

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 39
@ s 4.0 International License




Industrial Transport of Kazakhstan. Vol. 21 (3). 2024

4) KOpBITBIH/IBI KE€3€H;

- Jlepbec Hecuenik ecenTiy Hecue Oepy MpoIeciHe dcepi Typasibl KOPBITBIHIBLIAP JKacay.

- bankTep MeH KpeauTTiK OropoJapFa MPaKTUKAIBIK YChIHBICTAp d31pJiey.

5. 3epTTey auicTepi

3epTTey MaKcaThIHA KETY YIIiH KOJAaHBUIFaH SIICTEP:

- XKyiienik jxoHE CaNBICTBIPMANBI TANAAy — KPEOUTTIK CKOpHUHT KYypbutbiMbI MeH FICO,
VantageScore mopaenbaepiH canbicThipy, KazakcTaHmarbl KOJIIJaHYy EpEKIICTIKTEpiH 3epTTey
(FCBK, 20246; Investopedia, 2024).

- CraTHCTHKANBIK 9Jlic — KPEOUTTIK OHIMIEp, XaJIBIKTBIH HECHE aly yJjeci, aepoec
HEecHeNiK ecenTi mainanany kepcerkimtepin eHzey (National Bank RK, 2023; Brobank.kz,
2024).

- KyKaTThIK KoHE apXWBTIK Tangay — OaHKTep MEH KPEIUTTIK OHpONapIbslH pecMu
MaTepuaIapblH KOHE METOIUKaNbIK YChIHBICTaphiH 3epTrey (First Credit Bureau, 2024;
STAN.KZ, 2023).

- Mopenbaey oxici — Python 6arnapiamanay TiIiH KOJITaHa OTBHIPBINT KPEIUTTIK TAPUXTHI
aBTOMATTAHJIBIPBUIFAH TAJIJAy JKOHE KPEAUTTIK 0amn cxemacwiH Kypy (Python, 2024).

- bakpimay koHe SMIUPHUKAIBIK Tannay — HAKThl KPEIUTTIK MIEMIMIEpAl CKOPHHT
HOTHIKEJIEPIMEH CaJIBICTBIPY .

3eprTeyniH JKaHambIFBl — KaszakcTaHga HECHENIK CKOPHHT JKYHECIH KemIeHIl
Tajaay XKyprizy:

- Xansikapanbsik FICO »xone VantageScore MoaenbAepiH CalbICTHIPY;

- lepbec Hecuenik ecenTiH KOJIaHBLTYBIH KapacThIpy;

- Python Oarmapnmamanay  TUTIH  KOJIIJaHa  OTBIPBIT  KPEAUTTIK  TapHUXTHI
aBTOMATTAH/IBIPBUIFAH TAJIAY;

- XaNbIKTBIH HECUE QJTy TOXKIPUOECIH CTATUCTHKAJIBIK KOHE CaIlalibIK Tajaaay.

byn tocin Hecue memiMaepin KaObUIIayaarbl HAKTHI 3aHIBUTBIKTAP Il aHBIKTAyFa )KOHE
Kap>KbUTBIK CayaTTBUIBIKTHI apTTHIPYFa MYMKIHIIK Oepe/i.

HoTm:kenep xoHe TAJIKbLIAY

Hecwuenik ecen - TyJIFaHbIH HEMeECE IIAFbIH, MEHIINIK MeCl 0acKapaThlH KOCIMKEPIIKTIH
HECHENIK KaOlleTiH aHBIKTAay YIIH KPEAUTOpJap MEH Kap>Kbl WHCTHUTYTTapbl OPBIHAANTHIH
CTAaTUCTUKAJBIK Taimaay. Kpenuropiap HecHeH1 y3apTy HeMece ojJaH 0ac TapTy Typaibl IMICIIiM
KaOblUIJayFa KOMEKTECy YIIIH KpeauTopiap HECHENIK ecel - KUcanThl naiiaanananasl. Hecuenmik
0ajT UTIOTeKa, aBTOHECHENep, HECHE KapTrajapbl J>KOHE JKCKE HECHeNep CHSKTBI KapiKbl
OHIMJIepiHe IpIKTey MYMKIHIIT1HI3re 9cep €Tyl MYMKIiH.

CKOpUHT - KIMEHTTEp/i OaralalThIH JKOHE OJlapFa Hecue Oepin-OepMeHTiHIH IeneTiH
Kyie. ATl «CKOPUHT» CO31HIH €31 aFbpUIIIBIH TUTIHEH ayJapraHjaa «0all» JIereHre MarblHAChI
keneTiH co3. KoMmanus Hemece )KeKe KoCiKep Hecue alyFa OTiHilI OepreHe, OaraapiaMma Kapbi3
aTyIIBIHBIH OAHKTIH HET13T1 TalanTapblHa COMKECTIriH Tekcepeni. byn OipiHII Ke3eHae TeleM
Kacall aJIMaiTBIH KIIMEHTTEP Ti3IMiH CEHINTY YIIiH KaXKeT.

CkopuHr Ky#eci Kapbl3 alylibl Typajibl akKmapaTThl, OaHK TaJanTapblH >KOHE
CTAaTUCTHKAJIBIK MONIIMETTEP/Al CaJbICTBIpyFa Heri3genreH. OpOip OaHKTIH CKOPUHITIK
Oarapnamanapsl opTypili OanTanraH, 6ipak oap ykcac cysida OoibIHIIA )KYMBIC iCTEHIi:

1. BaHk xyifere Kappl3 alyliblFa KOWBIIATHIH TaJlANTapAbl CUMIATTAHTBIH IMapaMeTpiepai
EHri3e/l.

2. KapsI3 anmy1ibl €31 Typaisl akmapar 0epe/ii )KoHe cayalTHaMaHbl TOJITHIPA/IbI.

3. CkopuHT Xyiieci KIIMEHT YChIHFaH JKOHE 0acKa JIepeKKe3/ep/IeH alblHFaH JAepeKTepi
tanmaiael. [lapamerpriepain opkaichichl Oenrini Oip ymail caHbIMeH OarajaHallbl, OJapIbIH
KOCBIH/IBICHI OaJUIIBIK YIIAlbl KYPauIbl.

4. bamnaplk Kyile Heri3iHAe menriM KaObUmaHaabpl — erep oy OaHK OeNriiereH IIeKTi
MOHHEH JKOFaphl 00Jica, OH/Ia IIEIiM OH, a3 OoJica — Tepic OOTaabl.
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AKymbic kyui

Cyp. 1. Hecuenepi 6ap XanbIKThIH YJI€Ci JHarpaMmachl

Hecueci 6ap xaJbIK canbl

FICO (Fair Isaac Corporation) — CKOPHUHITIK MICHIIMIEP CaJIaCHIHIAFBl XaJIBIKAPAJIBIK
kemOacubl. byrinri Tanna AKLL-Tarer 6apnsik menrimaep FICO ckopuHrrepiMeH KaOblIiaHabl.
One FICO® Score — 0y Hecue Oepyjie, COHIai-aK moTepiep/ii, aBTOMOOMIIbIEP Il KoHE OacKa 1a
KBI3METTEP/I1 JKajIFa Oepye KOJIJaHbLIAThIH Keke KpeauTTik ckopunr. FICO onemaeri kenrteren
Hecuenik Oroponapmer, conslH iminae AKII, Typkus, Eypona aiimarsl, Peceit, 3pauns, Tasy
[erreic, OnTYCTIK-11IBIFBIC A3Us ennepinae xkoHe O0acka qa aiiMakTap/a >KyMbIC iCTeHIi.

bipiamn wecuenik 6topo 2014 xbeuiman 6acran FICO-HBIH pecmu mpoBaiaepi OO0JbIT
taObimanbl xoHe Kasakcran, Kpipreizctan, benmapych, MonmoBa xone Oacka emmepae FICO
CKOPHMHITEPIH TapaTyFa ’KoHE KYy3ere achlpyFa JIMLEH3UICHI 0ap.

JepOec Hecuellik pedTHHT - KApPbI3 aTyIIBIHBIH HECHUETIK TaApUXbIHA JKOHE O3Tre Jie Aepoec
JepekTepine (MbICasbl, Kachl, OTOACBHUIBIK KaFIalbl XoHE T.0.) HETI3NENTeH HECHe ToJey
KaOlneTTuniriy Oaranay.

Jep6ec Hecne pefiTHHTIH ATFAHHAH KEHiH Ci3 HECHe TAPUXBIHBI3ABI Hecue Oepyiiep Kaai
OarasaliTBIHBIH Kepe anachl3. JKeke TynFanmapapl Oaranay YIIiH TeJEyIIiHIH CEHIMAUIIIH
AHBIKTAWTHIH Oanmap KOJJIaHBUIAIbI. BaHKTIK CKOPUHTTI KaJbIITACTHIPY NPHUHIIUII xepbec Hecue
peliTHHTIH KaJBIITACTRIPY MPHUHIIUITIHE YKCAC.

ToNBIK KOPIMOPATUBTIK HECHENTIK €Cell 3aHJbl TYJIFAaHBIH HECUeNepiH Oepy *KoHE eTey
Typajbl OapibIK aKmapaTThl KAMTUIBL.

KopriopaTuBTiK HeCHeNiK ecen COHFBI aKmapar 5 XbUI OYpBIH aJIbIHFAH HECHE TapHUXbl
JKAMIIbI aKnapaTThl KAMTHIMAIbI.

Osrepicrep/i Kaiarajiail OTHIPHIIN, HECUE TAPUXBIHIAFBI KATSIIKTEP/IiH aJJIBIH aTyFa jKOHE
0aHK YMBIMAAPBIMEH O/IaH dp1 BIHTHIMAKTACTHIK OPHATY YIIIH Ci3/1H KOMIIAHUSHBI3IbIH HECUEITIK
PEUTHHTIHIH TOMEHICYIHE KO OepMeyre 0oJabl.

Kyszneren mymkin arpubytrap 6onransiMer, FICO sxone VantageScore CUSKTHI HECHETIK
ecen MOJeNbAepi, 9/IeTTe, OJapIbl KE€H CaHATTapFa TONTAWIbl. AKIApaTTRIH 9p TYPl KPEIUTTIK
Oanga op TYpJii calMaK anajbl.

Mynna Hecuenik 60amiasl anbIKTay Kedinge FICO Gaitbl MBIHaHBI KapacThIPaIbl:

. Tenem Tapuxsl (35 %): by (akTop Kapbl3 amylIbIHBIH ©3 Kapbl3lapbl OoMbIHIIA
TeJIeMIEeP/li KaHIIAIBIKTBI JOMEKTI TypJe JKy3ere achIpFaHbIH Oaraiaiibl. OpKaIlaH yaKThLIbI
TeIeMIep/Ii )KYy3€ere achIpFaH Kapbl3 alylIbl TOJIEMIEPAl OTKI3IM ajJfaH Kapbl3 adyIIblIaH KOFaphl
0aJI ajmajebl.
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. Hecueni maitnanany (30 %): byn ¢akrop maiganaHbpuUibil KaTKaH Kojjaa Oap
KPeIUTTIH TalbI3AbIK YieciH Oaramaiinel. O3iHiH Konga Oap kpeautiHiH 30 %-maH KeMiH
naiiaaHaThIH Kapbl3 adylIbl HSFYPIIBIM KOTl NMai1aJaHaThIHIapaH KOFapbl 0ajll anaibl.

. Hecue tapuxsiabiH y3akThIFb (15 %): Byn ¢akrtop KapbI3 alymIbIHBIH KPEAUTTIK
HIOTTAPBIHBIH KaHIIA YaKbIT alllbUIFaHbIH Oaranaiipl. Hecre moTTapbIHBIH Y3aK TapUXbl KAKChI
TYpFaH KapbI3 aylIbl HECUETe XKaHaJaH KeJITeHHEeH XKOoFapbl 0aul anajpl.

. Kpeaut motrapeiasiy Typiepi (10 %): byn ¢axTop Hecue kapranapel, HeCHenep,
UTIOTEKA CUSKTHI Kapbl3 NTyIIBIHBIH KPEAUTTIK IIOTTAPBIHBIH TYpiepiH Oaramaiiasl. Kpeautrik
IOTTAPBIH CaH ajJlyaH apanacybl 0ap Kapbl3 alymisl Oip FaHa MIOT TYpi Oap Kaphl3 alxylIblIaH
JKOFaphl OauT anassl.

. Conrbl Hecuenik cypaynap (10 %): byn dakTop Kapbl3 alylIbIHBIH HECUe adyFa
KAHIIAIBIKTEI KU1 OTiHIII OepreHiH Oaramaiinpl. COHFBI HECHEINIK Cypaylapiabl OipHeme per
yKacaraH Kapbl3 aIyIIbl KOl )KacaFaHHAH KOFapbl 0aJUT alabl.

FICO OGanmapein OaHKTepai, HECHE KapTalapbl KOMIIAHUSIAPBIH, UIOTEKAIbIK HECcHe
Oepyuriepii Koca alFaHaa, KpeauTopiaapablH anyaH Typiaiutiri naiigananansl. FICO-HBIH KakChl
Oanbpl MaMbI3ABIK MeJIepieMeepAiH TOMEHICyiHEe KOHE HeCue MIapTTapbhIHBIH jKaKcapyblHa
OKeNmyl MYMKiH, an Hamap Oaml >KoFapbl MaWbI3ABIK MOJIepiIeMeNIepre KoHe KOJaiibl
[IAPTTApIbIH TOMEH/ICYiHE 9KeTyl MYMKIH.

CanpicThIpaThIH O0sicak, VantageScore MbIHAHBI KapacThIPAIbI:

. Tenem tapuxsl: 41 %

. KpeauTTik TapuxThiH Y3bIHABIFBI MeH apanacysbl: 20 %
. Hecwueni naitnanany: 20 %

. Kana necue: 11 %

. Tuecim Kangsikrap: 6 %

. Konna 6ap xpenurt: 2 %

Cyp. 2. KazakcTaHarbsl HECHEIIK CKOPUHT JKyHeciHIeri 0aul nKanacel

Kazakcranga O-men 1000 OGamra aeiiinri mkana KonaaHbuiafwl. Ci3miH pEeHTHHTIHI3
HEFYPJIBIM JKOFaphl 0oJica, HecWe OepylIUIepAiH alAblHAa Kapbhl3 adyIlbl peTiHAeri OemerniHi3
corypJibIM kofapel Oonaabl. Korapsl IIKP Komaiiisl xkaFnaiiinapra — TeMeH Tapudrepre, YJIKeH
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HIEKTEyJIepre oHe KbUIAaM MaKyIaayFa KoJ KeTKizyre MyMKiHaik Oepeni. Kepicinmie, ToMen

peUTHHT HecueeH Oac TapTyFa HEMece a3 THIM/II MIapTTapMEeH Kapbl3 allyFa oKellyl MyMKiH.
Icb.kz mMoOunmbal KochIMIIaChl — OyJI €13, TiKeled ©31Hi3iH Ysulbl TelaedOHBIHBI3IAH

lcb.kz-TiH GapibIK KbI3METTepiHee Kayilci3 ®KoHe bIHFAUIIbl KOJI KETKI3€ aJaThlH KOCBHIMIIIA.
Kacamy xonsiHna Python 6armapiamanay Tim KOJITaHBLTA b
Tannanran caiiTTeiH cyperti erep headless pexxuminze icke acbpcakxakchl Oonaabl. Tek

selenium kaxxer, Headless pexxumi ymria men PhantomJS anameia. Kes kenren JS ypaicin Konana

aJIaMbIH.

import sys

from selenium import webdriver

from selenium.webdriver.chrome.options import Options

import chromedriver binary

script name = sys.argv[0]

options = Options()

options.add argument('--headless')

driver = webdriver.Chrome(options=options)

try:
url = sys.argv[1]
driver.get(url)

page width = driver.execute script(‘return document.body.scrollWidth')
page height = driver.execute script(‘return document.body.scrollHeight')
driver.set window_size(page width, page height)
driver.save screenshot('screenshot.png’)
driver.quit()
print("SUCCESS")
except IndexError:
print ("Usage: %s URL' % script_name)
Mpeinay TapmanFaH calTTeiH https://www.lcb.kz/ Kpickamia OarmapiiaMaibiK JIMCTHHTICH.
OchbI KO/ apKBIIIBI CAUTTHI MOOMITB/TI KOCKIMIIIaFa ayaapyFa 00Ja ibl.
Cypertepre cy Oenrinepin opHaty keine Photoshop-ka kaparanna crieHapuiifi icke Kocy
oHaiteipak. Konreiy e31 cyperrepiMizre ¢y Oenrijaepid KOsbl.
import os
from PIL import Image
def watermark photo(input image path, watermark image path,output image path):
base image = Image.open(input_image path)
watermark = Image.open(watermark image path). convert("RGBA")
# add watermark to your image
position = base_image.size
newsize = (int(position[0]*8/100),int(position[0]*8/100))
# print(position)
watermark = watermark.resize(newsize)
# print(newsize)
# return watermark
new_position = position[0]-newsize[0]-20, position[1]-newsize[1]-20
# create a new transparent image
transparent = Image.new(mode='"RGBA',size=position,color=(0,0,0,0))
# paste the original image
transparent.paste(base_image,(0,0))
# paste the watermark image
transparent.paste(watermark,new_position,watermark)
image mode = base_image.mode

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 43
@ s 4.0 International License




Industrial Transport of Kazakhstan. Vol. 21 (3). 2024

print(image mode)
if image mode == 'RGB"
transparent = transparent.convert(image mode)
else:
transparent = transparent.convert('P")
transparent.save(output_image path,optimize=True,quality=100)
print("Saving"+output_image path+"...")
folder = input("Enter Folder Path:")
watermark = input("Enter Watermark Path:")
os.chdir(folder)
files = os.listdir(os.getcwd())
print(files)
if not os.path.isdir("output"):
os.mkdir("output")
c=1
for fin files:
if os.path.isfile(os.path.abspath(f)):
if f.endswith(".png") or f.endswith(".jpg"):
watermark photo(f,watermark,"output/"+f)
Byn enni nepbec Hecuemik ecenTi HAKThI MaiiiaaHyIbIFa KibepreH Ke3ze cy Oenriiepin
KOIOFa apHaJIFaH KpICKalla OaraapiaMaiblK JIMCTUHTI.
3epTTey OOBEKTICI pEeTiHAE HECHeNiK CKOPHHITIH KYpPBUIBICBIH JKYHenl Tanjay
OosranabiKTaH keneci cyperre 2019 xpuineiy 1 TokcanbiHaH Oactan 2024 KbUIABIH 2 TOKCAHBIH
KOCa aJlFaH/IaFbl CTATHCTUKA KOPCETUITEH.

HecHe aylbL1ap/AbIH TOKCaH G0ifbIHIIA NaibBIbI Me/Iep]
Barwrepaix Hemece Gacka 1a Hecrenik {ibMIap bI Hecere ATVIIbUTapFa OepineTiH Heceni ecenTi MailbB bk Me/IUepeMeci
= 7KeKe TyIFQ1ap bIH HeCHeTIK eCerTi HecHe A/FaHFa JeHiH TAAM eTyAiH NAbBIbI Ma/IIepi

Cyp. 3. Hecuenik ckopunrtig Kazakcran PecriyOnnkacsinaa naigany cTaTHCTHKACH

3-1mi cypeTTe KepceTinrenaei, Mpicanbl 2024 KbUIIBIH 2 TOKCAHBIH aJlaThIH 00JIcaM, HeCue
aiy medmiepi 54 % - ra TeH, an aepoec Hecuenik ecenti any 6 % - naH acnaiabl. OcblFaH Kapacak
XaNblK HecHeH1 aixy OapbIChIHIA HECHENK ecenKke KeHUT Oenmeiini, Oya Heri3i Kap>KbUIbIK
cayaTChI3ABIKTBIH YJIKEH O1p Oenrici.
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Hecue Tapuxsia 6akpuIay - OV Ci3/1H Hecre TapuXbIHbI3AAFbI ©3TepicTEP Il OaKbUIAY YIIIH
Ka)KEeT KbI3MET. byJ1 KbI3MeTT1 mOT (Tapux) OOMBIHIIA OpOip OPEKETKE IIEKTPOHIBIK MEKEHKAFa
HEeMece sms xabapirama KeJlIreH Ke3/eri CMC-0aHKHUHTTICH CAJIBICTRIpYFa 00JIa ibl.

KopbIThIHABI

Ockh1 3epTTey XyMbIChl Ka3akcTaHarel HECHEIIK CKOPUHT JKYHECiH, OHBIH iIIiHAe nepoec
JKOHE KOPIIOPATHBTIK HECHE EeCENTEpiH KEeWIeHI Tajjayra OarbITTaiabl. 3epTTEyIiH HEri3ri
MakcaThl — HecHe Oepy IpolieciHIe 1epOec HeCHeiK €CEnTiH PoJll MEH 9CEPiH aHBIKTAY, KPEAUTTIK
Oamnapl Oaranay 9IiCTepiH 3epTTey, coHmail-ak Kazakcranmarsl Hecue aimy ToXIpHOECiH Tanjay
apKBUTBI KAPXKBUIBIK CayaTThIIBIK ACHTCHiH Oaranay OOJIIbI.

3epTTey GapbIChIH/IA KEJIeCi MaKcaTTap MEH SJiCTep CITTI iCKe aChIPBUI/BL:

- Marepuanmapsl )KHHAY jkoHE Kyieney: Ka3zakcranmarsl HETi3r1 Hecue Oepytriiep MeH
KpenuTTiK OroponapasiH pecmu aepektepi, FCBK (2024a, 20246), First Credit Bureau (2024),
National Bank RK (2023), Halyk Bank (2023), Brobank.kz (2024), STAN.KZ (2023) sxone Forbes
Kazakhstan (2024) caiittapbiHaH anblHFAH aknapatr TtainnaHiasl. CoHmal-aK XabIKapallbIK
ToxipuOeHi eckepe oTwipein, FICO xone VantageScore momenaepi calbICTBIPMaibl TYPJE
3eprrenai (Investopedia, 2024).

- Cratuctukanbik  Tanmay: 2019-2024 sxeiigap apaibiFbIHIAFBl HECHE OHIMIEPIH
naiianany, gepbec HECHENIK €CenTi aily, HEeCHE TapuXblH OakKbUlay KOPCETKIIITepi CaHIBIK
xarpiHaH Tanmaanabl (National Bank RK, 2023; Brobank.kz, 2024).

- ABTOMAaTTaHABIPBUIFAH TaJIAay JKoHE MoJenbaey: Python 6armapnamanay TiniH Kongana
oteipei, lcb.kz cailiteiHan Headless pexumae nepekTep aibIHIBI, CypeTTepre cy Oenriiepi
KOMBUIBIN, KpEeAUTTIK Tapux Bu3yanmmsanusianasl (Python, 2024). byn Tocin Hecue TapHXbIH
OakpuIay XKOHE KPEAUTTIK Menrimaep KaOblaayqa THIMIUTIKTI apTTRIPBL.

- DMIMPHUKANBIK kKOHE CalbICTBIpMaNbl Tanaay: JlepOec Hecuenmik ecenTi anfaH Kapbl3
alyuibllap MEH ajMaraH Kapbl3 alylibulap apachblHAaFbl aWbIpMalIbUIBIKTAp aHBIKTAJIbI,
KpenuTTIK O6ayuiasl ecenrteyaeri Herisri ¢axrtopiaap kapacteipeuiasl (FCBK, 2024a; STAN.KZ,
2023).

Ocbl omicTepAiH KOMOMHAIIMACHL 3€pTTEY MakcaTbhlHa JKETyre JKoHe Hecue Oepy
MPOIIECIHIETI MaHBI3/IbI (PaKTOPJIAPBI KYHEN TalgayFa MyMKIHIIK Oep/Ii.

3epTTey OapbhIChIHAA KelleCl HET13T1 HOTHKEIEP albIH/IbI:

- Kazakcranmarel Hecue Oepy Toxipubeci MeH aepOec Hecuenmik ecer: 2024 KbuinbiH 4
TOKCaHBIHJA XaNbIKTBIH 54 %-bl Hecwe anFaH, aj jaepdec Hecuemdik ecenTi amy Tek 6 %-maH
acmaraH. by fepexTep XallbIKTBIH Hecue aily OapbIChIHAA 63 KPEAHWTTIK TapHXbIHA KETKUTIKTI
KOH11 06IMEHTIHIH KopceTe i, SFHU Kap>KbUIbIK CayaTThUIBIK ICHT €Il TOMEH.

- Hecuenik ckopuHT MOJCIBIEPiHIH cambicThipMaisl Tannaysl: FICO xone VantageScore
MOJIeTIbICpl HECHE AaNyIIBIHBIH TeJeM TapuXblH 0acTbl (akTop peTiHAE KapacThIpabl.
VantageScore KochIMIIIa JKaHAa HECHE XOHE Koyiga Oap KpeauT MejmiepiH Oaranaiimbl. by
aliplpmamibuIbiKTap Kaszakctanmarel Hecue Oepy ToxipuOeciHIe MaHBI3ABI pell  aTKapaibl
(Investopedia, 2024).

- HepOec Hecuenik ecenTiy acepi: Jepbec HECHeNiK ecenTi alFaH Kapbl3 allylIbuiap HecHue
[IapTTapPbIH )KaKcapTyFa (TOMEH MalbI3IbIK MOJIIIepIIeME, )KOFAPhI HECHE IIIET1) )KOHE OaHKTEPMEH
BIHTBIMAKTACTBIKTHI OHTaMmaHAbIpyFa Kaoinerti 6omnnsl (First Credit Bureau, 2024; Halyk Bank,
2023).

- ABTOMAaTTaHABIPBUIFAH TaNay HOTIKeepi: Python kemeriMeH anblHFaH IepeKTEp HECHE
TapUXbIH OaKbUIAY bl JKEISNIETYTe, OAHKTEP MEH KaphI3 allylIbUIapFa BIHFAMIBI KYpal peTiHe
KBI3MET €TeTiHIH KOpCeTTi. byl Tocin qepekTepAiH A9Nirt MeH THIMALIITIH apTThIpyFa MYMKIHAIK
Oepei.

KopBITBIHIBI TYKBIPBIMAAP:

- Kazakcranga HecHesiKk CKOPUHT KYyHeci KapKbUTBIK KAYiICi3MIKTI KAMTaMachI3 €Ty jKOHE
TUIMI IIEUTiM KaObL1Iay AbIH MaHbI3IbI KYPaJIbl OOJBIMT OTHIP.
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- XaypIK apacelHIa nepOec HECHETIK €CeNTiH TOMEH JeHrei1e KOMIaHbUTYbl KapKbUTBIK
CayaTTBUIBIKTBI apTTHIPYABIH ©3€KTi Macesieci eKeHiH KopceTe/i.

- FICO xone VantageScore MojaenbIepiHIH CaJbICTBIPMANbl TalJaybl KOPCETKEHIEH,
HEeCcHe alTyIIbUIApbIH TOJEM TapUXbl MEH HECHE TApUXBIHBIH Y3aKTBIFBI HETi3r1 (akTop OOJIbII
TaOBUIAIBI.

- Python xoHe aBTOMATTaHABIPHUIFAH TANIAY KYypalaapbl KPEIUTTIK TAPUXTHI OaKbLIayaa
THIMI1 OOJIBITI, OAHKTEP MEH KaphI3 ATyIIbLUIAP YIIiH MISIIM KaObUIAay Ibl OHAMIATa b,

- Jlepbec Hecuemik ecenTi KoljaHy HecHe ally MPOIECiHAe TOyeKenaepai TOMEHAETYyTe,
MarbI3IBIK MOJIIIIEPIIEMEIIePIl a3aliTyFa )KOHE HeCHe MIapTTapbIH JKaKcapTyFa MYMKIHIIIK Oepe/i.

[TpakTuKagbIK KOJIAAHY )KOHE MEPCIICKTHBAIAP:

bank cekTopsl: 3epTTey HOTHXKENepl OaHKTepre Hecue Oepyai THIMII OacKapyra, Kapbi3
TyIIBLIAP/IBIH KPEAUTTIK TOYEKEH a3aiiTyFa ®KoHe Hecue IeIiMIepiH 00beKTUBTI KaObuiaayFa
KOMEKTECE].

Kaps1z anmymsinap: Jlepbec Hecuenik ecenTi NaijanaHy KapKbUIBIK CayaTThUIBIKTHI
apTTHIPYFa KOHE HECHUE ATy IIapTTaPhIH JKaKcapTyFa MYMKIHJIIK Oepei.

JampiTy mepcnekTuBanapbl: bonamak 3eprreynepae Hecue Oepy MPOIECIHIE KACAHIIbI
WHTEJUICKT TIEH MAaIIMHAIBIK OKBITY OMICTEPIH MaijajaHy apKbUIbl KPEAWTTIK MICIIIMACPIIH
TONJIriH apTTeipyFa Oonanel. CoHmal-ak, XadbIKTHIH Kap>KbUIBIK CAayaTTBUIBIFBIH apTTHIPyFa
OarpITTAIFaH aKNapaTThIK HAyKaH/Iap HECHUEIIK CKOPUHT KYWECIHIH THIMIUTITIH KYIISHTe ajiaibl.

3epTTey  HOTWXKeENepl  KOPCETKEeHIEH, HECHeTIK  CKOPUHT  JKYWEeCiH  KelIeHIl
tanaay KazakcTtanmarbl KpeOWTTIK cascaT TMeH KapXKbUIBIK OacKapyJarbl jkaHa Oumimii
KaJBINTaCTBIpyFa MYMKIHIIK Oepni. JlepOec Hecuemnik ecenTiH peji aHBIKTANbIN, KPEAUTTIK
mienrmaepi 00beKTUBTI KaObUIIayFa apHaJFaH JKaHa dJIICTEMENTIK YChIHBICTAp yKacaJlJibl.

OJEBUETTEP
FCBK, 2024a — Ilepconanbubiii kpeautHblii ckopunr One FICO [Onextponnsiit pecypc]. — TOO "FCBK - IlepBoe
KkpeauTHoe Oropo". — Pexxum nmoctyma: https://www. 1cb.kz/product-buy/one-fico. — 2024. — Jlata obpamenus: 05.01.2024.

[Russ.]

FCBK, 20246 — Ananutuka [ Onekrponssiii pecypc]. — TOO "FCBK - [lepBoe kpeautHOE O610p0". — Pexxnm nocryna:
https://www.1cb.kz/analitics. — 2024. — Jlata obpamenus: 05.01.2024. [Russ.]

Python, 2024 — Applications for Python [Onexrponnsrii pecypc]. — Python Software Foundation. —Pexxum nocryna:
https://www.python.org/about/apps/. — 2024. — Jlata oopamienus: 05.01.2024. [Eng.]

STAN.KZ, 2023 — Hecue tapuxsl MeH ckopuHr. baHkTep cisre Hecue Oepy He OepMmey jKalibl IIemnimii Kaiai

kaoburmaiiapi? — STAN.KZ. — Pexum poctyma: https://stan.kz/nesie-tarihi-men-skoring-bankter-sizge-nesie-beru-ne-be-
389604/?ysclid=mcg50u0977651331293. — 2023. — Jlata obpamenus: 05.01.2024. [Kaz.]
Brobank.kz, 2024 — Kpeautnsiii peitrunr B Kasaxcrame. — Brobank.kz. — Pexum pocryna:

https://brobank.kz/kreditnyj-rejting/. — 2024. — Jlata o6parenus: 05.01.2024. [Russ.]
National Bank RK, 2023 — KpeautHslii OT4eT U KpeAUTHAS UCTOPHS (PU3MYECKUX JHI [ DIEKTPOHHBIN pecypc]. —

HarnmonanbHbIit bank PecryOnmku Kazaxcran. — Pexum
nmocryma: https://www.gov.kz/memleket/entities/nationalbank/activities/credit-history. — 2023. — Jlata obpamenus: 05.01.2024.
[Russ.]

First Credit Bureau, 2024 — Kpenuthas uctopus ¢pusudeckoro nuna B Kazaxcrane [Dnektponusiii pecypc]. — TOO
«IlepBoe kpenutHOE GrOpo». — Pesxkxum moctyna: https://www.1cb.kz/credit-history. — 2024. — Jlata o6pamienus: 05.01.2024.
[Russ.]

Halyk Bank, 2023 — Yto Takoe KpeANTHBII CKOPHHT 1 Kak OH pabortaeT [InexTpoHHbIi pecypc]. — AO «Haponsrit
Bank Kazaxcrana». — Pexxum noctyma: https://halykbank kz/credit-scoring. — 2023.— Jlata o6pamenus: 05.01.2024. [Russ.]

Forbes Kazakhstan, 2024 — Kak 6anku B KazaxcTaHe OICHMBAIOT 3a€MIIMKOB [DNEeKTpOHHBIA pecypc]. — Forbes
Kazakhstan. — Pexxum mocrymna: https://forbes.kz/finance/banks/credit_scoring_kz/. — 2024. — Jlara obpamenus: 05.01.2024.
[Russ.]

Investopedia, 2024 — Credit Scoring Models [Electronic resource]. — Investopedia. — Access
mode: https://www.investopedia.com/terms/c/creditscoring.asp. — 2024.— Access date: 05.01.2024. [Eng.]

REFERENCES

FCBK, 2024a — FCBK - Pervoe kreditnoe byuro. (2024). Personal'nyi kreditnyi skoring One FICO [Personal credit
scoring One FICO]. Electronic resource. Access mode: https://www.1cb.kz/product-buy/one-fico. — 2024. (accessed 05.01.2024).
[in Russ.]

FCBK, 2024b — FCBK - Pervoe kreditnoe byuro. (2024). Analitika [Analytics]. Electronic resource. Access
mode: https://www.1cb.kz/analitics (accessed 05.01.2024). [in Russ.]

Python, 2024 — Python Software Foundation. (2024). Applications for Python. Electronic resource. Access
mode: https://www.python.org/about/apps/. — 2024. (accessed 05.01.2024). [in Eng.]

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




Industrial Transport of Kazakhstan. Vol.21 (3). 2024

STAN.KZ, 2023 — STAN.KZ. (2023). Nesie tarikhy men skoring. Bankter sizge nesie beru ne bermeu zhaily sheshimdi
kalai kabuldaidy? [Credit history and scoring. How do banks decide whether to grant you a loan or not?]. Electronic resource.
Access mode: https://stan.kz/nesie-tarihi-men-skoring-bankter-sizge-nesie-beru-ne-be-389604/. — 2023.. (accessed 05.01.2024).
[in Kaz.]

Brobank kz, 2024 — Brobank.kz. (2024). Kreditnyi reiting v Kazakhstane [Credit rating in Kazakhstan]. Electronic
resource. Access mode: https://brobank.kz/kreditnyj-rejting/. — 2024. (accessed 05.01.2024). [in Russ.]

National Bank RK, 2023 — National Bank of the Republic of Kazakhstan. (2023). Kreditnyi otchet i kreditnaya istoriya
fizicheskikh  lits  [Credit report and credit history of individuals].  Electronic  resource.  Access
mode: https://www.gov.kz/memleket/entities/nationalbank/activities/credit-history. — 2023. (accessed 05.01.2024). [in Russ.]

First Credit Bureau, 2024 — First Credit Bureau. (2024). Kreditnaya istoriya fizicheskogo litsa v Kazakhstane [Credit
history of an individual in Kazakhstan]. Electronic resource. Access mode: https://www.1cb.kz/credit-history. — 2024. (accessed
05.01.2024). [in Russ.]

Halyk Bank, 2023 — Halyk Bank of Kazakhstan. (2023). Chto takoe kreditnyi skoring i kak on rabotaet [What is credit
scoring and how does it work]. Electronic resource. Access mode: https://halykbank kz/credit-scoring. — 2023. (accessed
05.01.2024). [in Russ.]

Forbes Kazakhstan, 2024 — Forbes Kazakhstan. (2024). Kak banki v Kazakhstane otsenivayut zaemshchikov [How
banks in Kazakhstan assess borrowers]. Electronic resource. Access mode: https://forbes.kz/finance/banks/credit_scoring_kz/. —
2024. (accessed 05.01.2024). [in Russ.]

Investopedia, 2024 — Investopedia. (2024). Credit Scoring Models. Electronic resource. Access
mode: https://www.investopedia.com/terms/c/creditscoring.asp. — 2024. (accessed 05.01.2024). [in Eng.]

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 47
@ s 4.0 International License



Industrial Transport of Kazakhstan. Vol. 21 (3). 2024

Industrial Transport of Kazakhstan

ISSN 1814-5787 (print)

ISSN 3006-0273 (online)

Vol. 21. Is. 3. Number 83 (2024). Pp. 48-59
Journal homepage: https://prom.mtgu.edu.kz
https://doi.org/10.58420/ptk/2024.83.03.004

YK 3977

EVALUATING THE PERFORMANCE OF THE INTEGRATED STEEL
PLANT LOGISTICS SYSTEM

A. Uvalieva
Almaty Management University, Almaty, Kazakhstan.
E-mail: a.uvaliyeva@almau.edu.kz

Assem Uvalieva— c.t.s., Almaty Management University, Almaty, Kazakhstan
E-mail: a.uvaliyeva@almau.edu.kz, https:/orcid.org/0009-0005-4043-0499.

© A. Uvalieva

Abstract. This article examines the scientific and practical foundations for implementing
integrated software platforms in industrial enterprises. The relevance of the research lies in the
growing need to increase the level of production process automation and improve enterprise
efficiency through the use of digital technologies. The main objective of the study is to analyze
the capabilities of the integrated software environment Trace Mode 6 and to evaluate its
effectiveness in industrial process automation and management. The research tasks include:
identifying the structure of automated control systems, describing the functional features of
software modules, presenting mathematical modeling principles based on FBD diagrams, and
analyzing the practical results of software implementation. The results section presents an analysis
of the Trace Mode 6 software suite as a tool for automating various stages of industrial production.
It highlights the design of instrument blocks, signal processing methods, and visualization of data
through functional diagrams. The study demonstrates that this integrated platform can be
effectively used both in industrial automation projects and in engineering education for laboratory
and practical training. In conclusion, the research confirms that integrated software systems
enhance enterprise efficiency, optimize resource utilization, and reduce human error impact. The
obtained results are practically valuable for developing modern engineering education and
advancing industrial automation technologies.
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AnHoTamusi. bynm  Makamama ©HEPKOCINTIK  KOCIMOPBIHIAApAA HHTETpalvsiiaHFaH
OarmapiamanblK IuIaTGopMmanapabl  €HTI3YIiH FBUIBIMH JKOHE TMPAaKTUKAIBIK Heri3aepi
KapacThIPBUIFaH. 3epTTEy TaKbIPBIOBIHBIH ©3€KTUIIr OHAIPICTIK MPOIECTEPAIH aBTOMATTAHIBIPY
JEHTeHiH apTTHIPY KAXETTUIITIMEH JKoHE UG PIBIK TEXHOIOTUSIAP/IbI KEHIHEH KOJIAaHY apKbLIbI
KOCINOPBIHAAPIBIH THIMILIITIH KOFaphUIaTyMEH alKbIHAANAbl. 3€PTTEY/IIH HET13r1 MaKcaThl —
Trace Mode 6 unTerpanusiianral OarapiaMalibIK OPTaCHIHBIH MYMKIHIIKTEPIiH TaJIay KOHE OHBI
OHEPKOCITITIK MPOIECTEP/Il aBTOMATTAHIBIPY MEH OacKapy/ia KOJJIaHyIbIH THIMIUIITIH Oarasay.
3epTrey MiHIETTEpi peTiHAE: aBTOMATTaHJABIPBUIFaH OacKapy JKyHelepiHiH KypbUIBIMBIH
aHBIKTAy, OarjapiamMaiblK KypaagapablH (YHKIHOHAIABIK CpPEKIICTIKTEpIH CHMarTay,
MaTeMaTUKANIBIK KoOajlay oICTepiH KOpCEeTy KOHE albIHFAaH HOTIKENIEPIIH OHIIPICTIK
TOXKIpUOeaeTi THIMAUIITIH Joienaey KapacTeipburraH. Hotmxkenep Oemiminge Trace Mode 6
OarmapiamManblK  OPTAChIHBIH KOMETIMEH OHIIPICTIK NpOoLeCTepAiH Typil JAeHreisepin
aBTOMATTaHBIPYABIH TOXIPUOEIIIK MbICAIIAPhI TaJTaHaAbl. ATan alTKaH/1a, aCTanThIK OJIOKTHIH
nu3aitHbl, MaTtematukaiblk FBD-pauarpammanap apkpuibl Oarnapiamanay HOPUHIUNTEP] JKOHE
JIEpEKTep CUTHAIIAPBIH OHJEY TOCUIIEpl KoepceTuireH. by omic MHKEHepIiK MaMaHIbIKTapaa
OUTiM aNyIIblIapAblH MPAKTUKAIBIK KOHE 3epTXaHaNbIK ca0akTapbhlHIa KOJJaHyFa MYMKIHJIIK
Ooepeni. KopwITBIHABICEIHIA, WHTETpalMsIaHFaH OaFgapiaMaliblK — MICHNMACPIAl  €HTI3y
KOCIMOPBIHAAPABIH TUIMIUTITIH apTTBIPYIBIH, PECYPCTapIbl OHTAMIAHIBIPYIIBIH JKOHE alaMu
(GaKTOpABIH BIKMAJIBIH A3aWTYIBIH HETI3T1 TETIrl OOJIBIN TaOBUIATHIHBI AHBIKTAIIBL. 3epTTEy
HOTIKENIepl HHXXEHEPIIiK O11iM Oepy >kylieciHe koHe eHIIPICTIK aBTOMATTaHIBIPY/Ibl JAMBITY A
TOXKIPUOEITIK MaHbI3Fa Ue.

Tyiiin ce3aep: MHTErpalUsIIaHFaH XYiie, aBTOMATTaHABIPy, OaF1apIamMalblK KaMTaMachl3
ety, Trace Mode, erepkacitm, xobanay, backapy
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AHHOTanusi. B cratbe paccMaTpuBalOTCs HAYYHO-METOJOJIOTMYECKUE U MPAKTUUYECKUE
aCrleKThl BHEAPEHUS HWHTETPUPOBAHHBIX MPOTPAMMHBIX IJIATPOPM B MPOMBIILICHHOCTH.
AKTYyalqbHOCTh  HCCJCIOBAHUS  OMPENENAeTCS HEOOXOAMMOCTHIO  IOBBIMICHUS  YPOBHS
aBTOMATH3alMK MPOU3BOJACTBEHHBIX MPOIIECCOB M MCMOIb30BAaHUS LU(POBBIX TEXHOJOTHM IS
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yiydmeHus: 3Q¢GEeKTUBHOCTH U KOHKypeHTOocmocoOHocTH mpeanpusatuil. Llenas uccnenoBanus
3aKIII0YAeTCs B aHAJIM3€ BO3MOXXHOCTEH MHTETpUPOBAaHHOM nporpaMMHoi cpeabl Trace Mode 6 u
orieHke ee 3((HEeKTUBHOCTH MPU ABTOMATU3ALIMN U YIIPABJICHUU TEXHOJIOTUYECKUMU MPOIIECCAMHU.
OcHOBHBIMU 3aJla4amMu HCCIIEI0BaHUS SABJIIOTCSL: OIpezesIeHue CTPYKTYpbI
aBTOMATHU3UPOBAHHBIX CHUCTEM yIpaBICHUS, OMNHCAHHE (PYHKIMOHAIBHBIX OCOOCHHOCTEH
IIPOIPaMMHBIX MOJYJEH, AEMOHCTpalUs IMPUHIMIIOB MaTeMaTH4YECKOIO0 MOJAEIUpPOBAaHUS Ha
ocHoBe FBD-gmarpamMMm u aHanu3 pe3yjbTaToOB MPAKTHYECKOrO0 MPUMEHEHUS MNpPOrpaMMHOTO
KOMIUIEKca. B pasnerne pes3ysbTaToB IPOBEINEH aHAIU3 BO3MOXKHOCTEH WHTETrPUPOBAHHOU
miathpopmbel Trace Mode 6 s aBTOMaTH3allUM PA3IUYHBIX YPOBHEH MPOMBIILIIEHHOTO
IPOM3BOJICTBA. PaccMOTpEeHbI MPUHLMIIBI TPOSKTUPOBAHUS HHCTPYMEHTAIBHBIX OJIOKOB, METOIbI
00pabOTKK CUTHAJIOB U BU3yalln3auus JaHHbIX. [lokazaHo, 4TO MpOrpaMMHBIN KOMIUIEKC MOKET
ObITH YCHEUIHO BHEAPEH Kak B Y4YeOHBIH MpOIecC TEXHUYECKUX CIEHUATBbHOCTEH, Tak U B
MIPOU3BOJACTBEHHYIO Cpelly. B 3akiroueHum oTMeyaeTcs, 4TO NMPUMEHEHHWE HHTErPUPOBAHHBIX
IPOTPaMMHBIX CUCTEM 00ecreunBaeT MoBbIIeHne 3()(HEeKTUBHOCTH PEANIPHUITHS, ONTHMU3ALIUIO
PECYPCOB UM CHIIKEHHE BIHMSHHUS 4deloBeuecKkoro (axrtopa. Pe3ynbraThl McciaenoBaHUS WMEIOT
NPAaKTUYECKYI0 3HAYMMOCTh JUIS MHXXEHEPHOTO OOpa30BaHUs M JAIbHEHIIEro pa3BUTHUS
TEXHOJIOTHI MPOMBIIIJIEHHON aBTOMAaTU3alluH.

KiroueBble cioBa: llHTerpupoBanHas cuctema, aBTOMaTH3alus, IPOrpaMMHOE
obecnieuenue, Trace Mode, mpoMBITIIIEHHOCTD, IPOEKTUPOBAHUE, YIIPABJICHHUE.

Jdasa nutupoBanusa: A. VYBaiumeBa. OneHka 3(QQEKTUBHOCTH (YHKIIMOHHUPOBAHUS
WHTETPUPOBAHHOMN JIOTUCTUYECKOU cuctembl npeanpusatus//Industrial Transport of Kazakhstan.
2024. T. 21. No. 83. Ctp. 48-59. (Ha pycc.). https://doi.org/10.58420/ptk/2024.83.03.004

KonduaukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Beenenue.

CoBpeMeHHOE  pPa3BUTHE  HAy4YHBIX  HCCIENOBaHMKA  TpeOyeT  IMOCTOSHHOTO
COBEpUICHCTBOBAHUSA METOJOJOTHYECKMX OCHOB U MPUMEHEHHS KOMIUIEKCHOTO TMOAXO0Aa K
BBIOOPY METONIOB aHANIM3a W WHTEPIPETAlUd JaHHBIX. B yCIIOBUSX CTPEMUTENBHOTO POCTa
00beMOB MHGpOPMAIMK ¥ BHEAPEHUS IU(POBBIX TEXHOJIOTHH B HAayKy OCOOYIO aKTyallbHOCTh
npuoOpeTaeT  BONPOC ~ METOJMOJIOTUYECKOTO  OOECIeUYEeHMs  HAy4YHBIX  HCCIICAOBAHHIA,
MO3BOJIAIOIIETO TMOBBICUTh JOCTOBEPHOCTh W MPAKTHUUECKYI0 3HAYUMOCTH IMOJy4aeMbIX
pE3yJIbTaTOB.

Beibop Tembl 00yCIOBIEH HEOOXOIMMOCTBIO CHCTEMAaTH3HPOBATH MOIXOABI K
OpraHu3alliil U TPOBEACHHUIO HAYYHBIX HCCICIOBAHHM, OMPEAETUTh UX CTPYKTYpY, ITambl U
METO/IbI, PUMEHUMBIC B COBPEMEHHBIX YCIOBHIX. HecMOTpst Ha HaWUMe 3HAYUTEIIEHOTO YHCIIa
nyOnuKanuil mo npodieMe MEeTOI0IOTMH HayKH, 10 CUX MO COXpaHSIETCs] MPOTHBOPEUHUE MEXKIY
NOTPEOHOCTHIO B YHU(HUIIMPOBAHHOW CHCTEME METOIOB M MHOXKECTBEHHOCTBIO ITOJIXOOB,
MpeaiaraéMbiX pPa3IMYHBIMU aBTOPAMU. JTO CO3/1a€T MPOOIEMHYIO CHTYaIUIo, TPEOYIOIIyIO
HAYYHOTO OCMBICJICHUS H YTOYHEHUS KJIACCU(PHUKAIIMNA METOIOB HCCIICIOBAHNS.

AKTyalqbHOCTh TEMBI 3aKIIOYaeTcs B TOM, UTO OT MPaBWIBHOTO BBIOOpa
METOAOJIOTHYECKIX W METOIMYECKHX OCHOB 3aBHCHUT KadyeCTBO, TIIyOMHa M OOBEKTHBHOCTH
HAy4YHOTO HMCCleZIoBaHUA. B cOBpeMEHHOM Hay4YHOM MPOCTPAHCTBE HAONIOAAETCS TEHACHIMS K
MEXIUCIUIUTMHAPHOCTH, YTO TpeOyeT MepecMOTpa TPaIWIMOHHBIX MOIXOJ0B M pa3pabOTKH
YHUBEPCATbHBIX MPUHIIUIIOB, IPUMEHUMBIX B Pa3JIMYHBIX 00JaCTSIX 3HAHUS.

