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HUHTEJUVIEKTYAJIbBHASA TPAHCIIOPTHASI CUCTEMA

AHHOTanusA. ABTOMOOWIBHBIE TIACCAKUPCKHE W TPY30BBIC TEPEBO3KH, OYCHD
CTPEMUTEIPHO Pa3BUBAIOTCA. KonmaecTBO aBTOTPAHCHOPTHBIX CPEJCTB, IOCTOSHHO W
JUHAMHAYHO pacTeT. VIHTEeHCHBHOCTh TPAHCIIOPTHBIX MOTOKOB, METEOPOJIOTHYECKHE YCIIOBHS,
MPUBOJAT K HM3MEHEHHIO PEXHMMOB JBIKeHUA. Kak ciemctBue oOpa3yroTcs 3aTtopel. B
OTIpeJICIEHHOE BpeMsI TOJla U CYTOK, TOBBIIIACTCS aBapUHHOCTh. [ MOKas cucTeMa yIpaBJICHHS
NBIDKEHHEM, HeoOxoauma 1jsi  oOecredeHusi ymoOHOro ©  O€30MacHOTO  JBMKCHUSL
ABTOMAaTH3aIMsl yIPaBICHHUs] ABTOJOPOT OSTO BO3MOXKHOCTH TPOTHO3MPOBATH W 33aBaTh
ONTUMAIIbHBIE PEXHUMBL. biaromapss 3TOMy TOBBIIIAETCS AKOHOMHYECKas APPEKTHBHOCTh
MEepeBO30K, 0€30MMaCHOCTh, CKOPOCTh U TMPOITYCKHASI CIOCOOHOCTB.

B mnacrosmee BpeMs mia 3(pGEKTHUBHOTO YIPABJICHHS aBTOMOOWJIBHBIMU JOPOTaMU
YCIICIITHO BHEAPSIOTCS DJIEMEHTHl Pa3IMYHBIX aBTOMATH3HUPOBAHHBIX CHCTEM YIIPaBIICHHUS,
MMOCTPOCHHBIX HA OCHOBE KOMITBIOTEPU30BAHHBIX MHTEIUICKTYaJIbHBIX aBTOMATHYECKHX CHCTEM.
OCHOBHBIC TPEHMYIIECTBA HMHTEIUICKTYAIbHBIX TPAHCHOPTHBIX CHUCTEM — TIOBBIIICHHE
MPOIYCKHOW CHNOCOOHOCTH, CHW)KCHHE YPOBHS AaBAPUHHOCTH W TOKCHUYHBIX BBIOPOCOB,
MIOBBIIICHUS KaueCTBa (DYHKIIMOHUPOBAHUS CETH PEATU3YETCS 33 CUET MPEAOCTABICHHUS KAXKIOMY
YYACTHHKY JBWXEHHS WH(MOpMAIMK 00 ONTHMAJIBHBIX MapUIpyTax.

KiloueBbie cjioBa. ABTOMOOWIIB, TPAHCHOPT, CUCTEMa CIEKEHUs, WH(OPMAaLMOHHbBIE
CUCTEMBbI, 0€3011aCHOCTh

BBenenue.

3anonro ao HactymieHuss XXI Beka, Beaylue CTpaHbl MUpa CTOJKHYJIUCH C Pa3IMYHbIMU
KOH(JIMKTAaMH, BbI3BAHHBIMH TEXHOTEHHBIM ITOTLEMOM MU TPAHCIOPTHBIM pa3BuTHeM. OIHUM U3
TaKUX Y3KMX MECT CTajll0 MPOTHBOPEUHE MEXKIy MacCOBOM aBTOMOOMIM3AIME, € OIHOM
CTOPOHBI, BO3MOXKHOCTSMHU JOPOT OOIIET0o MOJIb30BaHUs M UHPPACTPYKTYPHBIMU OCOOCHHOCTSIMU
KPYIIHBIX TOpPOJIOB — ¢ Apyroil. CeroaHs 5TH mpoiiecchl npuolpenu (HakKTUYECKH TII00aTbHbINA
XapakTep, 3aXBaTUB U HaIlly CTPaHY.

VYcnoBHO roBOps, TONBKO BYepa, To ectb 30 ner Hazan, B Kazaxcrane TpaHcmopTHOE
JIBUKEHHE HE ObUI0 TaKUM HWHTCHCHBHBIM HU B MajblX, HU B OOJBIIUX Tropodax. B To
BpeMsi 00BEM aBTOMOOWUIBHBIX W TOPOJACKHX JIOPOT, KOJWYECTBO aBTOMOOWIIEH U mpoune
TEXHUYECKHUE MMOKA3aTENN HAXOAWIUCh B COOTBETCTBUHU JIPYI C APYroM. B HacTosmuii MOMEHT
MPOTSHKEHHOCTh aBTOMOOUITBHBIX JOPOT OOIIEro MOJIh30BaHUS COCTABIISET TE XK€ caMble 96,5 ThIC.
KM, TO €CTh 3TOT IIOKAa3aTeslb IMPAKTUYECKH OCTAJICSI HA TOM K€ YpOBHE. XOTS BCE K€ HMX
TEXHUYECKUE XaPAKTEPUCTHKU B OCHOBHOM OBLIN MPUBEJCHBI B COOTBETCTBUE C COBPEMEHHBIMU
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TpeOOBAHUSAMH U JIOCTUTIHN YPOBHS MEKIYHAPOJHBIX TPAHCIOPTHBIX KOpuaopoB. Oanako 3a 30
JeT olliee KOJMYECTBO aBTOMOOWIICH B CTpaHe BbIpocio ¢ 1,2 mwminoHa 1o 4,7 MUJUIMOHOB.
OueBuaHAasE UCHPOTIOPLHUS: PA3BUTHE JOPOKHOM HHPPACTPYKTYPHI M POCT YHCIa aBTOMOOMIICH
HUKAaK HE COYeTarTcs Apyr ¢ ApyroMm. IlokasaTens MI0THOCTU JBMKEHMSI Ha IepekpecTkax 3a 30
net ysenuuuiics ¢ 0,4 (cBobonHoe nBukenue) 10 0,95 B yachl «IIUK», 4TO OMHUCHIBAETCS CJIOBOM
«IIPOOKM».

Iean uccae0BaHUI: OCYIIECTBICHHE UHTEIIEKTYAIBHON TPAHCIIOPTHON CUCTEMBI.

OCHOBHOM IPUYHMHOM 3aTOPOB HA TOPOJICKUX YJIULAX SBJISETCS TO, YTO CO CTOPOHBI MECTHOM
aIMUHUCTpAIlMA JTOM mpolieMe HE yIenseTcs AO0DKHOro BHUMaHusA. OueBUaHO, HE
AHATM3UPYETCS KOPPEISIIHUA  MEXAY TAKUMH COLMAIBHO-YKOHOMHYECKUMH  CHUCTEMHBIMU
rapaMeTpamu Kak: «rOpOJICKO€ HACeJIeHHE — KOJIMYECTBO TPAHCIIOPTHBIX CPEACTBY, «TOPOJCKas
TpaHUIla — JOpOKHAsT HHPPACTPYKTYpa». [Ipru 3TOM poTrpamMMbl CTPOHUTENHCTBA KIS BO BCEX
KpymnHbIX ropogax Kasaxcrana u3 roaa B roJ 000CTpsIOT MpoOiIeMbl, CMelllas rpaHuIlbl TOPOJI0B

[1].

MarepuaJjbl 1 METOABI.

ExenneBHo Ha noporax Meramnojuca HacuuThiBaeTcs 700 ThIC. MalmIMH, B TOM YHCIIE,
TPaH3UTHBIN TPY30BON TPAHCTIOPT, HArPYKAIOIINHA HUXKHIOKO YacTh ropoJa. [ 1aBHas npoOiema —
3TO HEeA(PPEKTUBHOCTH 00IIECTBEHHOTO TpaHcnopTa AnMatbl. OCHOBHAS 1011 MACCAXUPOTIOTOKA
MIPUXOIUTCS Ha aBTOOYCHI M TpoJuieiOychl. CpeHsisi CKOPOCTh aBTOOYCOB Ha BBIJICIICHHBIX MTYTAX
25 xM/4ac, B o0mem notoke — 15-17 km/gac. 910 HeyI00HO TSl MACCAKUPOB U 3aHUMAET MHOTO
BpeMmenn. B 2023 roay ucrekaet cpok skcruryaranuu 360 aBToOycoB, a B 2025 To1y KOJIHYEeCTBO
TakuX aBTOOYCcOB BbIpacteT A0 952. [lo TeXHUYeCKHM NMPUIMHAM aBTOOYCHI CXOIST C MapuIpyTa
10 300 pa3 B aenb. 13 o6mero uucia aBTo0ycoB 1o — 15% [2].

XoTenoch Obl 00paTUTh BHUMAHUE Ha OJTHY U3 TEHACHIIMK POCTa HAPOIOHACETICHUS B HAIIICH
ctpane. Ha 2021 rox (oxTs16pp) Hacenenue Kazaxcrana coctaBuio 19 062 700 wenosek, T.¢. 184
MecTo B Mupe. CeroJiHs YUCICHHOCTh HaceneHud B 3 ropoaax: Anmatel, Actane u llIpiMkeHTe
— mpeBblaeT 4,3 MUUIKOHA, YTO cocTaBiisieT 22 % HaceneHus cTpaHbl. B menom B roponax
ctpanbl kuByT 11,33 MiH. (59,28 %), a B cenbekoii mectHOoCTH — 7,73 MutH. (40,72 %) yenoBexk.

Teneps 0OpaTmM BHUMaHWE Ha aBTOTPaHCIIOPTHBIE Moka3zarenu. B 1991 rony B Kazaxcrane
ObUIO 3aperucTpupoBaHo okoJio 890 ThIC. TPaHCHOPTHBIX cpencTB. HbIiHE 3TOT mokazarenb
coctaBua 4 684 miH. enuHull, B ToM unciie 3 890 MiH. jJerkoBeix aBToMoOmieit. B 2021 roxy
(OKTSI0pB) KOJIMYECTBO TPAHCIOPTHBIX CPEICTB B AnMarhl HaCUUTHIBaNO 530,2 ThIC. C TOJOBBIM
poctom 12,6 %, B ctomune — 350,1 Teic. ¢ rogoBeiM poctoMm 7,2 %, B LlpiMkenTe — 344,5
TBIC. €IMHUIL C TOJOBBIM pocToM 9,3 %. ObI11ee KoIM4ecTBO aBTOMOOUIIEH, 3aperucTpUPOBAHHBIX
B OTUX Tpex roponax, coctaBiger Oonee 1,23 muH. eguaun. C  y4eToM €XKeIHEBHO
BBHE3KAIOIIEr0 U BBIE3KAIOIIETO TPAHCIOPTa, a 3To mpuMepHO 50-60 % oT obiiero ypoBHs, HaI0
npuOaBuTh emie 670 ThICIY aBTOMOOUIICH.

3a 3TUMM KOJIMYECTBEHHBIMU IIOKA3aTEJISIMU CTOMT OYE€Hb CIOXHAs TpPAHCHOPTHAs
npobiema. ExxeroiHelil mpupocT aBTOMOOUIIEH B CTpaHe JoCcTUraeT npuMepHo 137 Thic. eNuHUIl,
TO €CTh, IIPU TAKUX TEMMAaX CeroAgHsAIIHue nokazarenu udepe3 30 ner yBenuyarcs B 3,5 pasa.
O4eBHIHO COBPEMEHHOE COCTOSIHME aBTOMOOMIIBHBIX JOPOT M TPAHCTIOPTHON HH(PPACTPYKTYPHI
He OyAyT oOTBedaTh 3aBTpAlllHUM MOTPEOHOCTsIM. B pesynbraTte Takoil IWHAMUKHA pOCTa
TPaHCIIOPTHBIE MYTEPOBOABI M TOPOJICKHUE CETH B IIETIOM OKaXXYTCS B KITyOKe MPOOIeM.

Ha oco0o kpymHBIX MarucTpaisix ¥ TOPOJCKUX MyTeNpoBoJax (HampuMmep, B AJIMAaThI:
npocnekTsl PaifbimMOeka, PwickynoBa, Anb-®apabu, CyroHOas u T.[.) HOKa3aTeld CyTOYHOU
WHTEHCUBHOCTU JBIDKEHUS yke aocturarot ot 50 mo 70 Teic. aBTOMOOMIIEH (IO JaHHBIM
uccienoBaTenbckoi pabotsl coTpynaukoB KazAJIW um. JI.b. 'oruaposa). Kak moka3siBaeT OImbIT,
B NEPCIEKTUBE Pa3MEIICHUE TPAHCHOPTHBIX MOTOKOB HA COBPEMEHHBIX MArucTpajsix B OJUH
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YPOBEHB JIB)KEHUSI HEBO3MOKHO. Jlaske JIByXypOBHEBbBIE IIyTENPOBOABI U MaruCTpaid HE MOT'YT
3HAYUTEIHHO MOBBICUTH MPOITYCKHYIO CIIOCOOHOCTH YIIHUII.

I'maBHast mpobiema B TOM, YTO IMYTENPOBOJIBI OOCTY)KMBAIOT TOJIBKO TIEPEKPECTKH,
a TPAHCTIIOPTHBIM COOM TPOMUCXOAUT MO Bced umHEe yaunbl. Kpome TOro, TexHUUYECKHE
XapaKTEPUCTUKU BO3BOAMMBIX IIYTENPOBOJOB HE BIIOJIHE YIOBJIETBOPSAIOT COBPEMEHHBIM
TPaHCIOPTHBIM IOTOKAM, B PE3yJbTaT€ OrPAHUUYMBAETCS CKOPOCTh IBMKEHHUS. B pas3BUTHIX
CTpaHax 3TO HA3bIBAIOT CETEBBIM cOoeM. [Ipu ceTeBoM cOoe MarucTpainb Hamo001e HUTH CBsI3aHa
CO BCEMU MEPEKPECTKAMHU, I103TOMY JIt00asi 3aMHUHKa B IBM)KEHUU KaK TOK I10 LIETIH IepeaaeTcs Ha
npyrue ymuupel. IlyrenpoBonabl OOCIY)XKHMBAaIOT TOJBKO IEPEKPECTKH, a TPAHCIOPTHBIM cOOit
MIPOUCXOJUT IO BCEW JJIMHE YIUIBI, B pPE3ylbTaTe 4Yero mMajaeT CKOpOCTh JBMkKeHHs. Ha
MPOTSHKEHUH OTHOM YIHUIIbI TOKA3aTeNb OTPaHUYEHHSI CKOPOCTH Kos1e0IeTcs HeCKOIbKo pa3 oT 30
no 60 xkm/4. Takoe HepaBHOMEPHOE ABM)XEHHE BIIUSET HA IMCUXO(QU3UOJOTHUIO BOIUTENS U
raccakupa M CTAHOBMTCS €Ille OJHOM MpUUMHOW 0Opa3oBaHMs 3aTOPOB. YKa3zaHHBbIE (DaKTOPbI
AKCIIEPTHI OTHOCAT K MPUYUHAM WJIM UCTOYHHWKAM BO3HUKHOBEHUS CETEBBIX cOoeB [3].

CeroniHs BO BCeX MajbIX M KPYIHBIX TOPOJAaX CTPAHbl OCTPO CTOUT BOIPOC CTPOUTENIHCTBA
xuwibs. K coaneHuio, MIOTHOCTh €ro pasMelleHus B TOpoJ€ €lBa JIM COOTBETCTBYET
YTBEPKICHHBIM CTaHapTaM. BMecTUMOCTh MapKOBOK Ha MpUJIETAIOLIE TEPPUTOPHH ITUX JOMOB
HE BCerja corjacyercs ¢ KOJIMYeCTBOM HX >kurteneil. Kpome Toro, HOBble CTpOUTENbHBIE
MJIOMIAIKK  HEOJArompusITHO CKa3bIBAIOTCS HA TPAHCIIOPTHOM MHGpacTpyKType ropoaa. Bee atu
(dakTops! eme 60JbIlIe CHOCOOCTBYIOT BOZHUKHOBEHHUIO TPAHCIIOPTHBIX 3aTOPOB.

Pe3yabTarsl M 00CyKIeHUS.

Hago nmpoexktupoBath ropojackyto HHGPacTpykTypy (IyTEmpoBOJIbI, MapKOBKH,
BOJIOOTBO/IbI, BBI€3/IHBIE JOPOTH U3 MPUTOPOAHBIX HACEIEHHBIX MYHKTOB U T.N.) U TOPOJICKOTO
TPAHCIOPTHOTO JIBMJKEHUSI C YYETOM MEPCIEKTHUBHOIO POCTAa HWHTEHCUBHOCTU JBIM)KECHUS
TPaHCIOPTHBIX CPEACTB MUHUMYM Ha 30 JerT.

B nocnennue roas! Mbl HaOIIOIaEM TI0 CYTH OYPHBINA POCT CTPOUTENHCTBA TPAHCIOPTHBIX
pa3Bs30K B AJIMaThl, YTO M3HAYAJIBHO OBLJIO HANpPaBJIEHO Ha peuieHue mpodneMsl 3aTopoB. B To
K€ BpeMsl Ha HEKOTOPBIX IIyTENPOBOJAX YK€ HAOIIOJaeTCsl OTPHUIATEIbHOE BIUSHUE Y3JI0B
pa3Bs30K Ha Oe3omacHOCTh ABwKeHus. [lo Bcell BEpOSTHOCTH, HEBO3MOXKHO CHAThH HAIPSKEHUE
Ha aJIMaTUHCKUX YJIUIAX Cyry0o HH)XEHEpHO-TEXHUYECKUMU crioco0amu u nojaxoiamu. [loatomy,
elle pa3 Xouy OTMETHUTb, YTO IYTENPOBOJ — ITO pPEUICHHE OJHOIN TPAHCIOPTHOM pa3Bs3KU Ha
MEePEeKPeCcTKax, HO ATO HE CHCTEMHBIM MOJXOJ MAJsl TOBBIILIECHUS IMPOIYCKHON CHOCOOHOCTH
nsukeHus TC Ha poTsbKeHUU Beel ynuibl. 3a 00pasel] Ui TIaBHbIX YIUI] AJIMaThl MOXKHO B3STh
npocrekt Anb-®Papabu. 31ech TpPaHCIOPTHBIE Y3JIbl OPraHM30BAHBI CETEBBIM METOIOM
— OTCYTCTBYIOT IIEPEKPECTKH B OJTHOM YPOBHE.

Ha oOpa3oBanne TpaHCHOPTHBIX 3aTOPOB  CYIIECTBEHHOE BIHSHHE  OKAa3bIBAacT
TEXHMYECKOE M HKCIUTYyaTallHOHOE COCTOSIHUE MOJBE3THBIX IOPOr B TOPOJ. IEeMEHTapHBIM
TEXHUYECKUM KpPUTEPHSIM HE COOTBETCTBYET HH OJIHA JOPOTra, COEAUHSIIONIAsl MPUTOPOIHBIC
HaCeJICHHbIE MTyHKTHI ¢ AMaThl. Jloporu y3kue 1 moToMy 0O0UHHBI UCTIOIB3YIOTCS KaK Mpoe3sKas
gacTb. Bno0aBok K 5TOMY MOIBE3HBIE TOPOTHU €I€ U BBHIMOIHIIOT (DYHKIIHMIO 00BE3HBIX MyTel
gyepes CTPOSIIUECS YIaCTKH IOPOT. DTO Mapagokc, HO (akxT.

B ropomax ctposiTcs MyTEmpoOBOJIBI, PACHIMPSIOTCS MAarucTpaid, HO HE BO3MOXKHO
OCTaHOBUTh pOCT YHUCJIAa aBTOMOOWIEH Yy HaceleHUs. BHeIpeHue WHTEIUIEKTYaIbHbBIX
TPAHCTIIOPTHBIX CHCTEM B METAmNOJUCaX CTPaHbl MO YIYYLIEHUI0 WH()OPMAIMOHHBIX CHCTEM B
MHTETPUPOBAHHBIX TPAHCIOPTHBIX cHcTeMax PecmyOnuku KazaxcraH Ha OCHOBE aHaim3a
CYIIECTBYIOIIUX TpOoOJeM, a TaKKe MHPOBOTO OMBITA M TEPEIOBBIX TEXHOJOTHUN TMO3BOJIUT
MOBBICUTH YPOBEHBb CEpBHUCA IS MACCAKUPOB, ONTUMHU3UPOBATH UCHOIB30BaHUE TPAHCIIOPTA U
CHU3UTh HETATUBHOE BO3/IEUCTBUE HA OKPYXKAIONIYIO cpeny [4].
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B coBpemenHOM HH(DOPMAIMOHHO-TEXHOJIOTHYECKOM OOIIECTBE aBTOMATHU3UPOBAHHBIE
CUCTEMBl CTAHOBATCS HEOTHEMJIEMOW 4YaCThIO PAa3IMYHBIX CcQep ACATeIBbHOCTH, BKIOYAS
rOCyIapCTBEHHOE yIIpaBJICHHE, OW3HEC, MeIulMHy, oOpa3oBaHue u Apyrue. Mcnomp3oBaHue
TaKUX CHCTEM TIO03BOJICT ONTUMHU3UPOBATH MPOIECCHI, MOBBICHTH YPPEKTUBHOCTH U TOYHOCTH
BBITIOJTHEHUS 33]1a4, a TAK)KE COKPATUTD 3aTPaThl BPEMEHU U PECYPCOB.