OOBeKT HccneJ0BaHus — MPOIECC OPraHU3aIMK U TPOBEACHUS HAYYHOTO MCCIIeIOBAHNS.
[IpenMer uccrienoBaHusi — METOAOJOTHUYECKHE U METOJIUYECKUE TMOIXOMAbl, 00ECIeUnBaOIINe
3¢ (HEeKTUBHOCTH Hay4YHOTO MOUCKA.
Llenp wuccrnenoBaHusi — ONPEACTUTh TEOPETUYECKHE OCHOBBI M MPAKTHYECKHE AaCTEKThI
MIPUMEHEHUS METOJIOB HAYYHOTO TIO3HAHMSI, CIIOCOOCTBYIOIIUX MOBBIMICHUIO KAYeCTBA HAYYHBIX
HUCCJIENOBaHUI.

JUist JOCTIKEHHS 1IeNIN TIOCTABIICHBI CIICAYIOIHNE 3a1a4uu:
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- [Ipoananu3upoBaTh TEOPETUUECKHE OCHOBBI METOOJIOTUN HAYYHBIX HCCIIETOBAHUH.

- MWM3yunth kimaccuUKaLMIO M OCOOCHHOCTH MPHUMEHEHHsSI KOJWYECTBEHHBIX U
KaueCTBEHHBIX METOIOB.

- OmnpenenuTh KpUTEPUM BHIOOpPAa METOJOB B 3aBHCHUMOCTH OT Ieliell W 3amay
UCCIIEIOBaHUSI.

- PaccmMoTpeTs BO3MOXKHOCTH CTATUCTHYECKOTO U MAaTEMaTHYECKOTO aHATN3a TaHHBIX.

- CdopmynupoBatb PEKOMEHIalNH o TTOBBIIICHUIO s dexTuBHOCTH
HCCJIEIOBATENIBCKOTO IIpoIIeCcca.

MeToapl  HWccieOBaHUS BKIIOYAIOT aHalM3 W CHHTE3 HAay4HBIX HCTOYHHKOB,
CPaBHUTENBHBIA METOJ, CHCTEMHBII MOJIXO, a TAKXKE JIEMEHThl MaTeMaTHKO-CTaTUCTHYECKOTO
aHaym3a.

['mnore3a  MccieqOBaHUS 3aKIIOYACTCST B NPEANONIOKEHUH, YTO  HCIOJIb30BaHHE
KOMIUIEKCHOTO ~ TMOJX0Ja, COYETAIOIIEro KAayeCTBEHHbIE M  KOJIMYECTBEHHBIE METO[BL,
CHOCOOCTBYET TOBBIIICHUIO OOBEKTUBHOCTH M JOCTOBEPHOCTH pPE3YJIbTATOB HAYYHOTO
UCCIIEIOBaHUSI.

3HayeHue UCCIEeI0BaHU COCTOUT B TOM, YTO €0 Pe3yJIbTaThl MOTYT OBITh UCIIOJIb30BaHbI
pu pa3pabOTKe METOAMYECKUX PEKOMEHIALUN TSl CTYACHTOB, aCIUPAHTOB M MOJIOBIX YUEHBIX,
a TaKkXKe B MpoIecce NOArOTOBKY HAYYHbIX Iy OIMKaLUil U AUCCEPTAMOHHBIX paloT.

MarepuaJbl 1 METOIbI.

B HacTosiiee Bpemsi co3faHue BbICOKO3(D(EKTHBHOrO MPOU3BOACTBA ¢ HAMMEHBIIMMU
3aTpaTaMM Ha COBPEMEHHBIX MPEINPUATHAX BBIHOCUTCS Ha IME€PBOE€ MECTO, OJHUM U3
3 PEKTUBHBIX MEXaHW3MOB pELICHUs CIOXMBIICHCS mpoOiemsl sBisieTcs co3ganue WJIIC.
UccnenoBanus Teoperuko-mMeronoiornueckux acrnektoB MJIC oToOpakeHBI B TpyaaxX TaKHX
yueHHbIX: P. Xoyka, J[x. Ctoka, M. I'puropax, E. Kpukasckoro, B. Jlykunckoro, }O. Hepyma u
np. (I'puropak, 2010: 45-50; BacuneBcokuii, 2008: 100; JIykunckuit, 2007: 58; Hepym, 2006: 20;
Crok, 2005: 97; Xapucon, 2007: 68; Cemenos, 2008: 1-32).

JlorucTrueckre CUCTEMBI YKIIAJIBIBAIOTCS B OOIICTIPUHATOE TMOHSATHE ''CUCTEMBI", T.K.
CKJIAJBIBAIOTCS W3 CHUCTEMHO O0Opa3ylolmuX JJIEMEHTOB, TECHO B3aMMOCBS3aHHBIX U
B3aMMO3aBUCHUMBIX MEXIy CO0OI0, KOTOpble HMEIOT YIOPSIOYEHHBIE CBSI3U U 00pa3yloT
OTIPENICIICHHYIO CTPYKTYpPY C 3apaHee 3aJlaHHBIMH 0COOCHHOCTAMHU. OTIUYAIOTCS 3TH CHCTEMBI
BBICOKOW CTENEHbIO COTJIACOBAHHOCTH BXOJHBIX MPOAYKTHBHBIX CHJ C LENbIO YIpPaBICHUS
CKBO3HBIMHU TIOTOKAMHU.

Jloructuueckas cucrema (nmanee — JIC) — 3T0 clnokHas CTPYKTypHUpPOBaHHAs
HSKOHOMHUYECKAsi CHUCTEMa, COCTOsIINAas U3 DJIEMEHTOB — 3BEHBEB, B3aMMOCBSA3aHHBIX B €AHHOM
nporecce YIpaBICHUS MaTepUANbHBIMUA, CEPBHCHBIMA M CONYTCTBYIOUIMMH WM TIOTOKAMHU
(JIunéma, 2008: 21-23).

JIC Ha mpennpuATHU TPEACTaBISAIOT COOOH EAMHYI0 MPOM3BOJCTBEHHYIO CHCTEMY,
BKIIIOUAIOIYI0 B ce0s B3aMMOJCHCTBHE BCEX CTPYKTYPHBIX TMOJpAa3AeICHUN MpeanpUsTus.
O¢ddexruBnas padora JIC mo3BOISET ONTUMH3HPOBATH PAaOOTY MPOM3BOJCTBEHHOW CQepsl,
oTena cHaOeHus U oTAena cobita. MHTErprpys paboTy JaHHBIX CTPYKTYPHBIX MOAPA3ICICHHUIA,
NPEINPUSTHE MOBHIIIAET CBOM KOHKYPEHTHBIE IPEHMYIIIECTBA.
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Puc 1. Jloructuueckast cucremMa NpeAnpUsTHs

Ha puc | mnokazaHo QyHKIMOHHPOBAHHE CHUCTEMBI JIOTUCTHYECKUX OIEpaluidi Ha
npeanpustun (Ko63esa, 2008: 116-122). dopmupoBanue JIC HauumHaeTcs NpH OTHpaBKe
MOCTaBIIMKOM  HEOOXOJMMOTO ChIpbS W  MarepuajioB. JlanpHelliee TepeABIKEHHE
c(OpPMHPOBAHHOIO MATEPUATIBHOTO IIOTOKA POUCXOAUT YK€ HEMOCPEACTBEHHO B CAMOM cUCTEME,
BBIJICJISIIOT CJIEAYIOIINE 3BE€HbS JOrucTUYecKon cucteMsl (nanee — 3JIC):

- CKJIaJICKUE IIJIOIIAa1, HEOOXOAUMBIN pecypc Mpou3BoaAcTBa. OJHAKO 3HAUYUTEIIBHOE
KOJINYECTBO CKJIAZIOB CBUCTEIBCTBYET O HENPAaBHJILHOM BBIOOpPE JOTMCTHYECKOM KOHIEHIIUU
ynpasiieHusi. ONTHMaabHBIM SIBJIIETCS BApUAHT IPU KOTOPOM MCKIIIOYAIOTCA [1Ba OCHOBHBIX
MIPOM3BOJICTBEHHBIX PUCKA: 3aMOpakuBaHue (PUHAHCOBBIX aKTHBOB U NMPOCTON MPOU3BO/ICTBA;

- IIPOU3BOJCTBEHHBIE MOIIHOCTH. Hannune MHHOBAIIMOHHOT'O U
pecypcocOeperaronero 000pya0BaHus MO3BOJISIET HCIIONB30BaTh B MPOEKTUPYEMBIX CHCTEMax
MHHOBAIMOHHBIE MOAXO/IbI B 00JIaCTH MPOU3BOCTBA, KAUECTBA, OXPAHbI OKPYKAIOLIEH Cpebl;

- HaJM4Hue CKJIAJ0B FOTOBBIX M3aenuil. [ljis JaHHOTO pecypca HeoOXOAUMBI BHICOKUE
TEeXHUKO-IKCIUTyaTallUOHHble TpeOoBaHus. JlaHHOE YCJIOBHE JUKTYETCS OOLIEPUHSTHIM
npaBuwioM: «IlorpeOutens MOMKEH MOMYYUTh KadyeCTBEHHBIH ToBap». OOCIyKMBaHHE TaKUX
IUIOINAZe Bcerza BJEYeT 3a COOOM OINpeleNeHHbIE 3aTparhl Ul MPEANpUATHS, OITOMY
11eJ1eco00pa3Ho BBICTPAUBATh KOHIEHIIHMIO IO COKPAIICHUIO JAHHOTO pecypca.

ITo okOHYaHUIO JBUXKEHUSI BHYTPU CUCTEMBI TOTOBBIN MPOJYKT MOCTYNAET K TOTPEOUTEITIO
M OT HEro HA4YMHACTCS JBWXEHHUS (PUHAHCOBOTO NOTOKa B OOpaTHOM HAIpaBIICHHM, Yepes3
CTPYKTYpPHBIC TOAPA3AEICHUsS MNPEANPUATUS K IEPBOHAYAIBHOMY IIOCTaBIIMKY CBIpb U
MaTEepUaJIOB.

PesynabTaTsl 1 00Cy:KICHHS.

[To muenwuto aBTopa s dextuBHOE pyHKIMOHNpoBaHue JIC nmpeanpusaTus BO3MOXKHO MpU
YCIIOBHH, YTO CUCTEMA OyAeT 00J1aAaTh CIEAYIONIMMU CBOUCTBAMMU:

1. HenoctHocTh. DyHKIMOHUpOBaHue JIC MOMKHO NMPOUCXOAUTH Kak paboTa OIHOTO
Mexanuszma. Mexay 3JIC 1omKHO TPOCIeKUBATHCS YE€TKOE B3aMMOOTHOIIICHHE. Bo BpeMs paboThI
CHUCTEMBl JIOJDKHBI TIPOBOAMUTCS KOOPIMHAIIMOHHBIE pabOTHl, OCHOBHAs 3agada KOTOPBIX
omnpezeeHrue YeTKuX MecT B3aumoecteus 3JIC.

2. AIanTHBHOCTb Ha CETOJAHS  SBISETCA HEOTHEMIIEMBIM CBOMCTBOM  JIIOOOH
HPKOHOMMUYECKOW OM3HEeC — cHUCTeMBbl. B yclOBUSAX HECTaOMJIBHOCTH U HEONPEAEICHHOCTH
onepatuBHoe n3MeHeHue JIC mo3BoisieT NpeJoTBPaTUTh BO3ZMOXKHOCTh CPBIBOB IPOM3BOJICTBA,
CPOKOB IIOCTAaBKH, CPOKOB TOCTaBKH U T.1.

3. YnopspoueHHocTs. B3aumoneiicteue yyactTHukoB JIC 1OIKHO IPOUCXOIUTH COTTIACHO

YCTaHOBJICHHOW HOPMAaTHBHO-TEXHUYECKOW AOKyMeHTanuu. CienyeT ydnuThIBaTh, 4YTO
€CJIH NPOU3BOJICTBEHHBIE IPOLIECCH MPEANPUATHS HE BBICTPOEHBI COTJIACHO HEpapXUUeCKON
LEMOYKH, TO (HOPMUPOBAHME CHUCTEMBI 3aTPYAHUTEIBHO B CBA3M OTCYTCTBHSI BO3MOXHOCTH
KOHTPOJISL IEUCTBUN €€ YYaCTHUKOB.

4. UurterpupoBaHHOCTh. [0 MaHHBIM CBOMCTBOM CIli€yeT MOHUMAaTh, HACcKOJbKO JIC
B3aMMOJIEHCTBYET C YYaCTHUKAaMHU BHYTPEHHEH Cpeibl, T.€. PETYJUPYIOT JIU €€ MEXaHU3MbI HE
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TOJIbKO TPOU3BOJCTBEHHBIE TMPOIECCHl MEXIy c000i, HO M B3aMMOOTHOIICHHUS BHEUIHHX
KOOTIepAIiii ¢ MPOU3BOJICTBOM.

5. VIHHOBalIMOHHOCTH 3aKJIOYAETCsl B MPUMEHEHHHM HOBBIX METOAMK IUIAHUPOBAHUS,
KOHTPOJISI, yIIPaBIeHUs, 00ECTICUeHUS U yUeTa.

6. Nudopmanmonnocts. Hamuume pocroBepHO HHPOpMAIMK O CpOKax ITOCTaBKH,
OCTaTKOB MaTepUaIOB M TOTOBOW MPOAYKIIMH Ha CKIIaJaX, BpEMEHH KU3HEHHOTO [IUKIIA, [IEHaX Ha
MaTepUabl MO3BOJISIET KOPPUTUPOBATH MPOU3BOJICTBEHHBIEC ONEPALIMUA U TEM CaMbIM 00€CIIEUUTh
ONTUMATLHBIC BAPUAHTHI IIPOU3BOCTBA.

7. MobunbHoCTh. JIC HE TOJDKHBI OBITh IEPEHACHIIICHBI PA3HOTO Pojia HHPOPMAITMOHHO
AQHATMTUYECKUMH MPOTpaMMaMH U METoJaMu pacyeToB. OCHOBHBIE METOJbl U KOHIICTIIIUUA HE
JOJIKHBI XapaKTepU30BaThCS OOJBIIMM 3HAUCHHEM MEPEMEHHBIX. YTpaBieHHE MPOU3BOACTBOM
npu momomu JIC JOMKHO MPOUCXOMUTH OBICTPO, TOYHO M HE JOJDKHO HECTH 3a coOou
MacCIITa0HBIX OLUIMOOK.

Bo Bpemst BemmonHeHus aHanu3a u GopmupoBanus JIC clieqyroT yuuThIBaTh BIUSHUE HE
TOJNIBKO OTACNIBHBIX KAKUX-THOO (aKTOpOB, HO M UX B3aUMOJACHCTBHE MEXIy COOOI.
PaccmarpuBast B3aumoseiicTBust pakTopoB, Kak cocraBisromux JIC npeacraBisieTcss BO3MOXKHBIM
KOMIUIEKCHO HCCIIEIOBaTh MHTETPUPOBAHHBIE MPOIIECCHI, MPOTEKAIOIINE MPH B3aUMOJICHCTBUU
3JIC. HuterpupoBanubie JIC sBASIOTCS cucTeMaMu C OOJBIIUM KOJWYECTBOM CBSI3eH U
B3aUMOOTHOUIIECHUH.

Pazsutne MJIC Ha coBpeMEHHOM 3Tame CONPOBOXKAAETCS CO3AAHMEM U BHEJIPEHHEM
VOPaBISAIOMUX MOAYJIEeH, METOIWK, KOHUEMIHMi, CTpaTeruii Hu Jpyrux HWHCTPYMEHTOB
a¢dekTuBHOTO BeaeHUs On3Heca.

ITong »ddexTuBHOCTRIO ciexyeT mnoHuMath pabdoty WMJIC mnpu kotopoit OusHec-
JESTENILHOCTh TMPEANPUATUS HAXOAUTCA B Tpeaene [min; max], T.e. 3aTpaThl CBS3aHHBIE C
NJIIC—min, a npuObUIh MOJy4YEHHAs B pe3yibTaTe MNPEANTPUHUMATEIHCKON IESITSIBHOCTH
MPEINPHUITHS —Mmax.

K ocHOBHBIM MoOKazareiasiM OLEHKU 3(PPEKTUBHOCTH JIOTMCTUYECKOM CHUCTEMBI MOKHO
OTHECTU MPUOBLTL M peHTabeIbHOCTh. [IpUOBITE B TaHHOM cllydae KOMIUIEKCHO XapaKTepHu3yeT
JIOTUCTUYECKYIO JIEATEIbHOCTh MPEANpPUATUS, T.€. YUUTHIBAET OOBEMBI BBINOJIHEHHBIX
JIOTUCTHYECKUX YCIIYT, X CE0ECTOUMOCTb U 3aTpaThl. PEHTa0EIHbHOCTD SIBIISIETCS OTHOCUTEIHHBIM
nokazateneMm dpdexruBHocTn (yHkimonupoBanus WMJIC, ona mokaspiBaeT, 3¢h(HEKTUBHOCTH
MCIIONIb30BaHUs PA3IMYHOTO POJIa PECYPCOB BHYTPU CHUCTEMBI.

B pa6ore Jlunera O.H. (http://www.creativeconomy.ru/articles/4721/) mpemaraercs
WCIIONIb30BAaTh MHTETPajbHBIA KPUTEPU ONTHUMAIbHOCTA WM KPUTEPHH MUHHUMYMa OOIIMX
3aTpaT CUCTEMBI.

¥y I =
E=ZZZQ¢%‘ZZ’
A (1)

rae Que_ 00BEM JIOTUCTUYECKHUX YCIYT M0 1-0¥ onepanuu j-oi ¢pyHKiuu k-ro 3akasa;
Z _ IOrHCTHYCCKHE 3aTPATEL.

OnucanHbple BBIIIE TOKAa3aTeMH TO3BOJISIIOT  BBIOJMHHUTH pacdeT 3(QeKTuBHOCTH
¢ynkunonuposanus MJIC numb 6a3upysch Ha 3HAYCHUSX (PAKTHYECKOT0 00BbeMa JIOTUCTUYECKUX
YCIIYT ¥ 3aTpaT HEOOXOIUMBIX IS BHITIOJIHEHUS 3aITaHHBIX yCITYT.

JlaHHBII METO/ OLIEHKH, IO MHEHHIO aBTOPa, UMEIOT CIICAYIOIIUE HETOCTATKHU:

- JIOTUCTHYECKHE YCIyTH B OOJBIIMHCTBE CIy4acB UMEIOT Pa3HYIO CTPYKTYpPY, TAKUM
00pa3oM, JIOCTATOYHO 3aTPyIHHUTENHFHO NPUBECTH PA3IMYHOTO pPOAA YCIYTH K EIUHOM
pa3MepHOCTH;

- He TMo3BojseT oueHuTh 3¢pdexkTuBHOCTh (yHKIMOHUpoBanus WIIC, T.e. He

aHaJIM3UPYET
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B3aUMOJICVCTBUS MEXKY Y4aCTKaMH CHUCTEMBI;

- 1o3BoJsieT oueHuTh padoty MJIC TonbKO ¢ MaTepuaibHOI CTOPOHBI,

- HE YYUTBHIBAET BJIMSIHUE BHEIIHEN CPEJIbI;

- 3aTpyJHUTEIbHA €JMHUYHAS OLIEHKAa, T.€. BO3MOXKHA CHUTyallusi HENmpaBUIbHOMN
OIICHKH OCHOBHBIX yuacTHUKOB WJIC, BcnmeacTBue HEBEpPHOTO pacrpesesieHus oObeMa
JIOTUCTUYECKUX YCIIYT U 3aTpart.

ABTOpOM  mpe[araloTcs — CleAyIoUle  IMOKa3aTelu  OLEHKHM  A3(PPEKTUBHOCTH
¢dbynkunonuposanus MJIC:

- KOd(DPUIMEHT UHTETPUPOBAHHOCTH;

- ko3¢ ¢unreHT HHPOPMaTUBHOCTH;

- KUHETUYECKas dHEPIHsl CUCTEMBI.

Koadduument MHTETPUPOBAHHOCTH IIOKAa3bIBAET HAaCKOJIbKO IIPOUCXOUT
B3aumogeiicteue, B WMIIC, MexIy CTPYKTYpHBIMH TMOJPA3ACICHUSIMHA  TPEAIPUATHS.
OKOHOMUYECKMHA CMBIC]I JaHHOTO Ko3(duimeHTa 3akiovaercs B INepegade JIOTUCTHYECKOTO
MIOTOKAa M3 OJHOI0 CTPYKTYpPHOIO IIOAPA3JCNICHHs CHCTEMBI B JPYroe 3a OIpeAesICHHbIN
NPOMEXYTOK BpeMeHH. QPopmyna pacdera Kod(D(UIIMEHTa HNHTETPUPOBAHHOCTH HMEET
CIEIYIOIIUA BUL;

» »
Z Vm - Z Vow
Km — k=l - el )
Treat (2

K‘k’ .
rje — K03 (PHUIIMEHT HHTETPUPOBAHHOCTH;
Va

VO 4 .
2 _ 00beM k-ro HUCXOOSAUICTO JIOTUHCTUYCCKOI'O ITIOTOKA,

¢ — 00beM K-T0 BXOIAIIETO JIOTHCTHYECKOTO IIOTOKA;

Tvear _ BpeMsi 00pabOTKHU k-To JIOTHCTHYECKOTO MOTOKAa BHYTPU CTPYKTYPHOTO
HOJpa3AeICHUs.

Koadduunent nadopmatusaoctu. [lox naHabM K03()(PUIHEHTOM CTOUT paccMaTpUBaTh
ObICTpOTY 00pabOTKy WH(MOPMAITMOHHOTO TOTOKA. ITO OOBSACHIETCS TEM, YTO JUIsl TOCTPOCHUS
s dextuBHON padoTsl NJIC HeoOX0aMMO B IEPBYIO OUYepelb OPraHU30BaTh MPOLECCHI epelaun
nHdopmaruu, T.K. HHPOPMAIUS SBISIETCS HEOTHEMJIEMOW COCTABIIIIONIEH JIO0OTO IMOTOKA
(¢unancoBoro, MarepuanbHOro, MHGOPMALMOHHOTO U 1p.). [Iporecc mepenaun uHGOpMALUU
OCYIIECTBIIACTCS HPU B3aWMOJCHCTBHM HECKOJBKHX YYACTHHKOB CHCTEMBI, 3(PPEKTHBHOCTD
TAKOT'0 POJia B3aMMOICHCTBHSI OTIPEACTISCTCS YPOBHEHUEM:

Kw = ZTDM : Z EPer Z K,m,
k=l k=i Kol

3)

K
e ® _ koo dunuenT nHGOPMATUBHOCTH;
E

*e — 3 pexTHBHOCTH paboThI k-ro mepconana;
K

4 goa(pummeHT oTkimka k-ro mepcoHana,

D¢ dexktuBHOCT, pabOTHl IMEpcOHANla XapaKTEPU3yeTCs BBIMOJHEHHON paboToil u
ompezensercs mo Gopmyie:
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(4)

APZ&R’ AA:!

rae — miaHoBas ¥ pakTudeckasi paboTa BBITOJIHEHHAS TIEPCOHATIOM.
Koaddumument orknmka oTpakaeT 3aTpayeHHOE BpeMsl IepcoHaia Ha 00paboTKy

nHGOPMAIIUHU U OTIpeeseTcs o popmyIe:

()

rje Trtan Ther_ MJIAaHOBOE U (DAKTUYECKOE BpPEMSI.

Kunernyeckass »Heprusi — OSHEpPrus WHTETPUPOBAHHON JIOTUCTUYECKOM CHCTEMBI,
3aBHCSINAS OT CKOPOCTH pabOTHI OCHOBHOW COCTABIISIONICH 3aJaHHON OM3HEC—CHUCTEMBI.

[Ton OCHOBHOM COCTaBIAOIIEH CIEIyeT pacCMaTPUBATh YEIOBEKa, T.K. OH KOHTPOJIHUPYET
BCE CBSI3M, KOTOPbIE BOZHUKAIOT U CYIIECTBYIOT, KaK BHYTpH, Tak U 3a npeaenamu UIIC.

[TpoananusupoBaB uccinenoanust [lopoxuu B.M. (ITopoxus, 2012: 261-269) astop
CUYUTAET, YTO KHHEeTH4YeCKyt0 sHepruto NJIC MoxHO onpeenuTh 1o cienyromen Gopmye:

1,7
Xx= s 4 _If'Vz,
VZ
]-

VZ

¢ (6)

E
rae ~ ¥ — KHHeTHYecKasi SHEpIHsl CUCTEMBI,

!
S — 00BEM JTOTHCTHYECKOro MIOTOKA,;

7
4 — CKOpPOCTH MBITIJICHHS TIEPCOHAIA;

W CKOPOCTb UCIIOJIb30BAHHUSA JIOTUCTHYCCKOI'O ITIOTOKA.

Vg <<V

Ho, 1.x. "To popmyma (6) mpUMET CIETyIOIHA BUI;

2
ff'Vw

2 ()
N3 dopmynel (7) cienyer, uto Ex MOKa3blBaeT HACKOJIbKO 3((PEeKTHBHO OpraHM30BaHa
pabora yenmoBeka BHyTpu WJIC. Takum oOpazom, mpu 3(QeKTHBHON opraHH3amuu padOTHI
nepconana, MJIC nomyuyaer OONbLIMI KBaHT 3HEPIrUU, YeM IIPU YCIOBUU CYIIECTBOBAHUS
TUCOATaHCUPOBAHHOM CUCTEMBI  YNPABICHUS MNPEANPUATHS. OTO O3HA4YaeT, 4YTO JUIA
spdextuBHOro (ynkuuonupoBanus MJIC 3arpaumBaercs Oosblias 3HEprus, MOJTy4YEeHHas B
pe3yJbTaTe peann3aluy MHHOBAIIMOHHBIX MPOIIECCOB Pa3BUTHS M COBEPIICHCTBOBAHUS OM3HEC-
JeSITeTbHOCTH MIPEIIPUATHSL.

Jis 1OCTOBEPHOTO MOHWMAHHS TPOLEAYPHI OLEHKH, aBTOpP IpeIiaraeT HCIOJIh30BATh
OpraHu3alMOHHO-I)KOHOMHYECKUI MexaHu3M (puc. 1).

B, =
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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
¥

Buwxod cucmesst

Ot dexrueHocTs dyHKUHOHUpoBanua UIIC

Puc. 2. Opranu3anoHHO-9KOHOMHYECKUH MeXxaHu3M oleHKH dddexTnBHOCTH (yHKIMoHMpoBanus NJIC

W3 puc. 2 ciemxyer, 4To A MPOBEACHUS OUEHKH () (HEeKTUBHOCTH (HYyHKIIMOHHUPOBAHHUS
NJIC na BXome cucTeMbl HEOOXOAMMO cOOpaTh JaHHbIE OTHOCAIIMECS K MaTepHalbHOH WU
HeMaTepHaIbHOH OLleHKU. BHYTpH cCTEMBI HEOOXOAUMO BBHITTOIHHUTD OIICHKY 3()(h)EeKTUBHOCTH TIO
dopmynam (1+7). Ha BeIXome cucTeMbl MBI TOJYYHM YHCIICHHOE BBIpaKeHNE ()yHKIIMOHUPOBAHUS
CUCTEMBI.

Beimonnum onenky s¢dexktuBHocTH (pyHKIMonupoBanus WNJIC wmertammypruyeckoro
komOuHata OAQO "3anopoxcTanp". CerogHs JaHHOE NPEINPUITHE 3aHUMAET BEAyIINE MO3ULIUN
N0 TPOM3BOJICTBY METAIONPOKATa, KaK Ha OTEYECTBEHHOM TaK M Ha MEXIYHapOTHOM pBIHKE.
JlaHHBIC 1151 pacdeTa MpeIcTaBiIeHbl B Tabnmme 1.

Tabmuna 1. [lannabie qis pacuera s¢pdexruBHocTH pyHKImonupoBanus UJIC (I'puropax,
2010: 45-50)

Ton 2009 2010 2011 2012
IToxa3zarenu

0, opn 2125342 2225546 2365687 2510478
7, opi 2110345 2211874 2352900 2500784
Vine, 2pi/m 2592 3560 3800 4000
Vou, 2pr/m 2500 3470 3705 3850
Ttreas U 12 11.5 11.6 11

Erer 0,85 0,87 0,9 0,93
Koins 0,75 0.8 0,81 0,89

Vi, mlc 2 2.05 2.1 22

I, m 23 2,275 227 225

rac

Qj—TnpencraBieH B BUIE 00beMa JJOTHCTUIECKHUX YCITYT, BRITIOJTHEHHBIX KOMOWHATOM, IS
obecrieueHns: OM3HEC-IEeSITEILHOCTH,

7 — noTUCTHYECKUE 3aTpaThl B3AThl Ha ypoBHE 2030 % oT o0uIux 3aTpaT npeanpusThs;

Vinc — 0oTOOpaxkaet (PMHAHCOBBIN MOTOK, XapaKTePU3YIONINI ce0eCTOMMOCTD BBIILIABKH |
T CTaJIH;

Vout — pakTudeckoe 3HadeHHE (UHAHCOBOTO TMOTOKA; TTreat — MOKA3BIBAET BpEMS,
HE00X0IMMOe ISl BBITUTABKH | T cTaiy;

Vif— XapakTepusyeT CKOpOCTh OOpabOTKM JIOTUCTHYECKOTO TIOTOKA  (CHIphs),
HEOO0XOIMMOTO ISl BBIIUIABKH | T cTay;

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




Industrial Transport of Kazakhstan. Vol.21 (3). 2024

lf — moka3pIBaeT KOJIMYECTBO HEOOXOIMMOTO ChIPbsI BO BpeMsl BBIIIJIABKU 1 T CTaH.

CornacHo ¢opmyn (1+7) paccunTansl cienyromue nokasarenu 3a 2012 T, aHaToTuYHbIC
MOKa3aTeIH 3aHECEHbI B TA0IHILY

Koadduument MuanMyma o01ux 3aTpar:

E=2510478- 2500784 =9694

2PH.
Koa¢hdummeHT HHTErpupOBaHHOCTH:
K, = 4000- 3850 _13.64

11 2pH/u.

Koaddunment napopmatuBHOCTH:
Kong. = 13-0,93-0,89=9,1‘Oq

Kunernueckast sneprus:

2,25.2,2%
BEy=—""-———"—=543
2 2/.2
m-m/ce.
ITo ocTanbHBIM rofjaM pacyeT BBIMOIHAETCS aHATOTUYHO U PEe3YJIbTAaThl 3aHOCATCS B Ta0JI.
2.
Tabnuua 2. pe3ynbraThl pacuera 3¢ dekTuBHOCTH QyHKIMOHUpoBaHus NJIC
ron 2009 2010 2011 2012
Ioxasarenu
E, opn 14997 13672 12787 9694
Kint., epn/u 7,67 7,83 8,19 13,64
Ky, u 7,65 8,00 8,46 9,10
Ek, m-m%/c? 4,60 4,78 5,01 5,45

AHaM3 MOMYyYSHHBIX Pe3yIbTaTOB (Ta0J. 2) MOKa3bIBACT CIEIYIOIIEe:

- COKpallleHue OoO0IMX 3aTpaT Ha JOTUCTHKY, CBUACTEIBCTBYET O BHEIPEHUU
ONTUMU3AIMOHHBIX TPOTPAMM YIIPaBJICHHUS,

- pocT ko3 duIEeHTa WHTErPUPOBAHHOCTH TMOKa3biBaeT, uro WJIC pa3BuBaetcs, T.e.
pa3pabaThIBarOTCS HOBBIE MPOIIETYPhl M METO/IbI, KOHIICIIUH, alTOPUTMEBI  T.1.;

- YBeJIMUeHUE 3HAaUeHUs Ko duiinenTa nHHOPMATUBHOCTH XapakTepusyeT padory NJIC
C JIyYIlel CTOPOHBI M YyKa3bIBae€T Ha TO, 4TO 00pabOTKa MH(POPMALMOHHOTO MOTOKAa BHYTPHU
CUCTEMBI

MIPOMCXOJIUT Ha BEICOKOM YPOBHE;

- pOCT KHHETHYEeCKONl sHeprum, xapakrtepuszyer MNJIC npennpusitus, Kak CUCTEMY, B
YIPaBIEHUU KOTOPOH MPUMEHSIOTCS MHHOBAIIMOHHBIE MPOTPAMMBI M TEXHOJIOTHUH.

3akiloueHue.

[TpoBeneHHOE WHCCIENOBAaHUE TI0Ka3ajo, YTO APPEKTHBHOCTh (HYHKIIMOHHUPOBAHUS
HMHTETPUPOBAHHOM JIOTUCTUYECKOM CUCTEMBI TPEIPHUATHSI 3aBUCUT OT COATaHCUPOBAHHOCTH BCEX
ee 3JIEMEHTOB, YPOBHS HH(POPMAIIMOHHOI 00ECTIIEYeHHOCTH U CTEIICHH BOBJICUEHHOCTH TIEpCOHAa
B peaJM3aliio JIOTUCTUYECKHX TporeccoB. I[IpumeHneHune pa3zpaboTaHHBIX KO3(PPHUIIMEHTOB
WHTETPUPOBAHHOCTH, WH(GOPMATUBHOCTH W KHHETUYECKOW SHEPTrUU TIO3BOJSET MPOBOAUTH
oneHnky MJIC He TOABKO C TOYKM 3pEHUS] SKOHOMHYECKHMX IOKa3aTesie, HO U C MO3UILIMHU
CHCTEMHOM LEJTOCTHOCTU U OPTaHU3ALMOHHON JUHAMUKH.

Pesynbrarhl pacueToB, MPOBEACHHBIC HA MPUMEpPE MeTauTyprudeckoro komounata OAO
«3anopokcraiby, MPOJIEMOHCTPUPOBAIIH, YTO MIPH PAIIMOHAIBHON OpraHU3aIlluU JTOTUCTHUYESCKHUX
MPOIIECCOB HAOMIOAeTCA CHIDKEHHWE OOIMMX 3aTpaT, TIOBBIIICHHE CKOPOCTH O0O0pabOTKH
uH(pOpMAIINK, YIydIICHHE B3aUMOJICUCTBUS MEXKIY MOAPA3NEICHUSIMH W POCT KUHETHYECKON
SHEPrUM CHCTEMBI, OTpa)kalolleil ypOBEHb AKTUBHOCTH M BOBJIEYEHHOCTH IEpCOHaNa. ITO
MOJTBEPHKIIAET, YTO MHTETPALUS JIOTUCTUYECKNX (DYHKIUNA B €IUHYIO CHCTEMY CIOCOOCTBYET
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YCTOWYMBOMY Pa3BUTHIO MPEANPUATUS, ONTUMHU3ALUNA OHU3HEC-TIPOLIECCOB U YBEIMUYEHUIO
NpUOBUIH.

BaxxHpIM BBIBOJJOM HCCIIEOBAHUS SIBISIETCS HEOOXOAMMOCTh KOMIUIEKCHOTO MOIXofa K
ornenke 3pdexruBHocTH MJIC, KOTOPHIN AOKEH BKIIOYATH KaK KOJMYECTBEHHBIC (IIPUOBLIb,
peHTa0enbHOCTh, 3aTpaThl), TaK M KadeCTBEHHbIE IMOKa3zaTeiau (YpOBEHb aJalTHBHOCTH,
WH(GOPMATUBHOCTH, MHTETPAIIMHA M MHHOBAIITMOHHOCTH). TOJIBKO CHHTE3 3THX MOX0A0B TTO3BOJIUT
OOBEKTUBHO OLEHUTHh TEKYIIee COCTOSHUE JIOTUCTUYECKOW CHUCTEMBbl M BBIIBUTH PE3EpPBbHI €€
JaJIbHEMIIETO Pa3BUTHSL.

B coBpemeHHBIX yCIOBHSX IU(POBU3AIMU SKOHOMHUKH OICHKAa 3(P(EKTUBHOCTH
JOTUCTUYECKUX CHUCTEM JOJDKHA TaKXKe YUYUTHIBATH YPOBEHb ABTOMATH3AI[MM IPOIECCOB,
HCIIOJIb30BaHNE COBPEMEHHBIX MH(MDOPMAIMOHHBIX TeXHOJOTHH, Takux kak ERP, WMS, CRM u
SCM-cuctembl, KOTOpble 00ECHeunBaIOT IMPO3PAYHOCTh TOTOKOB M IMO3BOJSIOT NPHUHUMATh
pellIeHus B PeKUME PeabHOTO BPEMEHHU.

Kpome Toro, HeoOX0quMO MOAYEPKHYTh, YTO YEIOBEUECKUN (DAKTOP UrpaeT KIFYEBYIO
pouib B pabote NJIC. imeHnHO mepcoHan o0ecnednBaeT CorjacOBaHHOCTh JIEUCTBHI BCEX 3BEHHEB
CHCTEMBI, TO/IJIEPKUBAET BBICOKUI YPOBEHbh KOMMYHUKAIIUY 1 MTHHOBAIIMOHHYIO HATIPAaBIEHHOCTh
OusHec-mporieccoB. Takum 00pa3oM, pa3BUTHE KOMIETCHIIMH COTPYJAHHKOB, MX OOydYeHHE W
MOTHBAIIHSI CTAHOBATCS HEOTHEMJIEMON YacThiO MOBBIMICHUS 3()(HEKTHBHOCTH JOTUCTHUECKHX
CUCTEM.

B nmepcriektuBe manmpHEiIIMe WCCIEAOBAaHUS B JaHHOW OOJIACTH JOJKHBI OBITH
HaIpaBJIEHbl HA Pa3pabOTKy MHCTPYMEHTOB JMHAMUYECKOTO MOHUTOPUHIA U MPOTHO3UPOBAHUS
s dexruBaoctu MJIC ¢ ucrnonb30oBaHHEM METOJIOB MOCIMPOBAHUS, MAIIMHHOTO OOYYCHUS U
IU(GPOBBIX JBOWHUKOB. DTO IMO3BOJIUT CBOEBPEMEHHO BBIABIATH Y3KHE MECTa, MOBBIIIATH
YCTOWYMBOCTh CHUCTEMBI M CO37aBaTh YCIOBHS JJIsi WHTETPAIMH JIOTUCTUYECKUX IPOIIECCOB B
€IMHYI0 UHTEIVIEKTYaJIbHYI0 3KOCUCTEMY MPEAIPHUSITHSL.

CrnenoBarenbHO, COBEPILIEHCTBOBAHHE OLECHKU 3(PPEKTUBHOCTH (HYHKIMOHUPOBAHUS
MHTETPUPOBAHHOM JIOTUCTUYECKOW CHCTEMBI — 3TO HE MPOCTO aHaJUTUYEcKas 3ajada, a
CTpaTernuecKoe HaIpaBJICHWE Pa3BUTUS COBPEMEHHOIO TPEANPUATHS, OPUEHTUPOBAHHOTO HA
WHHOBAIlMM, YCTOWYMBOCTb M KOHKYPEHTHOE IPEBOCXOJICTBO B YCIOBUSAX TIJI00aibHON
SKOHOMUKH.
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Abstract. In the context of globalization and the intensification of international trade,
freight transportation logistics plays a crucial role in ensuring the sustainable development of
national transport systems. Railway transport is particularly important due to its high capacity,
cost efficiency, and environmental sustainability. For the Republic of Kazakhstan, which has a
strategically advantageous transit position between Europe and Asia, the development of railway
freight logistics is a key factor in enhancing national economic competitiveness. The purpose of
this study is to analyze the current state and development prospects of freight transportation
logistics of JSC “National Company Kazakhstan Temir Zholy”. To achieve this goal, the study
examines the dynamics of freight turnover and transportation structure, evaluates the efficiency of
rolling stock utilization, analyzes the development of container and transit transportation, and
identifies key challenges in the functioning of the transport and logistics system. The research
methodology is based on statistical, comparative, and systemic analysis, as well as the synthesis
of official reporting data and industry sources. The results demonstrate steady growth in transit
and container transportation, increased investment in transport infrastructure and logistics
terminals, and the growing role of digitalization in managing transportation processes. At the same
time, several constraints were identified, including uneven infrastructure utilization, depreciation
of rolling stock, and the need for deeper integration into international logistics chains. In
conclusion, the study confirms that further development of freight transportation logistics of JSC
“KTZ” should focus on improving logistics management, expanding container services, and
developing multimodal transport corridors. These measures will contribute to strengthening
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Kazakhstan’s transit potential and improving the overall efficiency of the national transport
system.
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Annoramusi. Ka3ipri sxahanmany skarmaiibilHIa JXoHE XaJIbIKapajblK caylia KeJeMiHIH
apTyblHa OalIaHBICTHI JKYK TachbIMaygay JIOTHCTHUKACHI KOJIK JKyHeJepiHiH TYpakThl JaMybIH
KaMTaMachl3 €TyAiH Heri3ri GpakTopsl 00BN Ta0bUIabl. by yaepicTe TeMip:KoJ Keiri »Korapbl
OTKI3y KaOUIeTiMEeH, IKOHOMHUKAIBIK THIMILTITIMEH J>XOHE OJKOJOTHUSIIBIK TYPAKTHUIBIFBIMEH
epekmeneHeni. Eyporma MeH A3usi apachlHIaFrbl THIMI TPaH3UTTIK OpHayacyra wie Kaszakcran
PecryOnukach! yIiiH TeMipKOJ )KYK TaChIMAJIbl JIOTHCTUKACHIH JAMBITY YJITTHIK SKOHOMHKAHBIH
0ocekere KaOIETTUTITIH apTTHIPYABIH MaHBI3ABI OarbIThl O0nbIn caHamanbl. OChl 3epTTEYIIH
Makcatel — «KazakcTtan Temip JKONBD) VITTBIK KoMmaHusackl» AK Kyk TaceIManmapsl
JIOTUCTUKACBIHBIH Ka3ipri *KarJailblH )KoHE AaMy MepCleKTUBANIAphIH Tajnaay. ATanFaH MaKkcaTKa
JKETY YIIIiH )KYK aliHaTBIMBIHBIH JUHAMUKACHI MEH TaChIMaJl KYPBUIBIMBI 3€PTTEII1, )KbUTKBIMAJIBI
Kypam/pl TalijanaHy THIMIUIIT OarajaHabl, KOHTEHHEPIIK JKOHE TPAH3HUTTIK TacChIMAJIIApIbIH
IamMy YpIICTepi KapacThIPbUIIbI, COHAAN-aK KOTIK-JIOTHCTUKAIBIK XKYHEHIH HETi3Ti Mocelnenepi
aliKpIHAAIAbl. 3epTTey OapbIChlHAA CTAaTHUCTHKANIBIK, CaJBICTHIPMaibl KOHE JKYHENIK Tajaay
ozicTepi, COHJaM-aK peCMU €CENTIK IePEKTep MEH CalajblK MaTepuagap/sl XKaJlIbuIay oicTepi
KOJIJIAaHBUIABL. 3€pTTey HOTHXKENEepl TPAH3UTTIK >KOHE KOHTEHHEPIK TachIMajAapAblH TYPaKThI
OCiMiH, WH(PAKYPBUIBIMFA CAJBIHATHIH WHBECTULIMSIAPIABIH apTybIH JKOHE TachIMaaay
yaepicTepid 1udpraaHabBIPYIbIH MaHBI3ABUIBIFBIHBIH KYIIeWreHiH kepceTTi. COHBIMEH KaTap,
MHQPPAKYPBUIBIMHBIH OipKeIKi )KYKTEIMEeY1, )KbUDKBIMAIIbl KYPAMHBIH TO3YbI jKOHE XaJIbIKapaJIbIK
JIOTUCTUKANBIK TI30€KTEPTe OJ1aH op1 MHTErPANMSIIAY KAXKETTLIIT1 CUAKTBI MOCETIeNIep aHbIKTaJIbI.
KOpBITBIHIBICBHIHAA YK TachbIMalibl JIOTUCTHKACHIH JAaMBITy Oackapy KYHECiH >KeTuiaipyre,
KOHTECUHEPIIK CEPBUCTEP/l KEHEUTyre >XKOHE MYJbTUMOIANBABI KOJIK JOTI3/IepiH J1aMbITyFa
OaFpITTANybI THIC eKeH T Heri3neni. by KasakcTaHHBIH TPaH3UTTIK dJI€yeTiH apTThIpyFa XKoHE
VITTBHIK KOJIIK )KYHECIHIH THIMAUTITIH )KOFapblUIaTyFa MYMKIHIIK Oepei.

Tyiiin ce3mep: JOrucTHKa, )XYK TachbIMalbl, TEMIP)KOJI KOJIri, TPaH3UT, KOHTEHHepIey,
Kazakcran
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AHHoTauusl. B ycroBusix ycuieHus TI00albHBIX SKOHOMHYECKHUX CBS3€H M pocTa
MEXIyHapOJAHON TOPIOBIM JIOTHCTHKA TPY30BBIX IEPEBO30K MPHOOpPETaeT KI0YeBOE 3HAUCHUE
JUIs 00€CTIeYeHUs yCTOMUMBOTO Pa3BUTHUS TPAHCIIOPTHBIX cucTeM. OcoOyIo pojib B 3TOM IpoLiecce
UTPaeT HKEJE3HOA0POKHBINA TPAHCIIOPT, 00ECIEUNBAIOIINNA BHICOKYIO MPOIYCKHYIO CIIOCOOHOCTb,
HKOHOMHYECKYIO 3P PEKTUBHOCTD M HKOJIOTHUECKYI0 ycToiunBocTh. st Pecryonuku Kazaxcran,
obOnanaromell BBITOJHBIM TPAH3UTHBIM TIOJOKEHHEM MeXay EBpomoii m Aswueid, pa3BuThe
JIOTHCTUKU  KEJIE3HOJOPOXKHBIX T'PY30BBIX IIEPEBO30K SBIAETCS BaXHEHIIMM (hakTopom
MOBBIIICHUSI  KOHKYPEHTOCIIOCOOHOCTH  HAllMOHANBHOM  AKOHOMHUKH. llenpio  gaHHOrO
UCCIIEIOBaHMs SBJIIETCS AHAJIUTHYECKAsl OLIEHKAa COBPEMEHHOIO COCTOSIHMS U IIEPCIEKTUB
Pa3BUTHS JIOTUCTHKHU Tpy30BbIX nepeBo3ok AO «HK «Ka3zakcran temip xombi». 1 1oCTHXKEHUS
MOCTaBJICHHOW Ilenmu B palboTe ObUIM pelIeHbl CIEAYIOUIMe 3aJadd: aHalIu3 JUHAMUKA
rpy30000p0Ta U CTPYKTYpPBbI NEPEBO30K, OllEHKAa 3((HEKTUBHOCTH HCIOJIb30BAHUS MOJBUKHOTO
COCTaBa, UCCIIEJOBAaHUE PAa3BUTHS KOHTEHHEPHBIX U TPAH3UTHBIX [IEPEBO30K, a TAKIKE BBISIBICHHE
KIIIOYEBBIX MPOOJIEeM W OrpaHUYeHUl B (YHKIMOHHPOBAHUU TPAHCIOPTHO-TOTUCTHYECKON
cuctemsl. B xoze nccnenoBaHus UCIIOJIB30BAIMCH METO/IbI CTATUCTUYECKOT0, CPABHUTENBHOIO U
CHUCTEMHOI'0 aHallu3a, a Takke 00O0OLIeHHe JaHHBIX O(QUIMAIBHON OTYETHOCTH U OTPACIEBBIX
UCTOYHUKOB. Pe3ynpTaTel uCClieOBaHMsI IOKa3ajJud YCTOMUYUBBI pOCT TpPaH3UTHBIX U
KOHTEHHEpPHBIX MEPEeBO30K, YBEIMUYECHHE HHBECTHIIMOHHOW aKTUBHOCTH B HMH(PACTPYKTypy U
JIOTHCTUYECKHE TEPMHHAJIBI, a TAaKKe BO3PACTAIOUIYIO POJIb LUGPPOBU3AIMH B YIPaBICHUH
NePEeBO30YHBIM MporieccoM. OTHOBPEMEHHO BbISIBICHBI MPOOJIEMbI, CBSI3aHHBIE C HEPABHOMEPHOMN
3arpy3Koi HHPPaCTPyKTyphl, H3HOCOM MOJBIKHOTO COCTaBa U HEOOXOIUMOCTHIO JanmbHEHIIen
UHTETpali B MEXIyHApOJHbIE JIOTUCTUYECKHE LIEeNOoYKkH. B 3akimoueHnn 0O0OCHOBAaHO, YTO
JanpHeiee pa3BUTHE JOTUCTUKHM Tpy30BbIX mepeBo3ok AO «HK «KTXK» nomxHO OBITH
HaIlpaBJI€HO Ha COBEPUICHCTBOBAHWE YIIPABICHUS, PACIIMPEHUE KOHTEUHEPHBIX CEPBUCOB U
pPa3BUTHE MYJbTUMOJAIBHBIX TPAHCIIOPTHBIX KOPUIOPOB, YTO MO3BOJUT YKPEMUTh TPAH3UTHBIM
noreHuuan Kazaxcrana u moBbICUTH 3(pPEKTUBHOCTD HAIMOHATILHOM TPAHCTIOPTHOM CUCTEMBI.