JI1st moCTHKEHUS TTOCTaBICHHOM 1IeTTM HE0OXOAUMO PEIIUTh CIICIYIOIINE 3aa4H:

1. MByunth Tekymiee COCTOSHUE HH(POPMAIIMOHHBIX CHCTEM B 00JAacTH TPAHCIIOPTA B
Pecniyonmmke Kaszaxcran, BKIOYas CHCTEMBI YIPABJICHUS JIOTHCTHKOW, MOHHTOPHHTA
TPAHCIIOPTHBIX CPEJCTB, OpOHUPOBAHUS OWIETOB U Jpyrue. B CcOBpeMEHHOM TroOpOJICKOM
TPAHCIIOPTOM KOMILIEKCE UMEETCS Psi MPoOJIeM, Cpei KOTOPBIX MOXHO BBIJICTUTh OCHOBHEBIE!
POCT YpOBHS aBTOMOOWIM3allMd HACEJICHUS; MaJ0 MOJECPHU3UPOBAHHAS HHPPACTPYKTYypa
ABTOMOOWJIBHOTO TPAHCIIOPTA; MPUMHUTHBHBIE CHCTEMBI YIPABJICHHUS PAa3BUTHS JOPOKHO-
TPAHCIIOPTHOTO  KOMIUIEKCA; HEIOCTATOK  (PUHAHCHUPOBAHUS  PAa3BUTUS  TPAHCIOPTHOM
MH(PaCTPYKTYPBHI.

2. Ilpoananu3upoBaTh MPEUMYIIECTBA U HEIOCTATKU CYIIECTBYIOMIUX WHPOPMAIIMOHHBIX
CHUCTEM B HMHTETPHUPOBAHHBIX TPAHCIOPTHBIX cucTemax Pecnybnukm Kazaxcran ¢ ydetom ux
3¢h(HEeKTUBHOCTH, HAZC)KHOCTH, O€30MACHOCTH U yI0OCTBA MCTOIB30BaHMs. B HacTosmee Bpems
BO3pacTaeT aucOalaHC MEXK Ty CIIPOCOM MOTPEOUTENEH C YIEeTOM pOCTa YKCiIa aBTOTPAHCIOpTa U
PEKOHCTPYKIME aBTOMOOUIIEHONU HH(PACTPYKTYPHI.

3. V3yduTh ONBIT JAPYrHMX CTpaH B 00JacCTH MpPUMEHEHHUS HH(POPMAIMOHHBIX CHCTEM B
TPAHCIIOPTHON OTPaCiii U BBISIBUTH MEPEIOBBIC MPAKTUKNA W TEXHOJIOTHH, KOTOPHIE MOTYT OBITh
npuMmeHeHbl B Kazaxcrane. B ycrmoBusx BceoOuieil rinobanuzanuu NpeacTaBUTEIbCTBA Pa3HBIX
CTpaH OOBEAWHSIOTCS i1 oOMeHa WHQGOPMAIMK O HOBBIX TEXHOJIOTHSX M COOBITHSX B
aBTOMOOWIbHOM TpaHcnopTe. OObeAMHEHHE B aCCOLMALNM, TEXHUYECKHE KOMHTETHI U TJ
o3BOJIsIET chopMUpPOBaTh 3(PPEeKTUBHOE HOPMATHUBHO-TEXHUYECKOE PETYIUPOBAHUE, SIBIIAIONIEE
KITIOYEBBIM (PAaKTOPOM JUTsI IEPCHIEKTUBHOTO PAa3BUTHS YCIYT HA MEXIyHAPOIHOM YPOBHE.

4. PazpaboTaTh peKOMEHIAIMH 10 YIYUIICHHUIO CYIIECTBYIOIMNX HH()OPMAIIHOHHBIX CUCTEM
WJIM BHEJIPEHHUIO HOBBIX, C YUETOM CIIEUU(PUKN TPAHCTIOPTHON HHPPACTPYKTYPhI U MOTpEeOHOCTEN
nojb3oBarenel B Pecriyonuke KazaxcraH.

5. OueHUTh TMOTEHUHUAJIbHBIE BBITOJABl OT BHEAPEHUS YIYULICHHBIX WJIA HOBBIX
MH(OPMALIMOHHBIX CHCTEM B HMHTETPUPOBAHHBIX TPAHCHOPTHBIX cucTeMax PecrmyOnuku
Kazaxcran, Takue kak moBblilieHHe 3()PPEKTUBHOCTH HCIOIB30BAHUS TPAHCIIOPTA, COKpAIllEHUE
BpEMEHU OXHUJAaHUA U TOBBIIIEHHE YPOBHS cepBHUca i mNaccaxupoB. [losiBiIeHHE HOBBIX
aBTOMATU3UPOBAHHBIX TPAHCHOPTHBIX CUCTEM MOXHO OTHecTH K Hawany passutus UTC A
Pecniyonuke Kazaxcras.

6. CocraBuTh IJIaH JAEHCTBUU MO BHEAPEHUIO PEKOMEHIAIMH W MEPONpPUATHN IO
pa3paboTke M YIyUIICHUI0 HH(POPMAIMOHHBIX CHCTEM B HHTETPUPOBAHHBIX TPAHCIOPTHBIX
cucremax Pecnyonuku Kazaxcran. YuuteiBas reorpaduueckoe mosioxkenne Kazaxcrana
TPAHCIOPTHAS CUCTEMa UT'PAET IPUOPUTETHYIO POJIb B pa3BUTHU CTpaHbl. [ 0cy1apcTBO U yacTHBIE
KOMITaHUU Hayalld TPOSIBIATH MHTEPEC K HOBBIM TEXHOJIOTHSM, CHUCTEMaM U yciayram JUis
JOPOKHOM UH(PPACTPYKTYPHI, a TAKKE OpraHU3aAIUH U YIIPABICHUS IBIKEHUEM, IJIs peaTn3aiiu
TpaHcnopTHoro norenuuana Kasaxcrana [5].

Buenpenue unHTemekTyanbHbIX TpancnopTHeix cucteM (UTC) B Pecnybnuke Kazaxcran
MOXKET OBITh OOYCJOBJICHO CIEAYIOIIMMHU TMPEANOChUIKAMU Ha OCHOBE HMeEolIeiics 0a3pl B
aBTOMOOMJIBHOM TPaHCIOPTE:

1. Poct aBromapka: KommuectBo aBTOMOOWMIei B PecmyOnuke KazaxcTan MmoOCTOSIHHO
yBenuuuBaetcs. Bueapenue UTC MoxeT MOMOYb B YIPABICHUH W KOHTPOJIE STOTO OOJBIIOTO
KOJIMYeCTBa aBTOMOOWIIEH, oOecrmeunBas 0e30mMacHOCTh, IP(PEKTUBHOCTE M KOM(OPTHOCTH
aBTOMOOMJIBHOTO TPaHCIIOPTA.
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2. Ynyumenue 6e30nacHOCTH Ha joporax: Kazaxcran umMeeT BRICOKHI YPOBEHb JOPOKHBIX
npouciiecTBui, u BHeApeHue UTC MoxkeT 3HAUYNTENIbHO CHU3UTh KOJIMYECTBO aBapuil. CUCTEMBI,
TaKW€ KaK CHUCTEMbl MOHUTOPMHIA M MPEAYNPEXKICHUS CTOJIKHOBEHHM, CHUCTEMbI KOHTPOJISA
CKOPOCTH M CUCTEMBI IPEIYNPEKICHHSI O HAPYLIEHUH MPAaBUJI JOPOKHOIO ABMXKEHHUS, IOMOTYT
BOJUTEISAM U30€raTh OMAacHbIX CUTYalUH.

3. Ontumuzanus 1opoxxkHoro aswxeHus: Baeapenne UTC moxer moMoyb B ONTUMU3ALMH
JIOPOKHOTO JBUKEHUS, CHMIKas MPOOKU U yiydillas MPOXOJAUMOCTb JIopor. TexHonoruu, Takue
KaK CHCTEMBI yIpaBJIeHHs CBETO(OpaMu HAa OCHOBE MOTOKA JBM)KEHUS U CHCTEMBI OTIOBEIICHUS
BOJUTENEH O COCTOSIHUM JOPOTH, MOTYT CYIIECTBEHHO COKpPaTUTh BpEMs, 3aTpauylBaeMoe Ha
MOE3/IKY, U YAYUIIUTh [JIABHOCTh JBUXKECHUS.

4. Iosermenne sHeprodppexruBHocTr: UTC no3Bositor 60s1ee 3¢ HEeKTUBHO UCTIOIH30BaTh
SHEpPrulo, ONTUMU3HUPYS [BHKEHHE aBTOMOOMJIEH M CHUXas BHIOPOCHI BPEIHBIX BEIIECTB.
Hanpumep, cucremsl ynpasiieHus cBeTO(popaMH Ha OCHOBE IOTOKA JBMXKEHHUSI MOTYT CHU3HTD
BpeMs IPOCTOSI aBTOMOOMIIEH Ha MEPEKPECTKAX, YTO COKPATUT MOTPEOICHNE TOIIIMBA U BEIOPOCHI
Co2.

5. VYmpaenenue mnapkoBkamu: B ropomax Kaszaxcrana uacro cymiectByer mnpo0iieMa
HeXBaTK MapkoBo4YHbIX MecT. Buenpenue U'TC no3BoauT 3peKTUBHO YIPaBIIsATh NapKOBKaMHU,
BKJIIOUAsi CHCTEMbI OOHAPYKEHHsI CBOOOAHBIX MECT U AJIEKTPOHHBIE MIATPOPMBI ISl PETUCTPALIUN
1 OILJIaThl APKOBKHU.

6. Yayumenne kadecTBa OOIIECTBEHHOTO TPAHCIIOPTA: MOBHIIICHNWE YPOBHS KoMdopTa u
0€30MacHOCTH MaccaxupoB. VHTeMIeKTyaabHble TPAHCIOPTHBIE CHCTEMbI MOTYT OOECHEUHThH
Oonee TriaJKoe [BHKEHHE OOIECTBEHHOTO TPAHCHOPTa, ONTHUMHU3UPOBATH MAapIIPYThl H
yIpaBlieHUE TPAHCIOPTHBIMH MOTOKAaMH, a TaKXe MPeJOCTaBUTh MH(OPMALIMIO O CUTYyallud Ha
J0porax ¥ peKOMEH/IaIliH 10 BEIOOPY Hanbouree 3 dextuBHOTO IMyTH [6].

CoxkpallieHre BpeMeHH MOe30K U YBEJIMUEHUE TOCTYITHOCTH OOIIECTBEHHOTO TPAaHCIOPTA.
brnaromaps  HMCNONBb30BaHUIO  MHTEIJIEKTYaldbHBIX CHUCTEM  MOXHO  CHHU3HUTH  TNPOOKH,
ONTUMU3HPOBATH paCIIUCaHHE JIBUKEHUS aBTOOYCOB, TPOJUIEHOYCOB, METPOTIOIUTEHA.

B otHomenuu UTC pecniydnuku Kazaxcran, ncnosib30BaHNE aBTOMATU3UPOBAHHBIX CUCTEM
uMeer ocoOyro 3HaunMMocTh. B Hactosmee Bpems Kazaxcran crpemutcs K 1upoBOit
TpaHcopMauu pa3IUyHBIX cdep CBOeH JAeATeNbHOCTH, M CYHUIECTBEHHOE pa3BHUTHE
MH(OPMALIMOHHBIX TEXHOJOTUN SBISETCS OJHUM M3 Ba)XXHBIX AacCIEKTOB 3TOr0 Ipoliecca.
[IpuMeHeHne aBTOMATU3UPOBAHHBIX CHCTEM IO3BOJISIET CAENATh TOCYJIapCTBEHHOE YIPaBICHUE
6onee 3(hHeKTUBHBIM U MPO3PAaYHBIM, MOBBICUTH YPOBEHb MPEAOCTaBICHHS TOCYAapCTBEHHBIX
YCIIyT, YIYYIIUTh B3aUMOJICHCTBUE TOCydapcTBa ¢ Ou3HecOM M TpaxaaHamu. Kpome Toro,
aBToMatu3upoBaHHble cucrembl B WTC mnomoraioT aBTOMAaTH3HpPOBATh OH3HEC-MPOLIECCHI,
YIPAaBICHUE MPOEKTAMH, AHAJIU3 JIaHHBIX U JpYyTrHe BaXKHble 3a7auu [7].

Takum 06pazom, mpoekT "mpruMeHeHne apromaTu3upoBanubix cucteM B UTC pecnybnuku
Kazaxcran" gBisieTcst akTyaJlbHbIM M BaKHBIM JUISl PA3BUTHUS CTPAHBI B KOHTEKCTE €€ CTPEMJICHUS
K nudpoBoit TpaHchopMaLIUK U COBPEMEHHOMY MH(OPMAIIMOHHO-TEXHOJIOTHYECKOMY OOIIECTBY.

[IpuMmeHeHre aBTOMaTU3MPOBAHHBIX CUCTEM B MH()OPMAIIMOHHO-TEXHOJIOTHYECKON cdepe
Pecnyonmuku Kazaxcran npencraBiser co00i HaydHYI0 HOBH3HY 110 HECKOJIBKMM MIPUYHHAM.

Bo-nepBbIx, BHeApeHue aBToMaTu3upoBaHHbIX cucteM B UTC nmomoraer ontuMu3npoBaTh
OM3HEC-TIPOLIECCHl U YITYYIIUTh ONEPAUOHHYIO 3((HEKTUBHOCTh NPEANPUATUNA U OpraHU3aLM.
OTO0 MO3BOJIAET COKPATUTh BPEMS U PECYPCHI, 3aTPauyMBaEMbIe Ha BBIIIOJIHEHUE PA3JIMYHBIX 3a/1a4,
a TaKKe MOBBICUTh TOYHOCTh M HAJEKHOCTb PE3yJlbTaToB paboTsl. IIpu 3TOM, HMcnosiab3oBaHue
HOBEWIINX TEXHOJOIMH M HpOTpaMMHOro 0OecrnedyeHuss B aBTOMATHU3MPOBAHHBIX CHCTEMax
MO3BOJISIET COKPAaTUTh PUCKM M MUHHUMHM3HPOBATH BO3MOXKHOCTH OIIMOOK, YTO OCOOCHHO
akTyansHO B cepe UT [8].

Bo-BTopbIX, npuMeHeHne aBToMaTH3upoBaHHBIX cucteM B UTC PecnyOnuku Kazaxcran
CIOCOOCTBYET Ppa3BUTHIO HHU(POBOH HSKOHOMHUKH. B ycrmoBusx rinoGamu3anuu M pa3BUTUS
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WutepHera, nuppoBbie TEXHOJIOTUN CTAHOBATCS BaXKHBIM UHCTPYMEHTOM JUIS pOCTa SKOHOMHUKHU
U YIYYIIEHUs KadecTBa >KU3HM HACENICHUsA. BHeApeHHe aBTOMAaTU3UPOBAHHBIX CHCTEM B
pasnmuunbie cheprl UTC, Takue Kak 371€KTPOHHAS KOMMEPIIHS UITH 3JICKTPOHHOE IPAaBUTEILCTBO,
CTOCOOCTBYET Pa3BUTHIO WHHOBALIMOHHOTO HpeANPUHAMATENILCTBA, YBEJIIMYECHHIO
MIPOU3BOUTEIBHOCTH TPYJa, YJIYYIICHHIO JOCTYIIHOCTH TOCYJApCTBEHHBIX M KOMMEPYECKUX
YCIIYT JUI HAaCEJICHHUS.

B-tperpux, aBromarusupoBannbie cucreMbl B UTC PecnyOnmuku Kazaxcran mMoryr ObITh
aJaliTUPOBaHbl K OCOOEHHOCTSIM HAIMOHAJbHOTO pbIHKA W BHYTPEHHUM IOTPEOHOCTSIM
npeanpusTHii u opranum3zauuii. Passutne mHbpactpykrypel UTC, co3maHue HaMOHAIBLHOTO
KJlacTepa 1Mo MH(MOPMAIMOHHBIM TEXHOJIOTUSM M CTHUMYJIMPOBAaHHE DPA3BUTHUS OTEUECTBEHHBIX
pa3paboToK B 3TON cdepe SABIAIOTCS NMPUOPUTETAMH rocyaapcTBeHHON nporpammsl "LHudposoit
Kazaxcran". IlpuMmeHeHune aBTOMAaTHU3MPOBAHHBIX CHCTEM, pa3pabortaHHbiXx B Ka3zaxcrane,
YUUTBHIBAIOUINX clienu(uueckne MmoTpeOHOCTH U TpeOOBaHUS Ka3aXCTAHCKUX MPEANpHUSITHI U
OpraHu3aluil, OTKPbIBAET BO3MOKHOCTH JJI pOoCcTa OTe4eCTBeHHOM [ T-uHaycTpun u ykpenneHus
KOHKYPEHTOCIIOCOOHOCTH CpeIi MUPOBOTO coobriecTna [9].

3akJiroueHue.

Takum oOpa3om, mnpumeHeHue aBTomaTu3upoBaHHBIX cucteM B WUTC PecnyOmuku
Kazaxctan mmeeT HaydHyrO HOBHU3HY M SIBJISIETCS aKTyaJbHBIM HANpPABJICHUEM DPa3BUTHUS IS
ONTHUMU3AIMK  OM3HEC-TIPOILIECCOB, Pa3BUTHS  ITU(PPOBOM DKOHOMHKH U  YKPETUICHHS
KOHKYPEHTOCIIOCOOHOCTH CTPaHBbI.

[Ipumenenne aBTomaTtu3upoBaHHbIX cucteM B WUTC Pecnybnmukm Kazaxcran umeer
ClIeyIolIre HayYHbIEe U TEXHOJIOTUYECKUE MOTPEOHOCTH:

1. Pa3zBuTHe U coBepIICHCTBOBaHNE MH(OPMAITMOHHBIX TEXHOJIOTHI B cepe TpaHCIopTa.
DT0 BKIIOYAET pa3pabOTKy HOBBIX MPOTPAMMHBIX U alMapaTHBIX PelIeHUuM, KOTOpble ObUIH OBl
HanOosee F3(HEKTUBHBIMUA U YIOOHBIMHU IS MCIIOJIB30BAaHUS B aBTOMATU3UPOBAHHBIX CHCTEMax
TpaHcnopTa. Bce pacTyiiee 4ucio TPaHCIOPTHBIX CPENICTB, BHE3KAIOIIUX B TPAHCHOPTHYIO
CUCTEMY, yBEJIMYEHHE HArpy3ku Ha JOPOXHYIO CeTh, MHTEHCHBHOCTH ABW)KEHHUS PACTET IO
JTOCTIDKCHHIO cBoero mMakcumyMma (mpumepHo 2000 aBTtomoOunel Ha mosocy). Ho ecnum ator
MIPOLIECC HE KOHTPOJIMPOBATh, TO YBEJIMUYEHUE YHCIIa aBTOMOOMIICH MPUBOIUT YK€ K CHUKEHUIO
WHTEHCUBHOCTH, CPETHEN CKOPOCTH, U IPU JAIbHEUIIEM YBEIHUEHUHU MTPOUCXOUT MPAKTUYECKU
MOJIHAs OCTaHOBKAa ABM)KCHUS M MHHHMAaJIbHAsi MHTEHCHUBHOCTb. B 3TOM coCTOsSIHUU, pexume
CaMOpEryJIMpOBaHUs, TPAHCHOPTHAs CUCTeMa (QU3UYECKH HE MOXKET MPUHUMATh HOBBIC
TPaHCIIOPTHBIE CPEJICTBA, KOTOPBIE YXOAST B TaK Ha3bIBAEMYIO 30HY OTJIIOKEHHOT'O CIIPOCa, B CBSI3U
C YeM JaJbHEUIINN POCT MaKPOAKOHOMUKH CTAHOBUTCA HeocyecTBUM [10].