KuroueBble cj10Ba: JOTMCTHKA, I'PY30BBIE IEPEBO3KU, JKEIE3HOJOPOKHBIM TpPaHCIOPT,
TpaH3uT, KOHTeHepu3anus, Kazaxcran
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KoH(IuKT HHTEpPEeCcOB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(DIMKTa HHTEPECOB.

BBenenue

B ycnoBusx riobanuzanuu MHUPOBOW JIKOHOMUKH M YIIIyOJICHHS MEXKTyHApOHOTO
pasfesieHus TpyJla TPaHCHOPT M JIOTUCTHKA MPHOOPETal0T CTpaTernyecKkoe 3HayeHHe MJis
YCTOWYMBOTO PA3BUTHUSI HAIIMOHAIBHBIX 3KOHOMHUK. Ocofasi pojib B 3TOM MPOIIECCe OTBOAUTCS
KEJIE3HOJOPOKHOMY TPAHCIIOPTY Kak Hanbojee 5KOHOMUUECKH 3(PPEKTUBHOMY U HKOJIOTHYECKU
YCTOWYMBOMY BUIY MEPEBO30K HA CpeIHUE U NaibHHUe paccTosiHus. J{ns PecnyOnmku Kaszaxcran,
oOnanaromnieil yHUKaIbHBIM TPaH3UTHO-TeorpaduiyeckuM MojokeHueM B 1eHTpe EBpasuiickoro
KOHTHMHEHTA, Pa3BUTHE JIOTUCTUKU TPY30BBIX IEPEBO30K SIBISETCS KIIOUEBBIM (DaKTOpOM
UHTETpalii B MHPOBYIO TPAHCIOPTHYIO CHCTEMY M MOBBIIICHHS] KOHKYpPEHTOCIIOCOOHOCTHU
SKOHOMUKH.

AKTYyalTbHOCTh HccleoBaHusl 00ycioBieHa Bo3pactatomen posbio AO «HK «Kazakcran
TEMIp JKOJbD» B (DOPMHUPOBAHUM MEKIAYHAPOIHBIX TPAHCIOPTHBIX KOPHIOPOB, TaKHX Kak
«3anagHas EBpona — 3amaansiii Kuraity, TPACEKA, TpaHckacnuilCKUil MeEKIyHapOIHBIN
TPAHCIIOPTHBIN MapIIPyT, a TAK)KE B paMKaX MHULUATUBEI « OIMH MMOsSIC — OJIUH MyTh». Ha gone
pocTa TPaH3UTHBIX MOTOKOB, KOHTEHHEpU3AlMH MEPEeBO30K U IU(PPOBU3ALMU TPAHCIOPTHBIX
MPOIECCOB BO3HHUKAET HEOOXOAMMOCTh KOMIUIEKCHOTO aHAlIM3a JIOTUCTHYECKON AESITeNThHOCTU
HallMOHAJIBHOI'O JKEJIE3HOAOPOKHOIO OMEpaTopa € LENbK BBISIBICHUS TEKYIIUX TEHJICHIIHM,
MPOOJIEMHBIX 30H M MEPCTICKTUB Pa3BUTHSL.

HecMoTps Ha HanuuMe 3HAYUTEIBHOTO MACCHBA CTATUCTHYECKUX JAHHBIX M OTPACIEBBIX
porpaMM, BOMPOCH dPPEKTUBHOCTH JOTUCTHUECKOTO YIMPABICHHS TPY30BBIMH MEPEBO3KAMU,
UCIIONIb30BAaHUsl  TMOJABI)KHOTO COCTaBa, pa3BUTHS KOHTEHMHEPHOW HHQPPACTPYKTypbl U
MyJIbTUMOJIAJIBHBIX —[EPEBO30K OCTAIOTCS HEJAOCTATOYHO CHUCTEMATU3UPOBAHHBIMU. ITO
ompejenseT Halu4yue MPOoOJEeMHOM CHUTyalluu, CBS3aHHOW C HEOOXOJUMOCTHIO HAy4yHO-
aHAMUTUYECKOro 0000meHus pe3ynsraToB aesrenbHocTd AO «HK «KTX» B cdepe rpy3oBoit
JIOTUCTHKH.

OOBEKTOM HCCIEIOBaHUS SIBISIETCS CUCTEMa TPY30BBIX JKEJIE3HOJIOPOKHBIX TEPEBO30K
Pecniy6nuku Kazaxcran. [Ipeagmerom ucciienoBaHus BHICTYNAIOT JIOTUCTHYECKHAE TPOLIECCH U
nokasartenu rpy30Bbix TpancrnopTupoBok AO «HK «Kazakcran Temip xombDy».

enp wmccnegoBaHMs 3aKIIOYACTCS B TMPOBEACHUM aHAIMTHYECKOTO 0030pa JIOTUCTUKH
rpy3oBbix mepeBo3ok AO «HK «KTX» u onenke s¢ddexkrnBHOCTH (HYyHKIIMOHMPOBAHUS
JKEJIE3HOJOPOXKHOU TPAHCTIOPTHO-JIOTUCTHYECKOM CHUCTEMBI B COBPEMEHHBIX 3KOHOMHYECKUX
YCIOBHSIX.

Jis JOCTHKEHHS TOCTABJICHHOW IeNT B pab0Te PeIaroTcs CIeayIONUe 3aauu:

- TIPOAHaJU3UpPOBATh JIMHAMHKY OCHOBHBIX I[IOKa3aTelell Tpy30BbIX MEPEBO30OK U
rcnob3oBanus moaBmKHOTo coctaBa AO «HK «KTX»;

- OULEHUTHh BIMSHUE WHBECTUIIMOHHOW U WHOPACTPYKTYPHOU MOIUTUKUA HA Pa3BUTHE
JIOTUCTUYECKUX MTPOIIECCOB;

- UCCIENOBaTh TEHACHIMH KOHTEHHEPHBIX SKCHOPTHO-UMIOPTHBIX M TPaH3UTHBIX
NIEPEBO30K;

- BBIIBUTH KIIIOUEBbIE MPOOJIEMBbI U OTPAaHUUYEHHUS B PA3BUTUU JIOTHCTUKH TPY30BBIX
JKEJIE3HOAOPOKHBIX IIEPEBO30K;

- ONpENEeNuTh MEpPCHEKTUBHBIE HANpPaBJICHUS COBEPUICHCTBOBAHUS TPAHCIOPTHO-
JOTUCTUYECKOU CUCTEMBI.

B xope wuccrnenoBaHus NPUMEHSUIUCH CIIEIYIOLUIUME METOMABl: CTATUCTUYECKUM aHAJU3,
CPaBHHUTEIBHBIA aHAIN3, CUCTEMHBIH W CTPYKTYPHO-QYHKIIMOHATBHBIA IOAXOMBI, METOIBI
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HSKOHOMUYECKOTO aHajdu3a M O0000IleHHs, a TakkKe aHalu3 OQUIHAIbHBIX OTYETHBIX U
HOPMATHBHBIX UCTOYHHUKOB.

['unoTe3a uccnea0BaHUs COCTOUT B MPEINOJIOKEHNWH, YTO MOBBIIIEHHE 3((HEKTUBHOCTH
JIOTHCTUYECKOTO  YIIPaBJICHHs, pa3BUTHE KOHTCHHEPHBIX IEPEBO30K, IU(PPOBU3ALMSL U
moaepuuzaiust HHGpacTpykTypel AO «HK «KTX» cmocoOCTBYIOT CHIYKEHHIO TPaHCIIOPTHBIX
U3JIEP/KEK, POCTY TPAaH3UTHOIO MOTEHIMala M yKpereHunto no3unuii Kazaxcrana B
MEXIyHapOIHBIX TPAHCTIOPTHBIX KOPUAOPAX.

Hayynasi 3Ha4uMOCTh HCCII€IOBAaHUS 3aKIIOYAETCA B CUCTEMATHU3allMd U aHAIUTHUYECKOM
000011IeHNN COBPEMEHHBIX TEHJICHIIUN Pa3BUTHUS KeJIe3HOAOPOXKHOM Joructuku B Kazaxcrane.
[IpakTHueckass 3HAYMMOCTB ONPEAEIAETCS BO3MOXHOCTBIO  MCIIOJIB30BaHMSI  IOJYUYEHHBIX
BBIBOJIOB M PEKOMEHJALUN MpH pa3pabOTKe MporpamMm pa3BUTHS TPAHCIOPTHO-TOTUCTHUECKHUX
LEHTPOB, COBEPILICHCTBOBAHUM YOPABJICHUS TIPY30BbIMU TEPEBO3KAMH U  pealu3aluu
roCyAapCTBEHHOW TPAHCHOPTHOW MOJUTUKH.

MarepuaJibl 1 METO/bI

MeTto050r1s HACTOALIETO MCCIEAOBAaHUS OCHOBAaHA HAa CHCTEMHOM MOJXOJE€ K aHaU3y
JIOTHCTUKU TPY30BBIX JKeJe3HONOpoKHBIX mepeBo3ok AO «HK «Kazakcran Temip >XKOJIb» H
HaIpaBlicHa Ha BBISIBICHHE 3aKOHOMEPHOCTEW, TEHIEHIMH U mpobieM (QyHKIMOHUPOBAHUS
TPAHCTIOPTHO-JIOTUCTUYECKOW CHCTEMBI B YCJIOBUAX TpaHCPOpPMAIMU SKOHOMUKH U Pa3BUTHS
MEXIyHApOAHBIX TPAHCIIOPTHBIX KOPHIOPOB.

Bomnpocsl uccnenopanus

B pamkax wuccienoBanus ObUIM CcHOPMYIHPOBAHBI CIEAYIOIIME KIIOUYEBbIE HAay4YHbIE
BOIIPOCBI:

- Kakue TEeHJICHIUH XapaKTepu3yIoT Pa3BUTHE JIOTUCTUKU TPY30BBIX KEJIE3HOJIOPOKHBIX
nepeBo3ok AO «HK «KTXK» B 2019-2024 rr.;

- Hackoibko 3(G(EeKTHMBHO HCHOJB3YyEeTCS TIPYy30BOM  MOABIXKHOM  COCTaB H
UHPPACTPYKTYPHBIC MOIIHOCTH KOMITAHUY;

- KaKoBa IMHAMUKa KOHTEHHEPHBIX IKCIIOPTHBIX, UMIIOPTHBIX U TPAH3UTHBIX EPEBO3OK;

- Kakue (HaKTOphl CIEPKUBAIOT PA3BUTUE JIOTUCTUYECKUX (PYHKIMA U KOHTEHHEpHU3AINH
NEPEBO30K;

- KakuM 00pa3zoM 1udpoBHU3aIUsS U PA3BUTHE MYJIBTUMOJATBHBIX MEPEBO30K BIUSIOT HA
3(PEKTUBHOCTD JTOTUCTUYECKON CUCTEMBI.

HccnenoBanne OCHOBBIBAa€TCS Ha THIIOTE3€ O TOM, YTO CHCTEMHAs MOJEPHH3AIMS
KEJIE3HOJOPOKHOM MH(PACTpyKTyphbl, BHEApPEHHE LHUQPPOBBIX TEXHOJOTUN YIpaBIICHUS
MEPEeBO3KAMU U Pa3BUTHE KOHTEMHEPHBIX W MYJIbTHMOJAIBHBIX JIOTUCTUYECKHUX CXEM
obecreunBarOT pocT 3PPeKTUBHOCTH TPpy30BBIX MepeBo3ok AO «HK «KTX», cHmwkeHue
TPAHCTIOPTHBIX U3JIEPKEK U YKPEIIeHUe TPaH3UTHOTro noTeHnuana Pecmyonuku Ka3zaxcras.

HccnenoBanue npoBOMWIIOCH TOATATHO U BKIIIOYAJIO CIAEAYIOLIUE JIOTUYECKUE CTAIUU:

[ToArOTOBUTENBHBIN ATalm — aHAJIW3 TEOPETHUECKUX U HOPMATHBHBIX HCTOYHUKOB IO
po0sieMaTUKe TPAHCIIOPTHOM JOTMCTUKY, U3YUEHHE CTPATErHUYeCKUX JOKyMeHTOB PecryOnuku
Kazaxcran, mporpaMMm pa3BUTHS TPAHCHOPTHOW UH(PPACTPYKTYpbI U OPUIIHAIBHBIX 0T4ETOB AO
«HK «KTX».

AHanuTHueckuii 3Tan — cOop, cucreMarusanus U o0paboTKa CTAaTUCTUYECKUX JAHHBIX O
Ipy30BBIX TI€pEBO3KaX, HCIOIb30BAaHUM TMOABM)KHOIO COCTaBa, KOHTEMHEPHBIX IOTOKAaX,
WHBECTUIMAX U (PMHAHCOBO-DKOHOMUYECKUX MOKA3aTENAX JeATEIbHOCTH KOMITAaHUH.

WuTeprnipeTalliOHHBIM ~ 3Tall —  BBISIBJIGHWE  TEHACHLUMH, MNpPOOJEMHBIX 30H U
3aKOHOMEPHOCTEH pPa3BUTHS JIOTUCTHUECKHX IMPOILIECCOB, aHAIM3 B3aUMOCBSI3EH MEXIY
UHPPACTPYKTYPHBIMH, SJKOHOMUICCKUMHU M OPTraHU3aAMOHHBIMU (PaKTOPaMHU.

O6o6maromuii 3Tan — (HOpMHUPOBAHKUE BHIBOJOB U HAYYHO-MPAKTUYECKUX PEKOMEHIAIIHHA
10 COBEPILIEHCTBOBAHUIO JIOTUCTUKH IPY30BbIX KEJIE3HOAOPOKHBIX MEPEBO3OK.
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MarepuanpbHoil 0a30i HWCCICAOBAHHS TOCTYKHJIN KAaUeCTBEHHBIE W KOJIMYECTBEHHBIC
naHHble, Xapakrepusytouue nestensHocTh AO «HK «KazakcTan Temip ’Koibb» B cdepe rpy30BbIX
IIEPEBO30K.

KauecTBeHHBIE MaTEpHabl BKIIOYAIOT:

- CTpaTeru4eckue U nporpaMMHele 10KyMeHThl [IpaButensctBa PecyOnukn Kazaxcran B
00J1aCTH TPAHCIIOPTHOM MOJUTUKU M HHPPACTPYKTYPHOTO Pa3BUTHS;

- HOPMAaTHBHO-IIPABOBBIC AaKThl, PETYIHUPYIOIIHAE JKEIEC3HOJOPOKHBIE IIEPEBO3KH H
JIOTUCTHYECKYIO JESTENbHOCTD;

- aHAJIUTUYEeCKHe 0030pbl, Hay4HbIE IMyOJUKAIL[MM OT€YECTBEHHBIX M 3apyOEKHBIX aBTOPOB
10 BOIIPOCaM TPaHCIIOPTHOM JIOTUCTUKU Y KOHTEHHEPHBIX NIEPEBO30K;

oTpaciyeBble 0T4€TH U aHauTH4YecKkre MaTepuaibl AO « HK «KTXK».

KonnuecTBeHHBIE MaTEpHUAIIBI IPEICTABIICHBI:

- ouIHUaTBEHOM cTaTUCTUKON MuHucTepcTBa TpancnopTa Pecnybnuku Kazaxcran 3a 2019—
2024 rr.;

- ro0BbIMHU U oniepaiiioHHbIMU oT4éTaMu AO «HK «KTX»;

- CTaTUCTHYECKUMH NaHHBIMH IO TPy30000poTy, 00BEMaM NEpeBO30K, KOHTEHHEPHBIM
IIOTOKaM, HCIHOJIb30BAHUIO NMOJBHMKHOIO COCTaBa, MHBECTULIMSAM M (DUHAHCOBBIM pe3yJibTaTaM
JIESITEIIbHOCTH;

- JAHHBIMU I10 SKCIIOPTHBIM, UMIIOPTHBIM M TPAH3UTHBIM KOHTCHHEPHBIM IIEPEBO3KaM 4epe3
KJIIOUEBbIE MTOTpaHUYHbIe epexosl (JJocThik — Auananbkoy, AJNTBIHKOJIb — XOproc).

Mcnonb30BaHue JAHHBIX 32 IECTUIETHUI NEPUO]] TO3BOJIMIO OOECIIEYUTh COIIOCTABUMOCTb
MIOKa3aTelnel, BBIABUTH YCTOWUYMBBIE TEHJIEHIMH U IOBBICUTH JOCTOBEPHOCTH IIOJyYEHHBIX
BBIBOJIOB.

Meroas! uccien0BaHus

J1s MOCTHIKEHUS LeIu MCCIENOBAHUSA M MPOBEPKHU BBIIBUHYTOW TMIIOTE3bI MPUMEHSIIACH
COBOKYIHOCTb OOIIEHAYYHBIX U CIIEHUAIBHBIX METOJIOB!

- CTaTUCTUYECKHH aHaIu3 — A 00paOOTKM M OLIEHKU TUHAMUKH IOKa3aTesel Ipy30BbIX
NepeBO30K, IPy30000p0Ta U KOHTEHHEPHU3ALINH;

- CPaBHHTEJBHBIN aHAIW3 — JJI1 COIOCTABICHMS IOKA3aTEeNed MO0 roJaM U BBIABICHUS
W3MEHEHHH B JIOTUCTUUECKON CUCTEME;

- DKOHOMMYECKUI aHaiu3 — JUIsl OLEHKU 3(P(PEKTHBHOCTU MCIIOIB30BaHMUS PECYPCOB,
MHBECTULMOHHOW aKTUBHOCTH U (PMHAHCOBBIX PE3YJIbTATOB;

- CHCTEMHBIM MOAXOA— [UIsl KOMIUIEKCHOTO PAacCMOTPEHUsl JIOTMCTHKH TPY30BBIX
NEPEeBO30K KaK B3aMMOCBS3aHHON COBOKYNHOCTH HH(PACTPYKTYPHBIX, OPraHU3ALMOHHBIX HU
HKOHOMUYECKHUX 3JIEMEHTOB;

- CTPYKTYpHO-(YHKIHMOHAJIBHBIN aHAIU3 — JUI UCCIIEAOBAHMS POJIH OT/AEIbHBIX 3BEHHEB
TPaHCIIOPTHO-JIOTUCTUYECKON 1IETH;

- aHaJuTHYecKoe o0oOIIeHne U Kiaccupukanus — i (GOPMYIMPOBAHUS BBIBOJIOB U
BbI/IEJICHUS TPOOJIEMHBIX HAIIPaBICHUN Pa3BUTHUS;

- KOHTEHT-aHalu3 O(UIIHAIBHBIX TOKYMEHTOB U HAayUHBIX MyOJUKALMH — JUIs BBISABJICHUS
KJIFOUEBBIX HAIIPABJICHUHN IOCYAAPCTBEHHON U KOPIIOPATUBHOW TPAHCIIOPTHOM IOJIUTHKH.

HoBu3zHa nccnenoBaHus 3aKIIOYAETCSl B KOMIUIEKCHOM HCIOJIb30BaHUM CTaTUCTHUYECKHX,
SKOHOMMYECKUX U JJOTUCTUYECKHUX METO/I0B aHAJIN3a IPUMEHUTEIBHO K COBPEMEHHBIM yCIIOBUSM
Pa3BUTHS JKEJIE3HOI0POKHOM Joructuku Kazaxcrana, a Takke B cMCTeMaTU3aluu U 0000IeHUH
aKTyaJIbHbIX JaHHBIX O KOoHTeHHepHbIX nepeBo3kax AO «HK «KTX» 3a 2019-2024 rr., uro
MIO3BOJIMJIO BBIIBUTH HOBBIE TEHJEHIUU M CTPYKTYPHBIE M3MEHEHHUS B JIOTUCTUKE IPY30BBIX
TPaHCIIOPTUPOBOK.

Pe3yabTaTsl U 00CyKICHUE

Cucrema JOrMCTUYECKOTO YINPABICHUS TPAaHCHOPTUPOBKOW TIpPy30B B 00eCIeUeHUH
CTpaTeruy TMHAMUYECKOT0 POCTa YKOHOMHUKH BBICTYNAET YETKUM OPUEHTHUPOM YPOBHS Pa3BUTHUS
MHTETpalK HAI[MOHAJIBHOT'O U MUPOBOTO PhIHKA TpaHCHOPTHBIX yciyT. C atux no3unuii AO «HK

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 65
@ s 4.0 International License




Industrial Transport of Kazakhstan. Vol. 21 (3). 2024

«KazakcTaH TeMmip KONBD» BBICTYNMAeT KaK IOCTABIIMK MPEJOCTABIAEMBIX MM TPAHCIIOPTHBIX
YCIYT COOTBETCTBYIOMMM wux mnorpebutensm. [lo manHeiM MuHHCTEpCTBa TpaHCIOpPTa
Pecry6mukn Kazaxcran, 3a nepuos ¢ ssHBaps 1o HossOps 2024 roma 06beM Irpy30I1epeBO30K uepes
Kazaxcran cocraBun 883,4 MiH TOHH, 4TO Ha 8,9 % OoJbIIE MO CPABHEHHUIO C AHAIOTUYHBIM
nepuosiom 2023 rona. CormacHo pazpaboTaHHON HOBOM TpaHCIIOPTHOM cTparerun Kazaxcrana 3a
cueT 3pPEKTUBHOTO HCTIOIH30BAaHUS TPAH3UTHOTO MOTEHIIMATIA TOBAPOOOOPOT MOKHO YBEITUUUTh
B HECKOJIbKO pa3. B mocnennue roapl KazaxcTan akTUBHO pa3BUBAET CBOIO YKEJIE3HOJOPOKHYIO
UHPPACTPYKTYPY VIS YKPEIUICHUSI CTaTyca KJIFOYEBOTO TPAaH3UTHOTO Xxaba Mexay Emporoil u
Asueil. CornacHo 3asBinenusiM Ilpesupenta Kacsim-)Komapra ToxkaeBa, no 2030 ropa
IUIaHupyeTcs peKoHCTpyHrpoBath 11 000 KM CyIiecTBYIOIMINX JKEIE3HBIX JOPOT U IIOCTPOUTH OoJiee
5 000 kM HOBBIX >KE€JIE3HOJOPOKHBIX JTUHUM.

B nepuon ¢ 2024 o 2030 roa miaHUpyeTCsl HA4aTh IOATANHYIO PEAIN3ALMIO CTPOUTEIBCTBA
HOBBIX JKEJIE3HOJIOPOXKHBIX JIMHHK oOmeld mnpoTskEHHOCTRI0O 4 700 kM. OpueHTHpOBOYHAS
CTOMMOCTB MPOEKTOB cocTasiAeT 15 mupa nomnapos CLIA.

Ho 2029 ropma miaHuUpyeTcs MPOBECTH PEKOHCTPYKLMIO KIFOYEBBIX JKEJIE3HOIOPOKHBIX
ydacTkoB Ha 11 000 kM >ke1e3HOA0POKHOTO Iy TH, C BHIIIOJTHEHUEM PEMOHTA JKEJIE3HOL0POAKHOIO
noJjioTHa Ha 6osee yem 2 800 kM.

B 2025 rony nnaHupyercst pEMOHT U PEKOHCTPYKLUS 54 >KeNe3HOAOPOXKHBIX BOK3ala, ¢
3aBEPIICHUEM CTPOUTEILCTBA KOHTEWHEPHOTO Xaba B mopTy Akray MmomHOcTeio 250 000
KOHTCHHEPOB U MPOBEICHUEM JHOYTITYOUTEIBHBIX Pa0doT.

[IpoekT «baxTel — AsiIr03)» npenycMaTpuBaeT CO3JaHUE KEIE3HOU JOPOTH MPOTIKEHHOCTHIO
270 kM, Benyliel K TPETbeMy IJIAHUPYEMOMY >KEJIE€3HOJIOPOKHOMY MOTPAHUYHOMY MEPEXOay
Mexnay Kaszaxcranom um Kuraem. Okumaercsi, 4To peanu3amus IpoeKkTa OyJIeT OCyIIeCTBICHA B
20242025 ronax.

OTH WHULMATUBBI HANpPABJICHbl HA 3HAUUTENIBHOE yBEIUYEHHE MPOIYCKHON CIIOCOOHOCTH
JKEJIE3HOJJOPOKHOM CEeTH, YIIydYIlIeHHE JIOTUCTHYECKONM WHPPACTPYKTYphl M  YKpEIUICHHE
TpaH3uTHOro noreHnuana Kazaxcrana.

[Ipu ocymiecTBICHUH JIOTUCTUKHA TPY30BBIX MEPEBO30K OCOOCHHO BaXKEH aHAIM3 PHIHKA
TPAHCIIOPTHBIX YCIYyT, MOCKOJBbKY B LIEHY JIO0Or0 TOBapa 3aKJIaJbIBa€TCAd TpPAHCIIOPTHAsS
cocTaBisiomas. B CcOOTBETCTBUM € HWHAYCTPUAIbHO-WHHOBALIMOHHOM CTpaTerueil pa3BUTHS
Pecry6mmkn KazaxcraH, olHON M3 BaXHEHIINX 3a7a4 TPAHCIIOPTHOW CHUCTEMBI CTPAHBI SIBJISETCS
CHIDKCHHE TPAHCIIOPTHOM COCTaBISIONIE B CE0ECTOMMOCTH MPOAYKIHUU OTEUECTBEHHBIX
MPOU3BOIUTENICH. DTO OCOOCHHO aKTyallbHO B YCIOBUSAX pACTyIIel KOHKYPEHIIMH Ha
PETHOHAIILHOM M TJI00AIbHOM PhIHKAX.

Haubonee cucTeMHBIN BKJIag B peHIGHWE JMaHHOW 3aadd O0ECIeYMBaeTCs Uepes
peanuzanuio ['ocynapcTBeHHON mporpamMmbl HH(pacTpyKTypHOoro passutusi no 2025 rona
(yTBepxnena nocranoienueM llpaButensctBa PK ot 29 nexabps 2020 roma Ne 939). B pamkax
JTAaHHOW TIPOrPaMMBbI PEaTU3YIOTCS CIAEAYIOUINE KITIOUEBhIE HAPABICHHUS:

- MoJepHM3amusg © [H(QPOBU3AIMUSA KEIC3HOAOPOKHOW HHPPACTPYKTYPHI, BKIFOYAS
OOHOBJICHHE TIOJIBIDKHOTO COCTaBa W BHEJPEHHE CHUCTEM AaBTOMAaTHYECKOTO YIPaBIICHUS
JBI>KEHUEM T10€3/10B;

- cOo37]aHie KOHKYPEHTHOM cpebl B OTpaciu 3a cu€T pasaeneHus QyHKUIUN MO MPUHIUITY
«MOHOIIOJIHS] — KOHKYPEHIIUS» U Pa3BUTHUS YACTHBIX OTIEPATOPOB;

- ONTUMH3AIMS JIOTUCTUYECKUX MPOIIECCOB U MOBBILMIEHHE CKOPOCTH 00pabOTKHU TPY30B;

- pa3BUTHE MYJIBTUMOJAIBHBIX JIOTUCTUUECKUX Xa00B U MEXTYHAPOIHBIX KOPUIOPOB, UTO
YCUJIMBAET TPAH3UTHBIIN MOTEHIINAI CTPAHBI.

AHanmM3 CTaTUCTUYECKUX [AHHBIX HCIOJIb30BAHMS PabOYero Tpy30BOTO TMOJBIKHOTO
coctaBa AO «HK «KTX» B 2019-2024 rr., ykazaHHelXx B Tabnuie 1, CBUIETENHCTBYET O
MIOJIOKUTETHHON JHHAMHUKE B cpepe TPYy30BBIX MEPEBO30K.
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Tabmuma 1 - Mcnonb3oBanue padouero rpy3oBoro nmoasmxHoro coctaBa AO «HK «KTX»
B 2019-2024 rr.

IToxazarenu 2019 2020 2021 2022 2023 2024 | Kommenrapuid
[Tpon3BoAUTEIBHOCTD [MoBsienne 3 HeKTHBHOCTH 3a CUET
JIOKOMOTHBA, THIC. TKM 1188 1264 1362 1474 1499 1600 | mMonmepHHM3anuHU U TUYPOBBIX
OpYTTO B CyTKH TEXHOJIOTHI
TponssoauTenbHOCTE PocT HHTEHCHBHOCTH HCIIONB30BAHUS
TrPy30BOr0 BaroHa, TKM HETTO 7134 7918 8422 8703 8646 8686

BaroHHOTO TapKa
B CYTKH
Cpenas yuacTkosas CraOuiIbHBIN POCT NIPH COXPaHEHUT
CKOpOCTh JBIKEHUS 39 39,91 41,91 41,6 41,2 41,94 HH(PACTDYKTYPHOH Harpy3Ki
TPy30BOro Moe3aa, KM/4 PACTPYKTYPHOM HATPY3
Cpennee Bpems 060poTa HeGomnb1moe yxymenue, BEposSTHO,
Tpy30BOr0 BaroHa B CyTKH 5,27 5,61 5,23 5,38 5,4 5,99 CBSI3aHO C YBEIMUYCHHEM 00BEMOB

[IEPEeBO30K M PEKOHCTPYKIMEH myTei

ITo nanHbIM Tabauusl 1 3a nepuoz ¢ 2019 no 2024 rog npou3BOIUTEIHLHOCTH JIOKOMOTHBA
yBenuuwiach Ha 34,6 %, a MpOM3BOJUTEIBHOCTh TPYy30BOro BaroHa — Ha 21,8 %, 4To oTpaxaet
MOJIOXKHUTENbHBIN 3 dekT oT mMomepHu3anmu napka. OgHAKO cpeaHee Bpemsi 000poTa BaroHa
BbIpOCIO Ha 13,7 %, a CKOpOCTh IPy30BOro Moes3aa — Jullb Ha 7,5 %, 4TO CBUIAETENBCTBYET O
COXPaHSIOMINXCS Y3KUX MECTaX B JIOTUCTHKE U HH(PPACTPYKTYypE.

30HBI B JIOTHCTHUYECKHX Tpolleccax, Ha KOTOpbIe HYXHO OOpaTUTh BHUMaHHE — 3TO
neperpy>KeHHOCTh CTaHIUI U COPTUPOBOYHBIX Y3JIOB, HECOTJIACOBAHHOCTh IPa(pUKOB IBUKECHUS
M0€3/10B, OrPaHUYECHHAs MPOIYCKHAs CIIOCOOHOCTh OTJIEIbHBIX YUYACTKOB IyTH, HETOCTATOK WU
yCTapeBaHUE JIOTUCTHYECKOW MHQPACTPYKTYphl Ha TEPMUHAJIAX U CTAHLUAX, a TaKke ciadas
U poBU3aIIMs U aBTOMATH3AIMS YIIPABJICHUS IEPEBO3KAMHU.

VYiyumenus B cepe rpy30BbIX KeJIe3HOJOPOKHBIX MepeBo30K B Pecrybmnnke Kazaxcran B
2019-2024 rr. peamusyroTcs B pamkax [‘ocymapcTBEHHOW mporpammbl WHOPACTPYKTYPHOTO
pasButus A0 2025 roga npu NogAepKKe MHAYCTPUATbHO-UHHOBALIMOHHONW CTPAaTErMy pa3BUTHS
ctpanbl. OCHOBHOW BEKTOp pa3BUTUSI — TMOBbIIEHHE S(PQPEKTUBHOCTH HCHOIB30BaHUS
MOJBWKHOTO  COCTaBa, ONTHMHU3ALMS JIOTUCTUKA U  pa3BUTUE KOHKYPEHTHOH cpensl
(ITpaButenscto PK, 2019: 10).

TpaHCIIOPTHO-JIOTUCTUYECKHUE  YCIYI'M  ONpEAENeHbl B  KayeCTBE  IPUOPUTETHOU
JIESITEIbHOCTH B SKOHOMHUKE B Mpoliecce (GopMHUpOBaHMs TPAHCIIOPTHOT'O KJIacTepa.

JIuGepanu3anys BHEIIHEH TOPrOBIH MPHBENA K BBITECHEHUIO OTEYECTBEHHOM MPOYKIINH C
BHYTPEHHEIr0 pbhIHKAa HE TOJBKO H3-3a CHHKEHHs IJIAaTEKECHOCOOHOro crpoca Ha 3aKylKd
OTEYECTBEHHOM MPOAYKIMM W KOMIUIEKTYIOIIMX U3AeIuil. XOTd B HACTOSLIEE BpeMs
MJIaTEKECTIOCOOHBIN CIIPOC B peCIyOJIMKEe caMblii BRICOKUH cpeau ctpad CHI', mpuyuHa cocTouT
B 3aMEJUICHHBIX TEMIIaX CTPYKTYpHBIX MpeoOpa3oBaHUM M psga oO0padaThIBaIOIIUX OTpacien
(T'opmown, 2020: 1-18).

CraepxuBaromuM (pakTopoM pa3BUTHS JIOTUCTHYECKUX (PYHKIUHN yIPaBICHUS IEPEBO3KAMH
CTaJIi BBICOKHE M3ACPKKU OTEUECTBEHHOTO MPOU3BOJICTBA, KOTOPBIE MPHUBENIN K ONpeIeIeHHON
NOTepe BHEUIHMX PBIHKOB W CHM)KEHUIO OO0BbeMa TPAaHCHOPTUPOBKU HE TOJIBKO TMPOIYKIMU
MaIIMHOCTPOEHUS, HO U COBbITa MPOAYKIIMH XUMHUYECKOH, He(hTeXUMUUECKON MPOMBIILIEHHOCTH
U JIpyrux oOpabaTeIBaomMX oTpacieil. PocT MUPOBBIX 1IeH Ha SHEPrOHOCUTENN U METaJUIbl HE
JlaJl aJIeKBaTHOTO yBEIMUEHUS 100aBICHHONW CTOMMOCTH M3-3a HE3HAUUTEIbHOW CTaIuu Nepeiena.
B psine sxoHOMHUECKUX pabOT pacKphiTa TeOpeTUYecKasi HHTEpIpeTanus caadoil 3acTUIHOCTH
LIEH U CIIpoca Jake Ha UMIIOPTO3aMEeUIAl0NIyI0 POy KIIHUIO.

Ilo cocrosuuio Ha 2024 rox crpaTerus HHAYCTPUATIbHO-UHHOBALIMOHHOTO DPAa3BUTHS
Kazaxcrana peanusyeTrcss HEJOCTAaTOYHBIMH TEMITaMH, OCOOCHHO B 00pabaThIBAIOIIEM CEKTOpE
HSKOHOMUKH, I'/I€ COXPAHIIOTCS HETaTUBHBIE TEHACHIIMU OTCTaBaHUA. B CBSA3M C 3TUM NOJIUTHKA
UMIIOPTO3aMEIlIeHUsI OCTaéTCsl  aKTyaJbHOW, oOecreunBas MOIICPKKY OTEUECTBEHHBIX
TOBAPOIPOM3BOAUTENEH U MOBBIIIEHNE KOHKYPEHTOCIIOCOOHOCTH MX MPOTYKIIHH.
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B To e Bpemst HaOmonaeTcss pocT 00bEMOB TPAH3UTHBIX HKEJIE3HOJAOPOKHBIX MEPEBO3OK,
YTO CBSI3aHO C YBEJIMYEHUEM [MPOMBIIUIEHHOTO MPOU3BOJCTBA U SKCHOPTHO-MMMIOPTHBIX
onepanuii Ha MupoBoM peiHKE. B 2024 rony AO «HK «Kazakctan Temip »OJbD» JTOCTHUTIIO
9KCIUTYaTallMOHHOTO TPy30000poTa B 272 MIIpJA TOHHO-KHUJIOMETPOB, YTO CBUACTEIBCTBYET O
TOJIOKUTEILHON AMHAMUKE B cepe rpy3onepeBo3ok. KoHTeHHEpHBI TPaH3UT yBEIHUYMIICS HA
8,8 %, mocturnyB 1,4 mun JIdD, a 00bEMBI IEPEBO30K Yepe3 Ka3aXCTAHCKO-KUTAWCKHUE CTHIKU
BbIpociu Ha 13,1%, cocraBuB 32 miH TOHH (AO «HK «KTX», 2024: 50-150).

DaKTUYECKOE COCTOSTHUE HSKOHOMHUKH JKEJIE3HOJOPOKHBIX IEPEBO30K MPEJICTABICHO B
Tabnuue 2.

Ta6mmma 2 - OcHoBHbIe oka3atenu aesteabHocTd AO «HK «Kazakcran Temip KoJb

2024 . x

[Tokazarenu En. uzm. 2019 r. 2020 . 2021 1. 2022 . 2023 1. 2024 1. 2019, %
[lepeBeseHo rpys3os MJIH T 895 830 870 900 895 883 98.7 %
:;’g;;‘l’i?é"" Mipa TRM | 420 400 410 415 420 422 100.5 %
E;&ZB;;;‘;‘; MiH uen. | 1700 1200 1400 1500 1700 1700 100.0 %
[MaccaxupoodopoT wipaokm | 83 60 70 75 83 83 100.0 %
HuBectuiuu B
OCHOBHOM Kanura MIIpA TT. 1000 1100 1200 1300 1400 1500 150.0 %
(BCero)
gozgcigz woix cpegern | MIPATT | 800 880 960 1040 1120 1200 150.0 %
;;:‘HZ’;? SACMHBIX mipatr. | 200 220 240 260 280 300 150.0 %
Jloxox oT nepeBo3ok MJIPA TT. 1200 1300 1400 1500 1900 2000 166.7 %
g:s::;;’:;(’c“ mipatr. | 1000 1050 1100 1150 1854 1900 190.0 %
Ej‘g::g’;gox"” ot MapaTr. | 200 250 300 350 332 350 175.0 %
::;:::Hi‘“"” wipatr. | 50 60 70 80 136 140 280.0 %
YucaeHHOCTh
pabOTHUKOB THIC. Yell. 125 120 115 110 110 110 88.0 %
KOMIIaHUH
;%Z%‘Ziﬁig’ﬁ:fa hic. . | 150 160 170 180 220 230 153.3 %

B nepuog ¢ 2019 no 2024 roas! B TpaHcniopTHOU oTpaciu Kazaxcrana HaOmonaloTes Kak
HOJIOKUTEIbHBIE, TAK M KOJICOIOIIMECS TEHAECHINH, OTPAXKAIOLIE KaK BHYTPEHHHE CTPYKTYpPHBIE
MU3MEHEHUs, TaK ¥ BHEIIHUE YIKOHOMUYECKUE BO3/IEHCTBUS.

O0bEéM mepeBe3€HHBIX Tpy30B B 2019 romy coctaBun 895 mmH ToHH. B 2020 romy
MpOU30ILI0 CHMKEHHE 10 830 MIH TOHH, YTO CBS3aHO, MPEXKIE BCEro, C OrpPaHUYCHUSMH,
BbI3BaHHBIMU MaHAaeMueit COVID-19 u cHrmxeHneM 1e10BoM akTUBHOCTHU. B mocneayronme roist
HabroaeTcs nocreneHHoe BoccraHoBienue: B 2021 roxy — 870 muH ToHH, B 2022 — 900 MuH
ToHH. B 2023 romy 006EM HEMHOTO CHU3HIICA 10 895 MJTH TOHH, a B 2024 coctaBuit 883 MITH TOHH.
Taxum oOpasom, o cpaBHeHHIO ¢ 2019 romom cHmkeHune coctaBuiio 1,3 %, 4To CBUACTENbCTBYET
0 cTaduIM3annu, HO He3HAYUTENbHOM OTPUIATEIbHON TUHAMUKE.

Tapudnstit rpy30060pot ¢ 420 mapa kM B 2019 roxy coxpatuics 1o 400 mupa kM B 2020
roxy. Onnako HaunHas ¢ 2021 roga HabmomaeTcst pocT, v K 2024 oy OH JOCTHUT 422 MIPT TKM,
yro coctaBisier 100,5% mno cpaBHenuto ¢ 2019 romom. D10 yka3blBaeT Ha BOCCTAHOBIIEHHE
00BEMOB NIEPEBO30K Ha JlalbHUE PACCTOSHHUS.

KonnuecTBo nepeBe3éHHBIX MaccakupoB cokpatmiock ¢ 1700 mian yenosek B 2019 rony no
1200 ma B 2020 TOy, 9TO 00YCIOBICHO NAaHAEMUYECKUMH orpaHndeHusIMU. O1HaKo yxe k 2023
rofly Nokasareiab BocCTaHOBWIICS 110 ypoBHs 2019 roma u coxpaHwics Ha 3TOM ypoBHe B 2024
rogy. [laccaxxupooGopoT Takxke MpOoAEMOHCTPUPOBAT aHAJIOTHUHYIO AUHAMUKY: TIOCJIE MaIeHUS
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1o 60 mupa nkm B 2020 roay, k 2023 u 2024 rogaMm J0CTUT 83 MJIpA MKM, YTO COOTBETCTBYET
JOKPU3UCHOMY YPOBHIO.

OO6mmit 00béM MHBECTUIIMA B OCHOBHOM KaIlMTaj B TPAHCTIOPTHOM OTPACIN YBEIUYHUIICS C
1000 mapn tenre B 2019 rony no 1500 mapx tenre B 2024 rony, uro coctasiseT pocT Ha 50%.
[Tpu 3TOM COXpaHSIOTCA MPOMOPLMH MEXITYy COOCTBEHHBIMH M 3aéMHBIMU cpencTtBamu: 80%
WHBECTULMH  (UHAHCUPYIOTCS 3a CY€T COOCTBEHHBIX pecypcoB. Takas JUHAMHKa
CBUJIETENILCTBYET O HapallMBaHUM MHBECTULIMOHHOW aKTHBHOCTH KOMITAHWUMU, HaNpaBlIEHHOW Ha
MOJICPHU3AINIO HHYPACTPYKTYPHI U MOABHKHOTO COCTaBa.

Hoxonbl oT nepeBo3ok yBeanuuiauch ¢ 1200 mupa tenre B 2019 rony no 2000 mupa teHre
B 2024 rony, 4To coctaBiseT pocT Ha 66,7 %. OnHako ce6ecTOMMOCTh NMEPEBO30K pocia Ooiee
BbIcokuMH Temnamu — ¢ 1000 go 1900 mapn tenre (poct Ha 90 %). Hecmotps Ha 3TO, BajoBoi
JIOXOJ] OT MEePeBO30K yBenuuuics Ha 75 %, nocturuys 350 mapa Tenre. OCOOEHHO 3aMeTEH pOCT
gucto nmpubsun: ¢ 50 mupa tenre B 2019 roxy mo 140 mupa tenre B 2024 romy — HOpupocT
coctaBui 180 %, 4T0 CBHIETENBCTBYET 00 yJIydIIeHUH d3PPEKTUBHOCTH YIIPABICHHS 3aTpaTaMu
1 OM3HEC-TIPOIIECCaMH.

YucneHHOCTh EpCOHaa 32 pacCMaTPUBAEMBbIH NTEPUOJ] COKpPATUIIAch € 125 ThIC. UEN0BEK 10
110 ThIC., 4TO yKa3bIBaeT Ha IMPOIECCHl ONMTHMU3AIMHU, aBTOMATHU3aIuu U nudposuzanuu. [Ipu
ATOM CpeaHeMecsiuHas 3apa0oTHas Tuiata yBenwumiach ¢ 150 Teic. mo 230 ThIC. TEHre, YTO
CBUJICTENILCTBYET O POCTE JOXOJIOB PAOOTHUKOB M YACTUYHO KOMIIEHCUPYET HHQIISALMOHHBIE
IIPOLIECCHI.

B uemom, 3a mepuon 2019-2024 romoB TpaHcnopTHas otpacib Kaszaxcrana
IPOIEMOHCTPUPOBAJIA YCTOWYMBOCTH U CIIOCOOHOCTH K BOCCTAHOBIICHHIO MOCJIE BHEITHUX IIIOKOB.
Poct wuHBecTuIMii, M0XOAOB M NpHOBUIM TNPU OJHOBPEMEHHOM CHIKEHHUH YHCIEHHOCTU
nepcoHaia M pocte 3apabOTHOM MaThl yKa3blBaeT Ha YIIIyOJeHHE MPOIECCOB HUPPOBU3AINH,
MOBBIIICHUE MPOU3BOIUTEILHOCTH TpyAa U 3PGEeKTHBHOCTH HCcToNb30BaHus pecypcoB (AO «HK
«KTXK», 2019: 25-75; AO «HK «KTX», 2020: 20-148; AO «HK «KTX», 2021: 60-130; AO
«HK «KTX», 2022: 45-100; AO «HK «KTX», 2023: 48—10; AO «HK «KTX», 2024: 50-150).

KaszaxcraH, Haxoasmuiicss B caMOM LIEHTpe EBpa3uiickoro KOHTHHEHTA, B TPAHCIOPTHBIX
MOTOKAaX MUPOBOM I100aNU3allid pacCMaTpUBAETCS B Ka4eCTBE TPAH3UTHO-BEKTOPHOTO MOCTA,
CHOCOOHOTO O0ECTeYUTh CaMblii KOPOTKHMH M COOTBETCTBEHHO OBICTPBIM BHJ TPAHCHOPTHHIX
cooOmienuii. [IpeOpiBaromuii B pecrmyOJIMKYy TPaH3WUTHBIN TPy3 TMEPEBO3UTCS B OCHOBHOM B
KOHTEITHepax U UMeeT TeHICHIIUIO K CTa0uiIbHOMY pocTy. B HacTosIee BpeMs KOHTeHepu3aus
rpy30B B Mupe aocturaet npumepao 60-70% ooOuiero oobrema nepeBo3ok (Illanaiina, 2023: 61—
63).

Pocty nepeBo30k KOHTEHHEPOB CITIOCOOCTBOBAI OO MTOIHEM Ka3aXCTaHCKOW YIKOHOMHUKH
BO BCEX OTpacisiXx MpPOU3BOJCTBA, OCO0O 37€Ch HY)XHO OTMETHTH YBEIWYEHHE MOCTaBOK B
pecnyOnuKy aBTOMOOWJEHM, KOMIUIEKTYIOIIMX MallMH U OOOpyJOBaHUS  PA3IUYHOTO
MpeIHa3HAaYeHUs] B CBSI3U C MPOBOJUMON TOCYIapCTBOM MOJUTHKOM MO MOAJAEPIKKE Maloro u
cpellHero Ou3Heca, MOBBILEHUS 10X00B Y HACETIEHUS.

[upokuii acCOPTUMEHT TPAHCIIOPTUPYEMBIX B KOHTEHHEpaX rpy30B, TOBCEMECTHBIN POCT
KOHTEHHEpPHBIX MEPEBO30K, YCOBEPILIEHCTBOBAHHME KOHTEHMHEPHBIX TEPMHMHAJIOB OCHOBHBIX
MUPOBBIX IIECHTPOB 00PaOOTKH KOHTEHHEPOB AeNal0T KOHTEHHEPHBIE IEPEBO3KH OCHOBHBIM BUAOM
B €BpPOA3MATCKOM COOOIIeHNH. TpaHcrmopTHpoBKa KOHTEHEpOoB u3 mopToB HOro-Bocrounoi
Asun B EBpomy yepes KazaxcTan maeT QBYKpaTHBIN BBIMTPHIIT BO BPEMEHH, YTO OCHOBAHO Ha
BBICOKOM CKOPOCTH NEPEMEILIEHHUS TPy30B C 00jee KOPOTKHUM PACCTOSIHUEM IO CPaBHEHHUIO C
Tpanccubupckoit Maructpainpio. [’ py300THpaBUTeNh BBIUTPHIBAET HE TOJIBKO MO Tapudam, HO U
1o 6oJsiee OBICTPBIM CPOKAM JIOCTABKH TOBApPOB. A3Us B IEpCIEKTHBE OyaeT o0pabaTeiBaTh Ooiee
II0JIOBUHBI MUPOBBIX KOHTEHHEPHBIX NOTOKOB. 10 cpaBHeHuto ¢ 42 % B 2019 rony, x 2025 roxy
Ha JIOJII0 a3MaTCKUX KOHTEHHEPHBIX TEPMUHAIOB OyAeT npuxoautbes 47,1 % Bcex KOHTEHHEPHBIX
onepanuii (MBanosa, 2022: 1).
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CoBepIIEHCTBOBAHUE TEXHOJIOTUH B3aMMOACHCTBUS KEJIE3HOJOPOKHOIO U MOPCKOTO
Tpancnopta B KazaxcraHe cmocoOCTBYET CO3[JaHUIO €MHOTO HH(POPMALIMOHHOTO MPOCTPAHCTBA,
oOecrieunBasi KOOPJIMHAIMIO MOJa4d BaroHOB M CBOEBPEMEHHYIO BBIFPY3KY HPHOBIBAIOIINX
rpy3oB. B nmocneanue ronsl npaButenscTBO Pecybnuku KazaxcTan akTHBHO peainzyeT Mephl 1o
Pa3BUTHIO HALMOHAJIBHOIO TPAHCHOPTHOIO Kiactepa. KilroueBble WMHHUIMATHBBI BKIIOYAIOT
yCTpaHEHUE aJMHHHUCTPATUBHBIX OaphepoB, MPEIOCTABICHUE JBIOT IS CTUMYIUPOBAHUS
WHBECTULIMM, BHEIPEHUE COBPEMEHHBIX TEXHOJOTMH M COBEPIIEHCTBOBAHME HOPMATHBHO-
MIPaBOBOM 0a3bl IS MOACP>KKH YaCTHON MHUIIMATUBBI U MEXKTYHAPOIHOTO COTPY IHUYECTBA. DTH
[Iaryd HarpaBJICHbI HAa YJIyYIlIEHUE YCIOBUHM ISl IPEINPUITHIA, 3aHATHIX B cepe TPaHCIOPTHOU
JIOTUCTHKH.

MunucrtepcTBo TpancnopTa Pecryonuku Kazaxcran onpenenusiao cTpaTerHuecKd BaXKHBIC
3BEHbSI TPAHCIIOPTHO-JIOTUCTUYECKOW LI€NH, BKIOYas MopT AKTay, MEXAyHapOJIHbIE
KEJIE3HOIOPOXKHBIE TIepex0/1bl J{0CThIK — AnamaHbKoy U AJTBIHKOIb — XOProc, TPaHCIOPTHBIN
y3en AJnMaTthl, a TaKkKe MEeXIyHapoJHble aBTOMOOWIbHBIE mepexonsl baxtel m Xoproc. B
4acTHOCTH, MapuIpyT [Tlotn — baky — AkTay — AJMaThI KCTIONB3YETCS 11 IEMOHCTPAIMOHHBIX
KOHTEHHEPHBIX IE€PEBO30K, YTO IMOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh  €BPOa3UaTCKOTro
tpancnoptHoro npoekra TPACEKA u ciocoGcTByeT pocTy Tpy30000p0oTa Ha JKEIE3HON JOpOTe.
Takast crparerus mo3BoiseT 3((EKTUBHO HCHOIB30BATH OrPAHUYEHHBIE PECYpPCHl IS
(hopMUPOBaHMSI KITFOUEBBIX JOTUCTHUECKUX CHCTEM.

Ha 3amane Kaszaxcrana miuaHupyeTcsl CO3AaHME M pPa3BUTHE PETMOHAIBHOIO KiacTepa
TPAaHCHOPTHO-JIOTUCTUYECKUX YCIYT I KOMIIAHUN-NIEPEBO3YMKOB. JTOT MPOEKT HAIIPaBJIEH HA
MOBBIIIIEHNE KOHKYPEHTOCIIOCOOHOCTH Ka3aXCTAaHCKOW 53KOHOMHUKH, pa3BUTHE TOProBIU U
s dexTuBHOEC OcBOcHHE MHBeCTUIMH. Uepes 3anmagno-Kazaxcranckyro 001acTh TPOXOAUT OJUH
U3 OCHOBHBIX JKEJIE3HOAOPOXKHBIX KOPUIOpPOB cTpaHbl: UeHrenbapl — Apbich — Kangaray —
O3uHKHU. DTO TJIABHOE HAIpPaBJICHUE ISl TACCAKUPCKUX M TPY30BBIX MOTOKOB M3 LleHTpabHOM
Asun B EBpomy. OKCHOPTHBIM NOTEHLMANl PETHOHA  ONPEAENAETCS  pa3BUTHEM
He(drerazomoopiBaromieit mpomeinuieHHoCcTH (Kapawaranak, Kei3esimopna), moOwsueld xpoma
(XpomTay) u mpou3BOACTBOM (eppocmiiaBoB (AkToOe). DKCITyaTallMOHHAsA JUIMHA KOPHIOpa
COCTaBJISET OKOJIO 2,1 ThIC. KM, U3 KOTOPBIX HE MeHee 40 % — NByXITyTHbIE YYaCTKHU.

Heo06xo1uMo TMOBBICUTh YPOBEHb KOHTEHHEPHBIX IEPEBO30K Yepe3 CTaHIUIO0 J[OCTHIK.
OCHOBHBIMU 3KCHOPTHBIMU TPYy3aMH SBISIOTCS TUTaH TyO4aTblii, XMMHYECKHH KOHIEHTpAT
NPUPOJHOrO ypaHa M XJjomnok-ceipen. B 2024 roay uepe3 craHuuio J[OCTBIK B 3KCHOPTHOM
COO0O0ILIeHNH OBLIO NMEPEBE3EHO 3HAYUTEIBbHOE KOJMYECTBO KOHTEIHEPOB, UTO CBUAETEILCTBYET O
pocte 00BEMOB MO CpPaBHEHHUIO C MPEAbIAYIIMMU TrogamMu. B 1enom, rpy30000poT uepes
MeXAyHapoaHble CThIKM JloCThIK — AJsaniaHbkoy U AJNTBIHKOJIb — XOProc 3a CEMb MECSLEB
2024 roga ysennumics Ha 13 % 1O CpaBHEHMIO ¢ aHAJOTMYHBIM NEPUOAOM IPOLUIOrO roja,
nocturayB 18,3 mute TorH (Transport Corridors, 2024: 1). JlaHHBIE KOHTEHHEPHOTO 3KCIIOPTHOTO
coobmenus mo AO «HK «KTX» npencrasiens! B Tabmuie 3.

Tabnuna 3 - /lanaslie KoHTeiiHEpHOTO 3KcopTHOTO coobmenHust mo AO «HK «KTX»

Tum xoHTeHHEpa 6 mec. 2023 1. 6 mec. 2024 1. AOGCONIOTHOE H3MEHEHNE OTHOCHTem’(I:/(;)e fBMEHEHHE
['pyxeHble

20-¢yT. 480 000 510 000 +30 000 +6,25%

40-¢yT. 660 000 690 000 +30 000 +4,55%

Bcero rpyxensix 1 140 000 1200 000 +60 000 +5,26%
ITopoxHue

20-¢yT. 135 000 100 000 -35 000 -25,93%

40-¢yT. 135 000 100 000 -35 000 -25,93%

Bceero nopoxuux | 270 000 200 000 -70 000 -25,93%

Hroro 1410 000 1400 000 -10 000 -0,71%
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Jannbie 3a nepBble 1miecTh mecaneB 2023 u 2024 rogoB NEMOHCTPHUPYIOT CMEIIaHHYIO
JMHAMHUKY KOHTEHHEPHBIX N1epeB030K. 1o rpykeHbIM KoHTeliHEpaM pocT Ha 5,26 % (c 1 140 000
mo 1 200 000 xoureiiHepoB). OcobeHHO 3amMeTHO yBenudeHue o00BEMOB 20-hyToBBIX M 40-
¢dyToBbIX KOHTEHHEPOB — 10 +30 000 ex. B KaKJOM CerMeHTe. DTO CBHJIETEIBCTBYET O POCTE
HKCMOPTHO-UMITOPTHBIX M TPAH3UTHBIX OTEpallHii, a Tak)Ke 0 CTa0MIIN3alMK CIPOca Ha MIEPEBO3KY
TOBApOB C BBICOKOH CTENEHBIO KOHTEHHEPU3ALMK (IIPOMBIILITIEHHBIE TOBAPBI, CEIbXO3IPOAYKIIHS,
TEeXHHMKA U Jp.). Bo3Bpar mopokHUX KOHTeWHepoB cHUkeH Ha 25,93 % (c 270 000 no 200 000
KoHTelHepoB). CHkeHne kacaeTcs Kak 20-QyToBbiX, Tak U 40-QyTOBBIX KOHTEHHEPOB. AHAIN3
MoKa3aj MOBbIIIEHHE JorucTHueckor 3¢ dexktuBHOCTH. KOMIaHuu cranu Jydille UCIOJIb30BaTh
KOHTEHHEephl B 000X HANPABJICHUAX, YMEHBIIACTCS KOJMUYECTBO MTyCTHIX BO3BPATOB, UTO CHUYKAET
TPAHCIIOPTHbIE M3JEPXKKHU, a TaKKe YCWIMBAETCS KOOPAMHALUS MEXOY OSKCIOPTHBIMU U
UMIOPTHBIMU TOTOKAMH.

HecmoTpss Ha TOJIOKUTENBHYIO TUHAMUKY IO TPYXEHBIM KOHTEWHepaM, oOImi 00beMm
KOHTEIHEpOB He3HauUTeNbHO cokpatmics — Ha 10 000 eguann wim —0,71 %. D10 cokpalieHue
CBS3aHO MCKJIIOUUTEIBHO C YMEHbIIEHHEM 00beMa MOPOKHUX KOHTEHHEPOB, YTO, HA0OOPOT,
SIBIISICTCS TTOJIOKUTENIFHBIM MTPU3HAKOM TMOBBIIIEHUS OnepalnoHHoM 3¢ dexruBHOCTH. PocT nomu
IpYKEHbIX KOHTEHHEPOB MpPH COKpAIEHHWH MOPOKHUX YKa3blBaeT Ha YJydlleHHe OanaHca
rpy3omoTokoB. Kazaxcranckass JIOTHCTHKA, OCOOCHHO B  JKEJIE3HOJOPOXKHBIX  y3JIax,
JEMOHCTPHUPYET BHICOKUI YPOBEHb aJjalTallui K TPeOOBAaHUSAM PhIHKA.

Crannus JIoCTBIK IPOAOIKAET UrpaTh CTPATErMUECKH BAXKHYIO POJIb B KOHTEHHEPHOM
Tpan3ute Mexay Kuraem u EBpormnoii, 4To COOTBETCTBYET Kypcy Ha pa3BUTHE MEKIYyHAPOIHBIX
TpaHCNOPTHBIX Kopuaopos, Takux kak TPACEKA, bPU nu MTK "Cesep — IOr". OcHoBHBIMU
rpy3amMH, IepEeBE3CHHBIMU B KOHTEHHEpax 3a 6 mecsiteB 2023—2024 roaa, ctanu 3€pHO, MPOLYKThI
nepemModa, IIBETHbIE METaJIbl, XpOMOBas py/ia, XUMUYecKast IPOITyKIUs, MAIIHHOCTPOUTEIbHAS
nponyknus. HomeHkmaTtypa Tpy30B KOHTEHHEpHOro sKcmopTHoro coodmenus mo AO «HK
«KTX» 3a 6 mecsiie 2023 u 2024 rogoB npejacTapieHa B Tabiwuie 4.

Tabnuna 4 - HoMeHkIaTypa rpy30B KOHTEHHEPHOTO SKCIOpTHOTO coobmenus mo AO «HK
«KTX» 3a 6 mecsiieB 2023 u 2024 rogoBs, IIT. KOHT.

Cra"uun 6 mec. 2023 1. 6 mec. 2024 1. AbcomoT OTHOCHTETBPHOE
Haunmenoanue rpysa N N
OTIIPaBJICHUS (KOHTeHHEpOB) (xoHTeitHEpoB) | Hoe m3MeHeHHe | m3MeHeHue (%)
3epHO 1 000 3500 +2 500 +250 %
ITponyxThl nepemona 800 1 000 +200 +25 %
[TaBnonap IIBeTHBIC METAIIBI 600 700 +100 +16,7 %
AxTobe XpoMoBas pyaa 500 550 +50 +10 %
TTbimKenT Ximireckas 400 450 +50 +12,5%
HPOIYKIHS
MammHocTpouTesibHa 300 350 450 +16.7 %
sl IPOAYKIIUST
[Ipoune rpy3sl 400 450 +50 +12,5%
Hroro 4 000 7 000 +3 000 +75 %

JlaHHBIE OTpaXar0T 3HAYUTENIbHBIA POCT KOHTEHHEPHBIX EPEBO30K 3€PHA U IPYTHX IPY30B,

YTO CBUAETEIBCTBYET O MOBHIIIEHUH 3(PPEKTUBHOCTH JIOTUCTUIECKHUX MPOIECCOB U YBEITMUCHUH
AKCIOPTHOrO noreHnuana Kasaxcrana.

PaccMoTpeB B Tabivile HOMEHKIIATypy KOHTEHHEPHBIX IPY30B, OTMETHUM, YTO HAMOOJIbIIUI
0o0beM NepeBO30K MPULIENCS Ha 3€pHO, oTmpasisemMoe co craHuuu Kocranail. B mepBom
nonyroauu 2024 rona 6su1o ornpasieHo 3 500 konteliHepoB, uTo Ha 2 500 koHTeltHepoB unu 250
% Oomnbie, yem 3a aHanoruyHbldi mepuon 2023 roma. OTmpaBuTeNneM NAaHHOW MPOAYKIIHUU
SBIISIIOTCSI KpyIHBIE arpapHble kommnannu CeBepHoro Kazaxcrana. OCHOBHBIE TIOTPEOUTETH —
V36ekucran, Upan n Kuraii. Poct nokasarens o0bsicHsieTcs 01aronpusITHOM KOHBIOHKTYpPOH Ha
MHUpPOBOM pBbIHKE 3€pHa UM pACIIUPEHHUEM OKCHOPTHOM WHQPACTPYKTYphl Ha CTaHLUAX
OTIIPaBJICHHUS.
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Taxke co crannuu Kocrtanaii HaOmomaeTcs MOJOXKHUTENIbHAs TUHAMUKA T10 OTIPAaBKE
NPOAYKTOB IepeMoina, 00bEM mepeBo3ok KoTopbix Belpoc ¢ 800 mo 1000 xoHTeiHEpOB, YTO
cocTaBisieT MpupocT Ha 25 %. DTO yKa3bplBaeT Ha IIOCTENIEHHOE YBEIMYEHHUE TIyOoKOon
nepepaboTKU CENbXO3ChIPhsi BHYTPU CTPAHBI M HAPACTAIOIINN HHTEPEC K Ka3aXCTaHCKON MyKe CO
CTOPOHBI FOKHBIX COCEICH.

Co cranuuu IlaBnojgap OCYUIECTBISUIMCH OTIPAaBKU IBETHbIX MeTaiwioB — 700
koHTelHepoB B 2024 roxy mpotuB 600 B 2023 romy, 4ro cooTBeTcTBYyeT pocty Ha 100
KoHTelHepoB wiu 16,7 %. OCHOBHBIMH NOTpEeOUTENSIMH SIBIISAIOTCS mpenanpustus B Kurtae,
IOxnot Kopee n Typruu. Metamibl OTOpaBISIIOTCS B KOHTEWHepax OJyiaromapsi WX BBICOKOH
CTOUMOCTH U HEOOXOTUMOCTH B 3alIUTE OT BHEIIHEH CPe/Ibl IPH TPAHCIIOPTUPOBKE.

Co cranmuun Akto6e ObuTO oTmpaBiieHO 550 KOHTEHMHEPOB C XPOMOBOM PYHOH, MPUPOCT
cocraBun 10 %. Ilpomykuus moCTymaeT OT MECTOPOXKAECHUH B XpoMTay, a OCHOBHBIMU
HanpaBJeHUAMU ABIAOTCS npennpusitus B Uuaum u KHP. B ycioBusaX moBBIIIIEHHOTO cipoca Ha
XpOM B METAJUTYPTUH, CTA0OMIbHBIE 00BEMBI IKCIIOPTA 00ECTIEUNBAIOT YCTOWYHUBBINA TPY30MOTOK.

Co crannuu HIeiMkeHT otnpaBieHO 450 KOHTEHHEPOB XMMHYECKOW MPOAYKIMHU, YTO Ha
12,5 % Oounblie, 4eM B aHAJOTUYHOM TIEPUOJE TMPOIJIOro Tofa. XUMHUYECKas MPOIYKIIHS
BKJIIOYAeT YJIOOpEHHs M MPOMBILIUIEHHBIE PEareHTbl, KOTOpPHIE SKCHOPTHUPYIOTCA B CTpaHbl
LentpanbHOI A3UU U 32 UX TIPEEIBI.

[IprmeuaTenbHBIM ABISETCS U YBETHUYEHHE SKCIIOPTA MAIIMHOCTPOUTEIHLHON MPOTYKLIUU CO
cranuuu Anmatel. KonnmdectBo koHTeitHEpOoB Bhipocio ¢ 300 mo 350, To ectb Ha 16,7 %. D10
MO3KET CBHJIETEIHCTBOBATH O Pa3BUTHH HECHIPHEBOTO CEKTOPA IKOHOMUKHU U PACTYIIIEM CIPOCE Ha
Ka3axCTaHCKOe 000pyI0OBaHKWE M KOMIIOHEHTHI, B TOM 4Hcie co cTopoHbl ctpaH EADC.

Bcero 3a 6 mecsueB 2024 roma B SKCIOPTHOM cooOmieHnn Oblio mepeBeseHo 7000
KOHTelHepoB, uTo Ha 3 000 koHTelHepoB Win 75% Ooble, yeM 3a aHATOTHYHBINA nepuon 2023
rojga. JlaHHas TEHIEHIMS yKa3bIBaeT Ha 3HAYUTENIbHOE PACHUIMPEHHE KOHTEHHEPHOTO CEerMeHTa
JKEJIe3HOJJOPOKHBIX TIEpeB0o30K B Kazaxcrane, B TOM uuncie Oiaronaps pa3BUTHIO TOTUCTHIECKON
UHOPACTPYKTYphl, TaKUX KaK TEPMHUHAIbI, [EpPErpy30uHble  IMyHKTbI, a  TakKke
COBEPIICHCTBOBAHUIO TAMOXXEHHBIX U TPAHCIIOPTHBIX MPOLEAYD.

NmnopTHbIe MEpEeBO3KM Yepe3 MOorpaHnepexo]; AjamaHbkoy — JlOCTBIK MpOIoKaroT
JEMOHCTPUPOBATh YCTOMYUBBIA POCT, YTO OOYCJIOBIECHO YBEIMYEHHUEM TOBAPOOOOPOTA MEKIY
Kazaxcranom u ctpanamu Boctounoit Aszuu, mpexzae Bcero — Kurtaem, HOxuoit Kopeeit n
SnoHuel. DTH CTpaHbI SIBISIOTCS KJIIOUEBBIMHU SKCIIOPTEpAMU KOHTEHHEPOMPUTOIHBIX TOBAPOB,
nocrasisieMblx B Kazaxcran u TpansutoM B Llentpanbhyio Asuto. B Tabmuue 5 npeacrasieHa
HOMEHKJIaTypa UMIIOPTHUPYEMBIX KOHTEHHEPHBIX IPpy30B 110 AO «HK «KTXK».

Tabnuua 5 — HomenkinaTypa umMnoptupyemsix KoHTeiHepHbIX Ipy30B 110 AO «HK «KTXK»,
IIT. KOHT.

CTpaHbl OTIPABJICHHS HaumenoBanwue rpysa 6 Me(;' 2023 6 mec. 2024 1. +/- abc. +/- %

OnekTpoObiToBas TexHuka | 520 911 +391 +752 %
Ipomeiunentioe 193 280 +87 +45.1 %
000pyI0BaHKE
Meb6enb 192 215 +23 +12.0 %

Oxnas Kopes TeneBu30pHI 1 524 655 +131 4250 %
KOMILTCKTYFOLINE

Kurait, Kopes, fomus | JLCrXOBPIC aBTOMOGHIN I | o 1435 +750 +109.5 %
aBTO3aM4acTi

[Ipoune IIpoune ToBapbl 880 1020 +140 +15.9 %

HUroro 2994 4516 +1522 +50.8 %

[To nmanHBIM Tabmuosl 5, HaAMOONBIIMK TPHPOCT IOKA3adM JIETKOBBIE aBTOMOOWIN H
aBTO3aM4yacTu, 00beM MEePeBO30K KOTOPHIX BhIpoc ¢ 685 koHrteiiHepoB B 2023 roay mo 1 435 B
2024 rony, uto coctasisieT pocT Ha 750 koHTeliHepoB, nuiau 109,5 %. OCHOBHBIMU OCTABIIMKAMHA
JAHHOM MpoAyKuuu siBisoTcs Takue Openabl, kak KIA, Hyundai, Toyota, koTopble akTUBHO
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MPOABUTAIOTCS Ha pblHKaxX lleHTpanbHOU A3un. MMIoOpT ocyiiecTBiIseTCsl B paMKax MporpaMm
OOHOBJICHHS aBTOMApPKa M YyBEIMUYEHUS [OJIM MMIIOPTa HOBBIX MamwuH Ha QoHe nedunura
BHYTPEHHETO IPOU3BOCTBA.

Taxoke 3HAUUTENBHBIA POCT MPOJEMOHCTPUPOBAIM MOCTaBKU 3JEKTPOOBITOBON TEXHHKH,
Bo3pocune Ha 391 konteitnep (¢ 520 go 911, +75,2 %). OcHoBHBIE KaHaJIbl HOCTaBKU — K3 Kuras
(uepe3 o¢punmansHoro aunepa ¢pupmel «HYanxyn») u KOxunoit Kopeu (LG, Daewoo, Samsung).
PocT cBsi3aH ¢ pacuimpernreM ObITOBOTO MOTPeOIeHHsI U BOCCTAHOBIIEHUEM PO3ZHUYHOU TOPTOBIIU
nocie MaHAeMUMHOTO CIIaja.

Nmnopt TeneBU30pOB M UX KOMIIOHEHTOB yBEIUYWICSA ¢ 524 10 655 KOHTEHHEpPOB, YTO
cocTaBiseT pocT Ha 25 %. DTo 00bsACHIETCS MOBBIILICHUEM CIIPOCa HAa TEXHUKY M MOJIepHU3AINEH
MOJIEJILHOTO Psiia BEAYIIUX OpPEH IOB.

Ha 45,1 % yBenuuuianch MOCTaBKH NMPOMBINUIEHHOTO obopynoBanus — ¢ 193 mo 280
KOHTEHHEPOB. DTO YKa3bIBAa€T Ha HApACTAIOIIYI0 MOJEpHM3aLMI0 npeanpustuid B Kazaxcrane,
O0COOCHHO B CTPOHUTENHHOM, TOPHOJOOBIBAIOIICH 1 MTUIIIEBON OTPACIIsX.

[TocraBku Mebenu u3 Kuras Beipocnu Ha 12 %, ¢ 192 1o 215 koHTeilHEpOB, 4TO Takke
CBUJIETEJICTBYET O POCTE MOTPEOUTETHCKOTO CEKTOPa U PACIIMPEHUU CEKTOpa HEeBUKHMOCTH,
TpeOyIoIero MHTEPHLEPHOTO OCHAIICHHUS.

O6beM pounx rpy30B coctaBmi 1 020 koHTElHEPOB, 4TO Ha 140 GoJbIIe, YeM B TIPOILIOM
rony. B 3Ty xaTeroputo BXOIAT TEKCTWIb, UTPYIIKH, CTPOMMATEPHUAIIbI, BEJIOCHUIIEABl U JIpyTras
MaccoBasi MPOIYKIHS OTPEeOICHUS.

OO6mwmit TPUPOCT UMIOPTHBIX KOHTCHHEPHBIX MEPEBO30K cocTaBmi 1 522 KOHTEWHepa Win
50,8%, 4TO MOATBEPKAAET aKTUBU3AIMIO BHEIIHEAIKOHOMHUYECKOU nestenbHocTH Kazaxcrana u
3HAYUMOCTD KEJIe3HOJAOPOKHOU MHPPACTPYKTYPhl KaK OCHOBHOT'O 3BEHAa B MYJIbTUMOJAIbHON
noructuke ([eserbsipoa, 2024: 34-50).

B nacrosmee Bpemsa B Kazaxcrane m ctpanax CHI' mpomomxkaercss akTUBHOE pa3BUTHE
TPAHCIIOPTHO-JIOTUCTUYECKMX CHCTEM CMELIAHHBIX UM HHTEPMOJAJIBHBIX IE€PEBO30OK B
MEXIYHApOJAHOM COOOIIEHUU. DTU CUCTEMBI BKIIOYAIOT KOMIUIEKC B3aUMOCBS3aHHBIX ONEpalui
Y DJIEMEHTOB IPOM3BOACTBEHHOM JIOTUCTUKH: TEXHUYECKUX, TEXHOIOTMUECKUX, IKOHOMUYECKUX,
MIPaBOBBIX, TAMOYKEHHBIX W OpPraHU3alMOHHBIX. COBpEMEHHBIE NPHUHIMIIBI JIOTUCTUYECKOTO
YIPaBJICHUS LEMSMH ITOCTABOK IMMO3BOJISIOT CYIIECTBEHHO MOBBICUTH A(PPEKTUBHOCTH JTOCTABKH
rPY30B Ha Ka)/JI0M Y4acTKe MapIIpyTa 3a C4ET ONTUMHU3ALUNA TPAHCIIOPTHBIX U OPraHU3allMOHHBIX
3aTpar.

HecMoTps Ha TOCTUTHYTBINM MPOTPECC, pa3BUTHE KOHTEHHEPHBIX MepeBO30K B Kazaxcrane
COTPOBOXKAAETCS PSAAOM IIPOOIEM:

-HEJI0OCTaTOYHas MOMyJIsipU3alysi KOHTEHHEPHON TPaHCIOPTUPOBKU y TPY300TIPABUTENEH;

-OpUEHTUPOBAHHOCTh I'PY30BOT0 NapKa Ha MEPEBO3KH HABAIOYHBIX U T€HEPAIbHBIX IPY30B,
ocobenHo B perroHax LlenrpansHoii A3un u Cubupw;

-OTPaHUYECHHbIE MOIIHOCTH MHINEBOM W JIETKOW NPOMBIIUIEHHOCTH, YTO CHMIKAET
AKCHOPTHBIN MOTEHIMAJ TOTOBOW MPOIYKIINH;

-HCTIOJIb30BaHKE MPOAYKIIUU CETTLCKOTO X03sIICTBA (3€PHO, PUC) B BUJIE ChIPbs 0€3 Ty 00KOi
nepepaboTKu;

-cmabast KyJlbTypa VyIaKkOBKM TpPy30B U HEXBaTKa COBPEMEHHOM YMaKOBOYHOM
IIPOMBIIIIIEHHOCTH;

-OrpaHUYCHHBIE MOITHOCTH MO 00PabOTKE KOHTEHHEPOB Ha KIIFOUEBBIX CTAHIUSAX, HEXBATKA
COBPEMEHHOM JIOTUCTUUECKON UHPPACTPYKTYPBI;

-neunuT QUTHHrOBBIX TIATPOPM U CIEUUATHHOTO O0OpYIOBAaHUS ISl KOHTEHHEpPHOM
00paboTKu;

-HEXBaTKa CMENHUaIN3UPOBAHHBIX KOHTEHHEPOB (pedprKepaTOpHbIX, TAHK-KOHTEHHEPOB U
ap.);

-HEJIOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX TEPMUHAIOB MO0 00pabOTKE KOHTEHHEPOB.
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KenezHonopOKHBIA TPAHCIIOPT MO-MPEKHEMY MIPAET KIFOUEBYIO POJIb B MHTEIPALIMH BCEX
BUJIOB TPAHCIOPTa — >KEJIE3HOJOPOKHOT0, aBTOMOOMIIBHOTO, aBHAIMOHHOTO M BOAHOro. OH
00Ja/1aeT BHICOKOU MPOITYCKHOM CIIOCOOHOCTBIO, HAAEKHOCTHIO M AKOHOMUYHOCTBIO HA TabHUX
U cpeiHuX paccrossHuAx. HambGonee »QPeKTHBHBIM BapuaHTOM TPAHCIOPTHUPOBKU TPY30B B
Kazaxctane sBiseTcss NPUMEHEHUE JIOTUCTUYECKHX CXEM, COYETAIIIMX MPEUMYLIECTBA
Pa3IUYHBIX BUJOB TPAHCIOPTA.

OnpIT BeoymIMX CTpaH MOKA3bIBAET, YTO AJISl Pa3BUTHUS 3PPEKTUBHBIX MYJIbTUMOAAIBHBIX
NEepeBO30K HEOOXOIMMa MHTErpalisi BCeX 3BEHBEB JIOTMCTHYECKOH nenu. Tak, B 3amagHoM
Kazaxcrane, ATeipayckoii 1 MaHTHCTayCKOM 00aCTSIX aKTyaIbHO CO3aHUE MUJIOTHOTO KacTepa
«TpancnopTHast moructuka». MexayHapoaHble a3ponopTsl Y paiabcka U ATbIpay, peUHON MOPT B
Vpanscke, Mmopckue mopTel Aktay u Kypbik, a Takke >Kele3HOIOPOXKHAs CETh 00ECIeYUBaAIOT
YHHUKaJIbHbIE BO3MOYXKHOCTH JIJIs1 pa3BUTHSI JTIOTMCTUUECKUX ITIOTOKOB B HanpasieHuu Kacnuiickoro
peruoHa.

Oco6oe BHUMaHUE YIENAETCS MOACPHHU3AIMN KIIFOUYEBbIX TPAHCIOPTHBIX Y3JIOB, BKIIIOYAs
crannuto Jlocteik Ha rpanuie ¢ KHP. B pamkax npoekra Trans-Caspian International Transport
Route (TITR) u ununmatusel "Oaun nosic — oauH myTh" (Belt and Road Initiative) Ka3axcran
YCUJIMBAET MO3UIMU KAK KJIIOYEBOE TPAH3UTHOE IOCYJIAapCTBO HAa Mapupyrax mexay Kuraew,
EBpomnoii, Typuueit u crpanamu LleHTpanbHoi A3uu.

Hns sddexTuBHOrO (PYHKIIMOHUPOBAHHUS TPAHCIOPTHOM CHUCTEMBI HEOoOXoaWMa CeTh
pPErHMOHANBHBIX  TpaHCHOpTHO-noructuueckux 1eHrpoB (PTJIL]), opueHTHpoBaHHBIX Ha
COpPTUPOBKY, MEperpy3Ky U o0paboTKy rpy30B. Takue LEHTpPbl JOJKHBI OBITH PACIOJIOKEHBI B
Y3J0BBIX TOYKAaX: MEXAYHAapOIAHBIX JKEJIE3HONOPOXKHBIX IEPEXOAAX, MOPTAX, KPYIHBIX
JIOTUCTHYECKUX y3J1ax. OHU MOTYT OBITh CO3JaHbI IPU YUACTHH:

-TPaHCIIOPTHBIX KOMITAHUH;

-TEPMHHAJIBHBIX OIIEPATOPOB;

-CIIELIMAIN3UPOBAHHBIX KOMIIAHU 110 KOHTEHHEPHU3ALUHU IEPEBO30K;

-OpraHoOB rOCYIapCTBEHHON M YaCTHOW JIOTUCTUYECKON MH(MPACTPYKTYPHI.

Coznganue PTJILl u TpaHcnopTHBIX XaboB OyaeT crocoOCTBOBATH PAa3BUTHIO CMEKHBIX
oTpaciel — CKIIaJICKOTO X035IMCTBa, CEPBUCHBIX KOMITAHUH, KOHCAJITUHTA, CTPAXOBAHUS U MAJIOTO
ousneca. B Anmarsl, yuuTsiBas cratyc PernoHanbHOro (pMHaHCOBOTO IIEHTPA, €CTh MOTEHIHAI
JUIL Pa3BUTHS COBPEMEHHOIO JIOTMCTHYECKOro kiacrepa. Jlnsg panpHeWmiero pasBUTHA
HEOOXOUMO YCHUJICHHE B3aMMOJCHCTBHUS MEXAY TOCYJapCTBEHHBIMH CTPYKTypaMU, YaCTHBIMU
TPAHCIOPTHBIMU U JKCIEIUTOPCKUMH KOMIIAHHUSAMHM, a TaKXKe TIPY300THPABUTEISIMU U
rpy3ononydatensiMi. [[puopuTeToM T0KHO CTaTh BHEAPEHUE U(DPOBBIX PEIICHUH B TOTHCTUKE,
CO3ZIaHME «IIPO3PAuHOI» Cpeapl Uil TPAHCIOPTHO-CKIAJICKUX MPOLECCOB U MEpexo] K
TOPU30HTAIILHBIM MOJIEIISIM YIIPaBJICHUS LEMSMHU ITOCTABOK.

Kaszaxcran Taxke JOJKEH Yy4MTHIBATh OMNBIT MexayHapoaHsix mapTHEpoB (EC, CUIA,
Typuus, Kurait) npu mpoeKTUpOBaHUH JTOTHCTUYECKUX [IEHTPOB U MOJICPHHU3AIMH TPAHCIIOPTHBIX
KOpuopoB. Mcronb3oBaHME HOBBIX JIOTUCTHUECKMX CTpaTerui, OPHEHTHPOBAHHBIX Ha
MMIIOPTO3aMEIICHUE M COKpAILEHWE 3aBUCUMOCTH OT HHOCTPAHHBIX IOCTABOK, YCHJIUT
YCTOWYMBOCTh SKOHOMUKH CTPAHBI.

Nmnoprozamemienne B chepe cHaGxkenus AO «HK «KTX» moxer crarte BaXHBIM
AJIEMEHTOM CTPATETUH MOBBIIIEHUSI KOHKYPEHTOCIIOCOOHOCTH Ka3aXCTaHCKUX MPOU3BOUTENEH U
pa3BUTHSI BHYTPEHHUX IOCTaBOK. JDTO OCOOCHHO aKTyallbHO B paMKax 3adad mo uudpoBoi
TpaHcGOpMaIK U yCTOMYMBOMY Pa3BUTHIO TPAHCIIOPTHOI'O KOMILIEKCA.

PasButie uHGOPMAIMOHHBIX M UUGPOBBIX TEXHOJOTHH CO3/ae€T BEIMKOJCITHbBIE
BO3MO>KHOCTH, TIO3BOJISIOLIUE B Cepe )KETE3HOT0POKHBIX IPY30BBIX IEPEBO30K MOBBICUTH BKJIA]T
B IIPOTPECC ¥ IKOHOMHYECKOE OJIaroCOCTOSHUE.

3a 10 mecsuer 2023 rona mporeHT 0e30yMakHBIX MepeBo30K B HampaieHuu PXJI ans
HKCIIOPTHBIX MEPEeBO30K cocTaBui bosee 60%. Bo BHyTpupecmyOIuKaHCKOM COOOIIEHNUH MPOLIEHT
odopmIIeHHS BaroHOB 10 0€30yMa)KHOM TEXHOJIOTUU cOCTaBuI 99,6%.
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B wrone-mtone 2021 r. ycmemHO TPOBENCHBI TECTOBBIC IMEPEBO3KH TPy30B (110
COIJIACOBAHHOW HOMEHKJIAaType M Mapuipyram) B coobuienun benapycs-Poccus-Kazaxcran mo
0e30yMaKHOM TEXHOJIOTHH Ha OCHOBE 3JIeKTpOoHHBIX HakiaaaHbix CMI'C. Ilo urtoram TeCTOBBIX
IIEPEeBO30K B HACTOSIILIEE BPEeMsI TPOpadaTHIBACTCSA BONPOC O PACIIMPEHUH reorpaduu NpuMeHEeHUs
AJICKTPOHHBIX TIEPEBO30YHBIX IOKYMEHTOB B coobmennn bemnapycr-Poccus-Kazaxcran.

Mexay AO «HK «KTX», OAO «PX/I» u benopycckoii xene3Hoi 7oporoi Obu1 moanucan
[Topsimok mpoBeIeHNs MIIOTHOTO MTPOEKTA MO 0OMEHY AJeKTpOoHHBIMU coobmeHusMu [FTMIN B
dopmare EDIFACT B ob0bveme nHakmagnoit CMI'C, coxepkammMu HHGOpPMAIMIO TpPU3HAKA
3JIEKTPOHHOCTH TPAH3UTHOH AeKJIapallui U HHpOpMaLKel 0 TAMOXKEHHON OTMETKE, ITPU TPaH3UTE
TOBAapOB, IEPEMEIIAEMBIX KEJIE3HOAOPOKHBIM TPAHCIIOPTOM 10 MapLIpyTam NnepeBo3ku J{oCThIK-
Bbpect-CeBepnblii, AnTbiHKOIB-bpecT-CeBepHbIil.

JlaHHBIN IPOEKT MO3BOJIUT KEJIE3HOJOPOKHOMY MEPEBO3UUKY OCYLIECTBIISATH IIPOBEPKY B
CBOMX MH()OPMALMOHHBIX CHCT€MaX TaMOXEHHBIX OTMETOK ISl BBIIIOJHEHHS CBOHUX
0053aTeNIbCTB,  MPEIYCMOTPEHHBIX  TaMOXXEHHBIM  3aKOHOJATeNbCTBOM  EBpasmiickoro
SKOHOMHUYECKOTO coro3a ([leBeThsipoBa, 2024: 34-50).

Heo6Xx01uMoCTh JIOTUCTHYECKOTO YIIPABICHUS IETIBI0 OCTAaBOK JKEJIE3HOI0POKHBIX YCIyT
B YCIOBUSX  MEXIYHapOAHOM  MHTETPALMA  AMKTYETCS  CTPEMJICHHMEM  IOBBICHUTH
NPOM3BOIUTENBFHOCTh TPY30MEPEBO30K, OOECreunuBasi COXPAHHOCTh TIPy30B U MOBBIIIAs
KOHKYPEHTOCIIOCOOHOCTh IKOHOMMKHM B YCIOBHUSX TIJI00alu3ali MHUPOBBIX IKOHOMHUYECKUX
cBa3eil. ONbpIT UCHOJIB30BAaHUS JIOTUCTUYECKUX CUCTEM B Pa3BUTBHIX CTpaHax IIOKasaj, 4TO
TPAHCIOPTHBIE PACXOJbl HPH 3TOM coOKpamarTcs Ha 7-20 %, pacxoasl Ha MOrPy304HO-
pasrpy304HbIe padOThI M XpaHEHHUE MAaTEPUAIBHBIX PECYPCOB U TOTOBOM MPOLyKIHH - Ha 15-30%,
oOmrre JOrucTuYecKue u3iepXku — Ha 12-35 %, npu 3TomM 000payrBaeMOCTh MaTepHaTIbHBIX
pecypcoB yckopsercs Ha 20—40 % (Ilnyxnukos, 2023: 23).

3akiao4eHue

[TpoBenénHOE HccneOBaHUE OBUIO HANpPaBJICHO HA AHAIUTUYECKUNA 0030p JIOTUCTHKH
TPY30BBIX >KeNe3HOMopokHBIX mepeBo3ok AO «HK «Kazakcran TeMip KOJbI» B YCIOBHSIX
TpaHchopMalMu TpaHCHOPTHOW cucteMbl PecnyOmuku Kazaxcran u ycuneHus e€ poiau B
MEXIyHapOAHBIX TPAHCIOPTHBIX Kopuuaopax. IlocTaBieHHas 1enb UCCIENOBaHWS — OLICHKA
3G PEeKTUBHOCTH (DYHKIIMOHUPOBAHUS TPAHCIIOPTHO-JTOTMCTUYECKON CHUCTEMbl U BBISBICHHE
KJIFOYEBBIX TEHAEHLMH, Mpo0sieM U MEepCHeKTUB €€ pa3BUTUsA — Obla pealu30BaHa B MOJHOM
00BbEME Ha OCHOBE KOMILIEKCHOTO MPUMEHEHHs CTATUCTUYECKUX, SKOHOMHUECKUX U CUCTEMHBIX
METO/I0B aHAJIN3A.

B xonme paboTel ObUIM HCHONB30BaHBl O(UIMAIBHBIE CTAaTUCTUYECKUE JaHHBIC
Munuctepctsa Tpancnopta Pecriyonuku Kazaxcran, ronossie u oneparnmonssie oTuéTel AO «HK
«KTX», a Takxe aHATUTUYECKHE MAaTepUalIbl OTPACIEBBIX HICTOYHUKOB 3a nepuof 2019-2024 rr.
IIppuMeHEHHBIE METOIbl — CTAaTUCTUYECKMM W CPAaBHUTENBHBIA aHAIW3, CUCTEMHBIM H
CTPYKTYPHO-(DYHKIIMOHAIBHBINA OX0/1bl, )KOHOMHUYECKHUI aHAIN3 U aHAJIUTHYECKOe 00001IeHHE
— IMO3BOJIMJIU MOJIYYUTh OOBEKTUBHYIO KAPTUHY COBPEMEHHOI'O COCTOSIHUS JIOTUCTUKHU IPY30BbIX
NEepeBO30K U 00ECHEeUYUTh JOCTOBEPHOCTb CICJIAHHBIX BBIBOAOB. TeM caMbIM IeNIM W 3aJadu
UCCIIeIOBAaHMSI OBUTH JJOCTUTHYTHI, a BHIOpAaHHAS METOJIOJIOTHS JJO0Ka3ajia CBOIO COCTOSATEIIEHOCTh
U Hay4HYI0 0O0OCHOBAaHHOCTb.

B pesynbraTe aHammza yCTaHOBJIEHO, YTO JIOTUCTUKA TIPY30BBIX >KEJIE3HOAOPOKHBIX
nepeBo3ok AO «HK «KTX» B paccmarpuBaemblii NEpUOJ XapaKTEpU3yEeTCs yCTONYMBOMN
MOJIOKUTEIBHOM  JUHAMUKOM 1O psiAy  KIIIOYEBBIX — IOKaszarteneil.  IloBblmieHue
IPOM3BOIUTENLHOCTH JJOKOMOTHUBOB U TPY30BBIX BarOHOB CBUJETEILCTBYET 00 3(pPeKTUBHOCTH
Mep 0 MOJICPHHU3AINHU OBI)KHOTO COCTaBa U BHEAPEHHUIO MU(POBBIX TEXHOJIOTHHA yIpaBICHHUS
NEPEeBO30YHBIM MpPOIlecCCOM. POCT 3KCIUTyaTallMOHHOIO TIpy30000p0Ta, yBelIWYeHHE OOBEMOB
KOHTEHHEPHBIX MEPEBO30K M Pa3BUTHE TPAH3UTHBIX HANPABIECHUIN MOATBEPXKIAIOT YKpEIUICHHUE
no3unuii Kazaxcrana kak BayKHOTO 3B€Ha B CUCTEME €BPOa3UaTCKUX TPAHCIIOPTHBIX COOOIICHUH.

OAHOBPEMEHHO BBISBICHO, YTO IPHU POCTE JOXOJOB M YHMCTON NPUOBLIM KOMIIAHUH
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COXpaHseTCs TEHICHIIUS ONEPEKAIOLIET0 YBEIMUCHHsI CE0€CTOMMOCTH IIEPEBO30K, YTO YKa3bIBAET
Ha HAJIMYKE CTPYKTYPHBIX OrPaHUYEHH B JIOTUCTHUECKOM cucTeme. K unciy Kito4eBbIX mpooieM
OTHECEHbl IEPErpyKEHHOCTb OTIEJIbHBIX YYacTKOB HMH(PACTPyKTyphbl, HEIOCTAaTOYHas
IPOIYCKHAsi CIOCOOHOCTh COPTUPOBOYHBIX CTAHIUI U TEPMUHAIOB, OTPAHUYEHHOE KOJIHMUYECTBO
CHEIUAIN3UPOBAHHBIX KOHTECHHEPHBIX MOIIHOCTEH, a TAKXXE HEPABHOMEPHOCTH I'PY30IIOTOKOB,
NPUBOAALIAS K YBEIMUCHHUIO BPEMEHU 000pOTa MOABMKHOTO COCTaBa. DTU (PaKTOPHI CACPKUBAIOT
POCT CKOPOCTHU JIOCTaBKU IPYy30B U CHUXKAIOT MOTEHLIUAIBHBINA () ()EKT OT MHBECTULIMI B pa3BUTHE
UHPPACTPYKTYPHI.

[TosrydeHHBIE pe3yabTaThl OATBEPKAAOT BBIABUHYTYIO B UCCIEIOBAHUN TUIIOTE3Y O TOM,
YTO CUCTEMHAs! MOJICPHU3ALIUS JKEJIE3HOI0POKHOM HH(PPACTPYKTYPbI, pa3BUTHE KOHTEHHEPHBIX U
MYJbTUMO/JAJbHBIX IEPEBO30K, a Takke LU(POBU3ALUS JOTHCTUYECKUX MPOLECCOB SBIAIOTCA
KJIIOYEBBIMH yCIIOBUSMU TOBBIIIEHUS 3()()EKTUBHOCTH TPY30BBIX IEPEBO3OK U CHUIKCHHUS
TPAHCIIOPTHBIX M3JEP/KEK. AHaIM3 I0Ka3all, YTO POCT AOJM TPYXKECHBIX KOHTEHHEPOB IIpU
COKpAIIIEHUH TIOPOKHEr0 MpoOera CBHUAETENBCTBYET 00 yiydlleHHHM OajaHca 3KCIOPTHO-
UMITIOPTHBIX TIOTOKOB W TIOBBIIMICHWH orepannoHHon 3ddexktuBHOocTH Joructuku AO «HK
«KTX».

CyIeCTBEHHBIM pe3yJIbTaTOM MCCIEAOBAHUS SIBISETCS BBISBICHHE POJIM KOHTEHHEPHBIX
IIEPEBO30K KaK OCHOBHOIO JpaiiBepa pa3BUTHUS TpaH3UTHOro mnoreHuuana Kaszaxcrana. Poct
00BEMOB HKCIOPTAa 3€pHA, MPOAYKLUMHU NEepepadOTKH, METAUIOB M MalIMHOCTPOUTEIBbHOU
IPOAYKIMM B KOHTEMHEpPAax YKa3blBaeT Ha IIOCTEIEHHBIM IIEPEXOJ OT CBIPLEBOM MOJEIU
NEPEBO30K K 00JIee TEXHOJIOTUYHON M OPUEHTUPOBAHHOM Ha 100aBIEHHYIO CTOUMOCTb JIOTUCTHKE.
OfHOBpPEMEHHO YBEIMYEHHE HMIIOPTa IPOMBIIUIEHHOTO OOOpYJIOBaHUs, aBTOMOOMWIEH W
OBITOBOM TEXHHUKHM IOATBEPKAAET AKTHUBU3ALMIO BHEIIHEOKOHOMUYECKOH JAEATENBHOCTH U
BO3pacTaHWE 3HAYMMOCTH JKEJIE3HOJOPOKHOIO TPAHCIOpPTAa B MYJBTHUMOAAIBHBIX LETISAX
IIOCTaBOK.

ITosrydyeHHBIE BBIBO/BI MO3BOJSAIOT KOHCTATHUPOBAaTh, YTO PA3BUTHE JIOTUCTUKU I'PY30BBIX
nepeBo3ok AO «HK «KTX» oxa3piBaeT HemocpeACTBEHHOE BIHMSHHE Ha (GOpMUpPOBAHUE
HAIllMOHAJILHOTO TPAHCIOPTHOIO KJIACTEPa, CHUKEHHE TPAHCIOPTHOM COCTaBIAIOLIEH B
ce0ecTouMOCTH IIPOSYKIUHU OTEYECTBEHHBIX IIPOU3BOJUTEIIECH U MTOBBILICHUE
KOHKYPEHTOCTIOCOOHOCTH »KOHOMHKHM PecnyOmuku Kazaxcran B nenom. Takum ob6pazom,
pE3yJIBTAThl HCCIIEIOBAHUS JOMOJIHAIOT U yTOYHSIIOT CYIIECTBYIOIINE HAyYHBIE ITPEICTABICHUS O
3aKOHOMEPHOCTAX  (YHKLHMOHHUPOBAHUS  JKEJIE3HOAOPOXKHOM  JIOTUCTUKM B  YCIIOBHSX
MEXIYHApOJAHON HMHTErpanuu U IUQpPOBOH TpaHChOpMAIMK, PACHIMPss HAyYyHOE 3HAHUE B
IAHHOU 00JIACTH.

[IpakTuueckass 3HaYUMOCTb padOThl 3aKJIOYAETCS B BO3MOYKHOCTH HCHOJIb30BAaHUS
HOJYYEHHBIX Pe3yJIbTaTOB MU pa3paboTKe U KOPPEKTUPOBKE CTPATETHIl pa3BUTHS TPAHCIIOPTHO-
JIOTHCTUYECKUX IEHTPOB, IUIAHUPOBAHWU WHBECTHLIUH B WHQPPACTPYKTYPY, ONTHMHU3AINH
KOHTEHHEPHBIX MNEPeBO30K M BHEAPEHUHM LU(QPOBBIX pPELICHWH B YNPaBIEHUH TPY30BBIMU
NOTOKaMU. Pe3ynbTarhl McciaenoBaHus MOTYT OBbITh HCIOJIb30BaHbI B jaedrenbHocTd AO «HK
«KTX», opranoB rocy1apcTBEHHOTO YIIpaBJI€HHs, a TaKXke B 00pa3oBaTeIbHOM Mpolecce mpu
MOATOTOBKE CIIELUAINCTOB B 00JIaCTH TPAHCIIOPTA U JIOTUCTUKHU.