2. Pa3zpaboTka 1 BHEAPEHUE CUCTEMBI 3aIUIIIEHHOCTH JaHHbIX. C yBeIMYeHHEM KOJIMYECTBA
uHpopmanuu, o6pabaTeiBaeMOil B aBTOMaTH3UPOBAHHBIX CHCTEMaX TPAaHCIIOPTA, BO3PACTaeT U
BEPOSITHOCTh HapylIeHUs KOH(GUACHIIMAILHOCTU M ILEJIOCTHOCTH NaHHBIX. [loaTomMy BaxxHO
pa3pabaThIBaTh MepeAOBbIC TEXHOJIOTUH 3aUTHI HH(POPMAIHH.

3. UccnenoBanme u pa3paboTKa aNrOpuTMOB M MOJENEH MAIIMHHOTO OOy4YeHHS H
MCKYCCTBEHHOT'O MHTEIUICKTA JJIsl YIyqIIeHUs! ()YHKIIMOHATBHOCTH aBTOMATH3UPOBAHHBIX CHCTEM
TpaHCIOpTa. ITO BKIOYAET pa3paboTKy aJIrOpUTMOB ONTHUMAIBHOTO MAapIIPYTU3AIINU,
MIPOTHO3UPOBAHHUS JIOPOKHOTO IBUKEHUS, ONTHUMHU3ALMKM PacXxo/ia TOIUIMBA U MHOTOE ApPYroe.
NudopmanrionHsie cUCTEMBI TMpeAHA3HAUYeHBl ISl XpaHeHWss U o0paboTku uHbOpMaIuy,
HEO0OXOIUMOM ISl pelleHus OMpeleIeHHON 3amauyu. MHoroobpasue JaHHBIX TaKKe SBISETCS
BaKHBIM JJIEMEHTOM HMH(OPMAIMOHHBIX CHCcTeM. Hampumep, B TpaHCIOPTHOM CHUCTEME MOTYT
XpaHUTCS pa3jMYHbIE JaHHBIE, MPEACTAaBICHHBIC B BHJIE TEKCTOBOW WMH(poOpMaIuu (OMHCcaHue
coo0meHnid 00 WHIMAEHTaX, OMNUCaHUE OOBEKTOB), YHCIOBBIE JaHHBIC, KOTOpPHIE MOTYT
(dhopMHUpOBATh CTATUCTUKY (METEOJaHHBIE, BpeMs U PaclUCaHue JBUKEHUS), TPOCTPAHCTBEHHBIE
NaHHbIE (TE0JIOKAIMU OOBEKTOB, B3aWMOCBSI3b MEXKy MPOCTPAHCTBEHHBIMU OOBEKTaAMHU).
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BaxxHbIM 351eMEHTOM MH(POPMALMOHHBIX CUCTEM SIBJIAIOTCS Meaua (haiiibl, KOTOphIe MOTYT OBITh
NPEJCTaBICHb B BUJE BHJEO C TOPOJCKUX KamMep BHJICOHAONIOJCHUN WM W300paKeHHH CO
CMEUAITN3UPOBAHHBIX KOMIUIEKCOB (POTOBUICO(DUKCAIIHH.

4. Pa3paboTka cHCTEMBl MOHUTOPHHTA W YIpaBIEHHs TpaHCIOpTOM. JlaHHas cuctema
J0JDKHA OOeCreunBaTh ONEPATUBHBIN KOHTPOJIb M YIPABJIEHHWE TPAHCIOPTHBIMU CPEICTBAMU,
BKJIIOYAsi BO3MOJKHOCTb OTCJIECKHBAHUSA HMX TEKYLIETO IOJIO)KEHUS, CKOPOCTH, TEXHUYECKOTO
COCTOSIHUS, a TaKXKe yJaJICHHOE YIPaBJICHUE Pa3IMYHBIMU (DYHKIHSIMHU TPAHCIIOPTHBIX CPEJICTB.
[InanupoBaHue TPAHCIOPTHOM AEATENBHOCTH ONMPAECTCS HA OOJIBIIOE KOJIMYECTBO MH(OpMaLIUU
O CBOMCTBAax M COCTOSIHUM CHCTEM JIOTMCTMUYECKUX M MAacCaXXUPCKUX NepeBo3ok. [lomumo 3tux
CBEJICHMW TpaHCHOpTHass cdepa omnepupyeT OOJIBIIMM  KOJMYECTBOM  HMH(OpMAIUH,
COJIEpIKaLUICS B pa3IMYHbIX JOKYMEHTaX, OTUeTax.

5. HccnenoBanue u pa3paboTka TEXHOJOTHH OECHMIIOTHOTO TPAHCIOPTa. DTO BKIIOYAET
pa3paboTKy alropUTMOB YNPABIEHHUS, CUCTEMbl JATYMKOB M MCKYCCTBEHHOI'O MHTEJUIEKTA JUIf
aBTOHOMHBIX TPAHCIIOPTHBIX CPEJACTB, a TAKXKE CO3/laHuEe MHPPACTPYKTYPHI Ui OECHUIOTHOTO
JBUKEHMSI, BKIIIOYAsl CUCTEMY CBSI3HM U CETEBYIO MHPPACTPYKTYPY.

6. Pa3paboTka yHUBEpCaJbHBIX U CTaHIAPTU3UPOBAHHBIX MHTEP(ENHCOB M MPOTOKOJIOB
oOMeHa MaHHBIX MEX]y pa3IU4YHBIMU aBTOMATH3UPOBAHHBIMHM CHCTEMaMU TpaHCHOpTa. ITO
MO3BOJIUT MHTETPUPOBATh PA3IUyHbIe CHUCTEMBI M 3((EeKTHBHO OOMEHMBAThCS WH(popMalueit
MEX]Ty HUMH.

7. WccnenoBanue M pa3paboTKa METOJOB MCKYCCTBEHHOTO MHTEJUIEKTa JJIsl aHalu3a |
0o0paboTku OonpImIMX OOBEMOB JAHHBIX, COOpPaHHBIX aBTOMATU3MPOBAHHBIMU CHUCTEMaMU
TpaHCHOpTa. DTO MO3BOJUT MOJYYUTh LIEHHBbIE 3HAHUA M MHPOPMALMIO U3 OOJIBLIIMX 00BEMOB
JTAHHBIX U UCIIOJIH30BATh UX JJISl YIYYIICHUs pabOThl TPAaHCTIOPTHOM cucTemsr [11].

[Inpokoe npumeHeHne HHGOPMALMOHHBIX M HWHTEJUIEKTYalbHBIX TEXHOJOTMHA OyneT
cocoOCTBOBaTh W OOECreYrMBaTh BBICOKMHA  YpOBEHb JI(PGHEKTUBHOCTH  CHCTEMHOCTH
(GYHKIMOHMPOBAHUS OTPACIU aBTOMOOMIIBHBIX MEPEBO30K, COKPAILEHUIO CO3IAaHUS aBapUUHBIX
CUTyallUil Ha JOpOraxX MEraroJiMcoB, IOUCKY pa3pab0TOK HOBBIX MapLIPyTOB U TEXHOJOTHH A
NIEPEBO3KM HErabapUTHBIX U OOJIBIIErPY3HBIX T'PY30B, HA OCHOBE IPUBJICUEHHS CHELMATHCTOB
OTpaciy Iiy0OKO IPOBOJUTH MOHUTOPHMHI CKOIUJIEHHS aBTOTPAHCIOpTa Ha JOporax ropojaa u
Ipe/ularath 3KCIEPTHbIE PEKOMEHJALUH, a, IVIABHOE, MOBBICUTH OE30I1aCHOCTh B T'OPOACKOM
TPAHCIOPTE, B TOM YHCJIE OT TEPPOPUCTHUECKUX YI'PO3, ONIEPATUBHO BBIABIIATH HA PAHHUX ATalax
KPUTHYECKHE CUTYallUU
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UHTEJUIEKTYAJIJIBI KOJIIK )KYHECI

Anparna. byn makanaza aBToMOOHIIb JKOJIAYIIBUIAp MEH JKYK TachIMallbl ©T€ KapKbIHIbI
naMbin  keneni. Kenik KypangapblHBIH CaHbl YHEMI JKOHE JUHAMUKaJbIK ecyne. Kemik
aFbIHJIAPbIHBIH KapKbIHABUIBIFBI KOHE METEOPOJIOTUSIIBIK KaFdaiaap KO3FaJbIC CXeMaJlapbIHBIH
e3repyine okeneni. Hotmwxkecinae kenrenic naiaa 6onaapl. XKbUIAbIH jKOHE TOYIIKTIH Oenriti Oip
YaKbITBIH/IA >Ka3aTallbIM OKHUFalap caHbl aprTajabl. bIHFalibl KoHe Kayillci3 KO3FaJbICThI
KaMTaMachbl3 €Ty YIIIH MKeM[i KO3FaJbICThl 0acKapy kyieci KaxeT. ABTOMOOWIIb KOJIapbIH
6ackapybl aBTOMATTAaHIBIPY - Oy 60Ky JKOHE OHTAMIIBI peXXUMIEP/Ii OpHATY MYMKIHAIr. by
TaChIMaIAAYAbIH OSKOHOMHUKAIBIK THIMIUTITIH, KayilCi3AIriH, XBUIAAMIBIFBIH KOHE OTKI3y
KaOieTiH apTThIpabl.
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Kazipri yakpiTTa aBTOMOOWIb >KOJIJAPBIH THIMAI OacKapy VIIIH KOMIIBIOTEPJICHICH
3UATKEPIIIK aBTOMATTHIK JKYHeJep Heri3iHie KYpacThIpbUIFaH SPTYpJl aBTOMATTaHABIPBUIFaH
0ackapy KyHeNepiHiH 3JIEMEHTTEepi COTTI eHTi3imyne. 3UATKEPINIK KOIK KyWelepiHiH Heri3ri
apTHIKIIBUIBIKTAPEl — OTKI3y KaOUICTTUIIriH apTThIpy, amarrap MEH Yibl IIbIFapbIHAbLIAP.IbI
a3aiiTy, JKelll J>KYMBICBIHBIH CallachlH apTThIpy — 9pOip KO3FAIbIC KATBICYHIBICBIH OHTAMIIBI
MapIIpyTTap Typajbl aKIapaTIeH KaMTaMachl3 €Ty apKbUIbI )KY3€re achlpbLIa b

Tyiiin ce3aep. ABTOMOOHIIB, KOJIK, OaKpLIAY JKYHEC, aKImapaTThIK KyHenep, Kayirnci3 ik
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INTELLIGENT TRANSPORT SYSTEM

Abstract. Automobile passenger and freight transportation is developing very rapidly. The
number of vehicles is constantly and dynamically growing. The intensity of traffic flows and
meteorological conditions lead to changes in traffic patterns. As a result, congestion occurs. At
certain times of the year and day, the accident rate increases. A flexible motion control system is
necessary to ensure convenient and safe movement. Automation of highway management is the
ability to predict and set optimal modes. This improves the economic efficiency of transportation,
safety, speed and capacity.

Currently, for the effective management of highways, elements of various automated control
systems built on the basis of computerized intelligent automatic systems are being successfully
implemented. The main advantages of intelligent transport systems - increasing throughput,
reducing accident rates and toxic emissions, improving the quality of network operation - are
realized by providing each traffic participant with information about optimal routes.

Keywords. Automobile, transport, tracking system, information systems, security.
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DIGITAL PEDAGOGY: A REVOLUTIONARY SHIFT IN THE PEDAGOGICAL
PARADIGM

Abstract. The article analyzes the current state of education in connection with the increase in the
use of information and communication technologies in education. Some researchers believe that
the educational community is witnessing revolutionary changes in the pedagogical paradigm. It is
necessary to look for balanced and justified approaches to informatization of education, in which
informatization itself should not be considered as the ultimate goal, but should be aimed at solving
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problems associated with improving the effectiveness of teaching students. Indeed, the
introduction of rapidly developing information technologies into the educational process is not a
goal in itself, but an opportunity for the teacher to choose the optimal methodology that will ensure
the quality of modern education.

Keywords. Digital Pedagogy, Information and Communication Technologies in Education,
Educational Technologies, E-Learning, Educational Paradigm, LMS (Learning Management
System), Webinars in Education, Digital Learning Environment, Innovations in Pedagogy,
Personalized Learning, Massive Open Online Courses (MOOC), Education Informatization,
Teaching Methods, Digital Transformation in Education, Distance Learning.

Introduction.

The modern stage of development of society is characterized by an exponential growth in
the penetration of information and communication technologies into all spheres of human life,
including education. It is important that this trend is typical for educational institutions of any level
of education: schools, universities, professional development programs. It is also relevant for
corporate universities and business schools. As an example, let us take a closer look at the situation
in higher education. Firstly, at universities, information and communication technologies become
the content of education - the curriculum of any university contains IT disciplines that form
students' general cultural competencies, assuming mastery of basic methods and technologies of
information management, as well as the ability to use software for storing, presenting, processing
information and its transmission using communication technologies. Second, information and
communication technologies are becoming educational tools. It is already difficult to imagine a
modern educational process without the use of e-mail, software for creating presentations, video
and audio materials from the Internet. [ 3-9]

Increasingly, universities are using LMS (Learning Management System) - learning
management systems, the interface of which allows you to place educational materials on the
discipline being studied, homework assignments, control activities, and organize access to
feedback from the teacher. The explosion of interest in massive open online courses based on
platforms such as Coursera, Udacity, edX led to the creation of the national platform "Open
Education”, which hosts online courses for universities. Thirdly, webinars appeared - online
analogs of classical organizational forms of training - lectures and seminars. Thanks to all of the
above technologies, new opportunities for the implementation of teaching methods have appeared.

At present, the volume of information technologies that are actively used and are being
introduced into the educational process is such that it represents a "critical mass™ that has generated
in pedagogical circles a sense of a revolutionary shift in pedagogy and a change in the pedagogical
paradigm. This is actively manifested in the vocabulary used in the names of electronic resources
on this topic. An example is the “Manifesto on the digital educational environment” published by
the edutainme.ru project. Its authors believe that "theoretical pedagogy” is being replaced by
"digital pedagogy", "education must learn to compete with the entertainment industry”. And again
about the "paradigm™: "... the success of the creation and application of new technologies depends
on the awareness of the educational paradigm: the goal of education is not the assimilation of the
amount of knowledge, but the development of a free personality”. It should be noted that this is
not the first time such a goal has been proclaimed. So what is pedagogy in the digital age? Is this
really a revolutionary shift in the pedagogical paradigm or something else?

Indeed, due to the active introduction of information technologies, a new situation has
developed in the field of education. But does it imply a paradigm shift in pedagogy? In our opinion,
no, since the changes do not affect the model of the teacher's scientific activity. The main research
procedures and its methodological characteristics do not change: "the problem, topic,
substantiation of relevance, object and subject of research, its purpose and objectives, hypothesis
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and defended provisions, novelty, significance for science and technology”. New realities do not
appear that could not exist within the framework of the dominant paradigm. Moreover, the usual
forms of organization of training, teaching methods and teaching aids are not canceled. In a similar
situation in the past, at the time of replacing the educational and disciplinary model with a
personality-oriented one, it was noted: "in the minds of many, the new situation in the field of
education is wrongfully associated with the idea of replacing the paradigm of pedagogical
science".

What's changing? While preserving the multifaceted pedagogical heritage, the model of
practical pedagogical activity is supplemented with new opportunities. Here are the most
commonly used new features:

- placement of educational material in university educational support systems (other names
used: DLS - distance learning systems, LMS - Learning Management System) or on the teacher's
personal website; distribution of materials via e-mail,

- carrying out control activities with the help of special software for creating tests and
computer equipment, using for the same purpose the above-mentioned educational process support
systems;

- implementation of student feedback with the teacher via e-mail, educational process
support systems, the teacher's personal website;

- embedding into the curriculum of the discipline massive open online courses of well-
known universities from foreign educational platforms, involving passing testing and obtaining a
certificate as a final control, or using massively open online courses as additional material for the
Course;

- the use of webinars and video conferences for conducting online lectures or online
seminars with students as training sessions and additional consultations, making recordings for
repeated use of the speeches of famous professors, working with students at a distance if they are
on foreign internships or studying at other universities for double degree programs;

- the use of audio and video materials, both specially prepared (pedagogically adapted) and
in the network;

- the use of various software to create presentation course materials;

- network access for educational purposes to electronic libraries, databases, scientific
journals;

- the use of digital copies of educational literature, specially prepared electronic textbooks.

All of the above possibilities require pedagogical reflection, the development of optimal
approaches to the introduction of new information and communication technologies in the
educational process, the emergence of guidelines for their application. Thus, the current situation
in education due to the flow of new technologies does not entail a change in the pedagogical
paradigm; it finds in the paradigm a theoretical justification set forth in the works of modern
pedagogical researchers.

The “paradigm parade” resembles the emergence of a large number of different pedagogies,
for example: developmental pedagogy, humane pedagogy, museum, theatrical pedagogy and many
others. To date, digital pedagogy has joined them. In this regard, let us assume that we are not
talking about different paradigms, but about theoretical models - scientifically based models,
standards for solving pedagogical problems.

Such scientifically grounded models are embodied in practice in the form of methods
(technologies) of practical pedagogical activity. It is this model, often called digital pedagogy, that
was discussed above when the situation with the introduction of new technologies into the
educational process of the university was considered.

The implementation of practical pedagogical activity supplemented by the introduction of new
technologies gives rise to a new vision of the modern educational environment of the university.
Universities face a number of tasks that need to be addressed:
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- modernization of information and communication infrastructure - software and hardware,
communication channels and broadband Internet access;

- training of graduates of pedagogical universities who are proficient in the methods of
applying modern information and communication technologies in teaching;

- advanced training of teachers in the field of information technology;

- motivation of teachers to work in a new educational environment;

- development of normative legal support for the use of information and communication
technologies in the educational process of the university;

- regular updating of curricula and content of disciplines that form students' general cultural
competencies in the field of information processing and ensure the solution of tasks set for
educational institutions;

- development of methodological support for the use of information technologies in
teaching.

The scope of the tasks facing pedagogy in the modern educational environment is such that it
requires serious efforts from both pedagogical researchers and pedagogical practitioners. It is
necessary to search for balanced and justified approaches to the informatization of education, in
which informatization itself cannot be considered as an ultimate goal, but should be focused on
solving problems associated with increasing the effectiveness of training students. Indeed, the
introduction of rapidly developing information technologies in the educational process is not an
end in itself, not a tribute to fashion, but an opportunity for the teacher to choose the optimal
methodology that ensures the quality of modern education. The teacher will decide for himself
what to choose a blackboard and chalk or a computer and a presentation. And his choice will be
conditioned by the focus on obtaining a specific educational result. In order for a teacher to make
the right choice, painstaking work of educational researchers is necessary, since they are able to
develop scientifically grounded recommendations for using the changes that have taken place in
filling the modern educational environment with information technology both at school and at the
university.

The Future of Digital Pedagogy

As digital pedagogy continues to evolve, new technologies and methodologies are reshaping the
educational landscape. One key development is the integration of artificial intelligence (Al) in
education. Al-powered tools provide personalized learning experiences, automate administrative
tasks, and offer real-time feedback to students. For example, adaptive learning platforms analyze
students’ performance and adjust content accordingly, ensuring that each learner progresses at
their own pace.

Another significant advancement is the use of virtual and augmented reality (VR/AR) in education.
These technologies create immersive learning experiences, allowing students to explore complex
concepts in a more interactive and engaging way. For instance, medical students can practice
surgical procedures in a virtual environment, while history students can take virtual tours of
historical sites. Such innovations enhance comprehension and retention by making learning more
experiential.

Moreover, the global reach of digital pedagogy is expanding through collaborative online learning
platforms. Tools like Google Classroom, Microsoft Teams, and interactive MOOCs enable
students from different parts of the world to engage in discussions, collaborate on projects, and
exchange cultural perspectives. This fosters a more inclusive and diverse educational environment.
However, despite these advancements, challenges remain. The digital divide—the gap in access
to technology and internet connectivity—continues to be a major issue. To ensure equitable
education, institutions must work on bridging this gap by providing necessary resources and
training for both students and educators. Additionally, ethical concerns related to data privacy and
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Al decision-making require careful consideration to protect learners’ rights and personal
information.

Ultimately, digital pedagogy represents a transformative shift, but its success depends on a
balanced approach. Educators must integrate technological innovations with traditional teaching
methods to create an optimal learning experience. Moving forward, a thoughtful combination of
digital tools, pedagogical research, and teacher training will shape the future of education, making
it more accessible, flexible, and effective for all learners.

Conclusion.

Digital pedagogy marks a pivotal transformation in education, offering new opportunities to
create more engaging, personalized, and accessible learning experiences. By leveraging
technology, educators can move away from traditional, one-size-fits-all approaches and adopt
methods that emphasize active, collaborative, and self-directed learning. However, as we embrace
this shift, it’s essential to address challenges like the digital divide, teacher training, and ethical
considerations to ensure that all students can benefit from these advancements. The future of digital
pedagogy holds immense promise, with innovations like Al, VR, and global collaboration further
enhancing how we learn and teach. As we continue to explore the possibilities of digital tools in
education, the focus must remain on fostering a learner-centered environment that prepares
students for success in a rapidly evolving digital world.
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Anparna. Makanaga OiniM  Oepyle  aKMapaTThIK-KOMMYHUKALUSUIBIK — TEXHOJIOTHSIIAP/IbI
naianaHyIelH apTyblHa OalmaHbICThl OUTIM OepymiH Ka3ipri skarmaiipl TanmanraH. KeiOip
3eprTeyuiiep OuTiM Oepy KaybIMIACTBIFbI IEJArOTHKANIBIK IMapaJurMagarbl PEBOJIIOLHUSIBIK
e3repicTepliH Kyaci Ooiblnl OThIp Jen ecenreiai. bimim  Oepyai  akmapaTTaHABIPYAbIH
TEHJIECTIPUITeH oHE HETI3EreH TICUIAEPIH i37eCTIpy KaXKeT, OHJa aKlapaTTaHIbIpYyAbIH ©31H
TYNKLUTIKTI MakcaT peTiHAe KapacThlpyra OolMaifpl, Oipak OULTIM aTymIbUIapAbl OKBITYIIBIH
THIMJIUTITH apTTHIPYMEH OalaHbICThI Macenesep i menryre OarbITTany kepek. Pacsinaa aa, oKy
yZlepiciHe KapKbIHIbI JaMBbIN KeJlie jKaTKaH aKnapaTThIK TEXHOJOTHsUIApbl €HI13y — ©3 alblHa
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Kiar ce3nep. Canaplik memarormka, OutiM Oepyaeri axmaparThIK-KOMMYHHKALUSIIBIK
TEXHOJIOTHSIIAP, OUTIM Oepy TeXHOJOTHSIIAPHI, SIEKTPOHBIK OKBITY, OUTIM Oepy mapaaurmacsl,
OKBITYIBI 0acKapy Kyieci, OKbITYIarbl BEOMHAP, CAHIBIK OUTIM Oepy OpTachl, NeIaroruKaaarsl
WHHOBALIMsUIap, JKEKEe OKBITY, JKammaid amblK onnaiH kypcrap (MOOC), Oumim Oepyai
aKnapaTTaHIBIPY, OKBITY oicTepi, OumiM Oepyneri nupiablk TpaHcGopmanusi, KaIIbIKTHIKTAaH
OKBITY.
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AHHoTanus. B craThe aHaMM3UpyeTCs COBPEMEHHOE COCTOSIHUE 00pa30BaHUS B CBS3H C
YBCIUUCHUEM HCIIO0JIB30BaHUA I/IH(i)OpMaHI/IOHHO-KOMMYHI/IKaHI/IOHHBIX TEXHOJIOTHU B y‘Ie6HOM
nporecce. HekoTopele HccienoBaTend CYHATAOT, YTO 00pa30BaTeNbHOE COOOIIECTBO CTAIO
CBHUACTCIIEM PEBOJJIIOLMMOHHBIX U3MEHEHUN B HeHaFOFquCKOﬁ mapaaurme. HeO6XO}II/IMO HNCKaATh
cOamaHCHUpOBaHHbIE U 0OOCHOBAaHHBIE MOJXOJbI K MH(pOpMaTH3aluu 00pa3oBaHUs, B KOTOPBIX
camo wuHpOpMATH3AIMs HE MOXET PAcCMAaTPUBATHCS KaK KOHEUYHas Ieb, a JOJDKHA OBITh
HalpaBJjieHa Ha pelieHuEe MpoOJieM, CBA3aHHBIX C MOBBIIICHHEM 3(PPEKTUBHOCTH OOYYECHHS
oOyyaromuxcs. JleHCTBUTETHHO, BHEAPECHUE IUHAMUYHO DPa3BHBAIOIIUXCS HH(POPMAIMOHHBIX
TEXHOJIOTUH B Y4YeOHBIH Tpolecc — 3TO HE CaMoIlelb, a BO3MOXXHOCTh BBIOOpA y4HTEIEM
ONTUMAITLHOW METOAMKH, 00SCIIEYHBAOIIEH KaueCTBO COBPEMEHHOTO 00pa30BaHMUsL.

KawueBble ciaoBa. [ludpoBas mnenmarornka, WHPOPMAIHOHHO-KOMMYHUKAIIHOHHBIC
TEXHOJIOTUHU B 00pa30BaHUM, 00pa30BaTeIbHBIC TEXHOJIOTHH, JIEKTPOHHOE 00yYeHUE, Mapagurma
obpaszoBanus, LMS (Learning Management System), BecOuHapsl B 0O0yueHHH, IH(PpPOBas
oOpa3oBatelibHas cpelia, HHHOBAIIMY B IEaroruKe, MePCOHATM3UPOBAHHOE 00yYCHHE, MACCOBBIC
OTKphIThIe OHMAaWH-Kypchl (MOOC), wunHbpopMaruzaius 00pa30oBaHUsA, METOIbl OOy4YEHUS,
nudposas Tpanchopmarus B 00pa3oBaHUH, JUCTAHIIMOHHOE OOYUCHHE.

21



Kazaxcran enpipic kemiri. 2024, Ne3
ISSN 1814-5787, ISSN online 3006-0273.

UDC 656.2

G. Yerkeldesova' |, A. Turdaliev
International University of Transport and Humanities, Almaty, Kazakhstan
E-mail: Sataizhan.s@mail.ru

SIMULATION MODELING OF GPRS CHANNELS OPERATION
IN AUTOMATED DISPATCH CONTROL SYSTEMS

Abstract. The paper analyzes the prospects for the formation and implementation of digital
data transmission technologies on railways of Kazakhstan, taking into account the potential for the
development of high-speed railway transport (HSRWT), as well as new approaches for solving the
development problems of advanced automated dispatch control systems (ADCS). It was shown
that the solution of these problems is possible by automatization of the train traffic coordination
based on the use of the potential of the GPRS data transmission technology. The work further
developed models and algorithms used in ADCS of the railway transport. There has been carried
out the formalization of the tasks of navigation data transmission for ADCS and for the subsystems
of the railway rolling stock movement coordination, including HSRWT using GPRS data
transmission technology. Also, the article describes a modernized algorithm for simulation of the
GPRS channels operation in ADCS. The proposed algorithm differs from the existing ones by the
ability to make predictive estimates for determination of the railway rolling stock location. Also,
the developed algorithm provides opportunities for coordination of the trains movement, taking
into account the optimization of the GPRS resources use.

Keywords. Dispatch control automation, railway transport, data transmission, GPRS
technology, simulation modeling, algorithm block diagram.

Introduction.

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

The basis of the development of an automated system for the HSRWT movement
coordination is a communication standard that satisfies the necessary requirements for the
operation of the communication system as a whole. Taking into account previous researches in the
field of automated dispatch control systems (ADCS) design on railway transport, as well as the
results of the work of other authors [1-3], it is proposed to use the GSM standard as a mobile
communication standard. The use of GSM technology provides information support for the
locomotive group through voice transmission, as well as transmission of control messages based
on GPRS technology.

Modernization of GSM networks, as well as the creation of networks of the fourth, fifth and
subsequent generations, are directly related to the problems of high-quality radio coverage [1, 2].
The corresponding increase of load, as well as operation in limited frequency bands, necessitates
an increase in the controllability of channel resources (CR). The task of assessing the guality of
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the joint transmission of voice messages and service data packets for HSRWT rolling stock (RS)
appears as an accompanying one.

Materials and methods.

For the full functioning of ADCS it is necessary to use navigation equipment and on-board
intellectual systems [1], which are installed on the HSRWT means. They provide information on
the HSRWT location as well as on operational management decisions. The increase of the amount
of HSRWT trains and, as a result, the increase of load on the GPRS and GSM networks requires
the use of higher frequencies compared to those commonly used in mobile communication
systems. This leads to the need to improve the controllability of CR, and to solve the problems of
estimating the existing GPRS system in order to provide the communication subsystem and data
transmission for the needs of RWT. For the designed system, there is provided an equal access
mode of the HSRWT rolling stock to each of the provided channels. In the ideal case, all users,
involved in the HSRWT traffic control system [1, 2], should be able to transmit data packets or
voice messages. We believe that voice traffic, as of a higher priority, can interrupt the GPRS
packets service. In [1,4] it was proposed to use the term superposition. That is, the superposition
determines both the intensity of received packets and those that are re-transmitted, for example,
from the accumulator (buffer) of packets. Taking into account the above mentioned, the following
such tasks are relevant for prospective HSRWT systems: 1) formalization of navigation data
transmission tasks for traffic coordination systems, taking into account optimization of the GPRS
network resources use; 2) the task of estimating the capacity and capabilities of the existing GPRS
network in Kazakhstan in order to ensure the required quality of service and data transmission
speed.

In [3-5] it was noted that an important direction for the modernization of existing and in the
design of new ADSCs, primarily for HSRWT, are the tasks related to the coordination of the
HSRWT trains movement under conditions imposed on solving time constraints.

In [6, 7] there were analyzed the circumstances that contribute to the imposition of
restrictions on the time for solving tasks of RWT RS coordination (including HSRWT). These
researches are continuing at the present time, because the task has not lost its relevance.

In [7, 8] the authors conducted a detailed review and analysis of various ADSCs, including
the HSRWT. We shoul note that by the analysis of these and other publications [9, 10] the task of
dispatch control and movement coordination in the existing automated dispatch control systems
requires the further development of the used mathematical models [10].

According to the analysis of a number of publications [11-13], it was revealed that a
promising direction of the research in this subject area is the organization of assistance in decision
making by the driver and the control of the data relevance that are transmitted to mobile means of
HSRWT.

Also, as the analysis of the researches showed [12-15], there is not well understood the
problematics of algorithmization for GPRS channel operation simulation in ADCS, for example,
for predictive assessment of the location and coordination of HSRWT traffic, taking into account
the optimization of the GPRS network resources use.

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

The purpose of the work is the development of models and algorithms for automated
dispatch control systems on railway transport, including high speed railway transport.

In order to achieve the goal of the work it is necessary to solve the following tasks:

- to perform further formalization of the tasks of navigation data transmission for the
automated dispatch control system and the subsystem of RS movemnet coordination;

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

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

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

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

= GEM/GPRS £

1- GPS navigation system of global positioning

2- Transportation means equipped with navigation and communication
equipment

3- Automated workplaces of dispatchers

4- Emergency services

5- Telematics server

~
/ Central control unit: Techpu!ugical n_lunituring:
1. Automation of centralized traffic control. 1. Monitoring the trains movement
2. Automatic creation ofthe opemtional 2. Movement speed control
movement schedule.
3. Dispatchcontroland monitoring. Y.
4. Automatic set of routes.
3. Monitering of technical means. ~
6. Report. Technical monitoring:
7. Others. 1. "Green wave" control.
2. Equipment control.
\ 3. Others. )

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

Navigation signals are received at a frequency of 1227.6 MHz using GNSS Navstar/GPS.
Or at a frequency of 1200 MHz for GLONASS. The use of GPRS technology on RWT has led to
a significant increase of the transmission capacity of data transmission channels [1, 16, 17].

If EDGE technology is used [3—7], which is not very different from GPRS, it can also be
implemented on existing networks. Modernization of MDCS at the implementation of EDGE will
entail the need to solve other problems. This, in particular, relates to issues that relate to changes
in coding schemes, as well as to the modernization of software on network components.

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

Automated dispatcher place for the corresponding
railway control area

SSGN

MU1 MU2 EWT mobile units (ML) MUN

Figure 2 — Structural diagram of the navigation data collection subsystem for ADCS

The main data flow in the subsystem shown on Fig. 2 consists of the results of received
navigation information coming from the MU to the upper level - AWP for the dispatcher zone
(DZ). In addition, the system can also transfer other information, for example, control actions in
case of conflict situations on railway. The peculiarity of the MU movement coordination system
is the binding to time and a given time of the data relevance. The fig. 3 shows the procedure for
data collection from the MU.

AR Ar Aty

T

The figure describes the periods: At, — data collection; At, — data processing; At, — control

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

Figure 3 — Scheme of time intervals for linking navigation data collection process
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Optimization of data collection and transmission subsystem for ADCS is proposed to be
implemented according to one of the following three criteria:

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

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

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

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

Discussion.

Since the GPRS system uses the packet commutation mode, then in our case we will use the
queuing-based QSS model [17] for modeling.

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

The average delay value for the protocol block (PB) in this case can be calculated from the
Khinchin-Polacek dependence (see [16, 17]):

- 9/ : 1+C?
t =‘V=ta- 1+p-| ——a ||, 1
L ( i (z-a—p)D ¥
where @ — average queue length in QSS;
p =4/ u— QSS load intensity of the type M /G/1;

A, u— the intensity of the receipt and service of packages in the QSS, respectively;

u=17; 7—average size of PB;

ta — average service time;

Cc? =Dft, )/(fa)2 — quadratic service time modification coefficient.

In the course of maximum capacity calculations of the data transmission subsystem for
ADCS, it is necessary to take into account the fact that as the scale of the development of the
HSRWT system in Kazakhstan increases, the amount of MU equipped with these devices will
increase accordingly. Consequently, the value A. will increase. This, in turn, makes the task of
control automation over the value tqactual as the traffic increases over the GPRS channels used

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

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

Then the expression (1) takes the following form:
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fy =ta .(1+ p(ﬁ_p)D 2)

For calculations according to the equation (1), except for intensity A (taken as the amount
of PB per unit of time) and according to the average length of the PB (bits per block), the parameter
C’ is required. In turn, the capacity of the GPRS transport network is determined by the
requirements for quality of service indicators, in particular, by the delay parameters [16, 17].

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

1, 2 — control messages for MU; 3, 4- navigation information in ADCS

Figure 4 — Scheme for SSGN channel simulation on RWT

Let introduce the following notations: z— time of application servicing in QSS (adopted
distribution law - f(z)). Applications are alternately served in the received order, and the time
spent in the queue does not exceed z° with its own distribution law go(re) For different

applications, the value z° is independent. As a result of simulation, we will track such parameters:
1) serviced orders; 2) rejected; 3) average waiting time in the queue. You can also make a forecast
for free channels. The work of the QSS is considered in the time interval [0,T]. Applications

submitted outside this interval, are not considered. This also applies to applications whose service
began in the specified interval, but was not completed. We believe that the application was

rejected, if inequalities are true t* <T, t*® >T, where t¥, ! —the time of the beginning and
end of the application service, respectively. The fig. 5 shows a step-by-step block diagram of the
algorithm for simulation modeling of GPRS channels operation as part of the ADCS data
transmission subsystem. The steps of the algorithm are described below (Points: P1 — P20 on Fig.
5.):
1. Generation of random values of the moments t; of the applications receipt in the system.
2. Application control, which arrived at the moment t;, in the interval [0,T]. If this condition

is not satisfied, then go to step 19.
3. Verification t; <t ,, where t{ , — the moment of release of the service channel from the

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

5. The calculation of the upper limit t7 for the waiting interval [tjtj’] of the application in
the queue.
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6. Control of t; <tj ,. If the condition is true, then go to p. 14.

7. Generation of service starting time of the j application tjt =1, and transition to the step

8. Generation of service starting time of the | application tf‘ =t;.
9. Generation of the time period T when the channel is busy according to the distribution

f(r).
10. Calculation of time t; for the j application (SSGN channel release).

11. Control of t; <T. If the condition is false, then go to step 14.
12. Increasing the counter value of the served requests -m.

13. Calculation of waiting time (tj?t —tj) for service of the j application.

14. Increasing the counter value of the amount of applications m that were rejected.

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

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

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

18. Switching to another service channel.

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

20. Compilation of channel (channels) employment forecast estimate.
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Figure 5 — The block diagram of the algorithm for the simulation of the GPRS channels
operation as a part of the ADCS data transmission subsystem

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

The fig. 6, 7 show examples of the results obtained during computational experiments. These
results allow in subsequent researches to talk about the possibility of tasks automatization on RS

movement coordination and dispatching. Computational experiments were performed on a PC
with an i7 processor.
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Figure 7 — The results of the algorithm testing

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

Conclusion.

The research is currently ongoing.

It is shown that with the development and implementation of digital data transmission
technologies on the railways of Kazakhstan, as well as taking into account the prospects for the
development of high-speed railway transport (HSRWT), the tasks of further improvement of the
automated dispatch control systems (ADCS) does not lose its relevance. The solution of this task
is possible, in particular, by automatization of the train movement coordination based on the use
of mobile communication capabilities, for example, GPRS data transmission technology;

The models and algorithms used in ADCS by railway transport, including high-speed ones,
were further developed. The tasks of navigation data transmission for ADCS and the subsystem
for railway rolling stock movement coordination, including high-speed ones using GPRS data
transmission technology, are formalized;

There was described a modernized algorithm for simulation modeling of the GPRS channels
operation in ADCS, which differs from the existing ones by the ability to make predictive estimates
of individual channels, as well as to determine the location of railway rolling stock, and for train
movement schedules coordination (for example, HSRWT), taking into account the GPRS resource
optimization.
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ABTOMATTAHJBIPBLIIFAH BACKAPY )KYHEJIEPIHJIEI'T GPRS
APHAJIAPBIHBIH K¥MbICBIH UMHUTAINUAJBIK MOAEJIBAEY

Angarna. XXywmeicta KazakcTaHHBIH TeMip >KOJAApbIHIA >KOFAphl KbUIAAMJIBIKTEL TEMIp
xon kemirin (JK)KTK) nmameiTy oneyeTiH eckepe OTBHIPBIN, JepeKTepiai OepymiH 1u(pIbiK
TEXHOJIOTUSJIAPbIH  KAJIBINITACTBIPY KOHE EHI3y NepCleKTHBAIaphl, COHAANH-aK KO3FaJbICThI
JHCTeTYepiIik 0acKapyIblH MepCreKTUBAIbl aBTOMATTaHAbIpbUIFaH xyilenepin (AIBX) nambity
MIHJIETTEpIH MICMYAIH >XaHa Tocuiaepi Tammanabl. Kepcerinmren wminaerrepai memy GPRS
JepekTepal 6epy TeXHOJOTHICHIHBIH dJICyeTIH Maijalany Heri3iHae moibi3aapAblH KO3FaIbIChIH
YHJIECTIpYi aBTOMATTaHABIPY apKbLII MYMKIH OOJIATBIHABIFBI KOPCETUITeH. JKyMbICTa TEMIp KO
kenirived AJIb)K-na KoJamaHbUIaTEIH MOJCNBIEP MEH aaropuTMAep ojaH api aambiasl. AJIBX
YKOHE TEMIP)KOJ KOJIriHIH KbUDKbIMaabl KypaMblHBIH (JKK) KO3FasbIChIH YiTecTipymiH Kimni
Kyienepi yIIiH HaBUTAIMSUIBIK AepeKTepi 6epy MiHaeTTepiH, oHbIH iminae GPRS nepexrepi
6epy TexHomnoruschiH Koigana oTeIpbi, JOKTK pacimaey xyprizingi. Conpmaii-ak, Makamaga
AJIBX-naret GPRS apHanapbIHbIH KYMBICHIH MOJIENbJICYre apHAIFaH XKaHAPTBUIFaH aJrOPUTM
CUNATTaNFaH. ¥CBIHBUFAH  alTOPUTM  KOJJIAHBICTAFbl ~ AJITOPUTMHEH  epeKIIeNIeHEe/],
TEMIPXKOJIIapAbIH JKbUIKBbIMAIbl KYPAMBIHBIH OpHANACKAH JKEpPIH aHBIKTAy YIIIH OOJDKaMIbl
Oaranay xacay MmyMkinairi. Congaii-ax, a3ipsienres anroput™m GPRS pecypcrapbin naiiganany sl
OHTAMIAHMABIPYABI €CKEPE OTBIPHIN, MOWBI3AAPABIH KO3FANBICHIH YHIECTIpY MYMKIHAIKTEpPiH
YCBIHA]IBI.