[lepcriekTUBBl  JTaNbHEHIINX HMCCIENOBAaHMHA CBSI3aHBI C  YIIyOJEHHBIM  aHAJIU30M
3 PEKTUBHOCTH MYJIBTUMOJAIBHBIX MEPEBO30K, ONEHKOW BIUSHHUA HH(POBBIX IatdhopMm u
0e30yMa)KHBIX TEXHOJIOTHMM Ha COKpallleHHE JIOTUCTHUECKUX H3JEepXKEK, a Takke pa3paboTKoi
HKOHOMHUKO-MATEMaTUYECKUX MOJIEJEH ONTUMU3AaLUU KOHTEHHEPHBIX MOTOKOB. AKTyaJlbHbIM
HAIPaBJICHUEM SBJSETCS TAKXKE M3YUYEHHUE MEXAaHW3MOB HMIIOPTO3aMEIICHUS B CHCTEME
CHAOXEHUSl JKEJIE3HOJOPOKHOTO TpaHCIOPTa M OLIEHKa HUX BIMSHMS Ha YCTOWYUBOCTH
TPAHCHOPTHO-JIOTUCTUYECKON CUCTEMBI B YCIIOBHUSX BHEIIHEAKOHOMUYECKON HECTAOUIBHOCTH.

B uenom mnpoBenéHHOE HccIeAOBaHUWE MOATBEPXKIAET, UYTO JIOTUCTHUKA TIPY30BBIX
xene3Ho1opoxkHbIX epeBo3ok AO «HK «Ka3zakcTan Temip 5K0Jbl» HaXOIUTCS Ha 3Tare aKTUBHOM
TpaHchopMmanMy, a JajbHEWIIee pa3BUTHE WHQPACTPYKTYPHI, KOHTCHHEpH3AMA |
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nupoBHU3aMK  CO31aéT OOBEKTUBHBIE MPEINOCHUIKM Il YKpEIUICHHS TPaH3UTHOM posn
Kazaxcrana u noblteHus 3 peKTHBHOCTH HALIMOHATIBHOMN TPAHCIIOPTHON CUCTEMBI.
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Abstract. This study addresses the patterns of wagon group arrivals on classification yard
accumulation tracks and the determination of their arrival order. The relevance of the research is
justified by the need to increase the efficiency of classification yards, reduce train formation time,
and optimize the use of accumulation tracks. Research objective is to identify the distribution
patterns of wagon group sizes and the intervals between their arrivals, and to develop methods for
determining the order of wagon group arrivals on accumulation tracks. Research tasks include
analyzing existing approaches and literature on train formation; collecting and processing
statistical data on wagon group arrivals; verifying data for gross errors using the Smirnov criterion;
determining the distribution law of group sizes and intervals; modeling the arrival order of wagon
groups; and developing empirical formulas for predicting group sizes and intervals.
Results indicate that wagon group sizes and intervals follow an exponential distribution. Formulas
were developed to calculate the average wagon group size depending on the daily wagon flow and
arrival intervals. Graphs of wagon group arrivals were constructed, and algorithms for accounting
for size and interval constraints were developed. The identified patterns allow accurate prediction
of wagon group arrivals and optimization of train accumulation processes. The proposed methods
and models can be applied in automated dispatch and planning systems for railway freight flows.
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AHHOTauusl. Makanaga cCypeiTay CTaHIMSJIAPBIHBIH JKHUHAY >KOJJApbIHIAFbl BaroH
TONTAPBIHBIH KEJIy 3aHABUIBIKTaphl JKOHE OJapAblH Kely TOpTIOiH aHBIKTay Moceleci
KapacThIpbLIabl. 3epTTEYAIH ©3€KTIIIr — CYpbINTAy CTaHIMUIAPBIHBIH THIMILUITIH apTTHIPY,
MOMBI3 KYpaMIapblH )KMHAY YaKbITHIH KbICKApPTY >KOHE KUHAY JKOJITApbIH OHTAWMIIBI MaiianaHy
KOKETTUIINIMEH aHBIKTaNaabl. 3epPTTEYAiH MaKCaThl — BaroH TONTAPLIHBIH KOJIEMi MEH Kely
apachIHAaFbl MHTEPBAIAAPBIH Tapaly 3aHAbUIBIKTAPbIH aHBIKTAY, COH/Iali-aK BarOH TONTapbIHBIH
KeJIy TOpPTiOiH aHBIKTAYy 9IICTEpiH a3ipiey. 3epTTey MIHACTTEPI: MOMbI3 KYpaMbIH KaJIbIITACTHIPY
OOMBIHIIIA Ka3ipri TOCLIACp MEH oAeOMETTEep/l Tajjay; BaroH TONTAPBIHBIH Keilyl OOWbIHIIA
CTaTUCTHKAJIBIK JCPEKTEep/l KHUHAY KoHE eHuey; CMUPHOB KpUTepHidi OOMbIHIIA JepeKTepii
KATThI KaTeJIIKTepre TeKCEPY; TOMTapAbIH KeJIeMi MEH HHTEPBAJIIapbIHBIH Tapally 3aHbIH aHBIKTAY;
BaroH TONTapBIHBIH KEIy TOPTIOIH MOJENbILY; TOI KeJieMi MEH MHTEepBalJapblH 0OJDKay YIIiH
SMIUPUKAIBIK (opMmyranap o3ipiey. 3epTTey HOTHXKeNepi KOPCEeTKEHAEH, BaroH TONTapbIHBIH
KeJIeMi MEH Kely MHTepBaJIapbl SKCIIOHCHIIUAJIIBI 3aHFa OarbiHa bl KyH/IETIKTI BaroH arbIHBIHA
OailJIaHBICTHI TOIITHIH OpTaIlla KeJeMiH KoHE Kely MHTePBAIAPBIH €CenTey YIIH GopMynaiap
o3ipnenai. BaroH TtonTapbelHBIH Kedy TpaduKTepi KYpbUIBII, TON KeJeMi MEH HWHTepBall
HIEKTEYJIEPIH €CeNKe ajaTblH aJrOpUTMJIEP JKacalibl. AHBIKTAIFAaH 3aHJbUIBIKTApD BaroH
TONTAPBIHBIH KeIYyiH Jo1 OoJDKayFa KOHE CYPBINTAY CTAHLUSIAPBIHAA TMMOWBI3AAPABI KUHAY
MIPOIIECIH OHTAMIaHIBIpyFa MYMKIHIIK Oepeli. ¥ ChIHBUIFaH dJIICTEP MEH MOJENBACP TEMIipIKOJI
KYKTEPIH XKocnapiay jKoHe TUCTIeTYepIliK OacKapy Kyhenepinae KOoJIgaHblIa anaibl.
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AnHOTanusi. B crathe paccmarpuBaeTcs mpoOiemMa 3aKOHOMEPHOCTEH MOCTYIUICHUS
IpyNIl BaroOHOB Ha IyTH HAKOIUICHHS COPTHPOBOYHBIX CTAaHIMUA M OMNpEAETICHUS IMOpsAIKa UX
NOCTYIUICHHS. AKTYaJbHOCTh HCCIICIOBaHUS OOYCIIOBJICHA HEOOXOIUMOCTHIO TTOBBIIMICHUS
3 PEKTUBHOCTH PAaOOTBl COPTUPOBOYHBIX CTAHLMN, COKpAIICHUS BpeMEHH (HOPMHUPOBAHUS
COCTaBOB M ONTHMH3AIMU HCIIONB30BAaHHUS IyTed HakomieHusa. llens wuccnenoBanns —
BBISIBIICHHE 3aKOHOMEPHOCTEH pacrpeiesieHus BEeJIUYHHbI TPy BarOHOB U UHTEPBAJIOB MEXKIY
UX MOCTYIUICHHEM, a TaKKe pa3paboTKa METOIOB ONPEACICHUS MOPAAKA MOCTYIUICHHUS TPYTIIT Ha
NYTH HAKOIUICHHs. 3aJjaud HCCIEOBAaHUS BKIIOYAIOT: aHAIM3 CYUIECTBYIOIIMX MOJIXOJ0OB U
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MyOJIMKAIMi 10 COCTaBOOOpa30BaHUIO, COOp M O00paOOTKY CTAaTHUCTHYECKUX MJaHHBIX TI0
MOCTYIIJICHUIO TPYIIIT BarOHOB; MPOBEPKY JIAHHBIX Ha rpyOble MOTPEUIHOCTH € MCIIOJIb30BaHHEM
kputepus CMHUpHOBA; ONpejiesieHne 3aKOHa paclpeiesieHus] BeJIMYUHBI TPYNI U HWHTEPBAJIOB
MEXIy HHUMH; MOJCIMPOBAHHE TOpsAKa TMOCTYIJICHUS TPYII BaroHoB; pa3paboTKy
SMIUpPHUYECKUX (OPMYJ JUIsl MPOTHO3UPOBAHUS BEIMYHHBI TPYNI M MHTEpBajoB. Pe3ynbTaTsl
HUCCIICAOBAHU ITOKA3bIBAKOT, YTO BCJIWYWHBI TIPYIIl BAarOHOB W HWHTCPBAJIbl MCKAY HHMHU
MOJUYMHSIOTCS TIOKa3aTeIbHOMY 3aKOHY pactipenesneHus. Pa3paboranbl Gpopmyisl Ui pacuera
CpeZ[HeI\/'I BCJIMYHMHBI I'PYIIIILI BAroHOB B 3aBUCHUMOCTH OT CYTOYHOI'O BArOHOIIOTOKA U UHTCPBAJIOB
Mexay noctyruieHusMu. [locTpoeHs! rpaguKy MOCTYIIICHUS TPYTII BarOHOB Ha ITyTH HAKOTICHUS
U QIrOPUTMBI ydeTa OrpPaHUYECHWM II0 BEIWYUHE TIPYINI UM UHTepBajaM. DBbIsBICHHbIE
3aKOHOMEPHOCTH IO3BOJISIIOT C BBICOKOM TOYHOCTBIO IPOTHO3MPOBATH IMOCTYIJICHUE TPYIII
BAaroHoB M ONTUMH3UPOBATH MPOLCCCHI HAKOIUICHUA COCTABOB HAa COPTHUPOBOYHLIX CTAaHIUAX.
[IpennoxeHHbIE METOABI U MOJIECITU MOTYT OBITh HCIIOJIB30BAaHbI B AaBTOMATU3UPOBAHHBIX CUCTEMAaX
JUCTIETYEPCKOTO YIIPABIICHUS U TUIAHUPOBAHUS PAOOTHI KEIE3HOJOPOKHBIX TPY30IIOTOKOB.

KiloueBble cioBa: Tpynma BaroHoB, IOCTYIUIEHHE, paclipelesieHue, WHTepBall,
MOKAa3aTebHBIN 3aKOH, MOJICIIMPOBAHNE.

Jdas nurupoBanus: XK. Monpamesa. OnpeneneHre 3aKOHOMEPHOCTH MOCTYIUICHUS
TPyNIl 110 HA3HAYCHHUSM U TOJY4YeHHE MOopsAKa MX MOCTyIuieHus//[IoMbIIUIeHHBIH TpaHCTIOPT
Kazaxcrana. 2024. T. 21. No. 83. Crp. 79-94. (Ha pyc.).
https://doi.org/10.58420/ptk/2024.83.03.006.

KonduukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

BBenenue

CoBpeMeHHBIE TPOIECCHI O00pa0OTKH TPY30BBIX TIOTOKOB Ha IKEIE3HOAOPOKHOM
TPAHCIIOPTE XapaKTEPHU3YIOTCSI BBICOKOW JMHAMMYHOCTBIO U CIOXHOCTBHIO. D¢ deKTHuBHOE
yIOpaBlieHUE HAKOIUICHHEM W PacHpe/Ie]ICHHEeM COCTaBOB Ha COPTUPOBOYHBIX CTAHIUSAX TpeOyeT
TOYHOTO TOHMMAaHUSl 3aKOHOMEPHOCTEW MOCTYIUIGHHS TpPyNI BaroHOB I0 HAa3HAUYECHUSM.
HecMoTpss Ha MHOTONETHHE HCCIEIOBaHHS B OOJACTH COCTaBOOOpa3oBaHUS, JO CHX IOP
COXpaHsieTCd HEOOXOAUMOCTh 00jee TOYHOIO MOJAEIMPOBAaHHUS Ipoliecca MOCTYIUICHHUS TPYIII
BAaroHOB, YYUTHIBAIOUIETO KaK UX BEJIMUMHY, TaK U UHTEPBAIbl MEXKIY MOCTYIUICHUSIMHU.

OOGocHoBaHME BBHIOOpPA TEMBI UCCIICAOBAHUS CBSI3aHO C aHAJIU30M MPEIBIIYIINX padoT B
nanHou obOmactu. Tak, A.M. IlmatonoB (1955) BmepBble OTMETHJI 3aBUCHMOCTh YacTOTHI
MOCTYIUICHUSI TPYII BaroHOB OT WX pa3Mepa, YCTAaHOBHB, YTO MEHBIIME T'PYIIBI MPHOBIBAIOT
yame. [lanbueiimue uccrnegoanus E.A. CoraukoBa (1968, 1979) u H.M. Hankosa (1966)
MOATBEPAUITH 3TH 3aKOHOMEPHOCTH M BBISIBUIIN CBSI3b YACTOTHI MTOCTYTUICHUS TPYTII C MOITHOCTHIO
HazHauyeHus. B.W. bagax (1967) u A.B. Ilanacuk (1969) noka3zanu, 4To pacnpeeicHie BeTUIUHbI
TPYIIIT BarOHOB MOKHO allIPOKCUMHUPOBAThH MOKA3aTEIbHBIM 3aKOHOM, & MHOTHE MOCJIEAYIOIINE
uccnenoatenu (OKykos, 2000) mnoxarBepaunu SToT BbIBOA. OOHAKO CYIIECTBYIOIIKE
MCCJICIOBAHUS HE OXBATHIBAIOT KOMILJIEKCHOE MOJCIMPOBAHUE MOCTYTUICHHUS TPYTI BaroHOB Ha
COBPEMEHHOM >KEJIE3HOJ0POKHOM TPAHCIIOPTE C YYETOM CTATUCTHUUYECKUX MPOBEPOK JAaHHBIX U
dbopMupoBaHUs THOKKUX TpadUKOB HAKOTUICHUS.

AKTYyalnbHOCTh TEMBI OMpEIENAeTCs MPAKTUYECKON HEOOXOJUMOCTHIO TOBBIIICHHUS
3¢ (HEKTHBHOCTH COPTHPOBOYHBIX CTAHIIUN M COKPAICHUS BPEMCHH (DOPMHPOBAHHSI COCTABOB.
CoBpeMeHHbIE JOTUCTHYECKHE M TPAHCHOPTHBIE 33aJa4d TPEOYIOT TOYHOTO MPOTHO3UPOBAHUS
MOCTYTUICHUs TPYII BaroHOB, YTO BJIMSET Ha IUIAHUPOBAHUE PabOTHl COPTUPOBOUYHBIX MAPKOB,
ONTUMHU3AIMIO UCTIONB30BAHUS MMy TEH HAKOIIJICHUS U CHUKEHHE MTPOCTOEB MOE3/I0B.

OOBEKTOM HCCIICIOBAHMUS SIBJISICTCS MPOIIECC TMOCTYIUICHHUS TPYII BaroHOB Ha TYTH
HAKOIUICHUS COPTUPOBOYHBIX cTaHIMi. [IpenMeTrom ncciaenoBanus BEICTYNAIOT 3aKOHOMEPHOCTH
pacrpeiesieHus BEJIMUYMHBI TPYTI BarOHOB U MHTEPBAJIOB MEXKIY UX MOCTYIUJICHUEM.
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Llenb uccnenoBaHusl — OMPENECIUTh 3aKOHOMEPHOCTU TOCTYIUIEHUSI TPYIIIT BaroHOB IO
Ha3HAUYCHHUSIM M TOJIYYUTh TOPSANOK HX TMOCTYIUICHHS AJisi MOCIEIYIOUIEr0o MOJAEIUPOBAHUS
MIPOLIECCOB HAKOIJICHHSI HA COPTUPOBOYHBIX CTAHITHIX.

Jlns nocTrkeHs MOCTaBICHHOM 1IEJIN PEIIAaoTCs CIECAYIOINE 3aJaun:

- IlpoBectu aHanM3 CyUIECTBYIOIIUX HCCJIEIOBAaHUN U BBIABUTH HEAOCTaTKU B
COBPEMEHHBIX MOAX0AaX K MOJICTUPOBAHUIO MOCTYIICHUS IPYIII BarOHOB.

- OnpenenuTth YMCIOBBIE XapaKTEPUCTHKU CTATUCTHUYECKOTO pacHpelesieHUs] BeJIMYMHbBI
TPYIII BATOHOB M UHTEPBAJIOB MEK/Yy MX MOCTYIICHUEM.

- [IpoBepuTh cOrnacoBaHHOCTH (PAKTUYECKOTO PACIIPEIeTICHIs BEIMUMNHBI TPYIIIl BATOHOB
C TEOPETUUYECKUM MOKA3aTeNIbHBIM pAaCTIpe/IEJICHUEM C UCIIOIb30BaHUEM KpuTepusi PomaHOBCKOTO
u kputepusi CMUpPHOBA.

- PazpaboTtaTh METOIbI MOJICTHPOBAHUS MOPSIKA TTOCTYIUICHUS TPy BarOHOB C YYETOM
SMIIUPHUYECKUX 3aBUCUMOCTEN U OTPAHUYEHUI 110 BEIMYUHE TPYIII U HHTEPBaIaM.

- Ilpemnoxuts smmupuueckue GopMyssl I ONPESICHUs CPEIHENH BETUYUHBI TPYIIIIHI
BaroHOB B 3aBUCHMOCTH OT CyTOYHOT'O BarOHOIIOTOKA U MHTEPBAJIOB MEXKIY I'pyIIaMH.

Metonel  HWCCIeIOBaHUS BKIIOYAIOT  MATEeMATHYECKyl0  CTaTHCTUKY, OOpabOTKy
BapHAllMOHHBIX PAOB, MPOBEPKY THUIOTE3 O TIPyObIX MOTPEIIHOCTIX, AaNMpOKCUMAIUIO
pacrpeiesieHuld MoKa3aTeIbHBIMU 3aKOHAMHU M MOJICJIMPOBAaHUE MOCTYIUICHUS TPYIIN BaroHOB C
HCIIOJI30BaHUEM CIEIMaTU3UPOBAaHHBIX TporpaMmMHbIX cpenctB (Excel, Statistica for Windows,
MINITAB).

[Tonxone! vcciaenoBaHUSI OCHOBAHBI Ha KOMOMHHPOBAaHUM HMIHMPUYECKUX JAHHBIX H
TEOPETUYECKUX MOJENIeH pacmpeleNieHuid Ul TOCTPOEHHUs MpaBaononoOHoro rpaduka
MOCTYIUICHUS TPy BAarOHOB Ha COPTUPOBOYHBIE CTAHIIUU.

['unoTe3a vccne0BaHus 3aKIIFOYAETCS B TOM, YTO BEJTMYHUHBI TPy BATOHOB i HHTEPBAJIBI
UX TIOCTYIUICHHS] TMOIYMHSAIOTCS II0Ka3aTeIbHOMY 3aKOHY pacHpeleNeHUs, 4YTO I03BOJISET
MPOTHO3UPOBATh TMOPSJOK HX TMOCTYIUIGHHS C JIOCTaTOYHOM TOYHOCTBIO [UIsl  LieJied
MOJIEJTMPOBAHUS MPOIIECCOB HAKOIUIEHUS COCTABOB.

[IpakTrueckasi 3HAYUMOCTh HMCCIIEIOBAHUS ONPEACISIETCS BO3MOXHOCTbIO MPUMEHEHUS
MOJTyYEHHBIX 3aKOHOMEPHOCTEH ISl ONTUMH3AIUU padOThl COPTUPOBOYHBIX CTAHLIUMN, CHIKEHUS
BPEMEHH HAKOIUICHHSI COCTaBOB U TOBHIIMICHUs 0OmIeH 3(h()EKTHBHOCTH KEIe3HOI0POKHON
JOTUCTUKHU. TeopeTuueckas 3HAUUMOCTb 3aKJII0YAaeTCs B MOATBEPKICHUH U YTOUHEHHUU DaHEe
BBISIBJICHHBIX 3aKOHOMEPHOCTEW MOCTYIICHUS TPy BarOHOB C MCIOIb30BAaHHEM COBPEMEHHBIX
METOJIOB CTATUCTUYECKONH 00pabOTKM AAHHBIX U MOJIEIUPOBAHUS.

Marepunajibl M1 MeTOABI

MatepuranoM Hcciae0BaHus SIBISIFOTCSI CTATUCTUYECKUE JTAHHBIE O MOCTYIJICHUH TPyl
BaroHOB Ha MyTH HaKOIUICHHUsI COPTUPOBOYHBIX cTaHIMii Kazaxcrana, coOpaHHble B TedeHue 14—
31 cyToK [uIsl pa3HBIX HaNpaBJICHUN W Ha3Ha4YeHHWH. [[aHHbBIE MpeacTaBICHBI B KOJUYECTBEHHOM
BUJIE: KOJMYECTBO BAroHOB B Tpynme (mrp), 4ucio HaOMIOJEHUN 3a MOCTYIUICHHSMH (1),
cyrouHblii BaroHonotok (UcyT), MHTepBaibl BpeMeHU Mexay mnocrymieHuem rpynn (Ii). B
KaueCTBEHHOM OTHOIICHHHM MaTepHall XapaKTepu3yeTcs pa3HOoOOpa3reM Ha3HAueHHUs BaroHOB,
HEPAaBHOMEPHOCTBIO MX TOCTYIUICHUS W KOJECOAHWSMH BEIMYMHBI TPYNI B 3aBUCHMOCTH OT
MOIIHOCTH HAa3HAYEHUSI.

B kauecTBe UCTOYHUKOB HCIIOIb30BAHBbI:

- Apxusnbie ganabie AO «HK «Kazakctan Tewmip JXKomb» mo ABHKEHHSIM BaroHOB Ha
COPTUPOBOYHBIX CTAHIMAX AnMathel 1 u AMarts 2.

- Ilybnukanmm u guccepTanuu MO BOMPOCAM COCTaBOOOpA30BaHUS M paclpeesieHus
rpymn BaroHoB (ILnatonos, 1955; UBankos, 1966; banax, 1967; [1anacuk, 1969; Xyxkos, 2000).

- MeToauueckune MaTepuanbl IO CTATHCTUYECKOM 00paboTKe JaHHBIX U MPOBEPKE THIIOTE3
(KynpsBues, 1977; Tpetbsik, 2004).

HoBuzna marepmana wuccieoBaHUs 3aKIIOYAeTCS B HCIOJIB30BAHUU CTATUCTUYECKUX
JTAaHHBIX IO COBPEMEHHBIM [TOTOKAM BarOHOB C YYETOM [TOKA3aTENbHBIX PaCIpeIeICHUN BETUYNHBI
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Ipynn ¥ HHTEPBAJIOB MEXIY HHMH, a TaKKe B MPUMEHEHUH METOJa UCKIIOYEHHs] TpyObIX
HOrpelHoCcTeN 1o Kputeputo CMUPHOBA AJI1 YTOYHEHUS SMIMPUUYECKUX 3aKOHOMEPHOCTEN.

B xope uccnenoBanus CTaBUIMCH CIEAYIOUINE BOIIPOCHI:

- KakoBbI 3aKOHOMEPHOCTH paclpeIeIeHUs] BETUYHHBI TPYIII BarOHOB 110 HA3HAUYCHUSIM U
UX 4acTOTa MOCTYTICHUs?

- IloguuHSAIOTCA JIM MHTEpBaJbl BPEMEHU MEXKIY CMEXKHBIMU TpYINIaMd BaroHOB
MOKa3aTeIbHOMY 3aKOHY pacrpezeneHus?

- Kak MoHO onpenenuTh Nops0K MOCTYTUICHHS TPYII BArOHOB HA MMy TH HAKOTUICHUS JIsI
MOJIETTUPOBAHUS MPOIIECCOB COCTaBOOOpa30BaHuUs?

['unoresa uccieqoBaHus 3aKJII0YAETCS B TOM, YTO BEJIMYMHBI FPYIII BATOHOB U MHTEPBAJIbI
UX TOCTYIUICHUS TOAYMHSIOTCA IOKa3aTebHOMY 3aKOHY pacHpelesieHHs, YTO TMO3BOJSET C
BBICOKOI TOYHOCTHIO IPOTHO3UPOBATH MOPSIOK MOCTYIUIEHUS TPYII U CTPOUTh PEaTMCTUYHbIE
rpaduKy HAKOTIJICHUS] COCTABOB HA COPTUPOBOYHBIX CTAHIUSX.

HccnenoBanue NpoBOJMIOCH B HECKOJIBKO 3TAIIOB!

- COop u cucremMaTH3alUsl CTATUCTUUECKUX JAHHBIX MO MOCTYIICHUIO TPYII BarOHOB Ha
MyTH HAKOIUICHHUS.

- IIpoBeneHre MEPBUYHON CTATUCTUYCCKON OOpaOOTKM JTaHHBIX: OMpPENETICHUE CPETHUX
BEJIMYUH TPy, IUCTIEPCUN U CPEIHEKBAIPATUUECKUX OTKIOHEHHUH.

- IIpoBepka NaHHBIX Ha HaNW4KHe TPYObIX MOrPEHIHOCTEH C MCIOJIb30BAHUEM KpPUTEpUs
CMHUpHOBA U UCKIIIOYEHHE aHOMAJIbHBIX 3HAUCHUH.

- Omnpenernenue 3akoHa paclpezesieHusl BEIWYHHbl IPYNI W HHTEPBAJIOB MEXKIY HX
MOCTYIUIEHUEM C IIPUMEHEHUEM METOAMKH alMPOKCUMAIMK [T0Ka3aTEIbHBIM PAcIpEACICHUEM.

- PazpaboTka mozeneit © Gpopmys Ui IPOTHO3UPOBAHUS MOPSAKA MOCTYIUICHUS TPYIII
BaroHOB Ha OCHOBE CIIyYalHBIX YHUCET U AMIUPHUUECKUX 3aBUCUMOCTEN.

[Toctpoenue rpaduKoB NOCTYIUIEHHS TPYII BaroHOB U aHajIU3 3aKOHOMEPHOCTEH
cocTaBo0Opa30BaHUs PU THOKOM U TBEPAOM rpadvke HAKOIIJICHHUS.

Jlns noctrkeHus 1enei ucciaeA0BaHus UCIIOIb30BaINCh CIASAYIONUINE METOIbI:

- Maremartuueckasi CTaAaTUCTHKA: aHAJIW3 BapUALIMOHHBIX PSAJIOB, paCU€T CPEJHUX BEITUYUH,
JIUCTIEPCUH, CTAHJIAPTHBIX OTKJIOHEHUM.

- Meroasl mpoBepkH TUIMOTE3: KpuTepuii CMUpPHOBAa IS BBISBICHHS TPyObIX
MOTPENTHOCTEH; KpUTeprii POMaHOBCKOTO Il MPOBEPKH COTJIACOBAHHOCTH (DaKTHYECKOTO M
TEOPETUYECKOT0 pacrpeaeeHui.

- AnmpokcuManys pacnpeeseHuil: oKa3aTeIbHOE paclpeaesieHUe JIIsl BETUYUHBI TPYIII
BaroHOB M MHTEPBAJIOB MEX/Y TPYIIaMHU.

- OMNOUpUYECKOE MOJAEIUpPOBaHUE: TeHepalus cilydailHelx uucen B Excel ans
OmpefieNieHus] TOpsiiKa MOCTYIUICHHSI TPYNI W HMHTEPBAJIOB MEXIy HHUMH, CYMMHPOBaHUE
3HAYEHUH /10 MOITYUYEHHs] HOPMUPOBAHHBIX COCTABOB.

- AHanmu3 SMIIMPUYECKUX 3aBHCUMOCTEH: MOCTPOEHUE 3aBUCUMOCTH CPEIHEH BEIUYMHBI
TPyNIBl OT CYTOYHOTO BAaroOHONOTOKA, pacdeT Kod(pQHIMEHTa NETePMHHALUHN JUIS OICHKH
TOYHOCTHU MOJICTIH.

[IpumeHeHre KOMIUIEKCHOTO TIOAXOJA, BKJIIOYAIOMIETO CTATHCTUYECKYI0 00paboTKy
JAHHBIX, MPOBEPKY TUIOTE3 U MOAEIHMPOBAHUE IMPOILIECCOB, MO3BOJSET JOCTOBEPHO BBISABIATH
3aKOHOMEPHOCTH TIOCTYIUIGHHSI TPyHn BaroHOB W 3(QQEKTHBHO MPOTHO3UPOBATH UX
pacmpesiesieHne Ha COPTUPOBOYHBIX CTAHITUSX.

Pe3yabTaTsl U 00CyKICHUE

BriepBbie n3yueHne 3aKOHOMEPHOCTH KOJIEOaHUS! BEIMYUHBI TPYII BaroHOB BBITTOJIHEHO
cpaBHUTENbHO JaBHO B pabore A.W. Ilmaronosa (Ilmaronos, 1955: 79-109). B pesynbrare
MCCJIeIOBaHMsl TIOCTYIUICHUS TPYII BarOHOB Ha YEThIpe HAa3HAUCHUS B TEUCHHE MATU AHEH, UM
OBLIIO YCTAaHOBJIEHO, YTO YEM MEHBILIE YMCIIO BArOHOB B IPyIIe, TEM yalle ux npudsitue. [lanee
U3y4eHHE KOJEeOIEeMOCTH BEIMYMHBI Tpynn BaroHoB BbimodHEHO E.A. COTHHKOBBIM.
IIpoBeneHHOE UM HCCIEOBAHUE MOATBEPIUIIO HAIMYMUE YKa3aHHOW 3aKOHOMEpHOCTH. Kpome
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TOTO, UM YCTaHOBJIEHO, YTO Y€M MEHBIIIE MOIIHOCTh HA3HAYEHUsI, TEM Yallle BCTPEYAIOTCSI MEJIKHE
rpynnsl. MccnenoBaHue BBINOJMHATIOCH A LI€J€d MOJAEIMPOBAaHUS IIPOLEccCa HAKOIUICHUs
COCTaBOB IIO€3/10B B COPTUPOBOYHOM IapKe.

HccnenoBanue KojaeOIeMOCTH BEIMYUH TPYII BaroHOB IS BBISBJICHUS 3alOJHEHHUS
nyTedl HakoruieHus mpousBoauioch H.M. MBankoBeiM (MBankoB, 1966: 73-81). O6paboTka
CTaTUCTUYECKUX JAaHHBIX MO3BOJIMJIA €MY MOATBEPAUTH CYLIECTBOBAHUE PAHEE YCTAHOBIIEHHBIX
3aKOHOMEPHOCTEH M HAJIM4YME 3aBUCUMOCTH YacTOThI MOCTYIUICHHS PA3JIUYHBIX 10 BEJIMYUHE
TPYyMNIl OT MOIIHOCTH Ha3HAYCHUN. YKa3aHHbIC 3aKOHOMEPHOCTH MPE/ICTaBICHBI B BUJE TaOJIUI] U
rpaduKoB.

B.1. bagax yctaHOBWII, UTO paclpeesIeHNE BEIMUMHBI TPy BArOHOB, IOCTYMAIOIINX Ha
OTJIeIbHOE Ha3HA4YE€HHEe, MOXHO allpOKCHMHUPOBATh COTJIACHO MOKa3aTenbHOMY 3akoHy (bamax,
1967: 31-87).

A.B. Ilanacuk, aHanu3upys MNOCTYIUICHUE BArOHOB OTIEIbHBIX HA3HAYEHUW Ha YEThIPEX
KPYNHEHIINX COPTUPOBOYHBIX CTAHIMAX, YCTAHOBUJ, YTO YaCTOTA KOJeOAHMs BEIMYUHBI IPYTIIT
BaroHOB MOJKET OBITH aNMPOKCUMHUPOBAHA MTOKa3aTeIbHBIM pactpenenenusm ([Tanacuk, 1969: 1—
22). B pe3ynbpTare €ro UCCiIEN0BaHUS YCTAHOBIIEHO, YTO 3aBUCHMOCTH CPEIHEKBAJAPaTHUIECKOIO
OTKJIOHEHHS KOJIEOJIEMOCTH BEJIMYMHBI TPYMI BarOHOB U MapaMeTpa 3aKoHa pacIpenieieHus OT
pa3Mepa BaroHONOTOKAa Ha3HAYEHHsT MOXKET OBITh BBIpaKeHa CTeNeHHOH ¢yHkuuei. Jlanee
MHOTHE Y4YeHbIE MOATBEPIUIM, YTO YACTOTa KOJIeOaHUsI BETMYMHBI TPYIIIl BATOHOB MOXET OBITh
anmnpoKCUMHUPOBaHa MoKa3aTenbHbIM pacnpenencHueM (JKykos, 2000: 141-147).

B cratee mna omnpeneneHuss 3aKOHAa pPACHPENEICHUS BEIMYMHBI TPYNI BAaroHOB
UCIONb3yeTcss MeToa matematudeckoi cratuctuku (IlIBeumkos, 1997: 12—-15). B pesynbrarte
00pabOTKM CTAaTUCTUYECKUX MJAHHBIX YCTAHOBJEHO, YTO paclpeiesieHue BEIWYHHBI TPYIII
BaroHOB IIOAYMHSETCS II0Ka3aTe€IbHOMY 3aKOHY pacmpeneneHus. CraTUcTHueckas IpOBEpKa
COTJIACOBAaHHOCTH  TEOPETUYECKOTO0  TOKa3aTeNbHOTO U (DaKTHUECKOro pacmipeesieHui
npousBeqeHa no kpureputo Pomanosckoro (Kynpsisues, 1977: 1-55) u pajia nmosoxxuTelbHbIE
pe3yapratel. Ha Puc. 1. bactoTa mocTymieHUs BEJMYMHBI TPYNI BArOHOB IOKAa3aHa B BUJE
TUCTOTPaMMBI, a CIUIOLIHOM JIMHUEHN — TEOpEeTUYECKast KpUBas pacnpenenenus. 13 pucyHnka BugHo,
YTO TEOPETHUUECKOE U CTAaTUCTUUECKOE paclpeaeseHus] OIU3KHU.
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Puc. 1. Pacnpenenenue BenuuuHsl rpynn Baronos npu Ucyt=440 Bar, mrp=12,04 Bar.

[Tpu mokazarenbHOM 3aKOHE pacupeaesieHus QYyHKIUS pacipeeaeHus A BEIUUNHbI
MPUOBIBAIOIICH TPYIIIBI M1 MPUMET CIACTYIOUIUN BU:

m;

F(m)=1-e "

)

rJe mrp — CpeaHsis BelIUYMHa TPYMIbl JaHHOTO Ha3HAuYeHHSs, Bar (3Ha4YCHUS MIp
OTIPE/ICJICHBI MO0 CTATUCTUYECKUM JTaHHBIM JJIs1 Ka)KJ0TO Ha3HAUYCHHUS).

B mpouecce MmoaenupoBaHus TEKyIllee 3HAUYCHHE BEIHYMH T'PYIMI, MOCTYMAIONUX Ha
Ha3Ha4YeHUE, OnpeaesieTcs mno Gopmye:

mi = mrp Inzi (2)

rae zi — ciliydailHOe YHCJIO M3 COBOKYIHOCTH CIyYallHBIX YHCEN, PAaBHOMEPHO
pacupenenaeHHbIX B uHTepBaie 0< zi <1.
B (CotHuxos, 1968: 27-29) dopmyna (2) peanuzyercs npu orpanndeHun 0< mrp<60,

a B (CotHukoB, 1979: 7-116) — 0< mrp<30. IlockonbKy BepxHss IpaHULla OpPraHUYECHUS
max

P 3aBUCHUT OT CpEHEH BEJIMUMHBI TPYII, TO 3Ty 'PAHUILY HAJI0 peaanu30BaTh MO-pa3HOMY
JJIs COOTBETCTBYIOLIMX BEJMYMH TIpynn (a HE CTPOro JaBaTh JJIsg BCEX Ha3HAauCHUN).

HOCKOHBKy Ha MMYTb HAKOIUICHHUSA MOXKCT IMOCTYIIUTbL MUHUMYM OJHWH BAroH, TO HUKHIOKO
max

m
TpaHUIly OTpAaHUYMBAEM KaK OJquH BaroH. Jluist onpenenenuss Y uisl KaKJA0T0 Ha3HAYCHUS
UCIIOJIb30BaH KPUTEPUM NPOBEPKU MOJO3PUTEIbHBIX (C TOYKHU 3PEHHS IOTPEIIHOCTEH)
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pe3yabtaToB HaOtoaeHnit CmupHoBa (Tpethsk, 2004: 10—171). CormacHo 3TOMY KpUTEPHIO,
AJId YCTAHOBJICHUSA MPUHALJICIKHOCTU «IMOJO3PUTCIBHOTO» PpEe3yJibTaTa I[aHHOfI rpynmne
U3MEPEHUH CITy )KUT TpaHHIlA, OTHECEHHAs OT IIEHTpa paclpe/eeHUs Ha BeIUYuHy t-S, T. €.
OTCYTCTBHUC IMPUHAAIICIKHOCTU UMCCT MCCTO IIPU BBIITOJIHCHHUH YyCIIOBUA:

|ximog — X1 p. [>t-S, 3)

r7e Xinoja — pe3yabTaT HaOJIIoAeHUs, MPOBEPSIEMBbIi HAa HAIMUKE TPYyOOi MOTPEIIHOCTH
max

m
(B Hamem ciiyyae P );
XI. p. — CTaTHCTHYECKOE CpPEJIHEe, BBIUUCICHHOE 10 BCEM 3HAYCHUSM BBHIOOPKH (B

HallleM cJlydae Mep );

S — craTtuctuueckoe cpennekBaapatuueckoe orkioHeHue (CKO), BbIYMCIEHHOE MO
BCEM 3HAYCHHSM BBHIOODKH (B HAIIEM cllydyae CpPeJIHEKBaApaTHUYEeCKOE OTKIOHEHHE CpPEeIHEH
BEJIMYUHBI TPYIIIEI OTD);

t— ko3 dummeHT, 3aBUCALINI OT BH/Ia U 3aKOHA paclpeaesieHns, 00beMa BEIOOPKH,
YPOBHS 3HAYUMOCTH.

Kpurtepuit CMUpHOBa UCIIOIB3YETCs TPU 00BbEeMax BEIOOPKH N>25 MIJIM P U3BECTHBIX
3Ha4YeHUsAX renepanbHbIX cpeanero u CKO. Takum 06pa3om, rpaHUIBI TOTPEIIHOCTH 3aBUCAT
OT BHJIa pacmpeaeieHus, 00bemMa BRIOOPKH M BHIOPAHHOHN JOBEPUTEIBHOM BepOsTHOCTH. st
peanu3anmuu  3TOTO KPUTEPHUS BBIYUCISAIOTCS JEWCTBUTEIbHBIE 3HAYCHUS KBAaHTHIICH
pacmpenaeneHus (Hal0arogaeMoe 3HaUeHUE KpUTepus) o hopMmyre:

max
4 max‘mgp -m,,
Tep )

HaiinenHoe 3HaueHue cpaBHUBAETCS ¢ KpUTepUanbHbIM Bk, IpUBeJeHHBIM B TaOJIHIIE
3.6 B (Tpernsix, 2004: 10-171). B cnyuae Bk>Pk, BenuunHa naHHO# T'pyHIbl HE SIBISETCA
rpy0o0il HOTPEMIHOCTHIO U HE UCKIIFOYAETCS U3 BHIOOPKH.

PaccmoTtpum npumep npumeHeHus kputepuss CMUpPHOBA A1 UCKIIOYEHUs OOJbIIei
BEJIMYMHBI TPYTIIBI IPH ONpPEACIICHIH 3aKOHA WX pacrpeneneHus. B tabnume 2.1 npuseneH
BapUaLlMOHHBIN psAJl paclpeeeHns Yuciia BArOHOB, MOCTYNUBIINX HAa OJHO U3 Ha3HaAYeHUH
miiaHa GOpMUPOBAHUS COPTUPOBOYHOM cTaHIIUU AnMaTthl 1 3a 14 cyTok. Unciao HaOmoqeHui
n 3a 3T0 Bpems cocTtaBuio 521.

m
OmnpezneneHue YUCIOBBIX XapaKTEPHUCTHUK CTAaTUCTHUYECKOro pacmpeneneHus ( 7,
max

% ¥ orp) MPOU3BOIUIOCH C TOMOIIBIO MAKETa MPOTPAMM MO CTATUCTHUECKOH 00paboTke
nanubix Statistica for Windows u MINITAB, u pe3ynbrats! 3aduxcupoBanbl B Tadnuie 2.2.

Tpebyercst ompenenuTb, HE COJICPKHUT JU pe3ylbTar HaOmogeHus 53 Bar. rpyOyio
max

MOTPEIIHOCTh (mzl’ =53 Bar). [1o dopmyie (2.4) onpenensem:

:|53-12,04 |:3

J7
10,86
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Tabnuua 1. BapuanuoHHBIM pAa MOCTYIUICHHE BEJIWYMH TPYII BaroHOB Ha MYTh
Ha3HAYCHHE

Bennunna 1 D) 3 4 5 6 7 8 9 10 11 12 -
TPYIIIbI

Beero 66 [37 |29 |24 |32 |23 16 |25 |21 23 |21 11 328
HabJ01eHni

Bemiia 13 |14 |15 |16 |17 |18 [19 |20 |21 |22 |23 |24 |-
TPYIIIGI

Beero 16 |14 |11 |13 |6 13 |8 15 19 3 3 7 118
HabJ01eHUi

e 25 |26 |27 |28 |29 [30 |31 |32 [33 |34 |36 [37 |-
TPYIIIGI

Bcero 3 4 6 3 7 5 6 8 2 8 5 1 2 57
HaOJIIOACHUIH

Beminna 38 (39 |40 |41 |42 |44 |45 |47 |49 |50 |52 [53 |-
TPYIIIbI

Bcero 3 3 2 1 1 2 3 1 1 1 1 1 1 13
HabJI01eHui

Bcero 521

Tabmmma 2. YucnoBble XapaKTePUCTUKHN CTATUCTUYECKOTO PACTIPEACIICHHsI ISl TPOBEPKHU

mmax =53
B

norpemHocT ¥ ar.

max
n m p m 2p orp

521 12,04 53,00 10,86

W3 tabmunet 3.6 B (Tperbsk, 2004: 10-171) mns yposus 3HaunMocTt q=0,05 1 00beMa

BbIOOPKHU n =521 Haxoaum Bk = 3,703. Tak kak He cobmonaeTcs ycnosue Bk>f, To MOXKHO caenathb
max

m
BBIBOJI, UTO pe3ysbTaT ¥ =53 Bar coiep>KUT Irpy0yIo MOrPEIIHOCTh U TOJKEH OBITh UCKITIOYECH
MIpH TalibHEeHIel 00paboTKe pe3yIbTaTOB HAOIIOICHUH.

Onpez[enﬂeM YHUCJIOBBIC XAPAKTCPUCTUKHU CTATUCTUYCCKOTO PACIIPEACIICHUS ITOBTOPHO C
max

m
UCKJIroUeHueM <P =53 Bar u 3anuchIBacM B TaduLe 3.

Tabnuua 3. UncnoBble XapaKTePUCTUKU CTATUCTUYECKOTO pacHpeIesiCHHs ISl IPOBEPKU

max
m =352
norpemHocty ¥ Bar.
max
n m,, n;, orp
520 11,96 52,00 10,72

max
m
TpeOyercs onpeAenuTb, HE COIEPIKUT JIM pe3yJbTaT HaOmoaeHus ¥ =52 Bar rpy0Oyro
norpemHocTs. [1o popmyre (2.4) onpenensem:

_|52-11,96]

=374
10,72

B
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Taxke cpaBHuBaeM ¢ k=3,703. Tak kak He coOmtomaercs ycimoBue Bk>B, To MOXHO
max

m
ClIeNnaTh BBIBOJ, YTO pe3yabTaT < =52 Bar colepHT IpyOyI0 MOTPEUTHOCTh, H JJOJKEH OBITH
UCKIJTIOUEH NPH JasbHelel 00paboTke pe3yabTaToB HAOIIOICHHA.

OnpezlenﬂeM YHUCJIOBBIC XAPAKTCPUCTUKHU CTATUCTUYCCKOTO PACIIPEACIICHUS ITOBTOPHO C
max

m
UCKITIOYeHreM ¥ =52 par u 3amuchiBaeM B TaOIuILy 4.

Tabnuua 4. UncnoBble XapaKTePUCTUKN CTAaTUCTUYECKOTO pacHpeesiCHHs 1Sl IPOBEPKU

max
m =350
norpemHoctu Bar.
max
n m,, n, orp
519 11,88 50,00 10,59

max
m
TpebyeTcst onpenenuTb, He COIEPKUT JIU pe3ynbraT HaOmonenust ¥ =50 Bar rpyOyo
norpertHocTb. [To hopmyne (2.4) onpenernsem:

_|50-11,88

= 3,60
10,59

B

Taxoke cpaBauBaeM ¢ Bk=3,703. Tak kak cobmoaaercs yciaosue Bk>f, To MOXKHO cienath
max

m
BBIBOJ, YTO pe3ynbraT ¥ =50 Bar He COAEPKUT IpyOyI0 MOTPEIIHOCTh, U HE JOJDKEH OBITh
UCKJIIOUYEH MU AaibHelieit 06paboTke pe3ynbraToB HabmoaeHuid. Cie1oBaTeabHO, 1711 JaHHOTO

HazHaueHus Gopmyia (2.2) peanu3oBaHa npu orpanndeHuu 1< mrp<50.
max

m
B tabmune 5 npuBeneHs! 3HaUeHUsT ¥, MMOJCYMTAHHBIE aHAJIOTHYHBIM 00pa30oM U IS
JpyruX Ha3HA4eHUH pu mrp=4-15 Bar npu pa3ianyHbIX 3HAYEHUSIX CYyTOYHBIX BATOHOIIOTOKOB.

m;nax
Tabnuma 5. Pe3ynpTaThl onpeiesieHne MorpenHocTd ¥ Bar.

mrp 4 S 6 7 8 9 10 11 12 13 14 15

mg’f‘x 30-35  [32-38  [35-43  [40-45 [40-46  [42-48 [44-52  [47-54  149-55  [50-55  [52-56  [54-60

Taxum oOpazom, B mucceptanuu Gopmyia (2) peaqu3zoBaHa MpHu orpaHndeHud 1<mrp<
max

¢ . IloactaBnss B (2) BEMMUUHY MIP, a Z1 - U3 CIICIIMAIBHON CTaHAapTHOM nmporpamMmbl Excel,
OTIpeieNieH MOPSAJOK MOCTYIUICHUS TPYNI Mi Ha Ha3Ha4deHue. B pesynbraTe Ans omnpeneieHus
CpeIHel BEJIMYWHBI TPYIIBI BArOHOB, MOCTYMAMOIIUX HA MYTh HAKOIUICHHS B 3aBHCHMOCTHU
CYTOYHOTO BaroHOTOTOKA, MPEAIaraeTcs CieIyronasi SMnupuaeckas popmyna:

mrp=0,02UcyT1+4,03, Bar (%)
Dra 3aBUCHUMOCTH IMIOJIy4€HA C TIOMOINBIO CTAaTHUCTUYECKOW OOpaOOTKH JaHHBIX H
MOATBEPIKIAET pe3yJIbTaThl, momyueHHbie B.M. AkynuauueBbiM B padote (Kyapssues, 2002: 86—

96). PamxupoBaHHE IO TECHOTE CBSI3U IOJIYUYEHHBIX JAaHHBIX IOKA3aj0 BBICOKYIO TOYHOCThb
CXOJIMMOCTH, XapaKTepu3yIryrocs kodddunrentom nerepmunanuu R2=0,902 (Puc. 2).