Tyitinai ce3aep. ucnerueprik 6ackapy/ sl aBTOMATTAHABIPY, TEMIPHKOJ KOJIIr'l, 1epeKTepi
6epy, GPRS texHon0rHUACH, UMUTAIUSIIBIK MOJENB/ICY, AITOPUTMHIH OJIOK-CXEMAachI.
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B ABTOMATU3UPOBAHHBIX CUCTEMAX JUCIHETYHEPCKOI'O YIIPABJIEHUSA

AHHoTanus. B pabore mpoaHanu3upoBaHbl NEPCHEKTUBBI CTAHOBJIEHUS M BHEIPEHUS
IU(POBBIX TEXHOJOTHH TIepeJadd MaHHBIX Ha JKeJe3HbIX Joporax Kasaxcrana c yderom
MOTEHIIMAJIa Pa3BUTHS BBICOKOCKOPOCTHOTO Xkene3HoAopoxHoro tpancnopra (BCXKT), a takxke
HOBBIX IMOJXO0/IOB K PELICHUIO 33/1a4 pa3BUTHS NEPCHEKTUBHBIX aBTOMATU3MPOBAHHBIX CHUCTEM
mucnietyepckoro ympasieHus (ACHY) asuxenuem. [lokazaHo, 4To pelieHne yKa3aHHBIX 3a]1a4
BO3MO’KHO ITyT€M aBTOMAaTU3alMK KOOPAVHALMEN ABUKEHUS [TOE3/I0B HA OCHOBE MCIOJIb30BaHUS
MOoTeHIIMaIa TexHosaoruu nepenaun qaHHblx GPRS. B paGoTe nanbHeiiiiee pazButre Nogyduin
MOJIEIM M JITOPUTMBI, ucTiosib3yeMbie B ACIY sxene3Ho1opoXHbIM TpaHcnopToM. [IpoBenena
dhopmanu3zanus 3a1ad nepeaadn HaBUrarmoHHbIX MaHHbIX 111 ACIY u moacuctemM KoopauHAIIH
JBYDKEHUSI TIOJIBIDKHOTO COCTaBa xeje3HoaopoxkHoro tpancropra (JK/T), B Tom uncie BCXKT ¢
IIpUMEHEHHEM TexHosiormu nepenaun  jgaHHeIXx  GPRS.  Taxxke B cratee onmcan
MOJIEPHU3UPOBAHHBIN AJITOPUTM JIJIi UMHTAIIMOHHOTO MOJIEHpoBaHus padoTsl kaHaioB GPRS B
ACIY. IIpemioKeHHbIN aITOPUTM, OTIIMYAETCS OT CYIIECTBYIOIINX, BO3MOKHOCTBIO COCTABIIATh
IIPOTHO3HBIE OLIEHKH JUISl OIIPEIETIEHUS MECTOMOJIOKEHHUS ITOABUKHOTO COCTaBA KEJIE3HBIX JOPOT.
Takxe pa3paOOTaHHBIN aNMrOpUTM, NPENOCTABISET BO3MOXKHOCTH MO KOOPAWHHUPOBAHUIO
JIBH>KEHUS MOE3/10B, C YYETOM ONTHUMU3AIUHU UCTIOIb30BaHus pecypcoB GPRS.

KiwueBble cjoBa. ABTOMAaTH3alMs JUCIETUYEPCKOTO YIPABICHHS, MKEJIE€3HOAOPOKHBIN
TPaHCIIOPT, Mepeaada naHHbiX, TexHonoruss GPRS, nvuranmonnoe MmoaenupoBanue, 0JIOK cxema
anropuTMa.
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COMPUTER SUPPORT FOR RESPONDING TO RAILWAY EMERGENCIES

Abstract. The article shows that in case of railway emergencies (RWE) under challenging
conditions of absence of complete and sufficient information about the cause-and-effect
relationships between the components of such a situation, the head of the emergency operations
center needs to make a certain number of individual, collegial, informational, organizational, and
operational decisions. They are aimed at the adjustment, coordination, and management of
subordinate control points and liquidation units. The situation may exceed his ability to make such
decisions and / or affect their validity. Making well-grounded managerial decisions on the
localization of RWE and the eliminating of their consequences should be carried out using
computer decision support systems (DSS) and the corresponding software, which is part of the
computational core of the DSS. The proposed mathematical models for predicting the development
of that kind of situations can be used to create such software.

Keywords. Decision support systems, accident, railway transport.
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Introduction.

Elimination of railway emergencies (RWE) consequences with environmentally dangerous
goods (DG) is a chain of interrelated processes that need several measures aimed at preventing
various threats to people, environmental (Env.) protection, preservation of goods, rolling stock
(RS), railway (RW) infrastructure facilities, restoration of train traffic, resumption of shunting
operations, etc. as soon as possible. Simultaneously, the rational use of various resources required
to carry out these activities is also essential. So, the balanced timing of the train traffic restoration
(the operability of the transport system) and the resources necessary for this is the criteria for the
system'’s effectiveness for eliminating the consequences of the RWE during DG transportation.

Materials and methods.

In works [1-4], it is shown that the use of intelligent decision support systems (DSS) will
allow the head of the emergency operations center to carry out informational, technological,
analytical, and organizational support of the iterative process of analyzing the situation that has
developed on the site of RWE, preparing and evaluating decision options, and the choice of the
final decision on the localization of the RWE and the elimination of their consequences, which is
impossible without the appropriate mathematical models.

In works [5-7], it is shown that the reliability of railway transport (RWT) when transporting
passengers and goods should be understood as its ability to ensure the timely and safe delivery of
passengers and goods to their destination without deterioration of the health of passengers and the
commercial quality of goods due to RWT.

An essential component of reliability is the safety of the railway transport system (RTS),
which is focused on reducing the impact of hazardous factors of the RWE on human health,
transport work, and Env. The solution to this problem is achieved through coordinated actions of
liquidation units, designed to localize the RWE and eliminate their consequences [7-9].

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

In other words, the reliability of RWT during the transportation of DG can be interpreted as
to its ability to restore its safe functioning during specific periods with a given probability after
the RWE, accompanied by the action of hazardous factors harmful to people, Env., cargo and
RWT.

Many scientific works are devoted to studying the problems of safety and reliability of such
transportation, including works [10-12] in which the corresponding theoretical models and certain
practical aspects of these problems are considered.

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

Practical software implementation of mathematical models in predicting environmental
consequences is a complex technical problem that is designed for a specific area (transport,
industry, etc.) and takes into account various factors. For example, it is rather challenging to
consider changes in the dynamics of turbulent flows or factors of heat transfer, dust-containing
fractions. Even more sophisticated models describe the scenarios of the response of various
components of Env. to gaseous pollution, taking into account the transfer of solar and diffuse
radiation.
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Figure 1 shows the software implementation (Software, hereinafter referred to as SW)
AERMOD (Canada, USA). This SW is intended for calculations and modeling of the atmosphere
near large stationary industrial sources of pollution, see Fig.1. Data within a radius of up to 50 km
from the source are taken into account.

-

e ——— e -

Figure 1. General view of the AERMOD software package for automated assessment of
atmospheric dispersion

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

Results.

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

The model and ADMS-5 SW contain algorithms that allow for many factors. For example,
the following are taken into account: the complexity of the terrain; wet deposition of pollutants;
short-term fluctuations in pollutant concentrations; chemical reactions inherent to various
pollutants when external temperatures and humidity change; factors of radioactive decay and
gamma doses; etc.

LR, -

.y
SIY TT MNAA

e

Figure 2. General view of the software interfaces of the ADMS-5 complex
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Techniques and corresponding SW "TOXI", "TOXI +", "TOXI + Risk", see Fig. 3, and
ALOHA allow us to calculate the characteristics of hazardous substances cloud that moves in the
atmosphere. The SW algorithms are based on the integral laws of conservation of mass and energy
of pollutants.

Figure 3. General view of the software interfaces of the "TOXI" complex

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

The paper aims to develop mathematical models for the decision support system's computing
core in response to accidents on railway transport, accompanied by a threat to environmental pollution.

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

To automate many works at the site of railway accidents and assess the operational situation,
several researchers, including domestic ones, propose using the potential of automated information
systems and DSS. It is necessary to have tools for processing a large amount of information about the
nature of the accident and the ecological situation at the worksite in the area of elimination of the
consequences of major accidents at RWT, which can potentially be accompanied by the emergence of
threats and risks for Env. Moreover, the amount of such information may tend to grow exponentially
as the situation develops, as, for example, happened during the catastrophe in Canada. It is necessary
to minimize the consequences of environmental accidents on RWT in conditions when information
flows are rapidly growing and liquidators are faced with a lack of time. The question arises about the
need to create well-built Computerized systems for automated operational information support for
analyzing the situation at the RWT accident scene. Such systems are multifunctional and should,
among other things, include the following functional modules:

1) a module for automated assessment of environmental safety in the elimination of the
consequences of accidents at RWT;

2) a module for the development and decision-making on responding to the threats to Env.;
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3) a module for assessing the risks for Env. They may arise as a result of the unfavorable
development of scenarios of the accident consequences during the transportation of DS by RWT;

4) other modules.

Using the data obtained from the tools for measuring contamination of Env. components directly
at the accident site (data on the state of air, soil, water sources, etc.), it is possible, through DSS or
information systems, not only to simulate different scenarios for the development of the situation at
the accident site but also to obtain preliminary assessments of risks and consequences, if the
development of the scenario of Env. pollution moves according to the pessimistic scenario. Studies by
many authors in the field of environmental safety in transport show that the development of automated
and intellectualized systems for assessing ecological safety in eliminating accident consequences at
RWT can give a new impetus to the implementation of such systems in practice. This is, in particular,
necessary to increase the objectivity of assessments and reduce the time deficit in the process of
liquidation work at the scene of accidents at RWT transporting DG, which can lead to damage for the
Env.

At the output, the DSS will provide information containing the assessment of Env's state for the
investigated territories at the accident site. Also, the computational core of the DSS includes models
that allow making predictions about the health status of the population in the accident zone and
assessing the situation from an economic point of view and the consequences for Env. The information
obtained can be used by various management structures. For example, such information will be useful
in the process of developing measures to eliminate the consequences of accidents and to allocate funds
for restoring the Env. to its original state, see Fig. 4.

In the structure of information and automated systems for managing the ecological state of Env.,
the main component is a database that provides the system with information and determines its
structure, functions, and ability to solve management problems based on modeling the situation.

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

nll =

s analvzers Photometers for measuring
Gas analy. contamination from oil spills Dust particle
counter

[1246])
B0

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

¥ ¥

Users | ‘ Users
~ Pa

DSS and intelligent systems interfaces for all users

: 2

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

~ P

Data management system Model management system

Figure 4. Basic architecture of a computerized decision support system with modules for
automated assessment of environmental safety in the elimination of the accidents consequences
on railway transport
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The models used in the computational core of such a DSS reflect an emergency situation
associated with an DG leak (for example, a spill of contents from a railway tank car), and the
response to such a situation by the units in charge of RWE localizing and eliminating the
consequences, including for Env.

Discussion.

A refusal in the RIS safe operation should be understood as any transport accident due to of
which RWE with the participation of DG may occur. Analysis of the statistics of DG freight traffic
on the railways of the EU countries over the past ten years made it possible to establish that the
number of such RWE with DG participation depends on the total tonnage of all cargo transported
by RWT, which is shown in Fig. 4.

The data shown in Fig. 2 correspond to the generalized statistics for six EU states for the
specified period (Germany, France, Italy, Spain, Poland, Romania) [16, 17]. The dependence of
the number of traffic accidents with DG on the road's traffic load is undeniable, with an
approximation coefficient of about 0.74. Obviously, it is general that it can be attributed not only
to a specific EU state but also to any other RWT network.

The dependence y = f(x) shown in Fig. 7 can be presented in a more straightforward form

suitable for the calculations required in this model, for example,

e
y 5 4

considering that 0,4822z}/, a 0,2428z%.

Taking into account the technological parameters used in the model, the value y =ng-, will
then be given as:
1 365-N-G
Nege = —EXPs————— ¢, 1

where N — is the average daily number of trains that travel by rail in both directions;
G — is average train gross weight, tons.

10 =0 4815e0,242"x
g 8 ’ RI=10,733 0@ |
(D 1
5 6 on
w &
2> 2 Q. 5
;3 o o
£ 0 10 20 30
P

Freight density of railways, min.t-km gross
per 1 km per year

Figure 5. Trend line for the number of RWE with DG in the EU countries over the past 10
years
(data according to [16, 17 (Electronic edition)])
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Given the formulas (12) and (13), taking the time T =356 days, we obtain the value of the
average duration of the RIS safe functioning state tys (in days):

T 365-N-G
tie=—=2-365-eXps———+— . 2
SS ng,: Xp{ 4106 } ()

Now formula (9) can be modified, using in it, if necessary, time (formula (3)):
-1

{365-N-G}
4-10° ter e
. e+ )+t , 3
2-365 L(:R+2-tCF (e +tie J+tor )

Py =91+

here all parameters are defined above.

It is known from practice that the delay in the arrival of liquidation forces and means and
their ineffective use always leads to more severe RWE consequences and more prolonged
elimination. Moreover, the most rapidly the RWE develop in a dangerous direction of increasing
losses from it just after the start of the process, which cannot be ignored in the corresponding
mathematical model. Note that the rapid development of any process in time is well described by
exponential dependence. It is this dependence that we will use, taking as a basis the formula (14):

— {1—exp{— o the H @
Hpr ter

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

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

forces and means that are involved in eliminating the RWE consequences (in the same units of
measurement per unit of time).

We can see from formula (19) that at t.; — 0,when the total loss of cargo occurs almost
instantly (for example, an explosion), the volume of liquidation works tends to the maximum
possible (since exp{(tCR +1 )/tCR}—> 0 then Dy, — DgR')). It can also be seen from formula (19)
that for any non-zero positive t.; >0, the longer the concentration time is for the liquidation
forces and means involved in the RWE eliminating, accompanied by a threat to Env., t +t ¢, the

greater is the volume of liquidation work ( Dy, — DZR'). Thus, the model adequately takes into
account both the rate of undesirable RWE development, which depends on its nature and external
conditions, the DG properties (through parameter t.; ), and the speed of response to this situation
(through t +1¢).

Regarding formula (18) and the previous formulas containing the value s, it should be
noted that this value also depends on many factors, so we will focus on its analysis.
The value of the productivity of liquidation forces and means ¢, is an "integral” value.

This value can be represented as follows:

Hpr = Z,Ui N,
i=1
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where g —is the productivity of the liquidation forces and means of the i— type (for example,
such as fire engines, cranes, or bulldozers), and n, — is the number of units of the liquidation forces

and means of the i — type. Moreover, the value t; is also “integral” in the sense that the indicated
liquidation forces and means can be used simultaneously to perform various types of work, and
these works, depending on the nature of the RWE and the plan for eliminating its consequences,
can be completed at different times. Thus, the total duration of liquidation works t . is determined
by the time from the beginning of the "first” (in order) work to the end of the "last" work, and its
determination and minimization can be carried out using appropriate mathematical methods (for
example, network planning or the PERT method [18]).

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

its mathematical parameters tee =1gp + 1 +1gg =t5A+(% )+tRs, and also ., can be

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

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

(5)

Pss =P, = 365.N.G
Xp{ 4.10° } tee +3-t. DI ten +t
CF LE | DR 1—exp __‘CR LE
2-365-24 4 Hopr ten

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

t., —t
i+ (ter — b ) (6)
tCR _tnax

tee =1

Equation (6) reflects the fact that the actual time of concentration of liquidation forces and
means is always within certain limits t;, <tz <t , and they try to reduce it in a certain way

if t.x = 0. After transformations of equation (21), we obtain a quadratic equation regarding t.,

the only root of which at t;, <t <t will be

L L
ter =ter + \/téR + (tSA + \7) : (tCR - (tSA + \7 + e j} (7)

However, if t; =0, then the minimum value of t. will be the geometric mean,
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L L
ter :\/(tSA+\7j'(tSA+\7+tRC):

which is known to be close to the lower value.
This reflects that in practice, in hazardous situations, they try to reduce the concentration

time in every possible way. If the “critical time" values are relatively large, that is t.; >>0, then

there is a certain reserve of time for the concentration of forces.
Let us simulate possible scenarios for the development of the situation. In the first variant,

the duration of time for assessing the situation and making a decision is taken ty, =0,5h. In the

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

The simulation results are shown in Fig. 6.

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

o o v
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=
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==}
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F N

Duration of works on RWE liquidation
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) % e
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0,05 0,45 0,85 1,25 1,65
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(ml —for t;, =0,5 h. and m2 — for 7, =0.25 h.)
Figure 6. Results of modeling the duration of liquidation works at the RWE site

Considering that a different level of economic indicators characterizes the presence of the
DG transportation system (Fig.5) in each of the states, it is advisable, using the proposed
mathematical models, to assess the economic effects of maintaining an appropriate level of RIS
reliability.

For the assessment and planning of the actions of the liquidation forces at the RWE site, a
corresponding DSS was developed, the primary interfaces of which are shown in the article [1].

At the moment, work is underway to implement the models presented in this study in the
form of an independent software product to assess the duration of the liquidation work at the RWE
site, see Fig. 7.
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Results of modeling the duration of liquidation
works at the RWE site in case of emissions of harmful
substances into the environment

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

Conclusion.

The article obtained the following results:

1. It has been established that in the event of an RWE, under challenging conditions of
the absence of complete and sufficient information about the cause-and-effect relationships
between the components of such a situation, the head of the emergency operations center needs to
make a certain number of individual, collegial, informational, organizational, operational decisions
directed on the reconciliation, coordination, and management of subordinate control points and
liguidation units, which may exceed his ability to make such decisions and / or affect their validity.

2. The adoption of informed management decisions on the localization of RWE with DG
and the elimination of their consequences should be carried out using DSS, for the creation of
which the proposed mathematical models for predicting the development of such situations and
structural and logical schemes of actions of the heads of the emergency operations center should
be used.

3. The system of DG railway transportation is formalized in the form of an oriented graph
of the states of the RIS safe functioning, taking into account the possibility of an emergency, its
assessment, localization, and elimination of its consequences.

Mathematical models have been developed, which have been brought to practical calculations of
the probabilities of RIS staying during DG transportation in a state of safe functioning, depending
on specific technological and organizational measures to support the system in a state of reliability.
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TEMIPKOJI KOJITTHAETT TOTEHIIE KAFTAMJIAPTA JEH KOIOJIbI
KOMMNBIOTEPJIIK KOJJIAY

Anparna. Makanana MyH/Iail KarIaliplH KOMIIOHEHTTEP1 apachIHIAaFbl ce0eT-CcaIIapiIbiK
OaiiaHpICTAp TYPATbl TOJIBIK YKOHE JKETKUIIKTI aKmapaTThIH OOJIMAybIHBIH KHUBIH KaFJaibIHIa
temipxon kemirinne (RWE) Terenmie sxarnmaitnap TyblHAaFraH Ke3[e TOTEHINE >KaFIailyap.sl
0acKkapy OpPTaJBIFbIHBIH OacCIIbICHl KEKE, aJKalbIK, aKMapaTThIK, YHBIMJIACTHIPYIIBIIBIK KOHE
Kezen memiMaepAaiH Oenrii Oip caHbIH KaObUIIAybl KaeT eKeHairi kepceruireH. Omap
OarbIHBICTBI OaKplIay IMYHKTTEPl MEH TapaTy OeJlMINeNepiH Ty3eTyre, YilecTipyre xXKoHe
Oackapyra OarbITTasiFaH. JKaraail OHbIH OCBIHJAN HIemimMep Kadbuiiay KaOUIeTIHEH achll KeTyl
YKOHE/HEMece OJIapbIH IYPHICTHIFbIHA dcep eTyl MymkiH. RWE-ni okmaynay xoHe oJiapibiH
caJlJapblH KO0 OOWBIHIIA HEri3IelAreH Oackapy IMIEHIIMAEpiH KaObuiay KOMIIBIOTEPIIIK
menrimaepai Koiaay xxyienepid (DSS) sxkone DSS ecenrtey siapochiHbIH KypaMbIHa KIPETIH THICTI
OargapiaManblK KacakTamMaHbl KOJJAHY apKbUIBI JKy3ere achlpbliybl Kepek. OcblHaail
KarJainapAblH JaMyblH OoJikay YIIIH YCHIHBUIFAH MaTeMaTHKaJIbIK MOJENbIEepl OCBhIHIAM
OarmapiiaMalibIK KacaKTaMaHbl KYpy YIIIH naigananyra 60aaibl.