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




Industrial Transport of Kazakhstan. Vol.21 (3). 2024

14
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mep =10,.02Ucym + 4,002
R =02902

CpeaHsada BeNnIuIIHa TPy LI, Bar

45 95 145 195 245 295 345 395 445 495

CpeaHecyTOUHEIII BATOHOIIOTOK, Bar

Puc. 2. 3aBucumocTh cpez[Hei«'[ BCJIMYUHEI I'PYIIIBI BArOHOB, NOCTYHNAONIUX Ha ITyTh HAKOIUJICHUS OT pasMepa CpEAHECYTOYHOI'O
BAaroHOIIOTOKa

[TockonbKy 7151 KaXKJ10T0 Ha3HAYEHUS M1aHa (pOpMHUPOBAHUS IPYIIIBI BATOHOB ITOCTYIAIOT
HEPAaBHOMEPHO KaK 10 BpEMEHM, TaK M 10 KOJIMYECTBY BArOHOB B IPYIIIIE, TO UIsl MOAEIUPOBAHUS
MOMEHTOB IIOCTYIUIEHHS TpPYyNI BaroHOB HEOOXOIUMO ONpPENENIUTh 3aKOH paclpeiesieHus
MHTEPBAJIOB BPEMEHU MEXly MOCTYIJIEHUEM CMEKHBIX TPYIIIL.

B (beixkagopos, 1995: 10-168) mokazan mpumep MpaBAOINOJA00HOCTH IOKA3aTE€IbHOTO
pacnpeesIeHUs] HHTEPBAJIOB MEXK Ty MOCTYNAIOIMMU Ha TPY30BOM ABOP IPyNIIaMH BaroHoB. Jlis
OIpENETICHUs ITUX 3aKOHOMEPHOCTEN MCIOJIB3YETCsl TEOPUsS BOCCTAHOBIICHHs. B nccnenoBanum
A.B. Tlanacuk (ITamacuk, 1969: 1-22) ¢ uHCHONIB30BaHMEM MaTEMATHYCCKOH CTATUCTUKH
YCTAaHOBUJI, YTO 3aKOH paclpeAesieHUs] HMHTEPBAJIOB MEXJIYy CMEXKHBIMU TPYNIaMHU MOXHO
paccMaTpuBaTh KaK paclpeeICHUE BETMUNHBI TPy BarOHOB.

B crarbe nmnsa onpeneneHus 3aKOHA PACHPEEICHUS HWHTEPBAIOB BPEMEHH MEXIY
CMEXHBIMU I'pYyIIIaMU BarOHOB UCHOJb3YETCs METOA MatemaTuueckor cratuctuku (Kynapssues,
1977: 1-55). YcraHOBIEHO, YTO pacHpe]elieHUe HHTEPBAJIOB BPEMEHU MEXKIY CMEXHBIMU
rpynnamMy BaroHOB NOJYMHSAETCSA II0Ka3aTE€IbHOMY 3aKOHy pacrpenencHus. CraTucTHYECKas
MPOBEpPKa COTJIACOBAHHOCTH TEOPETHUYECKOTO MOKA3aTeIHHOTO M (PAaKTUYECKOTO pacupeaeeHu
npousBeneHa o kputreputo Pomanosckoro (Kyapsisues, 1977: 1-55) u B G0IbIIMHCTBE ClTyyaeB
Jlana TOJIOKUTENbHbIe pe3ynbTaThl. Ha pucyHkax 3—4 yacToTa CTaTUCTHYECKOW BEJIMYMHBI
MHTEPBAJIOB BPEMEHHU MEKIY CMEXHBIMU IPYIIIaMU BaroHOB IIOKa3aHA B BUJE I'MCTOIPAMMBI, a
CIUIOIIHOM JIMHMEW — TeopeThdyeckas KpuBas pacnpeneneHus. V3 pHCYHKOB BHAHO, 4TO
TEOPETUYECKOE M CTATUCTUYECKOE paclpe/ieeHus OJIU3KH.
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Icp=0,80 yac.

90

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

4.0 International License



Industrial Transport of Kazakhstan. Vol.21 (3). 2024

[Tpu moka3aTebHOM 3aKOHE TEKyIlas BEJIMYMHA MHTEPBAIa onpeneiseTcs mo Gopmysie
(CotHukos, 1968: 27-29):

Ii = Icp [Inzil (6)

raelcp— cpeanuii mHTEpBanm MeEXIQy TIpynnaMmu, 4dac (3HadueHue Icp ompeneneH 1o
CTAaTUCTHUYECKUM JIAaHHBIM JUISl K&KA0T0 Ha3HAYCHHUS).

B nuccepraumm Qopmyna (2.6) peanusyercs mnpu orpanuuenun 0,21cp<Ii<3lcp.
MogenupoBaHie HHTEPBAJIOB MEXKAY IOCTYIJIEHHEM TIpPYII BaroHOB Ha COPTHUPOBOYHYIO
CTaHLMIO B TeUeHHE 17 CyTOK U Ha X OCHOBE pa3palboTKy rpaduka mocTymieHHUs Pyl BarOHOB
Ha [yTh Ha3HAYEHUS MPOU3BOAUM CIIEIYIOIUM 00pa3oM.

[TpuGbITHE TIEpBOI rpynIBl HA Ha3HAUYeHUe npuHUMaeM - B 00:00.

N3 Tabnauubl ciaydyalHbIX 4YMCEN IPOU3BOJIBHO BBIOEPEM UHUCIO, 3aTEM BO3bMEM
HATypaJbHBIHM Jorapum Npou3BeIeHUs] U YMHOXKUM Ha BeTHMUUHY Icp A7 TaHHOTO Ha3HAYCHHUS.
[TomyuyeHHslil pe3ynbTaT NnpeodOpa3yeM B MHUHYTHI U NPUOABISEM K HPEIbIAYIIEMY BpPEMEHU
npubsITUs rpynnsl. Hanpumep, mist Iep,=0,61 yac:

I1 =0,61/ In0,7956/=0,38 wac = 23 muH.
Bropos rpynna nocrynaet B 00:23.
12 =0,61/ 1n0,8643/=0,24 yac =14 muH.

Tperbs rpymnma MNOoCTyIMT Ha cOopTUpoBouHylo craHuuio B 00:37 u T. O. 10 KOHLA
pacuétHbIX 17 cyTok. Bee pacueTs cienaHbl ¢ HOMOIIBIO CHIENMAIbHBIX CTAHJAPTHBIX IPOrpamMm
Excel.

B nosny4ennslii Takum 00pa3zoM rpaduk NOCTYIUIEHUS TPYIII HA IyTh HA3HAYEHUsI CTABUM
COOTBETCTBYIOIIYIO BEJIMYUHY TPYII BaroHoB (MOJyYeHHYIO U3 (GopMynsl (2)) U moiaydaem
MOCTYIIJIEHWE BarOHOB HAa Ha3Ha4eHUe 3a 31 CyTKU HENpEPHIBHO.

[Ipu TuOKOM TpaduKe COCTaB CUMTACTCS HAKOIUIEHHBIM, €CIM €ro BeC MM JUIMHA
cooTBeTcTBYeT HopMme. [loaToMy ans MonenupoBaHMs NpoLEecca HAKOIUIEHUs 3HAYEHUs mi,
HOJy4YeHHbIe U3 (GopMyJbl (2), CYMMUPYIOTCS IO T€X MOp, OKa He OyJeT BBIMOJIHEHO yCIOBHE

m;,2m
Z ! om _ Te. 710 IMOJYYEHUs 3HAUYEHUS HOPMBI OTIPABISIEMOrO0 COCTaBa. 3aTeM

S 1

CYMMHPYIOTCSI COOTBETCTBYIOIINE 3HAUCHUS I, mosyueHHsie u3 GopmyIisl (6), B pe3ysbTare
Yero MoJIy4aroT BEJIMYMHY MEPHO/ia HAKOIUIEHUS 1-ro noe3aa. IIoBTOpSAIOT JaHHBIM UK MHOTO
pa3 ¥ 3amuCHIBAIOT 3HA4eHUs T1 JUIS YCTAaHOBJICHHUS 3aKOHOMEPHOCTEH COCTaBOOOpa3OBaHUS B
COPTUPOBOYHBIX MapKax.

[Tockonbky B TBepIOM rpaduke HAKOIUICHHE COCTABOB 3aBEPIIACTCS B 3aBUCUMOCTH OT
pacrucaHus OTIIPABICHUS TOE3/10B, TO JJIl MOACITUPOBAHUS POIlEcCa HAKOIUIEHHUS 3HAYSHHS mi,
HOJly4YeHHble U3 (QopMyibl (2), CyMMHUPYIOTCS /10 BPEMEHHU MPHUOBITHS IMOCIECIHUN TpyIIbl
COOTBETCTBYIOIMX HUTOK. [lo3TOMY Ipu TBEp10M rpaduKe i yCTAHOBIEHUS 3aKOHOMEPHOCTEN
cocTaBooOpa3oBaHusl TpeOyeTCsl MCCIEN0BaTh BEJIWYMHY MOCTYIUIEHHS BaroHOB HAa pacueTHbBIE
nepuoabl (MeXIy HUTKaMu rpaduka).

3akiao4enue

B nanHOW nuccepTanMoHHON paboTe MPOBENEHO KOMIUIEKCHOE HCCIeI0BaHHE
3aKOHOMEPHOCTEH MOCTYIUIEHHUs TPYII BarOHOB IO HA3HAYEHHUSAM M ONpEAESICHUE MOpsAIKa MX
HOCTYIIJICHUs. HAa IYTH HAKOIUICHHsS] COPTHPOBOYHBIX CTAHIMH. AKTYyalbHOCTb HCCJEIOBAHUS
00ycIoBIIeHa HEOOXOAUMOCTHIO TOBBIIIEHHS () (HEKTUBHOCTH pabOTHl COPTUPOBOYHBIX CTAHIIHIA,
COKpAIllEHUS! BpEeMEHHM (OPMHUPOBAHUS COCTABOB W ONTHUMHU3ALMU HCIHOJIb30BAHUS IyTeH
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HaKOIIJICHUs, 4YTO UMEET OO0JIbIIOE MPAKTUUECKOE 3HAUYCHHE ISl HKEJIC3HOJOPOKHOM JIOTUCTUKH U
yIIPaBJICHUSA TPY30II0TOKAMU.

Peanuzamms memet m MeTOoAOB uccienaoBaHus. llenb HcciaemoBaHWsT — BBISBICHHE
3aKOHOMEPHOCTEH pAaCIpEleICHUsT BEJIMYMHBI TIPYIIl BarOHOB U HWHTEPBAJIOB MEXKIy WX
HOCTYIIJIEHUEM, a TaKXkKe pa3paboTKa METOA0B IPOrHO3UPOBAHMS OPSIIKA TOCTYIUIEHUS TPy HA
IYTH HaKOIUIEHUsS] — OblIa IOCTUTHYTA OCPEICTBOM KOMIUIEKCHOTO IPUMEHEHHS COBPEMEHHBIX
METOJI0OB MAaTEMATHYECKOM CTATUCTUKH, IIPOBEPKHM THUIOTE3, MOJACIUPOBAHUSA W aHaIM3a
SMIMPUYECKUX JaHHBIX. Jlns 0oOpaboOTKM  CTAaTHCTUYECKUX JAHHBIX  HCIHOJIB30BAIHUCH
BapHALlMOHHBIE psAbl, pacdyeT CPEAHHUX BEIUYMH, JUCIEPCUA U CPEAHEKBAAPATUYECKUX
oTkinoHeHuil. IlpoBepka maHHBIX HA Halduyhe TPYOBIX MOTPEUIHOCTEH MPOBOAMIACH C
UCIOJBb30BaHuEM KpuTepus CMHMpHOBA, YTO IO3BOJIMIIO MCKIIOYHTH aHOMAJIBHBIE 3HAYCHUSA U
o0ecreynTh TOYHOCTh PacyeToB. [ onpeaeneHus 3aKOHOB pacupeeNIeHUs BETUUNHBI TPYTII U
UHTEPBAJIOB ~ MEXJIYy HUMH  IPUMEHSUICA  TOKA3aTEJIBHBIM  3aKOH  pacIpelelICHUs,
anMpOKCUMUPOBAHHBI C yYeTOM CTaTUCTHYECKUX HaOMOJeHUH. MojaenupoBaHue MOpsIKa
IIOCTYIUICHHs TPYIIl BAarOHOB OCYIIECTBISUIOCH C HCIOJb30BAHMEM CIy4YalHBIX 4YHCENl U
OMIIUPUYECKUX 3aBUCUMOCTEN CPEINHEW BEIMYMHBI I'PYIIBI OT CYTOYHOI'O BarOHOIIOTOKA, 4TO
MIO3BOJIMJIO TOCTPOUTh PEATTUCTUYHBIE IPa)UKK NOCTYIIJIEHNS] BaTOHOB Ha ITyTH HAKOIIJICHHUS.

Y CTaHOBIIEHO, YTO BEIWYUHBI IPYIIIT BATOHOB U MHTEPBAJIBI BPEMEHU MEKIY CMEKHBIMU
rpynnamMy MOAYMHSIOTCA TOKA3aTeIbHOMY 3aKOHY paclpeAeeHus. DOTO NOATBEPKIAET TUIIOTE3Y
0 MPECKa3yeMOCTH IOCTYIUICHUS] BATOHOB Ha OCHOBE CTATUCTUYECKUX 3aKOHOMEPHOCTEM.

PazpaOotanbl sMnupuueckue (GopMyJisl s pacyeTa CpeAHEN BEITNUNHBI TPYIIIbI BATOHOB
B 3aBUCHMOCTH OT CyTOYHOT'O BaroHOMOTOKA, a Takke (GOPMYIIbI IS ONpEeIeHUs] UHTEPBAJIOB
MEXy MOCTYNAOIKUMHU I'PYTIIAMH.

[Toctpoens! rpaduku MOCTYIUICHUS TPy BarOHOB Ha My TH HAKOIUIEHUS Ha repuoa 1o 31
CYTOK, YTO IO3BOJIWJIO BU3YaJIU3UPOBATh 3aKOHOMEPHOCTH COCTaBOOOPA30BaHUS M JWHAMHKY
IIOCTYIUICHHs] BAaTOHOB.

Pa3zpa0Gotan anroputm ydera OrpaHMYEHUI MO BEIMYMHE IPYNI M WHTEPBATIaM MEXKAY
HUMH, 4TO 00€CIeUNBACT PEATUCTUYHOCTh MOJICIIMPOBAHUS MPOLIECCOB HAKOIJICHHUS COCTABOB.

ITpoBeneHa npoBepka CTATUCTUYECKUX JAHHBIX HAa HAJIW4Me IpyObIX MOTPEUIHOCTEH ¢
IpUMeHEeHHneM kputepusi CMUpPHOBA, YTO MOBBICUIIO IOCTOBEPHOCTH PE3YJIbTATOB MCCIIEA0BAaHUS
U MCKJIIOYMIIO aHOMAJIbHbIE 3HAYEeHUs U3 JanbHelIel o0paboTKy.

[lens uccnenoBaHus MOATBEPKACHA: BBISBICHBI 3aKOHOMEPHOCTH IOCTYIUIEHUS TPy
BaroHOB [0 Ha3HAYEHMSIM M Pa3pabOTaHbl METOJbI ONPEIEICHUS UX MOPsJIKA MOCTYIUICHUS Ha
IIyTH HAKOIUICHUS.

[TomyueHHBIE pe3yJIbTaThl MO3BOJIAIOT IMPOrHO3UPOBATH MOCTYIUIEHUE TPYMI BaroHOB C
BBICOKOM TOYHOCTBIO, YTO SIBJIICTCSI BaXKHBIM YCIOBHEM ONTHUMU3ALMH PaOOThl COPTUPOBOYHBIX
CTaHIIHUH.

Pa3zpabotannble GOpMyJIbI U QITOPUTMBI MOTYT HCHOJb30BATHCS Ul MOAEIUPOBAHUS
IPOIIECCOB COCTAaBOOOPA30BaHMSI, TUTAHUPOBAHKS PaOOTHI IyTe HAKOIUICHHUS W aBTOMAaTH3AIUU
JUCIIETYEPCKOTO YIIPABIICHUS.

Pe3synbTarhl nccienoBaHuss MOTYT OBITh HCHOJIB30BaHbl JJII ONTHUMHU3ALUU PabOTHI
COPTUPOBOYHBIX CTAHLUH, MJIAHUPOBAHUSA TIpaUKOB HAKOIUIEHUS COCTAaBOB M IOBBILICHHUS
3P PEKTUBHOCTH yIPABJICHUS BATOHOIIOTOKAMH.

Pa3zpaGoTaHHble METOJUKU MPOrHO3UPOBAHMS MOCTYIUIEHHUS IPYIMI BaroHOB MO3BOJISIOT
COKpaTHTh BpeMs (OPMHUPOBAHHS COCTABOB W YMEHBIIMTH IPOCTOW BAaroOHOB Ha TYTIX
HaKOIUICHUS.

Mogenn W anropuTMBL, TMPEUIOKEHHBIE B paboTe, MOTyT OBITh HHTETPUPOBAHBI B
aBTOMATU3MPOBAaHHBIE CUCTEMBI AUCIIETYEPCKOrO YIPABIEHUS JKEIE3HOLOPOKHBIM JABH)KEHHUEM,
YTO OTKPBIBAET MIEPCIEKTUBBI JAITBHEUIIIET0 COBEPILICHCTBOBAHUS KEJIE3HOIOPOKHOM JJOTUCTUKH.
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[lepciekTHBOM AaNbHEUIIUX HCCIICIOBAHUN SABISETCS PACHIMPEHUE MOJEIEH C y4eTOM
CE30HHBIX KOJeOaHH BarOHOMOTOKOB, U3MEHEHHSI CTPYKTYPbI I'Py30B, BHEAPEHUE aAAlTUBHOTO
MOJIETTMPOBAaHUSI B PEATbHOM BPEMEHH U HCIIOJIb30BAHME HCKYCCTBEHHOTO MHTEJUIEKTa st
MMPOTrHO3UPOBAHUA U ONITUMU3AIIUU ITIOTOKOB BAarOHOB.

[IpoBenenHoe Hccae0BaHNE MOATBEPHKIAET BbIIBUHYThIA aBTOPOM TE3UC O MOAYMHEHUH
BCJIMYHH TPYIIl BArOHOB M HHTCPBAJIOB MCKAY HX HNOCTYIINICHUCM IIOKAa3aTCJIIbHOMY 3dKOHY
pacnpeseneHusi. BbIsSBIEHHbIE 3aKOHOMEPHOCTH, pa3pabOTaHHBIE METOJbl U SMIUPHUUYECKUE
q)OpMyJII:I BHOCAT BKJIAJ B Pa3BUTUC HAYYHOI'O 3HAHUA B 06HaCTI/I JKCIIC3HOAOPOKHOTO
cocTaBoOOpa30BaHUS U YIPABIEHUS T'PY30MOTOKAMHU, a TAKKe€ MMEIOT MPAMOE IMPaKTUYECKOe
IpUMEHEHHUE [T ONTUMHU3ALUHU PA0OTHI COPTUPOBOYHBIX CTAHIMH 1 MOBBIIIECHHS 3(pPeKTUBHOCTH
NEePEeBO30YHOrO MpoLecca.

Takum o0pazoMm, mpoBeAeHHas paboTa HE TOMBKO MOATBEPKIAET TEOPETHUUECKYIO
3HaYUMOCTb I0Ka3aTeIbHbIX 3aKOHOMEPHOCTEH pacmpeleleHus BaroHoB, HO U 00ecleyuBaeT
BO3MOXKHOCTb HX BHEIAPEHHSI B NPAKTHUKY IUIAHUPOBAHUS U YIPABICHUA JKEIE3HOLOPONKHBIMU
Ipy30M0TOKaMH, OTKPbIBas IEPCTIEKTUBBI [ AATbHEHIIINX UCCIIEI0OBAaHUM 1 COBEPIIIEHCTBOBAHUS
CHUCTEM JIOTUCTUKH Ha JKEJIe3HOU JJOpoTe.
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Abstract. This study focuses on the intellectualization of decision-making support for
emergency situations (ES) on railway transport. The relevance of the research is determined by
the need to improve the efficiency and accuracy of decision-makers’ actions, especially in weakly
formalized and rare ES scenarios. The aim of the study is to develop methods and algorithms for
intellectualization that reproduce expert actions using artificial neural networks (ANNs). The
objectives include: analyzing existing ES classification methods; formalizing expert knowledge;
developing and training ANNs based on decision-makers’ experience; and evaluating the
effectiveness of the proposed approach through practical examples. The results indicate that using
ANNSs allows accurate classification of different types of ES, predicting the scale of consequences,
and generating recommended actions for decision-makers. The proposed ANN training method
enables system adaptation to the specifics of individual railway stations, including rare and weakly
formalized situations. The study concludes that intellectualization of decision-making support
enhances emergency management efficiency, reduces material and human costs, and opens
prospects for further research and implementation of decision support systems on railway
transport.
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AnHoTanus. byn xxympicTa Temipkon kedmirinae tereHmie xarnainapaa (TXK) Gackapy
menrnMaepiH KaObUIIayIbl WHTEUICKTYaNIIbI KOJJAay Mocelieci KapacThIpbUIabl. 3epTTEYIiH
O3eKTIMr — IIemIiM KaObUIAAyIIbUIAPABIH OPEKETTePIH KBUAAM Jpi TN  OpPBIHIAYBIH
KaMTaMachl3 €Ty KaKeTTLIIr, ocipece CHpeK Ke3aeceTiH oHe a3 ¢dopmanmanran TXK
KarJaimapeiHaa. 3epTTeyIiH MaKcaThl — XKacaHabl HeHpoHABIK xkeninepai (JKHXK) malinanansimn,
OKCTIEPTTEPAIH  OPEKETTEpiH KalWTa OHMIPETIH HWHTEJUICKTYyaIJaHIbIpy  OJICTepl  MEH
ITOPUTMJEpiH a3ipiey. MakcaTka jKeTy YIIiH Keneci MiHneTrtep memrinai: TXK-Hbl xKikTeyain
Ka3ipri ofjiCcTepiH Tanmay; OKchepTTik Oumimal  gopmanmsammsuiay; KHXK-#er  memrim
KaObUIIAYIIBUTAPABIH  TOXKIpUOECI HETi3iHIEe o3Ipiey MKOHE OKBITY; YCBIHBUIFAH TOCUIIIH
THIMAUTITIH TOXIpUOETiK MbIcalaap apKpuibl Oaranay. 3eprrey HOTHKecl OoiibiHma JXHIK
oprypmi TXX Ttypnepin aypbic >KikTeyre, cainapiblH ayKbIMBIH OOJDKayFa J>KOHE IICIIiM
KaOBLTayITbIIapFa YCHIHBUIATHIH OPEKETTEP/Il KATBIIITACTHIpyFa MyMKIHIK Oepei. JlaMbIThIIFaH
JKHX oxpITy omici KyHeHi HAaKThl TEMIipXKOJ CTaHIMACHIHBIH €peKIIeNiKTepiHe Oeilimueyre,
COHBIH 1IIIHAE CHPEK >XoHE a3 (opMaijaHFaH >KaFdaillapra MYMKIHIIK Oepeni. 3epTTeyiH
KOPBITBIHIBICH — 0acKapy IICHIiMACPIH HHTEUICKTyIJaHABIPY TOTCHIIE YKaFIaimapapl THIMII
HICNIYZi apTThIpajbl, MAaTCPUAIABIK >KOHE aJaMH IIBIFBIHIAPIBI a3adTaabl JKOHE TEMIpiKOI
KOJIITHIe MIemiM KaObuIIayapl KOJJAy >KYHelepiH eHri3yre opi Kapalfbl 3epTTeysep YIIiH
MEPCIIEKTUBAJIAD AIIa]Ibl.

Tyiiin ce3nep: ToTeHIIEe KaFaaiaap, TEMIPKOJI KeOJiri, HHTEIJICKTyalu3alus, KacaH bl
HEHWPOHJIBIK JKEJIIep, SKCIEPTTIK OUTiM, IISIIM KaObUIIay Ikl KOJIIay
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AnHoTanusi. B manHON paboTe paccMaTpuBaeTCs HHTEIICKTyalTU3alus TMOIICPKKH
IPUHATHS YNPABICHUYECKUX PEIICHUH MpU BO3HUKHOBEHMM 4pe3BbluaiiHbix cutyauui (UC) Ha
’KEJIE3HOJOPOKHOM TPaHCHOPTE. AKTYaIbHOCTh MCCIIEJOBAHUS ONPENEIIETCs] HE00X0AUMOCTBIO
NOBBILIECHUS] ONEPAaTUBHOCTH W TOYHOCTH JEHCTBUM Jul, NpuHuUMaromux peuenus (JIIIP),
oco0eHHO B crabodopManuzyeMblX W penko Berpedaronuxcs curyanusax YC. Lens
UCCIICIOBAHMS 3aKJII0YaeTcsi B pa3pabOoTKe METOAOB M aJITOPUTMOB HHTEJUICKTYaJU3alNH,
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oOecrevynBarOnMX BOCIPOU3BEACHUE JACUCTBUH OJKCHEpTa C MOMOIIbI0 HMCKYCCTBEHHBIX
Heiiponnsix ceteit (MHC). Jlnsg noCTHKEHUWsS LEeNd pellaich CIEAYyIOIIUe 3a7add: aHallu3
CYIIECTBYIOMIMX MeTOoA0B Kiaccupukauuu YC; popmannzanus SKCIIEpTHBIX 3HAHUI; pa3paboTka
u ooyuenne MHC na ocnHoBe ombita JIIIP; onenka 3¢ppekTuBHOCTH MPEIoKeHHOTO MOIX0a Ha
MpaKTUYECKUX TpuMepax. B pesynbpTare ucciegoBaHusl BBIABIEHO, 4TO Hcrnosib3oBanue MHC
MO3BOJIIET KOPPEKTHO KIacCHUPUIMPOBaTh paznuyHbie TUnbl YC, mporHO3MpOBaThH MacHiTad
MOCJIEICTBHM U opMUpOBaTh pekoMeHayeMmble neiictus JITIP. Pazpaborannbrit MeTon 00yueHus
NHC obecneunBaeT afanTaiui0 CHCTEMBI K CIHEMU(UKE KOHKPETHOW IKEIe3HOIOPOKHON
CTaHIMM, BKJIIOYas peAkue U ciabodopmainzyeMble CUTyallMH. 3aKIOYeHHE MCCIIeI0BaHus
MOATBEPXKJAET, YTO HMHTEIUICKTyadu3alusl TMOAJNEPKKA TMPUHITHS PEIICHUH MOBBIIIAET
s¢dextuBHOCT, nuKBuAanuu YC, CHIKAeT MaTepualbHble M JIIOJCKHE 3aTpaThl, a TaKke
OTKPBIBAET NEPCIEKTUBBI JaJbHEUIINX UCCIEAO0BAHUN U BHEAPEHUS cucTeM noaaep:xku JIIIP na
KEJE3HOJOPOKHOM TPAHCIIOPTE.

KuaroueBbie ciaoBa: UC, KeNe3HONOPOXKHBIM  TPaHCHOPT, HHTEIUICKTyalu3alus,
HCKYCCTBEHHbIE HEUPOHHBIE CETH, IKCIIEPTHBIE 3HAHUS, ITOAICPAKKA IPUHATHS PEIICHUI

s muruposanusi: P.H. Monnamesa. MuTennexkryanusanus NOAAEPKKA TPUHATHS
YIPABICHUYECKUX  pEIIeHUH  Opu  BO3HUKHOBeHMHM  YC  Ha  KeJIE3HOIOPOKHOM
tpancnoprte//ITombinennsiii Tpancnopt Kazaxcrana. 2024. T. 21. No. 83. Crp. 95-109. (Ha
pyc.). https://doi.org/10.58420/ptk/2024.83.03.007

KoH}IuKT HHTEepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Beenenue

Pa3ButHe »Kene3sHOJOpPOKHOTO TpPAaHCHOPTa B YCJIOBUAX YBEIWYHMBAIOIIETOCS 00beMa
NEepeBO30K M pocTa TpeOoBaHMI K Oe30macHOCTH CO34aéT HEOOXOAMMOCTh TOBBIIICHHUS
s dexTuBHOCTH yripaBieHUus Ype3BbiuaitHpIMu cuTyanusiMu (UC) Ha 00bekTax HHOPACTPYKTYPHI.
B coBpemennbix ycnoBusix JIIP (aumam, npuHUMarOnuM peiieHus ) TpUXoauTCsl CTAIKUBATHCS C
00JBIIUM pa3HOOOpa3reM aBapUHHBIX U YPE3BBIYAMHBIX CUTYALUN, BKIIOYAs PEIKHUE U CIOKHbBIE
cilydau, IS KOTOPBIX CTaHAAPTHbIE MHCTPYKLUMH W METOJMKH MOTYT OBITh HEJIOCTATOYHBI
(Kynpba, 2013: 180-183).

AKTYaJbHOCTb HCCIIEJOBAHMS OIPENEISIETCSI TEM, YTO, HECMOTpPSI Ha CYILECTBYIOLIME
MeTouku yrpasienus UC, octaioTcst Hepel€éHHBIMU BOIPOCHI MHTEJUIEKTYaTU3aIH OIS PKKU
NPUHATUS YNPABICHUYECKUX PEIICHUH NMpHU BO3HUKHOBEHUHU PEAKUX U clabodopmanuzyemMbix
CUTyaIuil Ha KeJae3HoAopokHoM TpaHcnopte (CmupnoB, 2024: 1100-1138). CymecTBytomue
KJIacCU(UKAIMOHHBIE CXEMBI U TIOJXObI K olleHKe MaciiTaba UC, BkiItoyas onpeaeneHue Kiacca
YCTOHYMBOCTH TPU3EMHOTO CJIOS aTMOC(Ephl, UMEIOT 3HAYUTEIbHBIN pa30dpoc pe3yjbTaToOB H
TpeOytoT Bbicokoi kBanudukanuu JIIIP (Lypukos, 2013: 56-65; Callan, 2013: 100-139). Oto
co31aéT NOTPEOHOCTH B pa3pabOTKe MHTEIIEKTYaIbHBIX CUCTEM MOJACPKKU MPUHATHUS PEIICHUH,
CIOCOOHBIX YUUTHIBAThH IKCIEPTHBIE 3HAHUS U clabodopmanuzyemblie JaHHbIC, A YMEHbBIICHUS
OIIMOOK U MOBBILLIEHUS OnepaTUBHOCTH yrpasineHus (Bacuises, 2000: 100—-130).

OOBEeKT WuCCIeOBaHMs — TPOLECChl TMPUHATUS YIPABICHYECKUX PpEUICHUH mpH
BOo3HUKHOBeHUHU YC Ha Kee3HOJOPOKHOM TPAHCIIOPTE.

[IpenMer ucciaenoBaHUS — WHTEIJIEKTyalbHbIE METObI MOAAECPKKU MIPUHITUS PELICHUMA
JIITP ¢ ucnonb30BaHUEM SKCIIEPTHBIX 3HAHUM U aITOPUTMOB MALIMHHOTO O0Y4YEHHUS.

Lenb uccrnenoBanusi — pa3paboTKa METOOB UHTEIJICKTYaU3alliy MOAIEPKKU TPUHSITUS
YIOpPaBJIE€HYECKUX peIIeHui Mpu BOo3HUKHOBeHMHM UYC Ha ’KeIe3HOIOPOKHOM TpPAHCIOPTE Ha
OCHOBE 3HaHUI IKCIEPTOB M TEXHOJOTUI HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

3aaum uccae10BaHus:

- [Ipoananm3upoBath cymiecTByromue moaxonasl k knaccupuxanuu YC u olneHke ux
Maciiraoa.
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- BeIIBUTH OCOOCHHOCTH MCTIOIB30BaHMS dKCTIEpTHHIX 3HaHui JITIP nmpu BO3HUKHOBEHUH
cnabodopMann3yeMbIX CUTYALHH.

- HccnenoBath BO3MOYKHOCTM TIPUMEHEHMSI HMCKYCCTBEHHBIX HEMPOHHBIX CETEH Ui
MOJIETTMPOBAHUS AEUCTBUN IKCIIEPTOB IPU MIPUHITUU pelieHui B ycaoBusx YC.

- Pa3zpaborates aBTOopckmit meron oOydenmss MHC ©Ha ocHOBe 3HaHUW DJKCIepTa,
o0ecreunBarONINii KOPPEKTHYIO KIACCU(PUKAIIUIO PEIKUX U CIIOKHBIX CUTYAIIUH.

Mertonbl UcClieI0BaHUsI BKIOYAIOT CUCTEMHBIN aHAJIN3, METObl NHTEJUIEKTyJIM3aluu 1
UCKYCCTBEHHOTO MHTEIJICKTa, MAIIMHHOE OOy4YeHHEe, MaTeMaTH4ecKoe MOJICIUPOBAHUE U
AKCIIEPTU3Y JaHHBIX.

Hayuynas HoOBu3Ha paboOTBl 3akitoyaercs B paspaboTke wmeroma obOydenuss HMHC,
CIOCOOHOTO BOCTIPOM3BOJIUTh HMHTEIUICKTyalbHbIe neicTBUs ombiTHOTO JIIIP mpum peaxux u
cmabodopMann3yeMbIX YpE3BBIYANHBIX CUTYalMsSIX, YTO IMO3BOJISIET CYIIECTBEHHO MOBBICUTH
ONEPATUBHOCTh U TOYHOCTh MPUHUMAEMBIX PEILICHUN.

[IpakTrueckass 3HAYUMOCTb UCCIAEAOBAaHUS COCTOMT B BO3MOXHOCTH BHEIPEHUS
paspabotanabsix MeToa0B B CIIIIYP nns kene3Hogop0oKHOTO TPAHCIIOPTa, YTO CIIOCOOCTBYET
CHIKEHHUIO MAaTEepUAIbHBIX U YEJIOBEUYECKUX MOTEPh, ONTUMHU3AIUH 3aJCHCTBOBAHHBIX PECYPCOB
Y TIOBBIIICHUIO 0€30aCHOCTU TPAHCIOPTHOW CUCTEMBI.

['unoTe3a Mccneq0BaHus 3aKII0YaeTCs B TOM, 4To ucnonb3oBanne MHC, oOyuaembix Ha
3HAHUAX PKCIEPTOB, MO3BOJISAECT BOCHpOonu3BoUTh aercTBus JIIIP npu Bo3HukHoBeHNn YC naxke B
CIIydasiX pelKux U ciabodopmannu3yeMbIX CUTyalui, oOecreuynBas TOUHOCTh U ONEPaTHBHOCTh
MPUHATHUS YIPABICHUYECKUX PEHICHUM.

MarepuaJbl 1 METObI

MarepuanoM HcCIeIOBaHUS TOCTYKWIU JaHHBIE O 4pe3BblYaiiHbIXx cutyarusax (UC),
BO3HMKIIUX Ha XEJIC3HOAOPOKHOM TPAHCIOPTE, a Takxke cBeaeHus o pgeucreusax JIIP,
¢ukcupoBaHHble B mpolecce ukBuAanuu mnocieactBuii YC Ha pasnuyHBIX 00BEKTax
UHPPACTPYKTYPHI. )i KaUeCTBEHHON XapaKTePUCTHKU MaTepuaja UCTIOIb30BAIHNCH CBEICHUS O
turnax YC (aBapuu Ha KeJIE3HOIOPOKHOMN JTUHUH, TEXHOJOTHUECKUe aBapuu, aBapun ¢ AXOB u
1p.), MaciTabax MOCIEACTBUMN, YUCIIE 336 ICTBOBAHHBIX PECYPCOB M CTETNICHU BO3ACUCTBUS Ha
uHppactpykrypy. KomumyecTBeHHO Matepuan wucclienoBanus Bkiodan Oonee 200 ciyuaes
Bo3HUKHOBeHus1 UC, 3apeructpupoBanHbix B nepuon ¢ 2013 no 2024 rox, a Taxke apXuBHbIE
JaHHbIEe W onucaHus dKcrepTHhIX aectBuil (Kyns6a, 2013: 180—-183; Cmupnos, 2024: 1100—
1138).

B kauecTBe NCTOUYHMKOB MH(POPMAIIUHN UCTIONb30BAIINCH:!

- HayuHble myOnukanuu U MoHorpaduu mo ympasneHutro UC Ha KeIe3HOIO0POKHOM
tpancnopre (Llypuxos, 2013: 56-65; Bacunses, 2000: 100-130);

- ApXUBHBIE MaTEpHUAJIbl IPEANPUATUN KEITE3HOAOPOKHOIO TPAHCIIOPTA;

- MaTepuallbl MEXIYHAapOAHBIX KOH(EepeHIHHd M COOPHHKOB MO HWHTEIUICKTYaJbHBIM
cuctemam ynpasnenus (Tsurikov, 2013: 226-231);

- ONHUCaHMS  TEXHOJOTHMM  HMCKYCCTBEHHBIX HEHPOHHBIX CE€T€d M  METOJIOB
uHTennekTyanu3anuu (Winston, 2020: 115-230; Luger, 2008: 75-85).

Bomnpoce! neenenoBanus BKIFOYAIIN:

- Kak oOecrieunTh KOpPPEKTHYIO KJIacCU(UKAIMIO YPE3BBIYAMHBIX  CUTYAIHA,
BO3HHKAIOIIMX Ha XEJIE3HOJIOPOKHOM TPAHCIIOPTE, BKIIOYAs peAKue U ciaabodopmann3yemMbie
ciayvyau?

- Kakue metoasl MHTEIUIEKTYaIU3alui U aIrOPUTMbl MAIMHHOTO OOy4Y€HHUs TO3BOJISIOT
MozenupoBaTh AeiicTBus onbITHBIX JIIIP npu Bo3HukHOBeHNH UC?

- Kak moctpouts oOyuaromntyro Beioopky st MHC Ha ocHOBE 3HaHHIA KCIIEPTOB, YTOOBI
MUHUMHU3UPOBATH OMKOKY NpH kinaccudpukanuu peakux YC?

[IpennoxxenHas rumnore3a (TE3UC): UCIOJIb30BAHUE HCKYCCTBEHHBIX HEHPOHHBIX CETEH,
o0y4eHHbIX Ha 0a3e 3HaHUW HKCIEPTOB, MO3BOJIAET BOCHPOU3BOANTH neicTBus JIIIP mpu
Bo3HUKHOBeHHH YC ¢ J0CTaTOYHOW TOYHOCTBIO U ONEPATUBHOCTHIO, BKIJIOYAs PENKO
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BCTpeyvarouecs 1 ciabodopmannzyembie CUTYaluH.

DTanbl UCCIET0BAHMUS:

- Coop u cucremarusarus naHHbIX 0 YUC Ha KeJIE3HOAOPOKHOM TPAHCIIOPTE, BKIIFOYAS
ApXUBHBIC MaTEepPHAIIbI U Iy OTUKAIH.

- BrisiBieHne u kimaccuukanus THUMOBBIX M HETHUNOBBIX cutyanuid UC, ompeneneHue
KpuTepHueB Maciutabnoctu u Bozaeiicteus (Llypukos, 2013: 56—-65; Callan, 2013: 100-139).

- Anaim3  ombita  pab6oter  JIIIP, BkiIrO4ass OMBIT OSKCIEPTOB, W BBIJACICHUE
cmabodopManu3yeMbIX 3HAHUHM, BAXHBIX I MPUHATUS YIPaBICHYSCKUX pelieHui (AcaHoB,
2002: 12-59).

- Pa3zpaboTka Moenu MCKYCCTBEHHON HEHpOHHOW ceTu Ayisg uMmurtanuu aevictuii JIIP,
BKJItOUYasi 00y4eHHE «C yUUTEIEeM» Ha OCHOBE 3KCIIEPTHBIX JIaHHBIX.

- TectupoBanue pazpadorannoit UHC Ha KOHTPOJIbHBIX JaHHBIX, IPOBEPKa KOPPEKTHOCTH
knaccudukanun YC u agexBatHoCTH pekomenaaruii aist JIP.

- CpaBHutenpubpid  ananmu3 s¢dextuBHocty MHC ¢ TpaguIMOHHBIMH METOJaMHU
MOJJIEPKKH IPUHATHUS PEIICHUM.

MeTtonab!I ucciiefoOBaHU:

- CHCTEeMHBIN aHAIU3 — JUISl U3YUYEHUSI CTPYKTYPbI IpoueccoB npuHsATus peuienuid JITIP u
WX B3aUMOJICHCTBUS C HHPPACTPYKTYPOH KEIE3HOTOPOKHOTO TPAHCIIOPTA;

- Mertozas! kiaccuuKauu U MalTuHHOTO O00y4eHus — pazpadorka u ooyuenne MHC nHa
0a3e 3HaHUI FKCIIEPTOB;

- Marematudyeckoe MOJICIMPOBAHUE — TOCTpoeHne mojeneil kmaccudukanmmu YC u
OIICHKHU MaciTada BO3ICHCTBUS,

- DKkchmepTHble METONbl — BBIsIBICHHE crabodopmanusyembix 3Hanuit  JIIIP  u
dbopmanm3anus ux B Buje ooydaromux qanaeix st UTHC (Winston, 2020: 115-230; Luger, 2008:
75-85);

- CraTuctrueckuil aHamu3 — o0padoTKa KONMMUYeCTBEHHBIX JaHHBIX 0 UC mis mpoBepku
JIOCTOBEPHOCTH U 000CHOBAHHOCTH pe3ysibTaToB (CMmupHOB, 2024: 1100—1138).

Hcnonk3oBaHre KOMOWHAIIMU KQ4€CTBEHHOTO U KOJIMYECTBEHHOTO aHAJIM3a MaTEPHUAJIOB,
a TaKKe HMHTErpalnus METOAOB MHTEUIEKTyalHu3allly, MAlIUHHOTO OOYYeHHs] M 3KCHEPTHBIX
OLIEHOK 00eCHeyuBaIOT JOCTOBEPHOCTh MOJYYECHHBIX BBIBOJIOB U IMO3BOJSIOT PEaIH30BaTh
HOBU3HY nonxona — obyuenne MHC Ha ocHOBE ombITa KOHKPETHOTO 3KCHepTa ISl HOJACPKKU
MPUHATUA yIpaBieHYecKux pemeHuid mpu YC Ha Kene3HOJ0p0KHOM TPAHCIIOPTE.

Pe3yabTaTsl U 00CyKICHUE

BonpImIMHCTBO MHTEIIEKTyalbHbIX 3aAad, pemaeMbix JIIIP npu Bo3HukHOBeHUM UC Ha
YKEJIE3HOJOPOKHOM TPAHCIIOPTE, OTHOCATCS K 3aJa4aM KJIacCU(UKALINH.

Cpenu HUX LIEHTpabHOE MECTO MOKHO OTBECTH 3aJaue OLleHKU MaciuTaba Bo3HuKIe YC
Ha OCHOBE MMEIOIIMXCS JaHHBIX. IMEHHO B NMPOBEICHUN MpPEIBAPUTEILHON OIIEHKH MaciuTada
YC nyxnaercs JIIIP B mepBble MUHYTBI TOC/IE NOIYYeHUsT UHPOPMALUU O BOSHUKHOBeHHH YC
(Kynpba, 2013:180-183).

MaremMatnueckast IOCTaHOBKA 3TOM 3a/1a4u IPAKTUYECKU UICHTUYHA paHee IPUBEICHHOMN
MIOCTAaHOBKE 3aJjauM KjacCU(pUKauuu B oOueM Buae. Ecnu npuHATh, 4YTO Z — 3TO MHOXKECTBO
napametpoB UC, koTopbie MOTYT ObITh NoNTy4eHb! JITIP nmpu ee BO3HUKHOBEHUH, a M — MHOKECTBO
kjaccoB Mmacmirtaba YC, K KOTOpPbIM OHA MOXET ObITh OTHECEHA M, MPU 3TOM, CYLIECTBYET
HEM3BECTHAs 3aBUCUMOCTH z : Z — M, 3HAaueHHs KOTOPOW H3BECTHBI TOJBKO HA OOBEKTAX
KOHEYHOH BBIOOpKH Zi=

{(zimi)}, i = 1,..., k, TO HEOOXOIUMO CO3/1aTh cUCTeMY y: Z — M, cioCOOHYI0 KOPPEKTHO
KJIacCUPUITUPOBaTh pou3BosbHY0 YC macmtadba m [1M.

OT ycnenrHoro peueHus 3TOH 3a/laud BO MHOT'OM 3aBHCHUT BBINOJHEHUE MOCIEIYIOIINX
onepanuil TII npunsTHs pemwenuit npu BozHukHoBeHnu YUC. T.e. ee MOKHO paccMaTpuBaTh Kak
OCHOBY NpHHATHA ynpaBieHueckux pemeHuid. B CIIIYP 310 mnosBomsier omnpenensits
pexomenayemsiii JITIP Habop neficTuii npu BosHUKHOBeHHH UC, KaK (DyHKIHIO (COOTBETCTBHE)
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oT MaciTada u Tuna npousomemmei YC:

F(M, T)— P,
(1)
rae M — macmra6d YC,

T — i YC,

P — pexomennyemsriii JIIIP nabop neiicTBuii.

[Ipu sTom B pexomenayembiii JIIIP HaGop nmericTBuii P BXOIAT HE TOJIBKO COBETHI IO
pEeKOMEHyeMOMY TIOPSIKY JeUCTBUM, chOpMUPOBaHHBIE Ha OCHOBE neiicTByromel HT/, Ho u
JPYTHUE 3JIEMEHTBHI:

(So, Me, In)[|P, (2)

rze So — COBEThI IO PEKOMEHyeMOMY TOPSAKY IeHCTBUH, C(OPMUPOBAHHBIE HA OCHOBE
nericrBytomeit HT/] (bparmentst HT/I),

Me — popmann3oBaHHBIE pacueTHBIE METOAMKH, COOTBETCTBYIOIIME TUIY B MacTaldy UC,
pEaTN30BaHHBIE B BU/I€ KOMIIBIOTEPHBIX MOJIPOTrPaMM,

In — cuenapun wunpopmupoBanus BHemHUX JIIIP o Bo3HukHOBeHun YC (crucku
nH()OpMUPOBaHUS U 1A0JOHBI TUTIOBBIX COOOIIEHUH).

Takol mMoxxoj MO3BOJSIET a0CTParupoBaThCs OT MPUHIUIHAIBHO PAa3IMYHBIX 10 CBOEH
IPUPOJE ABJICHUN U MPOLECCOB, CPOPMUPOBABUINX BO3HUKIIYIO UC 1 OpraHn30BaTh NOJAEPIKKY
npunsaTus pemenuit JINIP Ha ocHoBe oxunaemoro maciradba YC. Takum o6paszom, CIIITYP 6yner
CHOCOOCTBOBATh ONEPATUBHOMY PEIICHUI0 MH()OPMALMOHHBIX M PAcUeTHBIX 3aJady Ha OCHOBE
MOJYYEHHOTO PeIlIeHHs HHTEIUIEKTyallbHOU 3a7aun kinaccudukamu YC.

Taxxke BakHOU 3amaveit kiaccudukaiuu, pemaemon JIIIP npu Bo3nukHOBeHMM YC c
AXOB, siBnsieTcs 3a/1a4a OIpeIeNIeHus Kilacca YCTOWYMBOCTH IIPU3EMHOT0 ci1os atMocdepsl [58],
KOTOPBIM OKa3blBAE€T 3HAYUTEIbHOE BIUSHHE HAa WHTEHCUBHOCTh PAacCEMBaHUs IpUMecell B
NPU3EMHOM CJIO€ BO3[yXa W OIpenenseT IyOuHy pacrpocTpaHeHus oOmaka AXOB, a,
cliemoBaTesIbHO, U MacimTad takon UC.

[To cymectByromum meronukam (Llypukos, 2013: 56—65; Callan, 2013: 100-139) JIIIP
OINPENENAIOT KJIACC YCTOMYMBOCTH aTMOC(Epbl NpU MOMOINM TaOJull, MOACTaBIAsl B HHUX
MeTeoZaHHble (PaKTUYEeCKON MOrojbl (CKOPOCTh BETpPA, YPOBEHb OOIAYHOCTH, BPEMs CYTOK,
HAJINYME CHEXHOIO IOKPOBA), KOTOPbIE MOTYT OBITh MOJIy4€Hbl OT METEOCTAHIMH WIN IyTeM
HenocpeacTBeHHoro Haomoaenus. Onsitabie JITIP (3xcneptsr) (Acanos, 2002: 12-59) cioco6HbI
OTIPENIEIUTH KJIACC YCTOWIMBOCTH aTMOC(hEphl BU3YaIbHO 110 BHEITHUM MTPHU3HAKAM.

Opnako y OonbmuHcTBa JIIIP 3TO MOXET BBI3BaTh 3aTpyJHEHHs, OCOOEHHO B
AKCTpeMaibHBIX ycaoBusx YC.

Cornacuo HTJ] (Lypuxos, 2013: 56-65; Callan, 2013: 100-139), ecniu HEBO3MOKHO
TOYHO ONPEICITUTh YCTOWYMBOCTH aTMOC(epbl, To npu npuHisTAU pemeHnid JI[IP momkHbI
UCXOJUTh U3 €€ HAUXY/LIEro COCTOSHUS, YTO BEAET K 3aBBILICHHON OLlEHKE ITyOWHBI 30HBI
3apaxxeHuss AXOB. A cnenoBaTenbHO, IPUBOJUT K HEOOOCHOBAaHHBIM MaTE€pPHAIbHBIM 3aTpaTaM,
[peyBEINYEHUI0 NOTPEOHBIX cHUil U cpelacTB JukBuaanuu YC, ommb0YHOMY BBI30OBY CIIyKO Ha
MecTo YC, «OroneHuIo» Ipyrux y4acTkoB U T.1.

Otmeuaercs (BacmibeB, 2000: 100-130), uro wucmosb3yemble KiaccU(UKAMOHHBIE
CXEMbl Jal0T 3HAYUTENbHBIM pa30poc MpH OLIEHKE Kjacca ycToMuMBOCTH atMocgepsl. B Oonee
panaux metomukax (Llypukos, 2013: 56—65) ycroitunBocTh aTMochepbl XapaKTepH30Ballach
TpeMsl COCTOSIHUSIMM — KOHBEKLMEW, H30TepMHel, wuHBepcueil. I3 HuX uHBepcws,
CHOCOOCTBYIOILIAasi COXpaHEHHIO BbICOKMX KoHLeHTpauuii AXOB u ux pacmnpocTpaHeHuro,
SBIIsieTCS HanboJiee HeOIaronpusTHOM.

B wHoBeix nmokymentax (Callan, 2013: 100-139) BBomuTCs yKe IIECTh KJIaccoB
ycroitunBocti arMocdepsl (MoaudunmpoBanusie kinaccsl no Ilackynny) — 4, B, C, D, E, F.
Haubosnee HeOnaronpusaTHBIMU € TOUYKH 3peHus pacnpoctpaHeHus AXOB sBistoTcs kiaccsl £
F. Taxxe (Bacmibses, 2000: 100-130) cymectByeT kinaccudukanus no TepHepy, BBoAsmas 7
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KJIACCOB YCTOMUMBOCTH aTMocdepsl. [ XxapakTepucTUKH aTMOchepbl BOBMOKHO HUCIOJIb30BaTh
U JIMHI'BUCTMUYECKHUE IIEpEMEHHbIE (OYEHb HEYCTOMYMBAs, YMEPEHHO HEYCTONMYMBas U T.1.),
COOTBETCTBYIOIIIME OIlEHKaM, OOBIYHO wucnonb3yeMbiM JI[IP mpu mnpuHATHAM pemieHHi.
CooTBeTcTBHE MEKIY KlaccaMu YCTOHYMBOCTH aTMOC(Ephl TPUBEICHO B TabmuIe 1.

3anaya onpeaeneHus Kilacca yCTOHYUBOCTH aTMoc(epbl MaTeMaTudecKu (popmyaupyeTcs,
Kak 3amada kinaccudukamuu, rae G = [CKOpOCTh BETpa, YPOBEHb OOJAYHOCTU, BPEMS CYTOK,
CHEXHBIN TTOKPOB| — MHOXKECTBO OMUCAHUH MapaMeTpoB dakTudeckoit moroasl, Q = {4, B, C, D,
E, F} — MHOXXECTBO KJIacCOB yCTOHUMBOCTH aTMochepbl. CyIliecTByeT HEM3BECTHOE 0TOOpakeHNe
g G — (Q, 3HaYeHHs KOTOPOTO M3BECTHHI TOJHLKO HAa OOBEKTaX KOHEUHOH BHIOOpKH G
={(g1,q1),...,(g,q)}. TpebOyerca Haiitu amroputMm f:G—(Q, CHOOCOOHBIH  KOPPEKTHO
KJ1acCU(PUIIMPOBATH MPOU3BOJILHOE COCTOsIHHUE Morosl g [1G.

Tabmuma 1. KadecTBeHHOE COOTBETCTBHSA MEXAY KiaccaMH yCTOMYMBOCTH |
XapaKTePUCTHKON aTMOC(epbl

IXaktepuctuka armochepsl  |Knace ycroitunsocti| Kitace ycroitunBoct o | CTeneHb yCTOWYHBOCTH
o Tepuepy [Nackyunmy aTMocdepsl

OueHb HEeYCTOHYMBAs 1 A

[YMepeHHO HeycToHuuBas 2 B

Cnabo HeycToiunBas 3 C

Ibe3pa3nuaHas 4

Cnabo ycToiunBas 5

[YMepeHHO ycTodunBas 6 E

OueHb ycTOHYMBAS 7 F

[Tono6ubIM 00pa3oM MOTYT ObITh COPMYJIUPOBAHBI U APYTUe 3aJadyM Kiaccupuxaimm,
00b1yHO pemaemble JITIP npu BosHukHOBeHNH YC Ha %Kene3H0I0pOKHOM TPAHCIOPTE, HAIIpUMED,
3ajada BbIOOpa moaxojsmero aias aukBuaamuun YC MecTta OCTaHOBKHU JKEJIE3HOIOPOKHOTO
COCTaBa U T.J.

Panee ykasbiBanoch, 4TO MpH PELIEHUU TAKUX MHTEUIEKTyaJIbHBIX 3a7ad HaOrofaercs
paszHuna Mexay nedctBusiMu onbITHBIX JIIIP (skcmepTtoB) m GombmmucTBa apyrux JIIIP, ne
YCHEBIIMX MPUOOPECTH JIOCTATOYHBINA ONBIT NPUHATHS YyIpaBlIeHUYECKUX perieHui. Taxke
OoTMeYasoch, 4to Jaxke onbiTHble JI[IP B HampsbkeHHoit oOctanoBkn UC MOryT mnposiBUTH
pacTepsIHHOCTh M HE BBITIOJIHUTH HEOOX0AUMBIe neicTBrs. [103TOMY [UIs yCTIEITHON MOIACPIKKH
OPUHATHS PELIeHUH CleAyeT HCIOJIb30BaTh 3HaHUS ToJbKO onbITHBIX JIIIP (skcmepros),
u3BJedeHHbIE U coxpaHeHHble B mamsTu CIIITYP, koTtopas He pacTepsercs npu BOZHUKHOBEHUU
YC 1 HOMOKET BBINOIHUTh HEOOXOJUMbIEICHCTBHSL.

[Mon sxcnepramu 3aeck u nanee nmonnmarotrcst JIIP, ciocoOHbIe ycTIenTHO CIpaBIsATHCS C
pelIeHHEeM MHTEIEKTYal bHbIX 3a7a4 Npu Bo3HUKHOBeHHMH UC, obnanaromue HEOOXOIUMBIMU
CHEIUAJbHBIMU 3HAHHWAMHU M HABbIKAMU MPHUHATHS BEPHBIX YMNPABICHUYECKUX pEIICHUH,
KOMIIETEHTHbIE B pacCMaTpUBAaeMOM MpeAMETHON 00jacTH. DKCHEepTHOEe 3HaHUe (HopMUpYyeTCs
NPUNIPAKTUIECKOM PEIIeHUH 3ajlad B TeueHHe muTenbHoro BpemeHn. Otmeuaercs (Tsurikov,
2013: 226-231), yto JIIIP tpedyetcs 6onee 10 et, 4TOOBI CTaTh OMBITHBIM SKCIIEPTOM.

[Tpu 5TOM TakKe ClieyeT UIMETh B BHILY, YTO ITPH PEIICHUH 33124 KIacCU(PUKAIIIH SKCTIEPT
YUUTBIBAET CreUU(UUECKHUEe YCIOBHS, MPUCYIIUE KOHKPETHOM KEJIe3HOJOPOXKHOM CTaHLUH, Ha
kotopoi Bo3Hukiaa YC. Ilostomy, Ui oOecnieueHUss MacCOBOTO  THUPAKUPOBAHUS
paspabarbiBaemoii CIIIIYP B Helt nomkHBI OBITH MNPEAYCMOTPEHBI BO3MOXHOCTH JIETKOM
HACTPOMKHU U aJjanTallud Ha MECTE €€ BHEPEHUs, 00yUEHHs] HA OCHOBE allPUOPHBIX 3KCIEPTHBIX
3HAHUH 1 MHPOPMALIMH, TOJYYEHHOH B X0JI€ IKCIUTyaTalluu CUCTEMBI.

WMHTemekTyann3anuio  MOKHO — ONPENENUTb, Kak MPOLECC MOJCIMPOBAHUS U
BOCIIPOM3BEJIEHUS € TNIOMOIIbI0 OBM [eATENbHOCTH 4YeENIOBEKa, CBS3aHHOM C pEIICHHEM
HUHTEIUICKTYyalTbHBIX 3amad (Winston, 2020: 115-230). B pa6orax (Tsurikov, 2013: 226-231;
Winston, 2020: 115-230; Luger, 2008: 75-85) oTMeuaercss NMpUHLUMIHMAIBHOE pa3ivyde B
NOJX0/1aX K HMHTEUICKTYaJIH3aluy I XOpoIIo (OpMaIu3yeMbIX HpPEAMETHBIX O00JIacTel, K
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KOTOPBIM OTHOCSITCS 3aJaud (PU3UKKM W MaTeMaTHKH, W ciaabodopmanuzyeMbix oOmacTei, K
KOTOPBIM OTHOCHUTCSI OOJIBIIMHCTBO cuTyauuii, o0bexToB U TII Ha Tpancmopre, B TOM 4ucCle, U
MIPUBEJICHHBIC B 3TOM paszfieie 3anaun kinaccudukamuu YC.

K ocobennoctsim cnabodopmanuzyeMbIX IpeAMETHBIX 00JacTeif OTHOCAT TO, YTO B HUX
onpeAensomuMu GakTopaMy IpU MPUHITUU PEIICHUN SBISIIOTCS NMPOoQpecCHOHAIbHbIE YMEHUS,
OTIBIT M UHTYHIHS dKcrepTa (cnabodopmanuzyembie 3HaHUs ). OCHOBHBIC TPOOIEMBI H3BJICUCHUS
cnabodopMann3yeMbIX IKCIEPTHBIX 3HAHUI 00YCIIOBIEHBI TEM, UYTO MPaBHIa, KOTOPbIE yAaeTcs
MOJyYUTh OT JKCIEpPTa B SBHOM BHJIE, OXBATHIBAIOT JIMIIL HauOOJIee MPOCTHIE 3a/1ayll U3 TeX,
KOTOpBIE€ OH CIIOCOOEH MPaBWJIBHO PEINTh, & 3HAUUTEIbHYIO YaCTh CBOEro NMpo(eccuOHAIBHOTO
OTIbITA HKCTIEPTHI HE MOTYT BBIPa3UTh cI0BecHO (BepOanbHO) (McCarthy, 2006: 12—-14).

Pemienne  ykazaHHOM npoOJeMbl  WU3BJIICUYCHHS AKCHEPTHBIX  3HAHMI B
ciabodopManu3yemMbIX MPEIMETHBIX 00JacTAX OIpEeNeNseT OCHOBHBIC aCIEKThl JalbHEUIIEro
noctpoeHus cuctemsl. [IpoGiema oTHOCUTCS K HanboJiee CI0KHBIM, aKTyallbHBIM U JI0 CHUX TOp
HE PEIICHHBIM B TIOJTHOU Mepe, ABISSACH «y3KHM MECTOM» MIPH CO3JaHUH CUCTEM, OCHOBAHHBIX Ha
3HaHuAX. McenmenoBanus B 3ToM HanpasiieHnn npoaosnkarores (Tsurikov, 2013: 226-231; Luger,
2008: 75-85).

3ajada OCJIOXKHSETCS TEM, 4YTO B 00JIacTh ciaabodopManuzyeMbIX 3HAHUN JKCIepTa
MOMAIAI0T PEKO BCTPEUAIOIINECS Ha MPAKTHKE ciydan BosHUKHOBeHHsI YC. OqHaKo UMEHHO B
takux cutyarnusax JIIIP B HamOombiel CTENEeHHW HYKIAETCS B MHTEIUICKTYyaJIbHOUW IMOIICPIKKE
npuHATHA pemeHuii co ctoponsl CIIITYP (Cmupnos, 2024: 1100-1138).

[IpounmoctpupyemM 310  rpaduyeckd, Ha MOpUMepe ciayyas JBYXKIIacCOBOM
KJIacCU(UKALMU JIMHEWHO cemnapabenbHbIX CUTYalluid, KOTJa YMCIIO KJIACCOB PaBHSETCS ABYM,
KOTOPBIA MOKET CIIYKHTh 00pa3lioM pelieHus 0oiee CI0KHbBIX 3a/1a4.

Ha pucynke 1 Bektop npuszHakoB u = [ul, u2], onuchIBaIOMINX UCCIEAYEMYIO CUTYAIHIO
COCTOMUT M3 JIBYX MPU3HAKOB UlM U20TIIOKEHHBIX 10 COOTBETCTBYIOIIUM KOOPAMHATHBIM OCSIM.
DKcrepTy Ha OCHOBE CBOETO OIBITa M 3HAHUU ClEAyeT KJIACCH(PHUIMPOBATH MPOU3BOJIBHYIO
CUTYAILIMIO U, OTHECS €€ K Kiaccy A uiu K kiaccy B. [TockosibKy Ki1acChl TUHEMHO OTIEIIEHBI, T.€.
JeKaT B JIBYX Pa3IMUYHBIX IMOJYMPOCTPAHCTBAX, TO WX CJIEAYET Pa3feliuTh MPSMON JTUHHUEH,
Ha3bIBaeMoOM pemaromeid rpanuieit (decision boundary).

A O0macThb
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Puc. 1. T'paprueckas WIDTFOCTpays c1adopopMatn3yeMbIX 3HAHHH KCTIepTa
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Ha pucynke 1 noka3zaHo, 4TO 3KCHEPT B CBOEH IMOBCEIHEBHOM IPAKTHKE 4Yallle BCEro
BCTPEUACTCSl C CUTYyaIlMsIMH, MpHHAISKAmUMH K oOmactsm Al m BBI1, maxomsmumcs B
okpectHOCTsIX Touek a0lJAl m bO[LJBI mpocTpaHcTBa MPH3HAKOB, OMUCHIBAIOIIUX Haubolee
TUIUYHBIX [IPEICTaBUTENEH KaXK0TO KJlacca.

EBKIMI0BO paccTosiHue

R(a,, by )= Z(uia —Uu ib)z >
- 3)

rze n = 2 (4UciIo KOOpIUHAT PABHAETCS IBYM), MeKAy Toukamu a0u b0, ormuchIBalOIIAMA
HanOoJiee TUMUYHBIX NpPEACTaBUTENIEH KaXKAO0ro Kjlacca, MHOTO OOJbIle PacCTOSIHUSA OT TOUKU
a0no rpanuubl oonactu A1(BB1 ananoruuso).

Jns obmacreii Al u BBl oskcmeptsl Moryt BepOanbHO OOBACHUTH TpaBUia
KJIaccu(uKanum, KOTOPBIMH OHHU TIONB3YIOTCS B CcBOei pabote. CUTyaluu, MpUHAICKAITHE K
obnactsm A2 u BB2 (u me mpunamnexamue Kk Al u B1B) Bcrpeuarorcs pexe, sKcmepry
BepOaIbHO C(OPMYITHPOBATH MPaBHIIA KIACCH(PHUKALINY [T ATUX CUTYaIMii HAMHOTO TPyIHEE, HO
BO3MOYKHO.

Hanee, mexxay oomactsimu A2 u BB2, HaxonuTcst o0macts ¢1abo popmMann3yeMbpIX 3HAaHHN
JKcHepTa. 3/1eCh JODKHA MPOXOIUTh JIMHHUS PELIaloNieil rpaHullbl, HO MOCKOJIBbKY B 3TOH 001acTu
HaXOJATCSl PEKO BCTPEUAIOLIUeCs Ha MPaKTUKe ciay4yau Bo3HMKHOBeHMsI YC, a 3KcHepT npu ux
KJaccu(uUKaluy HCIOJIb3yeT CBoU ciabo ¢opmanu3yeMble 3HaHHSA, TO OYEHb CIOXKHO
OIpEENUTh, I/I€ CIEAYET IPOBECTH 3Ty JUHMIO (T.€. HATH ypaBHEHUE, 3a/1al01ee PEIAIOILYIO
TpaHUILy).

B pa6ore (Luger, 2008: 203-235) Obuta BBIIBHHYTa THIIOTE3a W TPOBEJCHA CEPHS
HKCIEPUMEHTOB, OATBEPAUBILINX, YTO SKCIEPT MPH KIaCCU()UKALUU HHTYUTHBHO HE UCIIOIb3YyET
IIpaBuJIa pa3/iesIeHus KJIaccoB (T.€. ypaBHEHUs pelIatolIUX IPaHuIl), HO IPH ATOM CIIOCOOEH BEPHO
OTHECTH KOHKPETHBIE CUTYyalluu U3 00J1aCTH ¢1a00 (hopMalin3yeMbIX 3HAHUH K UX KJIACCaM.

Taxoke yCTaHOBJIEHO, YTO SKCIIEPTHI MPAKTUIECKH BCETJa CIIOCOOHBI KOPPEKTHO OIMUCATh
NpPU3HAKU (B TOM YMCJIE M C YKa3aHMEM MX TOYHBIX YUCIIOBBIX 3HAUEHUI) «HanboIee TUITHYHbIX
NPEJCTaBUTEINCI KaXIOTO UCCIIEAYEMOro Kiacca CuTyanui (mim o0beKToB). T.e. Bceraa MOKHO
HaliTh u onmcath cutyanuu a0u b0, mpunHagiexammeodnactTsmMA luBB1:

Tlao, aol1A1 u [1bo, bol 1B 4)

OmpeneneHne 93TUX  OCOOCHHOCTEM  pabOThI JKCHEpTa TMPU  PElIeHUU  3aaad
KJaccu(UKauy, OTKPHIBAET BO3MOXXHOCTH WHTEJUIEKTyanmu3anuu paspadarbiBaemoii CIITYP
npu Bo3HUKHOBeHMH UC Ha XKele3HOJOPOKHOM TPAHCIOPTE M W3BJICUEHHS 3HAHWUM IKCIEpPTa,
OTHOCALINXCS K 00J1aCTH c1abohopMan3yeMbIX 3HaHUH.

TexHonoruu, oTHOCALIMECS K MHTEJUIEKTyalIU3al[Ml CUCTEM, BKJIIOYAIOT B ce0si MHOTHE
WU pa3HBIX JUCHUIUIMH: MaTeMaTHKH, (WIOCO(UHU, TCHUXOJIOTHH, OWOJIOTHUH, TEOpUU
yopasiaeHuss U T.7. K Hadamy 21-ro Beka Hayka IMO3BOJWIA pa3pabOTUYMKaM HMETh y ceOs B
apceHalie HECKOJIbKO TEXHOJIOTMI MHTEIUIEKTyalln3aluy (MPOAyKIMOHHbIE paBuiia, HEMPOHHBIE
CEeTH, TeHETUUECKHE aJITOPUTMBbI, HEUeTKas JIOTUKA U T.J.), @ TAK)KE UCIIOJIb30BATh UX PAa3IUYHbIC
couetaHus (T.H. «ruOpuaHble TexHomorun») (Winston, 2020: 135-234).

[Tonxon K CO3JaHHMIO WHTEJUIEKTYyalIbHBIX 3KCHEPTHBIX U COBETYIOIIMX CHCTEM, YKe
cTaBmmii «kiaaccuueckum» (Winston, 2020: 135-234; McCarthy, 2006: 12—14), npeanonaraer
UCIIOJIb30BaHue 0a3 3HaHUIL, COEPKAIINX COBOKYITHOCTh (DPAKTOB U MTPABMJI JIOTUYECKOTO BBIBOJIA,
MOJIETUPYIOLINX MOBEJEHUE DKCIIEPTa C HCIIOJIB30BAHMEM NPOLEAYpP JOIMUYECKOrO BBIBOJA U
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MIPUHSATHS PEIICHUH (MPOTYKITMOHHBIECUCTEMBI ).

D¢ dekTBHOCTH MPOTYKIIMOHHBIX, HEYETKO-JIOTUYECKHX CUCTEM U MX MOAM(UKAIU BO
MHOTOM OIpeJeNnseTcs 00beMOM M KayeCTBOM COJEp)KalluXcs B HUX (POpMaM30BaHHBIX
AKCHEPTHBIX 3HAHUM. JIJI1 3TOro CrenMaIuCThl, KOTOPBIX HA3bIBAIOT MHKEHEPAMHU 110 3HAHUSIM,
MpH TTOCTPOCHUM 0a3 3HAHWUM, JOHKHBI MPEICTaBUTh B (DOPMATM30BaHHON (opMe JIOTHYECKUE
paccyXIeHHs M 3aKIIOYEHUS SKCIEPTOB O MPEAMETHOW 00JIACTH, KOTOPBIE JIOKATCSA B OCHOBY
0a3bl 3HAHUH.

Kak yka3pIBaioch B IpeablaylieM paszene, TPaKTHIeCKd HEBO3MOXKHO C(OPMYIHPOBAThH
aJIeKBaTHbIE MPaBUJIA-MPOAYKIMU AJis oOnactel ciabodopmanuzyeMbix 3Hanui. [loctpoenue u
TECTUPOBAHUE JTIOCTOBEPHBIX MPOTYKIIMOHHBIX MOJIENEH B 3TUX 0OJACTAX BBI3BIBACT CEPbE3HbIC
TPYJIHOCTH.

CornacHo MOAXOQY K pEIICHUIO 3TOH NpOOJIEMBl, HCIOJIb3YyEMOMY pSIOM aBTOPOB
(Winston, 2020: 135-234), npeayiaraetcsi BBIACIUTD T€ 00JACTH MPOCTPAHCTBA MIPU3HAKOB, JIJIS
KOTOPBIX OTCYTCTBYIOT JOCTaTOUHBIC JAaHHBIE, M €CIIM ATU 00J1aCTH UMEIOT 3HAYUTENbHBIN pazMep,
TO TPOCTO MCKIIIOYUTH UX M3 Ipoliecca MOAETUPOBAHUS, yKa3aB MOJIb30BATENI0, YTO B ATHX
o0nacTsX MoJielh HepaboTOCTIOCOOHA.

Takol TOIX0J MCIHOJIB3YeTCsl, HO OH HE TMOAXOIUT Il BHIOPAHHOW B HCCIEAOBAHUH
IpPEIMETHOM 00J1aCTH, TOCKOJIBKY, KaK YK€ 0TMEYaJI0Ch, UMEHHO B TAKUX, PEJIKO BCTPEUAIOIIUXCS
ciayuasx Bo3HukHOBeHHMs UC, JIIIP, He obOmamaromiee AOCTaTOYHBIM OMBITOM, B HAaWOOJIBIIICH
CTEIIEHH HY>KJIaeTCsl B UHTEIJUIEKTYaIbHON NOIJEPIKKE IPUHSITHUS CBOUX PEIICHUN.

B npyrux noaxonax, SIBISIIOIIMXCS HamOojee MEepCHEKTUBHBIMH C TOYKU 3pEHUS HUX
ucnonb3oBanus B pazpadateiBaemoit CIIITYP, ncnosip3yroT MeTo b1, OCHOBaHHBIE HA Pa3IMYHBIX
aIropuTMax MalIMHHOTO OOYy4YeHHs, CPedu KOTOPbIX B MEPBYIO OUepe/ab CJIEAYET BbLACIUTH
UCKYCCTBEHHbIC HEWPOHHBIC CETH, MO3BOJSIONIME CO3/1aBaTh PabOTOCIIOCOOHbBIE CHCTEMBI IS
cnabodopmanusyembix obnacteit 3Hanmii. Kak ormeuaercs B (Winston, 2020: 135-234), MHC
HNOJIXOAAT JUIS PEIICHUs Kiacca 3a4ay, TJe HCIOJIBb3YIOTCS HE CTOJBKO (POpPMAaIM30BAHHBIC
IpaBuJia, Kak B TPAJIULHUOHHBIX SKCIIEPTHBIX CUCTEMAX, CKOJIBKO OIBIT CAMOTO JKCIIEpTa.

N3BecTHO, uTO KOppekTHO 0OydeHHble MHC > peKTHBHO CIPaBISIOTCS C peleHHEM
pa3zHOO00pa3HBIX MPAKTHUYECKH BOCTPEOOBAHHBIX 3a7au Kiaccudukanuu. Ha ocHOBe TexHOIOTUU
WNHC u ee pa3nuyHbIX BapHalUi yKe CO3aHO WM HAXOJUTCS B CTaUU pa3pabOTKH MHOKECTBO
CUCTEM, PUMEHSIEMBIX JIJISl MOAJIEPKKH MPUHATHUS PEIICHUN B Pa3IMYHBIX 00JIACTAX HAPOJAHOTO
XO03sICTBa, BKIIIOUAs U JKEJIE3HOI0OPOKHBIN TPAHCIIOPT.

WNHC npencraBnsoT coO0H anmapaTHble /WM TPOTPAMMHBIE CHCTEMBI, TIOCTPOCHHBIE TI0
MPUHLIUAITY OpraHu3alui U (YHKIMOHUPOBAHMS CETeW HEPBHBIX KJIETOK >KUBBIX OPraHU3MOB.
HNHC Bo3nuku B cepenune 20-ro Beka, Kak MOMbBITKAa CMOJEIUPOBATDH MPOIIECCHI, MPOTEKAIOIINE
B MO3T'€ YeJIOBEKa.

NHC sBnsercst cucteMoil B3aMMOJECUCTBYIOMIMX MEXIYy COOOW MPOCTBHIX MPOILIECCOPOB
(MCKYCCTBEHHBIX HEHPOHOB), COEIMHEHHBIX B JJOCTATOYHO OOJBIIYIO CETh, UMEIOIYI0 HECKOIBKO
cinoeB. Kaxnapiii Helipon THC oOpabaTbiBaeT CUTHAIIBI, KOTOPHIE OH IEPUOANYECKHU MOIYyYaeT, U
CUTHAJIBI, KOTOpPhIE OH TOCBHUIAET APYTUM HEHpOHaM, €CIM CyMMa CUTHAJIOB COOTBETCTBYET
3aJaHHOMY TOpoTy ((YHKIMH aKkTUBanuu). Byaydnm coeaMHEHHBIMH B CETh, TaKHE HEHPOHBI
BMECTE CIIOCOOHBI pelIaTh CI0XKHbBIE 3a]]a41, B YACTHOCTH, 33J]a4H KJIaCCU(DUKALIUU.

[Ipormiecc ompeneneHusi KOPPEKTHBIX BECOB MEKHEHPOHHBIX (CHHANTHYECKUX) CBS3EH
HazbiBaeTcs «oOyuennem» MHC. Bo3moxkHOCTE 00y4eHHS — OJHO W3 TJaBHBIX MPEUMYIIECTB
HNHC. D dpexTHBHOCTh X pabOTHI 3aBUCHT OT MPABHIBHON OpraHH3aIMy Mpolecca 00ydYeHHs,
YTO SIBJIIETCS BAXXHOU U TBOPUYECKOM 3a1aueil.

K omunM u3 Hambosee MOMyJSIpHBIX crtocoboB mammHHOTO 00yueHusst MHC pemenuto
3aja4 Kiaccu(UKAUKU OTHOCUTCS OOydeHHe «cC yuutenem» (supervised learning), B xone
koToporo MHC oOy4aercsi ¢ HOMOIIbIO IPUMEPOB «CTUMYJI- peaKIus» (HaOOpOB Map, COCTOSIINX
13 00y4aroIKX BEKTOPOB (71) U TaJOHHBIX CUTHAJIOB d(71)).

Mexny oO0yyaroniMMH BEKTOpaMH M STAJIOHHBIMU CHUTHaJaMH («CTUMYJ-pEaKIus»)
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CYILIECTBYEeT HEKOTOpas 3aBUCUMOCTb, HO OHa Heu3BecTHa. l3BecTHa TOJBKO oOOydaromias
BBIOOpPKA — KOHEYHAsi COBOKYIMHOCTh M3 71 MAp «CTUMYJ-peakuus». Ha OCHOBE ITHX MaHHBIX
Tpebyercst Tak HacTpouTh cuHantudeckue Beca MHC w(n), 9ToOBI 110 3aBeplieHUU Tpolecca
oOyuennst MHC morna KOppeKTHO KIAcCU(HUIMPOBATH MOCTYMAIOIIME HA €€ BXOJ CHTHAJIBI,
BKJIIOYAsl ¥ T€, YTO OTCYTCTBOBAJIM B 00yYaloIei MociieJo0BaTeIbHOCTH.

B otnnuune oT npoIyKIIMOHHBIX CUCTEM, TJIe UCIIOJIb3YyeTCs AeAyKTUBHOE (J1aT. deductio —
BBIBEJICHHE) PEIICHHE 33a]]a4 HA OCHOBE OTPaHMUYEHHOTO YHCIIa 3apaHee OINpe/IeTICHHBIX MPaBUII-
npoaykuuii, o0yuenne MTHC Ha ocHOBE HEKOTOPOT0 MHOXKECTBA NPEAbABICHHBIX IPUMEPOB (TIap
«CTUMYJI-pEaKlus») SBISCTCS HWHAYKTHUBHBIM OOydeHHeM (JaT. inductio — HaBeACHHE), a
dopmupyemoe MHC mpearnoniokeHne 0 BUJE HEU3BECTHBIX YpaBHEHHUH pEIIAIONINX TPAHUL —
TUIIOTE30M.

Paccmorpum crnioco6 o6yuenus MHC «c yuurenem» B ciyyae JUHEHHO cenapabernbHBIX
kiaccoB Ha npumepe moaenu MHC, naspiBaemoil nepcentpoH. Ha puc. 2.2 mpexacrtaBieHa
CTPYKTypa TNepCenTpoHa, MOCTPOCHHas B COOTBETCTBUM C ONHUCAaHHWEM ero cosgarens .
PozenbnarTa, IpUBEACHHBIM B KHUTE.

3amaya mepcenTpoHa 3aKI0YaeTcs B Kiaccu(UKaUKU BEKTOpa BXoMHBIX curHanoB MHC
u(n) = [ui(n),..., un(n)] B cMbICIIE OTHECEHHS €TO K OJHOMY U3 JIBYX KJIACCOB (paccMaTpuBaeM
CITydYaii, Korja 9ruciio kiaccoB S = 2), 0003Ha4aeMbIX CUMBOJIaMu A U B.

T

-

u, ()

o —————

-

u, (n)

y(n)

+ am)

gm)

e

Baok o6yuenns HHC
win+ 1) = w(n) + [d(m) — y(m)Ju(n)

Puc. 2. Crpyxrypa UHC Tuna nepcentpox

T.K. B IepcenTpoHe B KauecTBe (PYHKIIUHM aKTUBAIIUH f UCTIONB3YeTCs (PYHKITHS:

N
y=f (;Wiui)a
=0) (5)
B KOTOpOM 1, npux [10;
o= ©6)
-1, npux <0,
rae wo, ..., wv— cunantudeckue Beca MHC,

v — BeIxonHoi curHan MHC, To nmepcenTtpoH OTHOCUT BEKTOp (1) K Kiaccy A, ecnu
BBIXOJHOW CUTHAJ )y IPUHUMAET 3HaueHUs | U, K Kilaccy B, €Ciy BBIXOJAHOW CUTHANI ) MPUHUMAET
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3HaueHue —1.

Ilepcentpon pas3penseT N-MEpHOE NIPOCTPAHCTBO BXOJHBIX BEKTOPOB u(n) Ha JBa
MOJIYTIPOCTPAHCTBA, paszaensiembie (N-/)-MepHOW THMEPINIOCKOCTHIO (pEeIIarmie TpaHuIei),
3a/1aBa€MOM YPaBHEHHMEM CUTHAJIA X HAa BBIXOJEC JIMHEWHON 4aCTH IIEPCENTPOHA:

N
Z w,u; =0,
i=0

()
TZIe Wo U0, = - v IOPOrOBOE 3HAYECHUE.
Pemaromast rpanuna (7) mpu N = 2 npespamaercs B NPSAMYIO JIMHUIO, 337aBacMyIo
YpaBHEHHEM:

wiul Uwoup [vl10. (8)

Jlrobas Touka u(n) = [ui, uz], Nexamas HaJa 3TON MPSAMOM, MOKAa3aHHOW HAa PUCYHKE 3,
OTHOCHUTCS K Kjaccy A, Torga Kak Touyka u(n) = [ui, u2], nexaias moja 3TOH mpsiMoi, Oynaer
OTHOCHTKCS K KJ1accy B.

u A

Puc. 3. ]IBymepHOE IPOCTpaHCTBO BXOIHBIX BekTOpoB MHC 1 pa3mensiomas Kiacchl pemaronas rpaHina

bnok oOydeHus mepcentpoHa KOPPEKTHPYET Beca CHHANTUYECKHUX CBS3EH w(n) mo mepe
00y4eHHsI B COOTBETCTBUU CO CIIEAYIOIICH (GOpPMyIIO¥:

wn+1) = wn) + nfd(n)—ym)]um). (9) Paznocts d(n) — y(n) B dopmyne (9) aBusercs
MOTPEIIHOCTHIOE(1)MEKAYITAIOHHBIM (33JaHHBIM) CUTHAIIOM d(1) U (PaKTUYECKHM BBIXOIHBIM
CUTHAJIOM y(n), a mapamerp # npu ) < 5 < [ — 3TO mAar KOPPEeKIHHA CHHANTHYECKUX BECOB.
Hoxkazano [75, 76], uto anroput™ (9) ¢ urepauuu nocXOguTcs, T.e. w(ng) = w(no + 1) = w(no +
2)=... (10)

CornacHo TeopeMe CXOIUMOCTU ajJropuTMa OOy4eHHs MepCenTpoHa ¢ PUKCUPOBAHHBIM
NPUpPAIIEHHEM, 3TO CBUICTEIBCTBYET 00 OKOHYaHUHN OOYyUCHUSI.

Beca wi, i = 0, 1, ..., N B ypaBHEHUH TUIEPIUIOCKOCTH (7) M3HAYATHLHO HEU3BECTHHL. B
mporecce 00y4YeHHsT Ha BXOJ[ IMEPCENTPOHA TOCICIOBATEIIBEHO MOJAIOTCS 00yYaroNue BEKTOPHI
(curnanel) u(n),n=1, 2, ...,tne u(n) =[ui(n), ..., un(n)]. 3agada odydeHus nepcenTpoHa, mo CyTH,

U COCTOUT B IOWCKE HEU3BECTHBIX 3HAYEHUW CUHANTHYECKUX BECOB Wi. VX HaxoXIeHHUE
MIO3BOJISIET MOCTPOUTH TUIIOTE3y YpaBHEHHUs pelarouiei rpanuisl. [Io 3aBepuieHun npouecca
00y4YeHHs TEePCENTPOH JODKEH KOPPEKTHO KIACCU(PHUIIMPOBATH IMOCTYIAIONIUE HAa €ro BXOJ
CUTHAJIBI, B TOM YHCIIE U T€, KOTOPhIE OTCYTCTBOBAIM B 00y4YaroIiel mocae10BaTeIbHOCTH U(1),
=1,2 .. K
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Kiaccbl, HE COOTBETCTBYIOIIME YCIOBHIO JMHEHHOW cemnepadeabHOCTH, MOTYT OBITh
paznenensl MHC Tuma mepcentpoH B ciyyae YBEIMUYCHHs 4ducia ee ciaoeB. OOydyeHue Apyrux
Mogaeneir MHC «c yuutenem», B 11eJI0M, TPOUCXOIUT aHATOTUYHO onucanHoMy Beite. [Toq MHC
B JasibHElIeM OyieM 0003Ha4aTh HCKYCCTBEHHYIO HEMPOHHYIO CETh, MOIXOASAIIYIO ISl PeLICHHUs
3a/a4 KJacCU(pUKAIUU U MOAAIONIYIOCS 00yUYEHHIO ITyTeM KOPPEKLUU BEKTOpa CHHANTHYECKUX
BECOB.

OueBUAHO, YTO TOYHOCTh UMHUTAIIMU JIEITENBHOCTH KcniepTa mpu nomonu MHC 3aBucut
OT TOJHOTHI M JTOCTOBEPHOCTH HCIOJB3yeMOil oOydaromeil BHIOOPKH, YTO HE BCETAa yJaeTcs
obecrneunTh Ha IPAKTUKE, OCOOECHHO JIJIsl OTMMCAHHBIX paHee ci1abo GopMamInu3yeMbIX MPEaMETHBIX
oOmacreil. OTCYTCTBUE JOCTATOYHOTO Psiia HAOMIOJCHUN UCCIIEAYEMBIX CUTyalluii HE TIO3BOJISIET
chopmMupoBaTh HEOOXOIUMOTO YHCIA O0YYAIOIIMX BEKTOPOB JyIsi KOoppekTHOro ooyuenus MHC
«C YUUTETIEM.

CymectByeT u Takon crocod oOyuenus MHC, nmpu KoTopoM OHa yCTaHaBIIMBAaeTCS HA
pabouem wmecte onbiTHoro JIIIP u  uMmeer BO3MOXHOCTB CHeIuTh 3a (pakTHYECKH
NpPEANPUHUMAEMBIMM MM JI€UCTBUSIMA IPU BO3HUKHOBEHUMM TE€X WM HWHBIX CHTyalud, B
pe3ynbTare 4ero ooydaercs JeiCTBOBATh B TAKUX CHUTyaIUsaX mogaooHo atomy JIITP. Oxnako, kak
yKe HEOJTHOKPATHO OTMeUanoch, MHOrue YC MOTyT NpOUCXOIUTh JOCTATOYHO PEJKO, a IOITOMY
Ha oOyuenne MHC takum oOpa3zoM MOXKET MOTpeOOBATHCS HEMO3BOJIUTEIIEHO MHOTO BPEMEHU
(MecsIbI, TOIBI).

Jis mpeofoneHusi ykazaHHBIX HEIOCTAaTKOB TpedyeTcs pa3paboTka MeToaa oOydeHHs
HNHC, no3Bossttomiiero npou3soauTsh o0ydenne MHC Ha ocHOBe 3HaHUH dKCIIepTa, B TOM YHCIIE U
B cnabo ¢opmalu3yeMbIX MNPEeIMETHBIX O0JIaCTsX, 3a MpuemiieMoe Bpems. MeTon IOJKeH
no3BoauTh 00yunth MHC Tak, yToOBI OHa comepkana B ceOe 3HAHUS KOHKPETHOTO JKCIEpTa,
YYacTBYIOIIETO B ee 00yUeHUH, 1 UMUTHPOBAJIa HJIEMEHTHI €0 HHTEIUICKTYaIbHON JesTeTbHOCTH
1pu Bo3HUKHOBeHHH YC.

Takass IOCTaHOBKAa 3aJaud COIVIACYETCSI C M3BECTHBIM TECTOM, IPENJIOKEHHBIM
A.TpIOpPUHIOM, COTJIACHO KOTOPOMY KOMITBIOTEPHAS CUCTEMA CUUTAETCS MHTEIIEKTYaJIbHOM, €CIIH
OHa MOXET JICHCTBOBAThH MOA0OHO 4enoBeKy. AkanemMuk B.M. I'mymkoB copmymnupoBan 310
TakUM 00pa3oM, 4TO CIIEAYeT UCKaTh «IPAKTHUECKH (DYHKLINOHUPYIOIIME alrOPUTMBI, KOTOPbIE
paboTanu OBl TaK K€ WM Jy4YIlle, YEM CIICIHATTUCT ITOH 00IacTy.

ABtopckuii meton oOyderuss MHC pemenuto 3aa4 kiaccupuKamuy Ha OCHOBE 3HAHUI
DKCIIEPTa, TMO3BOJISIIOIIMI TMPEOIONeTh YKa3aHHbIE TPYIHOCTH, OyJeT MOApOOHO OmucaH B
CJIEAYIOIIEM pa3zieie AUCCEPTALIH.

3akiaoueHue

Henbto HacTOSIIErO UCCIIEOBAHUS ABISIIACH MHTEIUIEKTYaIN3alusl TOAIEPKKH IPUHSITUS
VOpaBIEHYECKUX pEUIeHH Tpu BO3HUKHOBEHWHU upe3BbuaiiHbix cutyanuii (YC) Ha
JKEJIE3HOIOPOKHOM TpaHcmopTe. sl MOCTH)KEHUS TMOCTABJICHHOW WeEeNu OBLIM OIpeIeICHBI
00BEKT U MPEeIMET UCCIIEIOBAHUS: OOBEKTOM BBICTYMANU MPOLECCHl MIPUHITHS YIPABICHUECKUX
pemennii npu YC, npeamMeToM — METOJbl U aJIFOPUTMbl MHTEJUIEKTYAIU3aUN e TEIIbHOCTH
JITIP ¢ ucnonp30BaHUEM SKCIEPTHBIX 3HAHUM U TEXHOJIOTUHA MCKYCCTBEHHBIX HEMPOHHBIX CETEU
(UHC).

MeTtob! UccieJOBaHMS BKIIOYAIM CUCTEMHBIN aHanu3, kinaccupukanuio YC, MammHHOe
o0ydeHne, MaTeMaTUYECKOE MOJEIMPOBAHUE U JKCIIEPTHBIE METOAbl. B kauecTBe Marepuala
MCCJIeTOBaHMsI UCIIONIb30BaTUChH cBefleHus 0 Oonee yeM 200 cmyuasx YUC Ha xeIe3HOI0pOKHOM
TpaHcopre 3a nepuon 2013-2024 ronoB, apxXuBHBIE MaTepHalbl  HPEIIPUATHN
JKEJIE3HOJJOPOKHOTO ~ TPAHCMOpTa, MyOJMKAlMM  HAyYHBIX  HCTOYHUKOB,  MaTepuabl
MEXIyHApOAHBIX KOH(EPEHINI U ONMCAHNE TEXHOJIOTUI NHTEIIEKTY AJIM3alINH.

B xone uccnenoBanus ObUTa MOATBEPIKACHA TUIIOTE3a O TOM, 4TO Hcnonb3oBanue NHC,
00y4EeHHBIX Ha OCHOBE 3HAHUI 3KCIEPTOB, O3BOJISET Bocnpon3BoauTh aericteus JIIIP npu UC ¢
JIOCTaTOYHOM TOYHOCTHIO W ONEPATHUBHOCTHIO, BKIIOYAs peAkue M cradodopmamuzyembie
cutyanuu. [IpoBeneH aHanu3 MHTEIUIEKTyalbHBIX 3a1a4, pemaeMbix JIIIP, B Tom umcie 3amaun
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onenkn Macmrtaba UC wm kmaccudukanuu coctosHust atmochepbl mpu aBapusx ¢ AXOB.
BrigBiensl 001acTi, B KOTOPBIX AKCHEPTHBIC 3HAHUS TPYAHO (HOPMAIU3YIOTCS, U MPEATIOKEH
meron obyuenuss UHC c¢ ucnons3oBanuem ombiTa kKoHkpetHoro JIIIP mms BocmpowusBeneHus
NeMCcTBUH 3KCTIepTa B 3TUX 00JIaCTSX.

Pe3ynbTaThl nccienoBaHus MOKa3ald, 4YTO IOCTPOEHHE 00yYarOLINX BEIOOPOK HAa OCHOBE
skcriepTHOro ombita mo3posnster MHC koppektHo kimaccuduuupoBaTh paznuynbie Tursl YC,
IPOTHO3MPOBATH MACHITA0 MOCIEACTBUI U (OPMUPOBATH PEKOMEHAYEMbIE HAOOPbI AEHCTBUH 115
JIIIP. OGyueHue «c yuurTenemM» Ha 0a3e IKCHEPTHHIX JaHHBIX 00ECHeunBaeT HHIYKTHBHOE
MOJICIIMPOBAHUE PEIICHUH U BOCIPOM3BOJICTBO JCHCTBUI JKCIEpPTa, YTO OCOOCHHO BAXKHO IMPHU
cnabopopmanuzyembix UC, KOTOpbIe BOSHUKAIOT PEAKO U TPEOYIOT ONEPaTUBHOTO pearupoOBaHMUS.

BBIBOZIBI HCCIIEIOBAHNUS 3aKIIIOYAOTCS B CIIEYIOIIEM:

- Wntennexryanu3anus MOANEPKKH NPUHATUS YHPABICHUYECKUX PEIIECHUN IO3BOJIAET
MOBBICUTh ONEPAaTUBHOCTh W TOYHOCTH JnelcTBuid JI[IP mpu YC Ha XKene3HOIOPOKHOM
TpaHCIIOPTE.

- Hcnonws3oBaHMe HMCKYCCTBEHHBIX HEHUPOHHBIX CeTeH oOecredmBaeT MOJETUPOBAHUE
JeMCcTBUH 3KCTIEPTOB, BKIIOYas cnabodopmanusyemble u peakue ciaydan YC.

- ®opmManu3anus KCIEePTHHIX 3HAHUN B BUJE 00ydarolMX BBIOOPOK M MX MHTErpauus B
WNHC mnosbimaer aoctoBepHOCcTh pexoMmenmauuii JIIIP u cHmkaer puck HEOOOCHOBAHHBIX
MaTEepHaIbHBIX U JIOACKUX 3aTpaT npu Juksuaanuu YC.

- PazpaGorannas metomuka oOyuenuss MHC mno3Bosisier amanTHpoBaTh CHCTEMY K
crenrdrke KOHKPETHOH JKeJIe3HOI0POKHON CTaHIUH, 00ecTIieurBasi MacCOBOE TUPAXKUPOBAHUE U
BHEJJPEHUE CUCTEMBI IOJACPKKU IPUHATHS PELLICHUH.

[IepcrieKTHBBI BHEAPEHUS PE3YJIBTATOB UCCIEI0BAHUS BKIIOYAKOT:

- KcHnojb3oBaHue paszpaboranHbix Mozeneir MHC B cucremax aBTOMaTH3UPOBAHHOTO
yrpabiieaus: YC Ha Kene3HOA0POKHOM TPAHCIIOPTE;

- wuHterpanuio  MMHC ¢ coBpeMEHHBIMM CHCTEMAMHM MOHMTOPHUHIA COCTOSIHUS
UHPPACTPYKTYpPbl U TEXHOJOTUYECKUX MTPOLIECCOB;

- co3nanue oOyuatonmx rnporpamm i JIIP ¢ ucnonp3oBanneM cuMymsIyii U clieHapueB
peanbubix YC;

- paclIMpeHHe NPUMEHEHUS MNPEJIOKEHHONM METOAMKM Ha JIpyrHe€ TPaHCIOPTHBIE U
KpUTUYECKH BakHbIe oTpaciu, rae aeicteus JIIIP  ompepensitorcss  peakuMu U
cnabodopmanu3yeMbIMi COOBITUSIMHU.

Takum 00pa3om, HUCCIEIOBaHHE TMOATBEPAWIO HCTHHHOCTh BBIIBHHYTOTO TE3HCa O
BO3MO)KHOCTH HMHTEJUIEKTYaJIU3aluu MOANEP/KKU NPUHATUS PEIICHUN Ha OCHOBE JKCIEPTHBIX
3HAaHUN U MalIMHHOTO 00yueHus. [lomyueHnHble pe3ynbTaThl CIOCOOCTBYIOT H3MEHEHNIO HAYYHOTO
3HaHUs B 06nacTu ynpasieHus UC Ha xKeIe3HOJOPOKHOM TPAHCHOPTE, Mpeiarasi HOBbIM MOIX0.1
K oOyuenuro u mnomaepxke JI[IP, obecneunBas moBbimieHHe 3PGEKTUBHOCTH JIMKBUIANN
nocneactsnii YC, MUHUMHU3aLMIO 3aTPaT U PUCKOB, a TAK)KE OTKPBIBAs IEPCIEKTUBBI JAIbHENIITNX
UCCJIEIOBAaHUM B 00JJACTH UHTEJUIEKTYaJIbHBIX CUCTEM MOJAEPKKHU YIIPaBICHUYECKUX PEIICHUH.
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AnHoTanus. Ka3ipri 3amaHaarel apKaH >KoHE KIl KOHCTPYKLIUSATIAPhl KYPbUIbIC, MAIlIMHA
JKacay KoHE WHKEHEPIIK )Kyhenepe KeHIHeH KOJIIaHbUIabl, ce0e0i omapIpiH OEpIKTIri )KOFaphI,
caJIMarbl a3 )KOHE alTapJIbIKTal CO3bLTY KYIITEPiH KOTEpE anaabl. Anaiaa, UKeM/Ii 2JIeMEHTTEePI1H
ceprimMal TipekTepaeri KepHey-aedopmMarus KaraalblH 197 aHBIKTAy KUBIH Macese OOJIbII
TabBLIAIBI, dcipece OIPIKTIPIITEH KYKTEMEEp MEH allJIbIH ajla TApThUIFaH KaFaanaa. 3epTTey/1iH
MaKcaThl — aJJIbIH aja TapTy, TIPEKTEPiH CepHiM/Ii CIHIPUTYIH jKOHE opTYpJIi )KYKTEY TYpJIEpiH
€CKepe OTBIPHIN, OTe TETIC KINTEepAl ecenTeyaiH omoebdan omicid xacay. bec ecenrtey cxemacsl
KapacThIPbUIFaH, KYLITEP/i, Uiy OYpbIILITAPbIH, MOMEHTTEP/I >KOHE JKIIl Y3bIHABIFbIH aHBIKTAyFa
AQHAJTUTUKAIBIK ~ TOYSJIUTIKTEpP  alblHFaH, COHAAH-aK  AKCIEPUMEHTTIK  JIePEKTEpPMEH
CaAJIBICTHIPBIIFAH. ¥ CHIHBUIFAH SIiC JKOFaphl TANIIK Oepeai: OipKeKi )KYKTeMe KaFAalblHaa HiTy
kareniri 0,3 %-man acriaiiipl, MIOFBIPJIaHFaH KYKTeMene — 9,3 %-ra aeiin; cepminal KyITepaiH
Kareniri Tricinme 9,63 % xone 6 Y%-ra xereni. LIlorpipnanFaH Kyl dcepiHae KOHCTPYKIUSHBIH
CEHIMIIUTIK MOJIENI d31pJIeHTeH, OYJI pyKcaT eTIITeH XYKTEMeJep/Il *KoHE IISKTI JKaraaiiapsl
aHBIKTayFa MYMKIHJIIK Oepeni. Ofic apKkaH KyHenepiH, UTysli KOHCTPYKIMTIAPIbl XKOHE MAIIHHA
Kacay 3JIEMEHTTEpiH jkolanay Ke3iHJe KOJAaHBLTybl MYMKIH JKOHE KEHICTIKTIK XKyHelep MeH
JMHAMUKAJIBIK ocepiiep OOMbIHIIA dpi KapalFbl 3epTTeyIepaiH Heri3i O0IbIN TaObuIaIbl.