Tyitinai ce3nep. lemimaepai konmay xyhenepi, amar, TEMIpKOJI KOJIIT1.

Maiipa IlanaGaeBa, DUPEKTOp KOJUIEIKA, KOJIEMHK MEXIyHApOAHOTO HWHKEHEPHO-
TEXHOJIOTHYECKOT0 YHHBepcHuTeTa, Anmarel, Kasaxcran, Ignktsm@mail.ru

KOMIIBLIOTEPHAS MOJJIEP)KKA PEATUPOBAHMS HA YPE3BBIYAHHBIE
CUTYALMH HA KEJE3HOJAOPOKXHOM TPAHCIIOPTE

AHHOTauMs. B cTraThe moauepKuBaeTcs, YTO B CIOKHON CUTYAI[HM OTCYTCTBHS IOJHOW M
JOCTATOYHOM MH(OPMAIMK O MPHYUHHO-CIEACTBEHHBIX CBSI3SX MEXKIY KOMIIOHEHTAMH TaKOU
CHUTyallud  PyKOBOIWTENIb lLIeHTpa  ympaBiieHHS  YpE3BBIYaWHBIMH  CHTYyallUsAMH  IIPU
BO3HMKHOBEHMH YPE3BLIUANHBIX CUTyalldil Ha Keje3HomopokHoMm tpancrnopre (RWE) momken
[IPUHAMATH OIPEICIIEHHOE KOJUYECTBO MHIMBHIYaIbHBIX, KOJUIETHAIbHBIX, HH()OPMAIIMOHHBIX,
OpraHM3al[MOHHLIX MW OIEpPaTHBHBIX pemeHnidi. OHM  HampaBjieHBl Ha KOPPEKTHPOBKY,
KOODAMHAIMIO M yIOpaBICHHE  [OJYMHEHHBIMH  KOHTPOJIGHBIMH  IIYHKTaMH U
pacmpenenuTeIbHbIMU  oapa3acieHussMu. CHTyalds MOKET IIEpPepacTd €ro CIoCOOHOCTh
[PUHAMATh TaKUE PEIICHUS W / WM BIMSATH Ha UX NPaBUIBHOCTH. IIpuHsATHE 000CHOBAHHBIX
YIIPaBJIEHYECKUX peIIeHni 1o jokanu3anuu RWE u ycTpaHeHMIO MX IOCIEACTBUI JIOJIKHO
OCYIIECTBIATECS C HCIOJIB30BAHUEM KOMIIBIOTEPHBIX CHCTEM IOIICPXKKU MPUHATHS PEIIEHUI
(DSS) ¥ COOTBETCTBYIOIIErO MPOrPAMMHOIO  OOCCIEYEHMS, BXOJAIICIO B  COCTaB
BbuuciuTeNbHOTO siipa DSS. TIpennokeHHbIe MaTeMaTHYECKHE MOJICNN ISl TPOTHO3UPOBAHHMSI
pa3BUTHS TaKUX CUTYallMii MOJXXHO HCIIOJIB30BAaTh JUISl CO3/IaHUS TAKOrO IPOTPaMMHOTO
obecreyeHus.

KawueBble ciaoBa.  Cucrembl  NOMJEPXKKH, TNPUHATUS  pelIEHWH,  aBapwus,
KEJIE3HOJOPOKHBIM TPaHCIIOPT.
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HUHTEJUVIEKTYAJIBHBIE TEXHOJIOI'MM 1 MOAEJIMPOBAHUE TPAHCITIOPTHO-
JOTACTUYECKOM CUCTEMBI KA3BAXCTAHA

AHHoTanus. CTaThs COAECPKUT aHAIU3 MUPOBBIX M Ka3aXCTaHCKUX TEHAECHUUN pa3BUTUS
TpaHCHOpTHO-J'IOFI/ICTI/ILIGCKOI\/JI CHUCTEMBI. HpCJICTaBJ'IeHI)I OCHOBHBIC HaIIpPaBJICHUA Pa3BUTHA
OTpacii Ha OCHOBE HHTEJUIEKTYaJbHBIX TEXHOJIOTHMM M MOJENUPOBAHUS Uil 3(PPEKTUBHOTO
WCIOJIb30BAHUS TPAaH3UTHO-TPAHCIOPTHOrO mnoTeHuuana Ka3zaxctaHa B MexAyHapOAHOU
TPAHCIIOPTHOU CHCTEME.

KiroueBbie cioBa. TpaHCIOPTHO-IOTUCTHYECKAsT CHCTEMA, TPY30IEPEBO3KH, JIOTUCTHKA,
MHTEJJIEKTyaJIbHbIe TEXHOJIOT UM, pa3BuTue, Kazaxcran.

BBenenue.

Hapsiny ¢ Takumu cTpaternyecku BaXKHBIMU OTpPACISIMU, KaK JSHEPTreTHKa WM CEIThCKOe
X035UCTBO, TPAHCIIOPTHO-JIOTUCTUIECKUN KOMIIJIEKC BBICTYIIAET OCHOBOM KU3HENEATETLHOCTH U
OTIOPO# MmpoT1iecca dKoHOMHUeCcKoro pa3BuTusa Kazaxcrana. Haxomsich Ha CTBhIKE MEKTyHAPOIHBIX
TPAaHCIIOPTHBIX ~ KOpHIOpoB, Kazaxcran wumeer Bce MNOPEANOCBUIKM CTaTb OCHOBHBIM
JIOTUCTUYECKUM 3BE€HOM, coemuHsommMm EBpony u  Asuto. KoMuTeT 10 CTaTUCTHUKE
MuHucTepcTBa HaIlMOHAIBHOW SKOHOMUKHM PecryOnmukm Kazaxcran BKIO4aeT B TPaHCHOPTHO-
noructrueckuii komrmuiekce (TJIK) sxene3HomopoKHBIM, aBTOMOOUIIbHBIN, BHYTPEHHUH BOJIHBIH,
BO3AYIIHBIA, TpyOOTpoBOAHBIN Buabl TpaHcmoprta. Hapsmy ¢ wumu k TJIK memecooOpaszHo
OTHOCHUTHh BCE€ BH[Ibl CKJIQJUPOBAHMS, a TaKXKe€ JIOTUCTUYECKHE Y3Jbl, K NPHUMEPY, AKTHBHO
Pa3BUBAIOIIYIOCA B CTpaHE MHAYCTPHUIO TPAHCIIOPTHO-JIOTMCTHYECKUX LEHTPOB, OKA3BIBAIOLIUX
BECh CIEKTP YCIYT B 00JIACTH TPAHCIIOPTUPOBKH U XpaHEHUs rpy30B [1].

bazoit s dopMupoBaHusS ~— MYJIBTUMOJAIBHOIO  JIOTUCTUYECKOTO  orepaTopa
TPaHCHALIMOHAIBHOTO MacliTaba C MOJHBIM CEKTOPOM AaKTUBOB M KOMIIETCHLIMH OIpPE/IeTIeHO
aknnonepHoe obmectBo «HK «Kazaxcran temip xonbi». OgHako B Ommkaimme 10-15 ser
YIIYUIIEHUE JKEJIE3HOJOPOKHOW CETH HE OXHMAAETCA, 4YTO MCKIKYAET €€ KOHKYPEHLHIO C
aBTOTpaHCHOPTOM. TOJIBKO CO3/1aHHE TEPMUHAIBHO-JIOTUCTUYECKOTO CEpBHCA HA JKEJE3HOU
nopore mo3BonuT JKJI Kaszaxcrana mMOBBICHTH CBOIO KOHKYpPEHTOCIOCOOHOCTB. B cocrtaB
MYJIbTUMOAAIBHOM KOMIIAHUHU BXOJAT MOpcKoil mopt Akray, CO3 «Xoproc-Bocrounsie BopoTay,
a’pornopThl, TepMuHaibHas ceTh KazaxcraHa, a Takke [OJDKEH BOWTH aBTOTPAHCIIOPTHBIN
kopuaop «3amannas EBpomna — 3anagusiii Kurait»y. Takum o6pazom, Kazaxctan npennpunumaer
KOHKpETHbIe MpakThuueckue maru no pasuturo TJIK. MexayHapoaHble MHTErpallMOHHbBIE
MpoLECChl M YIUIOTHEHHWE 53KOHOMUYECKHX CBSI3€M MEXIy pEeruoHamMu pasjuyHbIX CTpaH
00ycnaBIMBaIOT HEOOXOAMMOCTh MOCTOSTHHOTO coBepieHcTBOoBaHMs TJIK.

Llenp naHHOW CTaTbM pPacCMOTPETh COBPEMEHHBIE HWHTEIUIEKTYalbHbIE TEXHOJOTHU U
MOJENUPOBAaHUE ISl TEXHOJOTMYECKOTO MEepPEBOOPYKEHHS U BhIOOpA HAMpaBIEHUS Pa3BUTHUS
TPAHCIIOPTHO-JIOTUCTUYECKOM cucTeMbl Ka3axcraHa.

Marepuajibl 4 METOIBI.

Pa3Butne TJIK HeBO3MOKHO 6€3 ABYX 0a30BBIX COCTABIISIFOIINX: TPUOPUTETHOTO BHUMAHUS
CO CTOPOHBI TOCY/IAPCTBA, BHICTPAUBAIOIIETO TUIAT(HOPMBI MEXIYHAPOIHOTO COTPYTHHUYECTBA B
pamMKax TpaHCIOPTHO-JIOTUCTHYECKUX TPOEKTOB, M AaKTHBU3AIMU OW3HEca, MPEXIe BCEro
KpymnHoro. Eme olHMM BaKHBIM HaIPpaBIECHUEM PA3BUTHUS TPAHCIIOPTHO-JIOTUCTUYECKOTO CEKTOPA
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JOJKHO OBITh OPUEHTHPOBAHO HE CTOJIBKO HA YBEITMYEHUE KOJIMYECTBA M KAYeCTBA TPAHCIIOPTHBIX
CPEACTB, CKOJBKO Ha pa3BUTHE AJbTEPHATHBHOTO TPAHCIOPTA, BHEAPEHHE LU(PPOBU3ALMH U
MCKYCCTBEHHOT'O MHTEIUIEKTA, OITOTOBKY CHEIMAINCTOB HOBBIX MPO(eccHii st 0Tpaciiu, 4To He
TOJIBKO MOBBICUT 3(PPEKTUBHOCTH TPaHCHOPTHO-JIOTUCTHUECKON NEATENbHOCTH CTpaHbl, HO U
no3BoiuT Kazaxcrany crate Beaymum (HakTopoM MEXTyHApPOAHOH TPAHCIIOPTHOM CHCTEMBI.

[Iporpammbl BHEPEHMS MHTEIUIEKTYaIbHBIX TEXHOJIOTHIA, TH(POBHU3ALINH, aBTOMATH3AIIHH,
poboTu3auy, 6ECIMIOTHOTO TPAHCIOPTA M WHBIE MHUIIMATUBBI 3aHUMAIOT BCE OOJIBIIYIO JIOJIO
WHBECTHIIMOHHBIX MOPTQeneii MUPOBBIX TPAaHCIOPTHBIX TMTaHTOB. IIpm 3TOM W rocymapcTBa
o0OpamniarT MprUcTaibHOE BHUMaHKE Ha IEPEBOOPYKEHNE CBOMX TPAHCIIOPTHBIX CUCTEM.

DKcnepThl eIMHOIYITHO YKa3bIBalOT HA TO, YTO IVIaBHBIM mojcnopseM ais Kaszaxcrana B
pazeutun TJIK sBisieTcss OrpoMHBIM TpaH3UTHBIM MMOTEHLMan cTpaHbl. OcoOyio Ba)XKHOCThb
MPUOOPETYT KPYIHBIE JOrucTHUeckre eHTpbl. Co3aHre HOBOrO UrpoKa B TOBAPOIIPOBOISILEH
CHCTEME IPOJOBOJILCTBEHHON MPOJYKIIMU — CETH ONTOBO-pacHpeaeuTeabHbIX HeHTpoB (OPLI),
TUTaHTCKHUE KPOCC-IOKHUHTOBBIE CKJIa/Ibl CTAHYT OMIOPHBIMU TOYKAMU B CUCTEME MEKTyHApPOIHBIX
rpy3onepeBo3ok. Menkue CKIaJCKue XOo3siicTBa B OyaylieM HCUE3HYT, a HUX CEeTH OyayT
TOTJIOIIATHCS OHJIAWH-pUTEIIIepaMHU. Jloructuyeckum KOMITAaHUSIM MNPEICTOUT
ABOJIIOIIMOHUPOBATH B MYJIbTUMOJalIbHbIE SPL-koMnanuy, 4bK yciyru 6a3supyroTcsl Ha IHUPOKOM
MPUMEHEHUH IU(GPOBBIX TEXHOJIOTUN, OTTAIIKMUBAIOTCSI OT NMPUHIIUIIOB MEePCOHATN3ALNHN, KIUEHT
OPUEHTUPOBAHHOCTHU U OepexnuBocTd. OJTHAKO aHAIM3 MMOKA3bIBAET, YTO OCTAETCS HEJOCTATOYHO
PacKpBITHIM BOIIPOC KAUE€CTBEHHOTO KaJIpOBOT0 00ecIieYeH s OTPaCiau. Y UUThIBasi, YTO OCHOBHbBIE
cnernuanbHOoCTH B TJIK mpeacTaBieHpl TEXHUYECKUM TEPCOHATIOM, 00ydeHHe KOTOPOTO BEJIETCS B
OCHOBHOM 4YaCTHBIMH CTPYKTypaMu (HampuMmep, BOJIUTEIM OOY4alOTCs B aBTOIIKOJaXx),
HACBIIL[EHUE TPAHCIOPTHO-JIOTUCTHYECKON c¢epbl BBICOKONPO(PECCHOHANBHBIMU  KaJpaMu
MPEJCTaBISIETCd TpyAHOpeanu3yemMon 3amadeid. KpyrnHble TMEepeBO3YMKH HYXKIAIOTCA B
Y3KOMPOQHMIBHBIX CHEIHAINCTaX, a crenupuKka TakKuX CEKTOPOB, KaK BO3IYIIHBIA U BOJTHBIN
TPaHCIOPT, MpearoiaraeT creuuaiu3upoBaHHoe oOydeHue. B cBs3u ¢ stum Kazaxcrany
HE00X0IMMO TITyOOKO U3YYUTh MEPCHIEKTUBHYIO CTPYKTYPY KaJIpOBOT0O COCTaBa OTPACIH C YUETOM
TEKYyIIMX UM TMOTEHUUAJIbHBIX TPEHIOB, COLMAIBHO-DKOHOMUYECKUX W TEXHOJOTMYECKUX
tengeHuuit. llenecooOpa3HOCTh JaHHON Mepbl MPOJUKTOBAHA TEM, YTO OTPaciib B IIEJIOM MOKa
ocTaeTcs  aBTOHOMHOW B  IJJaHE  KagpoOBOrO  oOecreyeHus, HE  IMPUBJICKAET
BBICOKOIIPO(EeCcCHOHANBHBIX PAOOTHUKOB (33 UCKIIOYEHHEM BO3IYLIHOTO, BOJHOIO TPAHCIIOPTA U
TpyOOIIPOBOTHBIX CUCTEM).

Crpaterus npeanoJiaraet no3uuuoHupoBanre Kazaxcrana Ha MUPOBOM PBIHKE B KAUECTBE
U POJIM TPAHCKOHTMHEHTAJIBHOTO 3KOHOMHMYECKOTO MOCTA JUIsl B3aUMOJEHCTBHS €BPOIEHCKOM,
a3MaTCKO-TUXOOKEAHCKOW M FOKHO-a3MATCKOM SKOHOMHUYECKHUX cucTeM. IIpu 3ToM OCHOBHOM
3a/auel SBISIETCS TEXHOJIOTM3alus MPOLECCOB IMEPETOKAa PECypCOB B IPOCTPAHCTBE MEKIY
EBpomnoii u A3ueil. A Ha pernoHagbHOM ypoBHE Ka3axcTaH Mo3UIHMOHUPYETCS KAaK COBPEMEHHbIN
cepBUCHBIN 1eHTp. Mcnonbe3ys umeronuiics noreHuuan, Ka3axcraH IOMKEH CTaTh Pa3BUTHIM
CEPBUCHBIM LIECHTPOM PErMoHa MO IPENOCTABICHUIO IIMPOKOrO CIEKTpPa YCIYT, OTBEYAOLIUX
MEXAYHApOIAHBIM CTaHAApTaM. Y CTAaHOBJICHHE €IMHBIX TPEOOBAHUN U PaBHBIX YCIOBHM J0CTYyMa
Ha PbIHOK aBTOTPAHCIOPTHBIX YCIYT JOJDKHA ObITh YCOBEPILICHCTBOBAaHA HOPMAaTHBHAs MTPABOBAs
6a3a 111 oOecrieueHre 3J0pOBOI KOHKYPEHIIMH Ha PhIHKE aBTOMOOMIIBHBIX ITEPEBO30K I'PY30B.

PesyabTaThl H 00CyKICHHS.

B pamkax nudposuzanum cdep TpaHCIOpTa U JIOTUCTUKU CO3JA€TCS MHTEIUICKTyalbHas
tpancnoptHasg cucrema (UTC). UTC mnpencraBiaser coOoi COBOKYMHOCTh TEXHHUYECKHX
KOMIUIEKCOB U MOJICHCTEM 10 00ECIIEUeHUI0 M KOHTPOJIIO 0€301MacHOCTH JIOPOKHOTO ABHKEHHS C
¢byHKIMeH npeaocTaBieHNs HE0OX0IMMON HH(POPMALIUK IS BIIA/IENbLIEB TPAHCIIOPTHBIX CPEJICTB
U IPYTUX CYOBEKTOB JOPOKHO-TPAHCIIOPTHOTO MpoIlecca.
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Oco6ennoctp HoBeimux U TC 3akimtodaeTcst B TOM, YTO OHM MEHSIIOT CTAaTyC TPAHCIOPTHBIX
CPEACTB M JPYTUX YYaCTHUKOB JBW)KEHUS, KOTOpPbIE M3 KaTErOPUM HE3aBUCUMBIX,
HENPOrHO3UPYEMBIX M  CAMOCTOSITEIBHBIX IEPEXOASAT B  paspsii IPOTrHO3ZUPYEMBIX U
IIPE/ICKa3yeMbIX CYObEKTOB MH(OPMALIMOHHO-TPAHCIIOPTHOTO IPOCTPAaHCTBA. B 3TOM KOHTEKCTE
CTOUT BBIIEIUTHh HanloJiee BXXHYIO 33]1a4y, CBA3AHHYIO C Pa3BUTHUEM TEJIEMAaTHUYECKUX CUCTEM
JOPOKHO-TPAHCTIOPTHON MH(PPACTPYKTYPHI.

Baxueimum snementom UTC BeicTynmaer oO0beJUHEHHE JOPOKHOM, TPaHCIOPTHOM,
TEXHOJIOTUYECKOM, CEPBUCHOW W WH(POPMAITMOHHON MHMPACTPYKTYp B €IUHBIA KOMIUIEKC. OH
COCTOMT U3 psAla IMOJCHUCTEM, CIOCOOHBIX OOECHEUUTh AUCIETYEPCKOE CONPOBOXKIECHUE U
OTEpaTUBHYIO KOOPAMHALINIO AEWCTBUN BEIOMCTB, CITY»KO U pa3IMUHbIX CYObEKTOB, BOBICUEHHBIX
B IPOIECC OpraHu3alid MU OOecrneueHus IOpPOKHOTo MABMKEeHHA. UToObl B3auMoJeiicTBUE
noacucrteM UTC Obuto 3¢ dexkTuBHO, GOPMUPYIOT TEPPUTOPUATIBHBIE JAUCIIETYEPCKUE IIEHTPHI.
Enusblil KOHTpOIUPYIOUIUI OpraH, KOTOpbIA OyAeTr cobupaTh MHPOPMAIUIO U OCYLIECTBIATH
IUTAaHUPOBAHUE PEMOHTA, PAa3BUTHS JIOPOKHO-TPAHCHOPTHOM HMHQPACTPYKTYpbl, MOHUTOPHUTDH
nokasarenu 3p(GEeKTUBHOCTH AUCTIETYEPCKUX LIEHTPOB, CO3/IAETCS HA PECITYOIMKaHCKOM YPOBHE.