Tyitin ce3aep: UKeMIi XKINTEp, CEpIIMIlI TIPEKTEep, ajAblH aja TapTy, HIOFbIpJaHFaH
KYKTEMe, Uiy, CEHIMALUTIK MOJIeIi
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AnHoTanusi. CoBpeMeHHbIE TPOCOBBIE M HUTEBbIE KOHCTPYKIUU IIUPOKO MPUMEHSIOTCS B
CTPOUTCIILCTBC, MAIIMHOCTPOCHUN U HHIXCHCPHBIX CUCTCMaAX 6J1aronap;1 BBICOKOM MMPOYHOCTH,
MajoMy BeCy M CHOCOOHOCTH BOCIPHUHUMATh 3HAYUTENbHBIE pacTsAruparomue ycumius. OnHako
TOYHOE OIpeJIeIeHue HaIMpPsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHUSI THOKHMX SJIEMEHTOB Ha
YOPYTUX OHopax OCTaéTcsl CIOXKHOW 3aJauei, 0COOEHHO MPU KOMOMHHPOBAHHBIX HArpy3kax U
peBapUTEILHOM HaTsHKeHHUH. Lenb ucenenoBanus 3aKITI0YaeTcsl B pa3pad0TKe YHHBEPCATHHOTO
MeToJ1a pacuéra OUeHb MOJOTUX HUTEH ¢ yUETOM NPEeABAPUTEIHHOIO HATSXKEHUS, YIIPYTUX 0CAIOK
OTIOp U Pa3IMYHBIX TUIIOB HAarpy>keHus. B pabore paccMOTpeHbI MATh paCUETHBIX CXEM, TTOJTyYeHBI
AQHAIUTUYECKUE 3aBUCUMOCTH JIJISl OTIpEeieNIeHUs] yCUIINI, TPOruOoB, MOMEHTOB U JJIMHBI HUTH, a
TAKXKXC BBIIIOJIHCHO CpPaBHCHUC C JSKCICPUMCHTAJIbHBIMU JaHHBIMH. HpeﬂHO)KCHHBIﬁ MECTO
o0ecreyrBaeT BBICOKYIO TOYHOCTb PE3YJbTaTOB: MOTPEUIHOCTh OMNPEIEICHUS MPOBECOB MPHU
paBHOMepHOIl Harpy3ke He mnpesblmiaer 0,3 %, mpu cocpenorodeHHoit — 10 9,3 %, a
MOTPEIIHOCTh PACHOPHBIX ycuinuit — 110 9,63 % u 6 % coorBercTBeHHO. Pa3zpaboTtana mMozens
HaJIE)KHOCTH KOHCTPYKUMHU NPU JEUCTBUU COCPENOTOYEHHOM CHIIBI, MO3BOJSIONIAs ONPEAEIATh
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JIOTYCTUMBIE HArpy3Ku U MpeleibHble COCTOSIHUA. [IpennoxkeHHbI MEeTOA MOXKET PUMEHSATHCS
OpU TPOCKTHUPOBAHMU TPOCOBBIX CUCTEM, TIOJBECHBIX KOHCTPYKIHMH M  3JIEMEHTOB
MaIIMHOCTPOUTENIbHBIX MEXaHU3MOB, a TAK)KE CITYKUT OCHOBOMW JUIsl TabHEUIINX HCCIeA0BaHUN
10 IPOCTPAHCTBEHHBIM CHCTEMaM U JUHAMUYECKUM BO3JIEHCTBHSAM.

KualoueBble cioBa: ruOKkue HUTH, YNpPYTrue OMOPHI, MPEABAPUTEIBHOE HATSHKEHUE,
COCpeIoTOUEHHAs Harpy3Ka, Mporud, Moienb HaAEKHOCTH

Juas uurupoBanusi: b. Typaom. Meroauka pacuera HECYIIMX M PaCTSIKUTEIBHBIX
AJIEMEHTOB OaphepoB OE30MAaCHOCTH Ha CIOXHBIE 3arpyskeHust//IIoMbIIUIEHHBI TpaHCTIOPT
Kazaxcrana. 2024. T. 21. No. 83. Crp. 110-120. (Ha pyc.).
https://doi.org/10.58420/ptk/2024.83.03.008.

KoHduaukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

Beeaenne

CoBpeMEHHBIE TPOCOBBIE M HUTEBBIE KOHCTPYKLMHU HAXOJAT LIMPOKOE NMPUMEHEHHE B
CTPOMTENBCTBE, MAIIMHOCTPOCHUHM W HWH)XKEHEPHBIX CHUCTeMax Omjarojnapss CBOEH BBICOKOH
IPOYHOCTH, MAJIOMy BECy M CHOCOOHOCTH BOCIPHHMMATh 3HAYHMTENBHBIC PACTIATHUBAIOIINE
ycunus. OJHAKO TOYHOE OIpeNlesIeHUue HANpsHKEHHO-Ae(OPMUPOBAHHOIO COCTOSHUS TMOKUX
3JIEMEHTOB, ONMPAIOIIMXCS HA YHOpPYTHUE OMOpPBI, OCTAETCS CIOXKHOM 3amaueld, OCOOCHHO IpH
JeMCTBUM KOMOMHMPOBAHHBIX HArpy30K U NPEABAPUTEILHOM HATSKECHUH.

CymiecTByrone MeToAbl pacuéra, Kak MpaBHIIO, JIMOO OrpaHUYUBAIOTCS JIHHEHHBIMU
OpUOIMKEHUAMH, JTHO0 TPeOYIOT 3HAYMTEIbHBIX BBIYMCIMTEIbHBIX 3aTpaT IPHU YHUCIEHHOM
MOJICIIMPOBAaHUH. B CBA3M C 3TUM aKTyaJbHOW SBIAETCS pa3padOTKa aHAIUTHYECKU
00OCHOBAaHHOTO WU JIOCTaTOYHO IPOCTOrO0 METOAA, O0ECIEeYMBAIOLIETO BBICOKYI0 TOYHOCTh
pe3yJIbTaToOB MpU pacuéTe THOKUX HUTEH Ha ynpyrux omnopax. [IpakTiuueckas 3HAYMMOCTb TEMBI
00ycioBiieHa HEOOXOAMMOCTBIO MOBBIIIEHNS HAAEKHOCTH TPOCOBBIX CUCTEM M ONTHMM3ALNU UX
IIPOEKTUPOBAHMUS.

Ienp uccnenoBaHus 3aKI04aeTCs B pa3pab0TKe 1 0O0CHOBAHUH YHUBEPCAIBHOIO METO1A
pacuéra O4eHb MOJOTMX HUTEH C YUETOM MPEABAPUTEIBHOIO HATSKEHUS, YIPYTHX OCal0K OIOp
Y Pa3JINYHBIX TUIIOB HATPYKEHUS.

OOBeKkT ucciaenoBaHUs — THOKME HHUTH U TPOCOBBIE AJIEMEHTHI, 3aKpEIIEHHBIE Ha
ynpyrux omnopax. Ilpeamer uccnenoBanus — HanpsKEHHO-IE(QOPMUPOBAHHOE COCTOSIHME H
pacuéT ycuiuii, MOMEHTOB U MIepeMeLIeHUH THOKUX HUTEH MO/ pa3IMYHbIMU Harpy3KaMu.

3a1a4y UCCIIE0BaHMS BKIIIOYAKOT:

- aHaJINW3 CYLIECTBYIOIIMX METOJOB pacuyéra TMOKMX HUTEH Ha yNpyrux omnopax u
BBISIBJICHHE WX OIPaHUYECHMUIA;

- pa3paboTka pacyETHBIX CXEM JJIS Pa3IMYHBIX TUIIOB MPEIBAPUTEIBHOTO HATSKEHUS U
Harpys3okK;

- TNOJIy4CHHE AHAIUTUYECKUX 3aBUCUMOCTEH AJIs ONpPEACIICHUS YCHUIIUM, MOMEHTOB U
poru0oBs;

- CpaBHEHHE PE3yJIbTATOB PACcYETa ¢ DIKCIIEPUMEHTAIbHBIMU JAHHBIMU;

- pa3paboTka MOJAENU HaAEKHOCTU KOHCTPYKLUMU B BHUJE TMOKOH HUTHU NpH AEHCTBUU
COCpPEAOTOUYEHHBIX U PAaCIPEAEIEHHBIX HAIPYy30K.

[Ipennaraemsblii cioco0 pacyé€ra O4EHb MOJOTUX HUTEH Ha YHPYrooCeNaroluX OIopax
pa3paboran BrepBble. OH OTIMYAETCST MPOCTOTOW, YAOOCTBOM JJisi NPOEKTUPOBAHUS MU
o0OecreurBaeT BBICOKYIO TOYHOCTh ONPEICNICHUS YCWIMH M HEpEeMELICHHUI: MOrpelHoCcTh B
OIIpECIIEHNH IIPOBECOB IIPY PABHOMEPHO pacnpenes€éHHON Harpy3ke He npessimaet 0,3 %, npu
COCpe0TOUEHHOM Harpy3ke — 10 9,3 %, a MOrpemHocTb B ONPEAEIEHUN PACIIOPHBIX YCUINN
cocraBiger 10 9,63 % u 6 % coorBercTBeHHO. llodydeHHble pe3ysbTaThl MOTYT OBITh
MCIIOJIb30BaHBbI MTPHU MPOEKTUPOBAHUYU TPOCOBBIX CUCTEM UM aHAIM3E UX HAJAEKHOCTH.
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MarepuaJjbl 1 METOABI

OOBEKTOM HCCIIEIOBAHUS SABIAIOTCS TMOKHE HUTH U TPOCOBBIE 3JIEMEHTHI, 3aKpEIUIEHHBIE
Ha YIPYTHUX ONOpax, UCIOJIb3yEMbIE B CTPOUTEIBHBIX U MAIIMHOCTPOUTENIBHBIX KOHCTPYKIMX. B
KaueCTBEHHOM OTHOLICHUM MaTepuasl BKJIKOYAET pa3jMyYHble THUIIBI HUTEM M TPOCOB C
NpEeABAPUTEIIbHBIM HATSKEHUEM, Pa3IMYHOM JKECTKOCThIO W JUIMHOM. B KOIM4YecTBEHHOM
OTHOILIEHNUHU IIPOBEJEHO MOJIETUPOBAHUE U PACUET AJIS IATH PACUETHBIX CXEM, BKIIIOUAOILIUX:

- HUTH C NIPEABAPUTEIBHBIM HATSHKEHUEM U PACIIOPHBIMU Y CUIIUSAMU;

- pacTsHKMMBbIE HUTH 110J1 COOCTBEHHOM MacCoM;

- HEHaNpsHKEHHBIE HUTH M10J] PABHOMEPHOU HArpy3KOu;

- IPEIBAPUTEIILHO HANPS)KEHHBIC HUTHU 110J] PABHOMEPHOU HAIrPy3KOU;

- HUTH TOJ] COCPEAOTOUYECHHOU HArpy3KOH.

JUid poBepKM TOYHOCTH PACUETOB HCIOJB30BAJIUCh SKCIEPUMEHTAIbHBIE JAaHHBIE IO
nporubaM U pacmoOpHBIM YCHIIUSIM HHUTEW, MOJy4YeHHbIE U3 OIMYyOJMKOBAHHBIX HCCIEIOBAHUN
(JIunees, 1964: 15; Mauenuunckuii, 1950: 120; Mockanes, 1969: 50; 3aropsinckuii, 1963: 35;
Tkaues, 1971: 7; Tkaues, 1973: 30; Muxaiinos, 2002: 145; Unnenko, 1965: 50; [Tanos, Cunopos,
1980: 18; Ky3nemnos u np., 1985: 40).

Kax pacnpenensitorcst ycuiinsg ¥ NporuObl B TMOKUX HUTIX Ha YOPYTHX OMopax MpH
Pa3IMYHBIX TUIAX HArpy30K U MPeABAPUTEIILHOM HATSX)KEHUU?

Kakas wmeromuka pacuéra oOecneuyMBaeT ONTHUMAbHOE COOTHOIIEHHE TOYHOCTH H
TPYAOEMKOCTH JJIs1 TH)KEHEPHOT'O TPUMEHEHUS?

KakoBbI 10ImyCcTUMBIE TOTPEMIHOCTH MTPU UCHOJIB30BAHUN AHAJTUTUYECKUX U YHCIICHHBIX
METO/0B pacuéra?

[Ipennaraercs, YTO YHUBEpPCAIBbHBIM METOJ pacuy€Ta OYEHb IMOJOTUX HUTEW Ha
YIPYTroOCEIAI0UINX ONI0paX, YU THIBAIOLIUI IPEIBAPUTEIBHOE HATSKEHUE, YIIPYTUE OCAJIKH OIIOp
U pa3JMyYHbIe CXEMbI Harpy3KH, MO3BOJISIET IOCTOBEPHO OIPEAETSATh YCUIINS, MOMEHTBI U IIPOTHUOBI
C MOTpeuIHoCThi0, He mpeBbimaromei 10 %, u Moxer ObITh 3()h(HEKTUBHO HMCIOJIB30BAH IS
IIPOEKTUPOBAHUS TPOCOBBIX CUCTEM.

DTarbl UCCIIEI0BAHMUS:

- aHaJIU3 JINTEPATyPHBIX UICTOYHUKOB U CYIIECTBYIOIIMX METOJIOB pacuéra ruOKNX HUTEH
U TPOCOBBIX KOHCTPYKIIH;

- pa3paboTKa pacYETHBIX CXEM JI Pa3IMYHbIX YCIOBUN HArPy>KEHUS U IPEABAPUTETHHOTO
HATSKEHUS,

- TMOJIy4eHHE aHAIUTUYECKUX 3aBUCUMOCTEH AJIs ONpEAENICHUS YCUJIUI, MOMEHTOB U
[IEPEMEILCHUN;

- CpaBHEHHE PE3YJIbTaTOB pacuyéra ¢ SKCIEPUMEHTAIbHBIMU JAHHBIMU U OLIEHKA TOYHOCTHU
MPEAJIOKEHHOTO METO/1A;

- pa3paboTka MOJENM HaAEKHOCTH KOHCTPYKIMH C THOKOH HUTBHIO MHpH JEHCTBUU
COCPENOTOUYCHHOM U pacpeesIEHHON HAarPy3KH;

- 0000meHne TOTYYCHHBIX TaHHBIX W (POPMYyIHMPOBKA BBHIBOJOB IO JIOCTOBEPHOCTH WU
MPaKTUYECKOU MPUMEHUMOCTH METO/IOB.

MeTtonabl UcciieTOBaHU:

- AHaJIUTUYECKUN METOJ — JJI BHIBOJA 3aBUCUMOCTEN YCUJIN, TPOruO0OB 1 MOMEHTOB
I10 3a/1aHHBIM PacUETHBIM CXEMaM;

- UucneHHblil MeToq (METOJ MOCIEAOBATEIbHBIX MPUOMIKEHUN) — TS OTMpeesieHus
HATSDKEHUS U JJIMHBI HUTHU TPY CIOXKHBIX CXEMaX Harpy KeHHUS;

- I'paduueckuit meron — mnoctpoenue 3aBucumocteit L(N)L(N) ans BuzyanibHOTO
ONpeAeNICHUs YCUIINI 110 3aJaHHOM JUIMHE HUTH;
- CpaBHUTENbHBIH aHAIN3 — TPOBEpKA TOYHOCTH MPEIJIOKEHHOTO METoJa C

OKCIICPUMCHTAJIbHBIMH JaAHHBIMU,
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- Marematudeckoe  MOJECIMPOBAaHHME  —  MOJCITUPOBAHHE  HANPSHKEHHO-
ne(OPMUPOBAHHOTO COCTOSTHUSI HUTEW C WCIOJB30BAHHUEM HKCIIEPHUMEHTAIBHBIX M PACUYCTHBIX
JTAHHBIX;

- Cratuctrueckas o0pa0OTKa JaHHBIX — OIEHKA MOTPEIIHOCTEH W HaASKHOCTU
PacUYEeTHBIX PE3yJIbTaTOB.

[IpuMeHeHHE BBINICONMUCAHHBIX METOJOB TO3BOJIMJIO  BBISIBUTH  3aKOHOMEPHOCTH
pacrpesiesieHusl yCHIIMA, NPOruOOB M MOMEHTOB, OIEHHTH BIUSHHE IPEIBAPUTEIHHOTO
HATSKCHHSI ¥ YIIPYTOCTU OTOP, @ TAKkKe MOATBEPAUTE 3D (HEKTHBHOCTE MPEATI0KEHHOTO criocoba
pacuéTa Ui IPOSKTHPOBAHUS M aHAJIN3a TPOCOBBIX KOHCTPYKIIUH.

CoBpeMEHHBIE TPOCOBBIE ¥ HUTEBBIE KOHCTPYKIMM MIMPOKO TPHUMEHSIOTCS B
CTPOMTENBCTBE, MAIIMHOCTPOSHUH U MHKCHEPHBIX CHCTEMax Oaroaapst X BICOKOH MPOYHOCTH,
MajoMy BeCy M CHOCOOHOCTH BOCIPHHUMATh 3HAYUTENbHBIC pacTsaruBaromme ycwius. OnHaKko
TOYHOE OMpEJeICHUE HanpsHKEHHO-IC(POPMUPOBAHHOTO COCTOSIHHS T'HOKHX 3JIEMEHTOB,
ONUPAIOIIUXCSA HA YNPYrHe OMOpPHI, MPEACTaBiIsieT co00H CIOXKHYIO 3axady, OCOOCHHO NpHU
JeCTBUY KOMOMHUPOBAHHBIX HATPY30K U TPEABAPUTEIHLHOM HATSKCHUU.

CymiecTByronye MeTOAbl pacuéra, Kak MpPaBHIIO, JHOO0 OrpaHUYHBAOTCS JTUHEHHBIMU
NpUOIMKCHUSAMH, JTHOO TPEOYIOT 3HAYMTEIBHBIX BBIYMCIMTEIBHBIX 3aTpaT MPH YHUCICHHOM
MOJICTTMPOBAaHUU. B CBS3M ¢ OTHM aKTyaJbHOU SIBISETCS pPa3padOTKa aHATUTHYECKU
00OCHOBAaHHOTO W JIOCTaTOYHO TPOCTOTO METOMAA, OOECICYMBAONIETO BBICOKYI0 TOYHOCTH
PE3yNBTATOB MpHU pacu€Te TMOKUX HUTEH Ha YIPYTHX OMOpPaX.

Ilenpto HacTosimie pabOTHI SBIsSETCA pa3paboTKa W OOOCHOBAHWE YHHBEPCAJIHLHOTO
METO/1a pacuéTa OYeHb MOJOTUX HUTEH C YUETOM MPEIBAPUTEIHLHOTO HATSKEHUS, YIPYTHX 0CAI0K
ONOp W Pa3IMYHBIX TUIIOB HarpyxeHus. B crarhbe paccMaTpuBaroTCs MSTh PAcUETHBIX CXEM,
MPUBEICHB OCHOBHBIC 3aBUCUMOCTH JJIsi ONPEIEICHHUS YCUJINI, MOMEHTOB U TMEpEeMEeIleHuH, a
TaKXXe BBIMIOJIHEHO CPAaBHEHHE C AKCIEPUMEHTAIbHBIMH JaHHBIMU. [loiTydeHHBIE pe3yJIbTaThI
MOTYT OBITh UCIIOJIb30BAHKI MPU MPOSKTUPOBAHUN TPOCOBBIX CUCTEM M aHATN3€ UX HAJEKHOCTH.

Pe3yabTaThl U 00Cy:KIeHUS

HecymuMu sneMeHTamMu CBSI3BIBAIOIIUX TMOABMKHBIX OJIOKOB M3 TPHAIBI MEXKAY COOO
SIBIISIETCS TPU TPOCa KOHIIBI BEPXHETO TPOCa 3aKPEIICHbI IIAPHUPHO Ha CTolKe. PacyeTHas cxema
MOJKET OBITh MPEJIOKEHA B BUAEC HUTH C YacTO PACIHOJIOKEHHBIM U YNPYTUMHU OMOpPaMU TpPHU
pasnuuHbIX cxemax 3arpyxenus (Puc. 1) (JIunees, 1964: 100-150; Tkaues, 1973: 28-36).

Cxema 1. [IpenBapurenbHOEC HATSDKEHHE HUTH M YCHIMSIM B BHIE pacriopa. Ycwine Hyp
BBIIPSAMIIIET HUTH M PACTSHKCHHWE B YIPYTHUX OMOpPax, 3aMeHsieMoe Harpy3koil gmp=f (x). B
CEUCHUU X UMeeM yx=fr — Mx /Hnp, TOE Yx=qx np A} a; Gxnp — NHTEHCUBHOCTb HArpy3KH ¢np B
CEUEHHMH X, @ — IlIar YHIpyrux omop; My — «Oajo4yHbIil» MOMEHT OT HArpy3Ku ¢mp, Ap — fx
KO3 PHULIMEHT yNpyroi NOJaTIMBOCTH aHKEPHBIX OTIOP.

VHTEeHCUBHOCTh HAarpy3KHU OINPEENSICTCS U3 PABCHCTBA

(IOnpleO

Jonplpa = fo — " Hyp Mo = f£=0_5 de [ Gede; &= % (1)
3aKOH U3MEHEHUS HArpy3KH ¢np HAXOJUM U3 YPaBHEHUS
. A(e)I? R 12 .
Qs — —— j dequ de + — j defque = A(e), (2)
B, B,
£=0,5 £
— . — Sy =9 L E(). £ — ~ _ _ (n+1)
rac A(S) = 48(1 — 8), Bl = anAba, n=2-+ 50, E = 0.5. q: = m,
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a)

Puc.1. DnemMeHTHI U CXeMBI OTpaAXJACHUS

T

El=

2r

a — HeCYIIIMH AJIEMEHT - Tpuaja; O — rpyIia OJIOKOB B BUJE OAJIOK HA YIIPYTHX OMOpax; pcueTHas
CXeMa Hecylel (MIpUBEACHHBIN) HUTU Ha YIPYTHX ONOpPaX.

Tabnuua 1 - Pacuérhbie k03 PULneHTH! Ut OnpeAeTeHUs yCUINi U TPOruO0B HUTH

n Qe=0.25 Mc_o25 Moax D
2 0.75000 0.073013 0.10292 0.06550
3 0.80000 0.076853 0.10691 0.06870
4 0.83333 0.079393 0.10956 0.07060
5 0.85714 0.081288 0.11150 0.071839
10 0.91667 0.085970 0.11659 0.074148
15 0.94117 0.088010 0.11880 0.075192
20 0.95454 0.089295 0.12014 0.076142
25 0.96296 0.089981 0.12095 0.077254
30 0.96875 0.090520 0.12154 0.078009
35 0.97297 0.090910 0.12196 0.078620
40 0.97619 0.091250 0.12231 0.079122

Tabnuna 2 - PacuérHble ko3(hdUIMEHTHI 71 3aKOHA W3MEHEHUS HArpy3KH MO JJIMHE

nponéra

n M D
0.05 0.007920 0.00440
0.10 0.015000 0.00519
0.15 0.021250 0.00589
0.20 0.026667 0.00650
0.25 0.031300 0.00701
0.30 0.035000 0.00747
0.35 0.037920 0.00775
0.40 0.040000 0.00802
0.45 0.041250 0.00815
0.50 0.041667 0.00818

B Tabx. 1 myig HEeKOTOPBIX 3HAUEHHUH N MPUBEICHB! BEJINYHHBI
Qe 1\78 ( mpu € = 0.25), Mmax U XapaKTepUCTHKU Harpy3ku no (Manenunckuii, 1950:
135-167) D = [ Q2de
JUISL TIOJTyYEHHOM CXEeMbl HarpyXeHHs HHUTH.
[Tpu pacyere mo cxeme 1 BelMYMHA MOJbEMA YIPYTHX ONOpP IMOJYyYAETCS HECKOJIBKO
3aBBIIICHHOM.
Cxewma 2. [IpenBaputenbHOE HATSKEHHE BECOMOM pacTSKUMOM HUTH.
B ncxonHOM MOJIOKEHUM HHUTH PACTSIHYTa COOCTBEHHOM MacCod ¢c, yCHUIINS B YHPYTHX
oropax oTcycTBYIOT. Pactiop u ucxonnas mvna vute (JIunees, 1964: 100-150)
He = qc1?/8fo; Ly = (L — Hev + 8f¢/3D(1 + H /EF) ™, 3)
r7ie V — NOAATIMBOCTb KOHLEBBIX ONOp HUTH, EF — )kecTKoCTh HUTH.
ITocne HaTsKEHUA pacniop yBeanuutcs 10 H=Hc+Hnp, a JJINHA HUTH YMEHBIINATCS 10
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- 2 —
o= = Dy = [ QEdx=2 g3 1) d(f g dé)’,
Qo ¥ ﬁf MIPUMEHSIIOTCS] cOOTBETCBEHHO 10 (1) 1 (2) ¢ 3amenoit Hyp Ha H.
Cxema 3. HenamnpesxeHHasi HUTh MOJ1 HArpy3Koil q=const.
[ ceueHust B cepeiMHE MPOJIETa UMEEM

My
Apa= q/ 4
qo onlp H — f0> ( )
I'te — MakcuManbpHas OpAMHATA 3aMEHSIOLIEN Harpy3KH qoon; Mog — «OanO4YHbBIN» MOMEHT
OT IEUCTBUS HATPY30K ¢ U Gon:

My, = g, 121 (5)
0q s doon 0

rae 1\70 — MOMEHT OT Harpy3KH gon IPU qoon =1 m [ = 1.

Togcrasnsis (5) B (4), momyunm goon = (q12 — 8foH) /8(HApa + [2My).
3aKOH U3MEHEHHUS ¢@on HAXOAUM U3 ypaBHEeHUS (2) ipu Hup = H.
Pacniop H Haxonum U3 cCOBMECTHOTO pellieHHs ypOBHEHUS (T) U

H3 (2 +v) + H?(l, = D) = 0.5(Dg — q3oa°D). (6)
3neck Dy = q?13/12 (Mauenunckuii, 1950: 135-167) D ompezensercs mo taon. 1.
[Tocne cTabunn3anuu ocagku yIpyrux Ormop HATh MPEBPALIACTCS B MHOTOIIPOJIETHYIO,
IpeBapUTEbHO — HANPSKEHHYIO0 ycuiueM H.
Cxewma 4. [IpenBapurenbHo — HaNpsHKEHHast HUTh MO HArpy3Koi g=const.
PaccmoTpum n1Ba ciryyasi:
a) q=q, < 8foHyp/ [2. HuTb moji Harpy3Koii q He BO3BPAILAETCS B UCXOJHOE MOJIOKEHHUE,
U pacueT BeJleM I10 cxeMe 2 ¢ 3aMEeHOH (c Ha q1 + (c;
0) 9=q2 > qup = 8foHup/ [2. Pacyer npoBoAUTCS IO cXeMe 3 ¢ 3aMeHOM q Ha q2 + qup
Hcxonnas pnuHa HUTH ompenensercs no ¢opmyne (3) c 3amenoit He Ha H:+ Hyp

Cxema 5. CocpenoTroueHHasi Harpy3ka B MPOJIETE€ MPEABAPUTENIBHO - HAMPSHKEHHOH
HUTH.

[To ananoruu co cxeMoi 3 HaXOIUM (o, B CeUeHH X=Nl non cuioii P.
qnonAbi: (Mnnp + M17P - Mnon)/H - ﬁ]r (7
rac MnP = Pln(1 —n); Mnon = Qnonlen; ﬁ; = 4fon(1 —1n); Mnnp = O'SQOnplz(l -

n); TPU OMPEACICHUH (g, IJIS1 BECOMOI HUTH HYXKHO YYUTHIBATH COOCTBEHHBIN BEC.
N3 (7) onpenensiem

Qnon = 77(1 - n)(QOnplz + 2Pl — 8fOH)/2(HAba + lenon)
[IpaBas yacTh ypaBHeHUs (6) B 3TOM Cilydae UMEET BU]T
3[q.p + 12Pn(1 — (P + qonpl)l ™ — 12¢3,,D]/24.
3aKOH HM3MCHEHHS 3aMEHSIONIEH HAarpy3KH (; HAXOIMM M3 COBMECTOTO PELICHHUS
ypaBHenwii (2) u (6). Koapdunmentst A (§) u b1 B ypaBHeHHU (2) IPUHUMAIOT BU]]
_ 2PE(1-m)+qonpl?§(1-§)-8foHE(1-8) . _
AG) = n(1-1)(2Pl+qonpl?—8foH) s bir=HApa. ¥

&l

L

Puc. 2. Cxema pacnpeneneHus NepeMEeHHON Harpy3Ky BAOJIb MPOJIETa HUTH
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Jiis marpyskn (Puc 2), msmemsouteiicss mo 3akonyqs = qo(n + 1)/(n+ 0.5¢71)
3HAYCHUSI XaPAKTCPUCTHKU HATPY3KH U OATIOYHOTO MOMEHTA OTIPEIeisieM o popMyiam

D = q3l®[n® —3n(1.5n+ 26— 1) +3(B+B)(2n+ B — B —1)] (Z;gz;
1 1
Mg = qol? [(E +%>ln(f+%) —né*—¢(B+B-—n+1)-— B/zn] (n + 1)/2n?
M§=0.5 = QOlz(O.SnZ —-n+ B)(n + 1)/4713, B=1n(1/2n); B=1n(n+1)/2n2. (9)

Jlns HarpyskH, M3MeHsIomelcs 1o 3akony (puc 3), q; = qﬂ[l —J1-(¢ /n)z] npu & <
213 M, = 0.1667n(1 — n)qyl* = Mq,1* 3uavenns M u D st pasiudHbIX

n, umeeM D, = Dq;
g, \ 1,

3Ha4YeHUH 7] IpUBECHBI B Ta0I. 2
&

n/

L

Puc. 3. Cxema Harpy>keHUsI HUTH 0 33JJaHHOMY 3aKOHY H3MEHEHHSI HHTEHCUBHOCTH

[Ipemyaraemprii cioco0 pacuera OYEHb IMOJOTUX HUTEH Ha YMPYroocCemarolnX ONopax
pa3paboTaH, 1Mo BHAMMOMY, BrepBble. Croco0 HETPyNOEMOK, YOOOCH U NMPOEKTUPOBAHHS
KOHCTPYKIIMHA C TPUMEHEHHWEM HUTeH Ha ynpyrux omopax (Mockane, Uekanes, 1969: 45-52;
3aropsHckuit, 1963: 33-42; Tkaues, 1971: 3—4), naer oJHO3HAUHBIE 3HAYEHUS YCWIHA U
NepeMENIEHUH, XOPOIIO COBNAJAOIINE C SKCIIEPUMEHTAIbHBIMU JAHHBIMU: TaK, IOTPEIIHOCTH B
OTIpeNIeICHUH TIPOBECOB MPH PABHOMEPHO pacHpeeNieHHON Harpyske cocrasiser He 6onee 0,3
%, mpu cocpenoTOYeHHOW Harpy3ke a0 9,3 %, B ONpenesNeHH paclopoB IPU PABHOMEPHO
pacnpenesneHHoi Harpy3ke 10 9,63 %, npu cocpeloTOYEHHOM Harpys3ke 10 6 %.

PaccmoTpuM pacueT HHATH 3aKpEIUICHHBIE Ha IIAPHUPHBIE HEMOJBMKHBIE OnOphI. [Ipn
pelIeH: 3aaud MO0 BTOPOMY BapuaHTy, KOT/Ia 3aJjaHa JuIMHa HUTU L u TpeOyercs Haiitu H,
peIIeHUEe CTPOMTCS METOAOM TIOCNIeIOBaTeIbHBIX mpubiaekeHuil. CHadanma 3a7aroTcs
MPOM3BOJIbHBIM 3HaueHUeM H=H() U HaXOIAT COOTBETCTBYIOUIYIO 3TOMY 3HaueHUIO L(1). Ecinu
L)< L, To BeIOMpaIoT BTopoe mnpubnexenue: Hp)< Hy), u pacyeT noBTopsieTcs. 3aaadyy MOKHO
pemuTh rpaduIecKuM crocodoM, MOCTPONB 3aBUCUMOCTh L (H) u onpenenuB 3HaueHue H ais
3aJaHHOU BEJIMYUHEI L.

B mpocTeiimmx ciaydasx 3aBUCUMOCTb L (H) MOXeT ObITh HaliieHa aHATUTUYECKH.

y
4
T =

[

Puc.4. Mopenb HaIEKHOCTH JJIs1 HUTH NOJ IEHCTBUEM COCPEAOTOYEHHOMN CHIIBI

[Tpumep noctpoeHnH MoJienn HalexKHOCTU. TpeOyercs pa3paboTaTe MOJEINb HAIE)KHOCTH
JUI KOHCTPYKLIMU B BHJI€ THOKOW HUTHU NP ICHCTBUM cocpeioToueHHoU cuiibl (Puc 4).
W3 ypaBHennii npu P2=0 u ¢=0 Haxoaum
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_ P(l-a) _ _Pa
tga, = TR tga, = =4
HauOonpimmii nporud HUTH COCTaBUT
P(l-a)a
y(a) = tgaya = - (10)

Hatspkenue Hutu OyieT paBHO

P2 (1-a)>?
N(x) =Ny =H /1+E(Ta) mpu 0<x<a,
P2q?
N(x)=N,=H 1+H212 mpu 0<x<l, (11)

JmHa HUTH 110 popMyJie COCTaBIIsAET

P2 1— 2 PZ 2
L=a 1+ 1-a) [1+22 (12)

[IpoBenem ananu3 il HamOoJee HEOIArOMpPUATHOTO ciydyas, KOrJa CHia MPHIIOKEeHa

B cepenune mposera. [lpu a = [/2 nomnydaem
1 P2
L=1 /1 tin (13)

W3 mocnemnero PaBCHCTBA IIOJIy4Ya€M 3aBUCHUMOCTHb T'OPHU3AHTAIIBHOTO HATAKCHHUA OT
JUINHBI HUTHU

H=P—— (14)

2/12/12-1

P2 L
N—H/1+E—H7. (15)

MO)IeJ-[I) HAaACKHOCTU HpI/IHI/IMaeM 10 HOHchaeMOMy HaprI)KeHI/IIO
N
Omax = T < [o], (16)

Hatsokenune HuTH ipu a = [ /2 OyneT TakuMm:

rae F — mIomnaab CEYeHUsT HUTH.
HaulGonpmas nonycrumasi Harpy3ka Ha HUTh
P <|o]|F2\/1-1%2/12. (17)

N3 Mopenun HamaeKHOCTU clieayeT, uto npu L — | momyctumoe 3Hadenune P — 0. Oto
CTAaHOBUTCA TOHSTHBIM, eciad yuecTb paBeHcTBO (16). Ilpul = [ B HUTH BO3HUKAIOT
0ECKOHEYHO OOJBIINE HAMIPSIKEHUS.

3akiaoueHne

B mpencraBneHHOW pa0oTe BBINOTHEHO KOMIUIEKCHOE HCCIIEIOBAHUE HAMPSHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUS OYCHH TIOJIOTUX THOKAX HUTEH M TPOCOBBIX JJIEMEHTOB,
OMHPAIOLINXCS Ha YIIPYTOOCEAAIOIINE OMOPHI, PU PA3TUYHBIX CXeMax Harpy>KeHUs U YCIOBHSIX
MPEIBAPUTEILHOTO HATSDKCHUSA. AKTYalbHOCTh BBIOpDAHHOW TEMBI OOYCIIOBJICHA HIMPOKUAM
MPUMEHEHUEM TPOCOBBIX M HHUTEBBIX KOHCTPYKLIUWA B CTPOUTENHCTBE, MAIIMHOCTPOCHHM U
WHXEHEPHBIX CHCTEMaX, a TAK)K€ HEIOCTATOUYHOM pa3paOO0TaHHOCTHIO aHATMTHUYECKUX METOJIOB
uX pacuéra ¢ y4€ToM yNpyrocTu Onop U KOMOMHHUPOBAHHBIX HATPY30K.

[TocTaBneHHass 1eNb HCCIEAOBAaHUS — pa3paboTka M OOOCHOBAHWE YHHBEPCAIHHOTO
MeToJa pacu€ra OYeHb MOJOTUX HUTEH C yUETOM NPEIBAPUTEIBLHOTO HATSHKEHUS, YIIPYTHX 0CAI0K
OMOp W pa3IUYHbIX THUIIOB HArpy»eHUsi — Obula JOCTUTHYTa B MOJHOM 00bEMe. s eé

peanu3alMd  OPUMEHEH  KOMIUIEKC  B3aUMOJONOJHAMIIMX  METOLOB  MCCIICJOBaHUSA:
AQHAIUTUYECKUHN, YHUCJIECHHBIM, Trpaduyeckuii, METOAbl MaTEeMAaTUYECKOTO MOJEIMPOBAHUS,
CPaBHUTEJIBFHOI'O aHAJIN3a U CTATUCTUYECKOM 00pabOTKM JaHHBIX.

AHaIUTUYECKUH METO MO3BOJIWI MOJYyYUTh 3aMKHYThI€ 3aBUCUMOCTHU JJISl OINIPEEICHUS
YCUJIMM, MPOrn0oB, MOMEHTOB M JJMHBI HUTU TPU PA3IMUHBIX pacuéTHBIX cxemax. Meton
MOCJIEIOBATENBHBIX TMPUOMIDKEHUH W TpadU4ecKuid METOJ WCIIONB30BAINCH JUIS PEUICHHUS
oOpaTHBIX 3aJa4, B YAaCTHOCTH NpPU ONpPEJEICHMM YCWIMH MO 3aJaHHOM [UIMHE HUTH.
MaremaTueckoe MOJETUPOBAHUE W  CPaBHUTEIBHBIM aHANU3 O00ECHEeUMIM  MPOBEPKY
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JIOCTOBEPHOCTH MPEIJIOKEHHBIX 3aBUCHUMOCTEH IMYyTEM COIMOCTABJIEHUSA PACUETHBIX ITAHHBIX C
OKCIIEPUMEHTATBHBIMUA  pE3yJbTaTaMH, OINMyOJUKOBAHHBIMH B TPYyJIaX OTEUECTBEHHBIX U
3apyOeKHBIX HCCIIeIOBATEICH.

Takum o00pa3zoMm, BBIOpaHHAs METOAOJOTHS HUCCICIOBAHHS SBISIETCS OOOCHOBAaHHOM,
aZIcKBaTHOW TIOCTaBJICHHBIM 3a7a4aM M  00OecleunBacT IOJyYeHHE JOCTOBEPHBIX U
BOCIIPOU3BOJUMBIX PE3YJIbTaTOB.

B xoxe paboThl pazpaboTaH U CUCTEMATU3UPOBAH YHUBEPCATBHBIN CIIOCOO pacdyéTa 0YeHb
MOJIOTUX HUTEH Ha YyIPYrooceNaroluX ONopax, MPUMEHUMBIN JUIsl TISATH OCHOBHBIX PAaCUETHBIX
CXEM:

- HUTH C NMPEABAPUTENbHBIM HATSHKEHUEM U PACTIOPHBIMH YCUITUSIMU;

- pacTsDKUMBIE HUTH TI0]T ISHCTBUEM COOCTBEHHON MacCCHI;

- HCHANPsKEHHBIE HUTH I10J1 PABHOMEPHO pacCIpeAcIIEHHON HAarpy3Koii;

- IpeABAPUTEIBLHO HANPSHKEHHBIE HUTHU 110J] PABHOMEPHOW HArpy3KOH;

- HUTH TIOJ ICICTBUEM COCPEAOTOUYCHHON HATPY3KH.

Jlnst Kax 0¥ CXeMbl TOJIyYEHbl aHATUTHYECKUE 3aBUCUMOCTH, TMO3BOJISIONINE ONIPEACIISATh
YCWIHSA, IPOTUOBI, JJIMHY HUTH M XapaKTEPUCTUKH 3aMEHSIONIUX HATrPYy30K C YUETOM YIPYTHX
cBoiicTB omnop. [lokazaHo, YTO HCMHOJB30BAHHE MOJEIM HUTH C YacTO PACHOJIOKECHHBIMHU
YOPYTMMH OTIOPaMH TIO3BOJISIET aJIEKBATHO OMUCHIBATH PEATbHYIO PabOTy TPOCOBBIX CHUCTEM U
CYIIECTBEHHO YIIPOIAeT pacuéT 0e3 3HAUMTEIIbHON MTOTEPH TOYHOCTH.

CpaBHeHHE pe3ynbTaTOB pacu€ra ¢ HIKCIEPUMEHTAIBHBIMU JIAHHBIMU T1OKa3aJI0 BHICOKYIO
CTEMEHb MX COTJACOBAHHOCTHU. Y CTAHOBJIEHO, YTO MOTPEIIHOCTh OMPEAECICHUS MPOBECOB MPHU
PaBHOMEpHO pacrpeenéHHol Harpy3ke He npeBbimaet 0,3%, nmpu cocpeloTOUeHHON Harpyske
— 110 9,3 %, a mOrpemHoCTh ONpPEAENICHNUs PAaCHOPHBIX YCHUIUM cocTaBisieT 10 9,63% u 6%
COOTBETCTBEHHO. DTH 3HAUCHUSI HAXOJATCS B JOIYCTUMBIX MpEeax AJisl UHKEHEPHBIX pacuéToB
Y MTOATBEPKIAIOT JOCTOBEPHOCTH U MPAKTUYECKYIO0 TPUMEHUMOCTD MPEI0KEHHOTO METO1A.

BaxxubpiM pe3ynbTaToM paboTHhI SBISIETCS pa3padOTKa MOJETH HAIEKHOCTH KOHCTPYKIIHH
B BHJI€ THOKOW HUTH TIPU ACHCTBUU COCPEIOTOYCHHOW CHibl. [lodydeHbl 3aBHCHUMOCTH,
MO3BOJISIIOIINE OMPEIEIATh JAOMYCTUMbIE HArPY3KU MO KPUTEPHUIO JOMYCKAEMbIX HAIpPSKEHUH, a
TAKX€ BBISIBJICHBI NPEJIETbHBIE COCTOSIHUSA, PH KOTOPBIX MPOUCXOIUT PE3KUM POCT HANIPSIKEHUI
B HUTHU. DTO PACIIUPSIET BO3MOKHOCTH OLIEHKH OE€30MaCHOCTH U HaJEKHOCTH TPOCOBBIX CHCTEM
Ha CTaINM IPOCKTUPOBAHUSI.

Ha ocHOBaHMM BBINOJHEHHOTO UCCIEAOBAHUS MOXKHO CAENATh CIEAYIOUINE BBIBOBI:

Cy1ecTByroiye MeToIbl pacuéra TMOKMX HUTEH Ha yIPYTUX OMopax MO0 OrpaHUYEHbI
JTUHEHHBIMU MPUOTMHKEHUSMH, TUOO OTIMYAIOTCS BBICOKOW BBIYHUCIUTEIHHOU TPYIOEMKOCTHIO,
YTO CHWXAET UX () (PEKTUBHOCTH IPH WHKECHEPHOM PUMEHEHHH.

[IpennoKeHHbI YHUBEPCAJIbHBIA METOJ pacyéra OYEHb II0JOTMX HUTEW ITO3BOJISIET
YYUTHIBATh TPEBAPUTEIHLHOE HATSKEHUE, YMNPYTHEe OCAIKH ONOp M PA3JIHYHBIE CXEMBI
Harpy»eHus B paMKaxX €JUHOT0 aHAJIMTHYECKOTO MOIX0/1a.

[TonyueHHbIE aHATUTHYECKUE 3aBUCUMOCTH OOECIIEUMBAIOT OJHO3HAYHOE OMpENeTICHUE
YCWIINH, TPOTUOOB U MEPEMEIIEHUIN 1 XOPOILIO COTTIACYIOTCS C SKCIIEPUMEHTATLHBIMH JaHHBIMU.

PazpabGorannas Mojens HaASKHOCTH TO3BOJISAET OLEHUBATH MPENEITbHBIE COCTOSHHS
TMOKMX HHUTEW M OIpeNessaTh AOMYyCTHMbIE HArpy3KH C y4ETOM T€OMETPUYECKUX M CHIIOBBIX
napamMeTpOB CUCTEMBL.

To4dHOCTh TNpeIokKEHHOTO MeTojga He mpeBbimaeT 10 % 1O OCHOBHBIM pPacyETHBIM
napamMeTpaMm, UTO JeJlaeT €ero TMPUTOJHBIM JUIsi TPAKTHYECKOTO HCIOJIb30BAaHUSA TPHU
MIPOEKTUPOBAHUH TPOCOBBIX U HUTEBBIX KOHCTPYKILIHM.

TeM caMbIM TOATBEPKAECHA HCTUHHOCTH BBIJIBUHYTOTO B paboOTe YTBEPKACHHUS O
BO3MO>XHOCTH CO3/IaHUS aHAJTUTHYECKA 0OOCHOBAHHOTO, JOCTATOYHO MPOCTOTO ¥ TOYHOTO METO/1a
pacuéra oueHb MOJIOTUX HUTEH Ha YIIPYTOOCEIAIONINUX OIOpax.

[IpakTUueckas 3HAYMMOCTb BBIITOJIHEHHOTO UCCIEAOBAHUS 3aKIII0UYAETCS B BOZMOXKHOCTH
MPUMEHEHHUS TTOJYYCHHBIX 3aBUCHUMOCTEH M PACUETHBIX CXEM IPH MPOCKTUPOBAHUU TPOCOBBIX
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CHUCTEM, BAaHTOBBIX IOKPBITUM, IOABECHBIX KOHCTPYKLMHM M DJIEMEHTOB MAIIMHOCTPOUTEIBHBIX
MeXaHU3MOB. MeTO/ MOKET OBITh HCIIOJIb30BAaH B MH)KEHEPHOU MPAKTHUKE, yueOHOM Tpoliecce, a
TaKXke MpU pa3padoTKe HOPMATUBHBIX U METOANYECKHUX IOKYMEHTOB.

IlepcniekTHBBl NAIBHEUIINX HCCIEAOBAHUN CBS3aHbl C PACIIUPEHUEM IPEUIOKEHHON
METOJUKHA Ha IPOCTPAHCTBEHHBIE TPOCOBBIE CHUCTEMBI, YYETOM HEIMHEHHBIX CBOMCTB
MaTepUasoB, NOJI3y4EeCTH, TEMIIEPATypPHBIX BO3JIEHCTBUN M AUHAMMUYECKHUX Harpy3ok. Kpome
TOTO, MPEICTABISAETCA LENeCOO0pa3HbIM pa3BUTHE YHCICHHO-AaHAIUTUYECKUX IIOJXOI0B Ha
OCHOBE IIPEIJI0KEHHONW MOJENHN Il aBTOMAaTU3alUU PaCUYE€TOB U UHTErPALMHY UX B COBPEMEHHBIE
IIPOrPaMMHBIE KOMILJIEKCHI.

B nenom, nosry4eHHbIe pe3yabTaThl BHOCAT BKJIAJ B PA3BUTHE CTPOUTEIIBHON MEXAHUKHU U
TEOPUH THOKUX 3JIEMEHTOB, YTOUHSISI CYLIECTBYIOIIUE MIPEICTABICHHS O pab0Te HUTEN U TPOCOB
Ha YIPYIUuX ONOpax U paclliupsis HHCTPYMEHTaApUM HHKEHEPHOTO pacuéra.
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