HopoxHno-tpancnioptasie  UTC  BiimrouaroT MHUPOKUNA TepeueHb  (DYHKIIMOHATBHBIX
yCTpOicTB, oOecneunBarOmuX cOOp HHMOPMAIMOHHBIX JIAaHHBIX, YIpPaBJICHHE MOTOKaMU
TpaHCIOPTa U MPE0CTaBIEHUE HEOOX0AUMOM HHPOPMAIMK CYOBEKTaM JOPOKHOTO JBUKEHHUS.

Jis Toro uyToObl KapAWHAJIBHO H3MEHUTh CUTYyallMiI0 C O€30MacHOCThI0O Ha Joporax,
HeobxomuMmo obecnieunTh ocHamenne UTC coBpeMeHHBIM 000py10BaHHUEM, BKIIIOYAs: JOPOKHBIE
KaMephl BUACOHAOIIOICHHSI, yMHbIE CBETO(QOPBI», IETEKTOPHI TpaHKa, AIEKTPOHHbBIE YCTPOUCTBA
oIIaTel Npoe3ja, MHGOpPMALMOHHbIE TabJI0, MapKoOMaThl, aBTOMATU3aIUs OCBEILEHHs JOpor,
0o0OpyJOBaHNE ABTOMATUYECKON (pUKcaluy HapyleHWH MpaBWJ JOPOXKHOIO IBMXKEHHUA. [lnd
nUuGpPOBU3ALMM OTPACId TAKXKE Ba)XKHO IPOMU3BECTH HHTETPALMI0 MHOXECTBA JIOKAJIbHBIX
MH(GOPMALMOHHBIX CUCTEM, B TOM YHCJIE CUCTEMY YNpPaBJICHUS JOPOKHBIMU aKTUBAMHU, CUCTEMY
CIECLIMAJIBHBIX aBTOMAaTU3UPOBAHHBIX MU3MEPHUTEIBHBIX CPEICTB, CUCTEMY 3KCTPEHHOTO BBI30Ba
IpH aBapusax M Katactpodax, a Takke MexmayHapoaHbie mudpossie miardopmer IRU, Google
Maps u Yandex Maps.

PaccmoTpuM HOBBIC HampaBiieHus pa3BuTus U peanuzaruu UTC.

Hetiponnvle cucmembul u uCKyccmeeHHblll UHMENNEeKM ¢ MAWUHHBIM 3peHueM BBIBOIUT cOop
JAHHBIX U aHAIN3 TpauKa Ha HOBBIM ypoBeHb. CylEeCTBYIOIINE JaTYUKU TPAHCIIOPTHOI'O MOTOKA
UCIOJb3YIOTCS YK€ JJaBHO M MMEIOT JOBOJBHO HHU3KYIO CE0ECTOMMOCTb. OJTH 3HAHMS MOKHO
HCIOJIb30BATh MPH IUIAHUPOBAHUH KOM(POPTHOM ropoickoil cpepl. Hanpumep, npu BbISBICHHBIX
BBICOKOM Harpy3ke Ha TpOTyapbl (IUIOTHBI IOTOK IEIIEXOJ0B) M PEIKOM JIBWKEHUU
aBTOTPAHCIIOPTA Ha y4aCTKE 10POTH, TOpoAckue BiaacTu 1o JauHbiM M TC MoryT pemuTses Cy3uTh
IIPOE3KYI0 YacTh U pacuputhb Tpotyap. daruuk UTC ocHaleH neTeKTOpoOM OLEHKU pa3MepoB,
KOTOPBIM MO3BOJIAET JIMIIb HMPUOJIM3UTENIBHO pa3jinyarh JIETKOBbIE M IPY30BbIC MalIMHBL. A
HEHPOHHBIE CETU HAJE)KHEE PACIIO3HAIOT TPAHCIIOPTHBIE CPEACTBA U AA’KE MOT'YT pa3jIn4aTh TUIIbI
I'PY30BHUKOB (MYCOPOBO3bl, BOJIOOYUCTUTEIH, CHETOYOOPOUHbIE MAIIMHBI U JIp.), YTO HO3BOJISET
KOHTPOJIUPOBATh PabOTy AOPOT U FOPOACKUX CiIyk0. CyIeCTBYIOT TaKkXe JAETEKTOPbI, KOTOpbIe
O0OHapyXHUBAIOT OCTAHOBKY TPAHCIOPTHBIX CPEICTB, HAYaJl0 CKOIUICHWs, HAa4yajo JBHKECHUS
aBTOMOOWJIA M JIMKBUAIIMIO 3aTOpa B JaHHOM Mecte. Pemmenus U'TC Ha ocHOBe HEHPOHHBIX ceTel
JOpOXKe AaTYMKOB, HO ropa3io (PyHKIMOHAIbHEE; X BO3MOKHOCTHU: paclio3HaBaHHE HOMEPHBIX
3HAaKOB, OOHapy)KeHHE OCTAaHOBOK TPAHCIOPTHBIX CPEJICTB, HAAEKHAs HACHTHPUKALUS
aBTOMOOWJISI, KOHTpPOJIb paboThl B ONPEIEICHHBIX 00JacTAX, MNPEAOCTaBIEHHE MCXOIHOM
uHGOpMAaIUY B €IMHYI0 0a3y TaHHBIX.

Hmumayuonnoe modenupoganue i1t ONTUMHU3AIUH TPAHCTIOPTHO-TOTUCTHYECKUX CUCTEM.
MopnenpoBanue JaBHO W YCHEIIHO MPUMEHSETCS [UId KOMIUIEKCHOTO aHaji3a BHOBB
co3/aBaeMblX WM 3(P(PEKTUBHON HKCIUTyaTalliM CYIIECTBYIOIIUX TEXHHUYECKUX CHCTEM, B
YaCTHOCTH — AJIS1 CUCTEM MYJIbTUMOAIbHON TPAHCIIOPTHOM JIOTUCTUKHU. TpPaHCIIOPTHBIE MOJIENH
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JensaTcs Ha [2]: MaTeMaTudeckue U IMUTAIMOHHbIE. [IepBbie OnepupyroT H3BECTHBIMU 3aKOHAMU
JBWDKEHUS TPAHCIOPTa, NPEACTAaBICHHBIMU B BHIE (OpPMYN, CHUCTEM ypaBHeHUIl. BTopbie
UMUTHPYIOT JBW)KEHHE OTACIbHBIX TPAHCIOPTHBIX CPEICTB, MOBEIACHHUE BOAUTENEH, paboTy
cBetoopoB. Ha mpakTrke NpUMEHseTCsl CMECh MaTEMAaTUYECKUX U UMUTAIIMOHHBIX MOJICTICH.

Hanpumep, cucremMbl TpaHCIIOPTHOTO MOJEIMPOBAHHUS HAa MaKpOYpOBHE (CTpaHa, TOPOJ,
MHUKPOPAWOH) OMEPHUPYIOT JIeMOTPadUUICCKUMH JTAaHHBIMH, MOHATHAMH «Tpad I0opor», «30HA
NPUTSHKCHUS», «TPAHCHOPTHBIA CHpoc W TpetokeHue» [3]. B HUX 3alo0XeHbl JaHHBIE O
MPOIICHTE HCIIOJIB30BaHUsI aBTOMOOMJICH HAceleHHEeM, O MPOIYCKHOW CHOCOOHOCTH YIHI], O
KOJIMYECTBE MApKOBOYHBIX MECT Y TOPTOBBIX IIEHTPOB. MakpOMOJeNnb UCIOJIb3YeT B OCHOBHOM
MaTeMaTHYeCKHEe METOJIbI MOJICITUPOBAHHS M MBITAETCS OTBETUTH HA BOIMPOCHL: «a 3aueM M KyJa
BCE €IYyT?», «a XBAaTUT JIM MPOMYCKHOW CIOCOOHOCTU YIHI], YTOOBI BCEX OOCTYXKHUTH?», «a 4TO
OyzeT, eclii 3Ty yIHILY MePeKpPHITh?». MUKpPOMOJIETH ONIEPUPYIOT KOHKPETHBIMU OOBEKTAMH U3
«peaJbHOTO MHPaA» — pPETYIUPYEMBIH TEPEeKPEeCcCTOK, TPAaHCIOPTHAs pa3Bsi3ka, CETh YIHII,
aBTOMOOMIG. [Ipr 3TOM MHKpPOMOJETH «3HAET» O KOJIMYECTBE IOJIOC JBWKECHHS, O HATUYNHU
MOJITLEMOB M CITYCKOB, O XapaKTEPUCTHUKAxX ABHUTraTesieil aBTOMOOWiIeH (Kak OBICTPO OHH MOTYT
TPOHYTHCS), O TMpaBWJIAX IBIKEHHS W OCTAaHOBKH. EcCiiM naHHBIE Ha MaKpOypOBHE BEPHBI, TO
MHKPOYPOBEHBb MOXKET C BHICOKOH TOYHOCTHIO HMUTHPOBAThH PEaTbHBINA TPAHCIOPTHBINA MOTOK.

CronMoOCTh pa3pabOTKM W HCCIIEOBaHUS KOMITBIOTEPHBIX HMMHTAIMOHHBIX MOJETeH
(UMpPOBBIX JBOWHUKOB) HHUYTOKHO Majla [0 CPaBHEHHIO CO CTOMMOCTBIO peallbHOM
TPAHCIIOPTHOH MHPPACTPYKTYPHI U MOTCHIIMATHLHBIMH MTOTEPSIMH OT BO3MOKHBIX OIINOOK TIPH €¢
npoekTrpoBaHuy. OCHOBHBIM MPAKTHICCKUM TPHIIOKEHUEM HMHTAIMOHHOTO MOJICITHPOBAHUS
MMOMHUMO OTBETa Ha TPAJAWIMOHHBIA BOMPOC «UTO OyIeT, ecinmu?» SBISIETCS pelieHre oOpaTHON
3aJ1auu, TO €CTh ONTUMH3AIHS HHTETPAITBHBIX MapaMeTpoB () (HEKTUBHOCTH ITyTEM BapbHUPOBAHHS
BHYTPEHHUX OTPEACIISIONINAX MTapaMETPOB CHCTEMBI.

Haubosiee 4acTo BCTpedaromIMMcs MPELEACHTOM SIBIISIETCS CITydaid, KOT/ia ONTHMH3AIHS
npeacTaBiser co0oi BHEIIHUN KOHTYpP HaJl AMHAMUYECKAM MMHTAI[HOHHBIM JIBUKKOM, TO €CTh
ONTUMAJTLHBIC 3HAUCHHUSI TAPAMETPOB HCCIICYEMOW CUCTEMBI HIIIYTCS B XOJI€ TIOCIIEI0BATEIbHBIX
uTepaIyii (MporoHOB MOJETH) B PAMKaX ONTHMHU3AIMOHHOTO BEIYUCIUTEILHOTO IKCIIEPUMEHTA.

OpHaKO MpH CO3JIAaHWH U MOCIIEAYIONICH MapaMeTPUIeCKO ONTUMU3AIMH UMHTAITUOHHON
JMCKPETHO-COOBITHIHOM MJTM MHOTOAr€HTHOM MOJICIIH CJIOKHOM TPAHCIIOPTHO- TEXHOJIOTUIECKOM
CHCTEMBI YaCTO BO3HUKAECT HEOOXOAMMOCTD aJICKBATHOTO yUETa U «AMHTEIUICKTYaIbHBIX)» aCTIEKTOB
ee Oyaymero (QyHKIMOHUPOBAHHS Ha YPOBHE OIEPATHBHOTO yIpaBlieHHs. JleHCTBUTEIBHO,
peanbHasi KCILTyaTalusl JII0OOr0 MHOTO(YHKIIMOHAIBHOTO OOBekTa (TOpTa, KOHTEHHEPHOTO
TepMUHAJNIA, HEePTeAOOBIBAOMICH IUIATGOPMBI) MPEANOJaracT HaJUYUEe CIYKObI JOKaIbHOM
JMCTICTYCPHU3AIMN JUTS pa3pelieHUsT BO3HUKAIOUIMX HHIMACHTOB pa3JIMYHOTO XapakTepa |
MPOTHBOPEUYUBBIX HHTEPECOB CYOBEKTOB PA3HOTO YPOBHS OpraHHU3aIlny.

Haubosiee yacTo BCTpedarommecs: 3aaauu, I PEHICHHUS KOTOPBIX HCIOJIb3YeTCS TaKasl
JMCIICTYCPHU3AIINS, 3TO OIPEACICHUE OYEPETHOCTH OOCITY)KMBAaHUS BCEX TEKYIIMX WU
MIPOTHO3UPYEMBIX Ha KOPOTKOM BPEMEHHOM MHTEPBAJIC 3asiBOK Ha 0OCITY>)KUBAaHUE M YIIPABJICHUE
OTrpaHUYCHHBIM O0BEMOM HUMEIOIIUXCS pecypcoB. CrenyeT OTMETHTh, YTO QITOPHTMBI U
KOMITbIOTEPU3UPOBAHHBIE CHCTEMbI aBTOMATU3AlUM KaJeHAapHOTO IUIAHUPOBaHUS pabOT W/Hiu
pacripesielieHUs] pecypcoB, O€3yCIIOBHO, OTHOCATCS K JpyroMy (ONEpaTUBHOMY) YPOBHIO
yIpaBJICHUs, HEXKEMH MPEANPOCKTHBIA aHAlIW3 u3ydaeMmou cuctembl. OfHako npeHeOpekeHue
9TUMH acleKTaMH B HMHUTAIlMOHHOM MOJeNu, TO €CTh OTCYTCTBHE B HEHl HEKOro
«UHTEJIEKTYaJIbHOTO»  MOJYJs, OTBEUAIOUIEr0 3a  ONEepaTUBHOE  IUJIAHUPOBAHUE U
MeperyiaHupOBaHNe TEKYIIeH 3arpy3Ku B 3aBUCHMOCTH OT CKJIAJIBIBAIOIICHCS CUTYyalluu, MOKET
MOBJIEYh CYIECTBEHHYIO HEAOOIEHKY WHTETpalbHBIX TMoKa3arened dddextuBHOCTH W
MPOIMYCKHOM CIIOCOOHOCTH MCCIIETyeMON CUCTEMBI.

Yacto Ui paspemieHusi 3TOro MPOTUBOPEYMS] HCHOJIb3YeTCs YIPOLIEHHBIH IOAXO0],
CBS3aHHBIM C 3aJaHWEM B JIOTMKE MOJEIN TMPOEKTHOTO YPOBHS HEKHX J>KECTKUX MPaBUII
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WCIIOJIHEHUS TTOCJICIOBATEILHOCTH 3as8BOK Ha oOcmyxuBaHue. [IpakTuka mocTpoeHUs U aHaIn3a
MOJENEH sl pa3iMYHBIX TPAHCIOPTHO-JIOTUCTHYECKUX CHUCTEM TIOKA3bIBaeT, YTO JHOOBIC
MOJ00HBIE YIPOIICHHUS] YaCTO OKA3hIBAIOTCS BHYTPCHHE MPOTHUBOPECUYMBBIMH M HE TO3BOJISIOT
MOJIYYUTh HE TOJBKO aJICKBAaTHBIC UHUCIICHHBIC OLCHKH J(PPEKTUBHOCTH KOHKPETHOU
KOH(HUTypamuu CUCTEMBbI, HO JaXke cJeiarh OOOCHOBAHHBIM BBIBOJ O TOM, Kakas W3 ITHX
CPaBHHBACMBIX KOH(PHUTYpaIHil MpeAIOYTHTEIIbHES.

Takum 00pa3oM, €IWHCTBEHHBIM pPEUICHUEM, TapaHTHPYIOIIUM TMOJy4eHUE aJeKBATHBIX
pe3yinbTaTOB, CTAHOBUTCSA peaju3alus DSJIEMEHTOB HHTEJUICKTYJIbHOTO  OMEPAaTUBHOIO
YIPaBJICHUST HEMOCPEACTBEHHO BHYTPHU JIOTMKA WMUTAIIMOHHOW MOJIEIH C MOMOBIO METOJOB
KOMOWHATOPHOH ONTUMHU3AINNA U MATEMATHIECKOTO MPOTPAMMHPOBAHHS .

Mooenu xoumetinepnvix mepmunanos. HauOoiiee 3HAYMMBIA acCHEKT OMEPATHBHOTO
MJIAHUPOBAHUSI M YIPABICHUS B JaHHOM CJy4ae CBSI3aH C ONTHUMAJIBHBIM pa3MEIICHUEM U
mTabeIMpoOBaHUEM KOHTEWHEPOB HAa BPEMEHHBIX ILIONIAJKaX XpaHEHUs ISl oOecredeHus
MHUHUMAJIBHOTO KOJMYECTBA OTMEpalMii Mo MX NepeMmemieHuto u mneperpyske. K ocobenHo
WHTEPECHBIM TIOCTAHOBKAM 3/I€Ch TPHUBOJMUT UCIOJIb30BAHHE B KA4eCTBE TOTPY304YHO-
pasrpy304YHON TEXHUKH TEJIECKOMUYECKUX TMOTPy3drMKoB (puuctakepoB). [lemo B Tom, dYTO
CYIIIECTBCHHBIC OTPAHWYCHUs, HAKJIAQJbIBAEMbIC T€OMETpPUEH CTpEeNbl W CIpeaepa MOorpy3urkKa
JAHHOTO THUIA, MPHUBOJAT K HEOOXOJMMOCTH COONIOJEHHS OCOOBIX MpaBUI (OPMUPOBAHMS
mTabenss W OCYIICCTBJICHHS OOJBIIIOT0 KOJWYECTBA BCIIOMOTATEIBHBIX MEpPEMENICHUN s
«pacKambIBaHUS» HYXHOTO KOHTEHHepa. YUYéT M IUJIAHUPOBAaHHE OTUX BCIIOMOTATEIbHBIX
omepanii B ONEPAMOHHOW JICATEIHHOCTH PEATBHBIX MYJIbTUMOJATBHBIX KOHTCHHEPHBIX
TEpMHUHAJIOB  SBJIETCS  HETPUBHAIBHOW  3amaueil. McciemoBaHue  4yBCTBUTEIBHOCTH
WHTETPAIBHBIX TOKa3aTene A((OEKTUBHOCTH M TPOIYCKHOW CHOCOOHOCTH KOHTEHWHEPHOTO
TepMHUHAJIa TpPHU Pa3IUYHBIX MPEJONPENEICHHbIX MpaBWIax paboThl KO3JOBBIX KPAaHOB U
pUUCTAKEPOB C MHOTOYPOBHEBBIMH IITA0ENSIMU KOHTEHHEPOB MPOBOJUTCS MPU UMHUTALIHOHHOM
MOJETUPOBAHUY MPOSKTUPYEMOM MJIOMIAAKN XPAHEHUS TPAHCIIOPTHO-IOTUCTUYECKOTO IIEHTPA.

Hnnosayuonnoe mpancnopmmuoe peuienue 00beKmoso2o HAO30pa C WCHOIb30BaHUEM
KOCMUYeCKUX cucteM. MHopManoHHO-KOMMYHHUKAIIMOHHBIE U 3JIEKTPOHHBIE TEXHOJIOTHHU:

- 3P-I'MC xpynHOTo Macmrada;

- CO3J1aHUE OCHOBBI U €IMHOTO KOOPAUHATHOTO MPOCTPAHCTBA;

- co3JaHue eIMHO KapTorpaduueckoi 6a3pl JaHHbBIX;

- pa3BUTHE CIEHUAIU3UPOBAHHBIX PEIICHUN U UHCTPYMEHTOB;

- -2D/3D-THC AIIK u cucteMbl apajiebHOTO BOKICHUS U aBTOIHIIOTOB;

- cucTeMa KOHTPOJIi U MOHUTOPUHTA MECTOIOJIOKEHUS M COCTOSHHUS TPAHCIOPTHBIX
MMOTOKOB U COCTOSIHUS IOPOKHOTO TIOJIOTHA U 000PYOBaHMUS;

- enuHOoe MH(OPMAIIMOHHO-HABUTAIIMOHHOE IMPOCTPAHCTBO;

- HCMOJb30BaHHE TEXHOJOTHI Ha3eMHO-KOCMHUYECKOTO MOHUTOPHHIA MPUPOJHBIX H
TEXHOTEHHBIX KaTacTpod JUIsi MaKCUMaJIbHOM 0€30MacHOCTH I0POKHOTO JBUKECHHUSL.

Bueodpenue coepemennvix cucmem KOMNIEKCHOU ONMUMUZAYUU JIOSUCMUYECKUX YeNnoyeK
(SCM, 4PL), Bxirodas MpOMBIIUICHHYIO JIOTUCTY, Ha OCHOBE IIM(ppOBU3aALNN OU3HEC-TIPOIIECCOB
¢ ucmosp3oBanreM uHcTpymeHnToB Big Data, Business Intelligence, RFD mis pemienus 3amgad:
TUTAHUPOBAHUS IIeTIel MOCTAaBOK; aHAlIM3 M OIIEHKA JIOTUCTHYECKON HH(PACTPYKTyphl; pOCTa
00BEMOB ¥ TIOBBIIICHHUS KOMILJIEKCHOCTH, TEPCHEKTUB pPAa3BUTUSI JIOTUCTHYECKUX YCIYT,
OTNTUMM3AIMH PECYPCOB U MOAICPKKHA UHTETPAITHOHHBIX MTPOIIECCOB.

Hugposusayus  mpancnopmuvlx  KOpuoopog C  HCIONH30BAHHEM  AJIEKTPOHHBIX
TPAHCIIOPTHO-COMIPOBOUTENHHBIX JIOKYMEHTOB, MHTEJUICKTYAJIbHBIX TPAHCIOPTHBIX CUCTEM U
nHMOpPMALIUUA O MYIBTUMOJATBHBIX TPY30BBIX U MACCAKUPCKUX MOTOKAX HA OCHOBE CO3JIaHUS
WHTETPUPOBAHHON  MH(DOPMAIMOHHO-TIOTUCTUYECKONH  TUIaT(HOPMEL. [TpenycMarpuBaeTcs
dbopMHUpOBaHHE Ka3aXCTAHCKOTO CErMEHTa IM(POBBIX TPAHCHOPTHBIX EBpo-A3naTckux
KOPHUIOPOB, CO3JaHHE PecnyOIMKaHCKOW WH(GOPMAIMOHHO-CEPBUCHON CHUCTEMBI, KOTOpas
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MO3BOJUT oOecrieunTh Oojiee 3(peKTUBHBIE TPAH3UTHBIE NMEPEBO3KH, KOHTPOIb U MOHUTOPUHT
TPAHCKOHTHHEHTAJIbHBIX M PETMOHAIBHBIX TPY30BBIX IOTOKOB Ha EBpasuilcCkoM KOHTHMHEHTE.
Konnenuusi mudpoBbIX TPaHCIOPTHBIX KOPUIOPOB OyAeT pealn3oBaHa IyTeM MHTETpaIuu
HAIlMOHAJIBHBIX IUIAT(GOPM MYJIbTUMOAAIBHON 3JIEKTPOHHOM JIOTUCTHKH, KOTOPbHIE CIOCOOHBI
0OCITy’)KMBaTh TPY30BbI€ TOTOKH, MEPEBO3UMBIE IKEJIE3HOJIOPOKHBIM, aBTOTPAHCIIOPTHBIM,
MOPCKHUM U aBUALIMOHHBIM TPAHCIOPTOM YEPE3 CTPAHbBI-YYaCTHUIIBI KOPUIOPA.

Lugposusayus  sceneznooopodicnoco mpaucnopma. CucremMa 10  ONpeneeHUIo/
M3MEPEHHUI0 rabapuTOB TPY30BBIX BarOHOB: KOHCTPYKIHSA (YMHBIE BOPOTA) MOCTPOCHA HAIl XK/
MyTSIMHU, OCHAIICHbI O00OpPYIOBAaHMEM Ha OCHOBE TEXHOJOTHH HCKYCCTBEHHOTO HWHTEJUICKTa M
MalIMHHOTO 3pEHUS], aBTOMAaTU3UPYET MPOIIECCH IPOBEPKHU BXOSIINX BarOHOB, BBISBIISET PUCKU
0€301acCHOCTH.

Lugposusayuss mopckoeo u emympenne 600Ho20 mpancnopma. EnuHas uudposas
miargopma, 00beAMHSIONIAs KOMIUIEKC B3aUMOCBSI3aHHBIX CUCTEM JJISl CO3/IaHUS I0BEPUTEIbHON
Cpelbl M B3aUMOJICHCTBUS ¢ TOCYAAPCTBEHHBIMU MH(GOPMALIMOHHBIMU cucTeMaMu. BHenpenue B
MOPCKHUX TOpTax CUCTEMbl MOHUTOpWHTa Tpaduka Ha OCHOBE cOOpa U 0OpaOOTKM JTaHHBIX
MOCTYNAIOMIUX C CYAOB, IPUYAIOB, MOPTOBLIX KpaHOB U cKianoB. lloBbimaer 3¢pdekTuBHOCTD
OeperoBoil MHPPACTPYKTYpbl, M NPUBJIEKATEILHOCTh MOPCKUX IEPEBO30K M TpaH3UTA 4Yepe3
tepputoputo Kazaxcrana; ynpasieHue TpaduKkoM OPTOB, 00eCIeUeHUE TTOTPY30-pa3TPy30IHBIX
paboT 1 0e30MmacHOCTH JIFOJE Ha TEPPUTOPUH MOPTOB; SKOHOMHUS HAa PEMOHTE U 00CIyKHBaHUE
MIOPTOBOTO 0OOPYAOBAHUS 3@ CUET ONTUMHU3ALUHU PACXOJA0B HA UX KU3HEHHBIA LUKII.

Hmumayuonnvie mooenu pabomwl nopma. B 1anHom ciydae 6J10K SMYISLNUN OTIEPATUBHOTO
IUTAHUPOBAHUS MOPTOBBIX ONEpPALUil C YIETOM OTPaHUYEHHOCTH CTAllMOHAPHBIX U JABHXKYLIUXCS
pecypcoB (mpuyanbl, OyKCUPBI, XPaHWININA, OYHKEPOBIIUKUA CPEICTBA TPy3000pabOTKH U T.1.)
BBICTYNAaeT 4YyTh JHM HE TJIABHBIM JJIEMEHTOM HMMHTAllMOHHOW Mozenu. B obmem ciydae
roJjiydyaemasi IOCTaHOBKAa MOXeET ObITh OTHeceHa K kiaccy NP-mosiHbpIX mpoOsiem, U OJHUM U3
CTaHJIAPTHBIX CIIOCOOOB €€ PelleHUs CIIY>KUT CBEJCHHE 3a/1a4t, CHOpMyIHpPOBAaHHON B TEPMUHAX
npeaAMETHON 007acTH, K (opMaTbHONW MaTeMaTHYECKOW MOCTAHOBKE 3aJlayl yJIOBJICTBOPEHUS
L[EJIOYUCIIEHHBIX OTPAaHUYEHUH U €€ pEellIeHHE C UCII0JIb30BAHUEM CIIEUATH3UPOBAHHBIX BHEITHUX
peiaresei U IBUKKOB.

Eounas xonmeiinepnas niamgopma. Ilinarpopma npeacrapiseT coO0i MeXTyHAPOIHBIN
LEHTP KOMMYHUKALIUY C HEOTPAaHUYEHHBIMU BO3MOXXHOCTSMH JIJIS IOMCKA, apEH IbI, IPOAaXKU UITU
npuoOpeTeHus: KOHTeHHepoB 000 Moaudukanuu, paboTammeid Mo TpeM OCHOBHBIM
HaIpaBJICHUSAM, U HE BMEUINBAIOIIASCS B OTHOILICHUSI MEX/1y ITPOIABLIOM U IMOKYIATEIeM:

1) mnpemocraBiicHHE MOPOKHUX KOHTCHHEPOB C OMPEICICHHBIM MapIIPYTOM CJICOBAHUS

JUIS TPAHCTIOPTUPOBKU TPY3a;

2) Tpojaka KOHTEHHEPOB B HAIMYHMHU U O] 3aKa3,

3) apenza Ha onpeIeIEHHbIH epro; ] 63 MPUBSA3KH K MAPIIPYTy CIICAOBAHHUS.

[IpenmymiecTBa miaaTrGopMbl: YCKOPEHHE TEMIIOB KOMMEPUECKOM AeSITENbHOCTH; CO3aHNe
0€30MacHbIX YCIOBHH Uil YYACTHUKOB CIIEJKH; COKpAIICHHE CPOKOB 3aKIIOYEHHs OTOBOPOB;
OTiepaTUBHOE OOHOBJIIEHHE HH(POPMAIMM U TOCTOSIHHO PACHIMPSIOIIUNCS KPYr YYaCTHHKOB;
BO3MOKHOCTh ~MCIIOJIb30BaHMs IIaTGOPMBI B TECTOBOM PEXHMME; JOCTYINHBIH PEXHUM
OTCIIEKUBAHMSI IT0JI0)KEHUSI KOHTEHHEPOB B PEXUME PEaIbHOIO BPEMEHU U ApPYyTHUE.

Humennexmyanvnulii konmetinepnwiii mepmunan. Ennnoe nHpOpMaloHHOE POCTPAHCTBO
JUI1 Y4aCTHHKOB TEXHOJIOTMYECKOTO IMPOLECCA, C LIEIbI0 peaIN3alli KOMIUIEKCHOTO PEILEHNH,
00BbeIMHSIOIINE BCE CYIIECTBYIOINE HH(OPMAIIMOHHBIE CUCTEMBI, UCTIOJIb3yeMbIe Ha TEpPMUHAJIE.

KomMmrmnekcHbie pelmieHus: aBTOMAaTU3UPOBAHHAsA CUCTEMa TUIAHUPOBAHUS W YIPABICHUS
paboToOi KOHTEHHEPHOIO TEPMMHANA; CHUCTEMA JIOKyMEHTOO00OpOTa; CHUCTEMa paclo3HABAHUS U
perucTpanyy BXOJAMMNX U UCXOISAIINUX IPY30BbIX IOTOKOB; CUCTEMA ONTUMU3ALNN YIPABICHUS
KENE3HOJIOPOKHBIMU  (DPOHTAMHU; CHUCTEMa ONTUMH3AIMU YIPABJIECHUS ABTOMOOWUIIBHBIMU
¢ponTamu. IlpenmyiecTBa: CHUXKEHHE YeJOBEYECKOTO (hakTopa; MOBBILIEHHE IOCTOBEPHOCTU
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MH(GOPMAIIMOHHOTO COIPOBOXK/ICHUS; TIOBBIIICHUE YPOBHS ONEPATHBHOCTH U Ka4eCTBA IPUHATHS
YIPABICHUYECKUX PELICHUM; pPallMOHAIBHOCTh HCIOJb30BaHUS BArOHHOTO M KOHTEHMHEPHOIO
MApKOB; PAlMOHAIBHOCTh HCIOJIB30BAHUA TEPMUHAIBLHOTO OOOPYJOBAHUS; PALMOHAIBHOCTD
HCII0JIb30BAHUS YEJIOBEYECKUX PECYPCOB; CHUKEHHUE IKCILTyaTal[MOHHBIX PACX0/I0B U ApYIHeE.

Pobomusayus noeucmuku. ABTOMATH3MPOBAHHBIN MpOIECC MPeoOiasaeT HaX PYYIHBIM
TPYAOM IO JIBYyM OCHOBHBIM I10KA3aTEJsIM: IPOU3BOJMTEIBLHOCTh U TOYHOCTh, B TOM YHUCIE
YMEHBIICHHE YEIIOBEUECKOTo (pakTopa M KOJIMYECTBA OIIMOOK; BBICOKAs] MPOU3BOIUTEIHLHOCTH;
KOHOMMSI BpeMeHH Tpu 00paboTke rpy3a; 3pdexTuBHas u 6e3omacHas padoTa MpearpUsITHS.

Lugpposuzayus agmomobuibHbLIX 00poe. «YMHBIS» MaTEpUaNbl sl TOPOKHOW Pa3METKH.
3apspkaeTcsl MyTeM HCIOJIB30BAHUS COJIHEYHOUW SHepruu. XBaraer Oosiee yemM Ha 10 yacos.
@DOTOIIOMUHECIIEHTHBIX KPAaCOK CBETSATCS, IPU TEMIIEpaTypHbIX, MOTOJHBIX M3MEHEHUSX U B
HOYHOE BPEMsI CYTOK.

Conneunvie bamapeu 6 kayecmee 00OPOHCHO20 NOKPbIMuUs. JHEPTUIO MOKHO HCIIOIb30BaTh
B Apyrux otpaciax. [ImuTel mojorpeBaroTcs OT 3HEPrHil U He JaroT obneneHerb. B 3 pasa
nojroBeyHee acganbTa W BBIIEPKUBAIOT HArpy3Ky, paBHYIO JaBiieHHIO Kojiec 40 TOHHOTO
Ipy30BUKa. JTa CHCTEMA COCTOUT U3 cJI0sl achanbTOOETOHA, HAHECEHHOTO Ha KECTKOE OCHOBAaHUE
BOJIONIPOBOIHBIX TPYOOK BHYTPHU JTOPOKHOTO nupora. TeMmHbIi 1BeT acaibToOeToHa M03BOJIsSET
€My XOPOIIO HarpeBaTheCs MO/ IEUCTBUEM COJIHEYHOM paguanuu. [{upkynnpyronias BHyTpyu HETro
BOJHAas cpena OyJeT oxyaxaaTh ac(aibT JETOM, U HarpeBaTh ero 3uMoil. AcdanbTobeToHHOE
JIOPO’KHOE TOKPBITHE UTPAET B 3TOM CiIydae poJib MPUEMHHUKA COJIHEUHOM 3HEepruu, a BOJa,
HaKaIJIMBaeMas B pe3epByape - poJib HaKOIUTEIIs SHEPTUHU.

HemoctaTku TpaHCIIOPTHO-JIOTUCTUYECKONW HWH(PPACTPYKTYPHI, OTIAKEHHOW CHCTEMBI
TPaHCIOPTHO-IKCIEAULIMOHHOTO 00CITY>KNBAHUS, OCHOBAaHHOM Ha MPUHATON B MUPOBOM MPAKTUKE
TEPMHUHAIBHON TEXHOJOTMH TPY30JBH)KEHUS, 3aTPyIHSET MpollecCc TOBAPOOOMEHa, CHHXKAET
3¢ GEeKTUBHOCTD UCTIOIB30BAHMS TTOIBUYKHOTO COCTaBa TPAHCIIOPTA, HE MO3BOJISIET B OJHOU Mepe
HCI0JIb30BATh TPAaHCIOPTHO-JIOTUCTHYECKOM MoTeHnHan. B Gnuxkaiiume roapl 31ech OKUAaeTCs
BBICOKHMI CIPOC HA JIOTMCTUYECKUE YCIYTH MpU OOCITY)KMBAaHHHM TOBAPHBIX M TPAHCIOPTHBIX
MMOTOKOB, 00ECTIeYNBAIOLINX B3aUMOACHCTBHE YHACTHUKOB MEX/IYHAPOIHOM TOProBIu A3HaTCKO-
Tuxookeanckoro peruona, LlenrpanbHoit A3un u EBporbl.

B ycnoBusix Bo3pacraroiiero BHEIIHETOproBoro obopora Pecnybnuku Kazaxcran, pocra
SKCHOPTHO-UMIIOPTHBIX MEPEBO30K IPY30B MEPBOCTEIIEHHOE 3HAUYEHHE MPHOOpPETaeT Co3/aHue
CHEIHATM3UPOBAHHBIX TEPMUHAJIBHBIX (B TOM YHCIE MYJIbTUMOJAIbHBIX) KOMIUIEKCOB C
TaMOYKEHHOH 00pabOTKOM IPy30B.

3akJiroueHue.

Baxueiimum ¢aktopom passutus TJIK mpusnana crate nudposuszanus. Ilockombky
KITFOYEBBIMH KPUTEPHUSAMH KOHKYPEHTOCIIOCOOHOCTH B IIETIOYKE MTOCTABOK SIBJISIOTCS CTOUMOCTD U
CpPOKH, TO TMEpeMeIleHHue Tpy3a HEOOXOAMMO YETKO OTCIEKHBaTh, a MPH HEOOXOIUMOCTH
OTIEpaTUBHO PETYIUPOBATh MO BCEH LIEMOYKe OT Havyala A0 KoHIla noctaBku. B Kazaxcrane coop,
aHaJIM3 U XpaHEHUE aKTyallbHBIX JAHHBIX IO MOCTABKAM OCYILECTBIISIETCS] HEAOCTATOYHO MOJIHO U
KaueCTBEHHO, YTO CHIKAET 3((EKTUBHOCTH CYIIECTBYIOMINX HHGOPMAIIMOHHBIX CUCTEM.

[TocTpoeHre COBpEMEHHOW TPaHCHOPTHO-JIOTUCTUYECKOW HH(PPACTPYKTYpHl OOECTIeUUT
uHTerpanuio KazaxcraHa B MEXIyHapOJIHYIO TJIOOATbHYIO TPAHCIOPTHO-JTOTUCTHYECKYIO
cucremy «3anaausiii Kutait — 3anagnas EBponay. 9Toro MoxkHO 10OUTHCS NMPU UCHOIB30BaHUU
MyJIbTUMOJANBHOTO  KOHTEHHEpHOTO  cepBUca, olecneymBaroniero  QopmMupoBaHUE U
TPaHCIOPTUPOBKY TPAH3UTHBIX ITOTOKOB.
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UHTEJUVIEKTYAJIABI TEXHOJIOTUSIJIAP )KOHE KABAKCTAHHBIH KO.IIK-
JIOTUCTHUKAJIBIK )KYUECIH MOJAEJIBJIEY

Anparna. Makamana KeJiK-JIOTUCTUKAIBIK JKYHEH1 MJaMBITYABIH >KahaHIBIK JKOHE
Ka3aKCTaHJIBIK YPIICTEpIHE TaylJlay KacalFaH. XaJbIKapaJblK KeJik kyhecinne KazakcraHHBIH
TPAH3UTTIK-KOIIKTIK QJICYeTIH TUIMII MaijajiaHy YIIH WHTEUICKTYalbl TEXHOJIOTHSIap MEH
MO/IENBICYT€ HETI3IENTEH CAIaHbl JAMBITYBIH HET13T1 OaFbITTaphl KOPCETUITEH.

Tyiinai  ce3mep. Keomik-ToruCTHKANBIK — KyHe, JKYK TacbIMajjay, JIOTHUCTHKA,
WHTEJUICKTYaJIJIbl TEXHOJIOTHsIap, namy, Ka3zakcran.

Gulzada Yerkeldessova, PhD, International University of Transport and Humanities, Almaty,
Kazakhstan, Sataizhan.s@mail.ru

INTELLIGENT TECHNOLOGIES AND MODELING OF THE TRANSPORT AND
LOGISTICS SYSTEM OF KAZAKHSTAN

Abstract. The article contains an analysis of global and Kazakhstani trends in the
development of the transport and logistics system. The main directions of the development of the
industry based on intelligent technologies and modeling for the effective use of the transit and
transport potential of Kazakhstan in the international transport system are presented.

Keywords. Transport and logistics system, cargo transportation, logistics, intelligent
technologies, development, Kazakhstan.
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REVIEW AND ANALYSIS OF SOFTWARE FOR MODELING THE
TECHNOLOGICAL PROCESS OF A RAILWAY STATION BASED ON SIMULATION
MODEL

Abstract. Analysis of scientific works devoted to the problem of technical and operational
assessment of the work of railway stations showed that today they mainly deal with the
development of effective functional models, mainly using computers. At the same time,
insufficient attention is paid to the identification of these models, their parameterization, and the
determination of the conditions for carrying out simulation experiments. Errors in identifying
station models and incorrectly chosen modeling conditions can significantly distort their technical
and operational estimates. In this regard, these issues require additional research.

Keywords. Simulation, railway station, application packages.

Introduction.

For modeling the railway technological process RS based on a simulation model, many
software tools have been proposed, but they solve the problems of modeling technological
processes one-sidedly and do not provide unambiguous answers to questions of logistics or
modeling of railway technological processes RS [1-4].

Materials and methods.

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

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

Such systems contribute to the introduction of automated forms of end-to-end development
of the most complex projects. They cover all stages of design and allow you to get integrated
solutions for railway systems. The electronic circuits of the railway made it possible to track the
condition of individual locomotives on the display screen at a point with coordinates determined
by mobile GPS receivers via the global satellite navigation system. The most important factor that
began to hinder the rapid creation of an effective CAD railway was the heuristics of the very
process of building a railway circuit. However, thanks to the efforts of scientists engaged in
theoretical research in this field, and a number of theoretical and practical studies and publications,
the cognitive orientation of the results obtained in this field of science has grown.
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Similar studies and works have also been conducted abroad [3, 4]. For these works, a
characteristic feature was the accumulation of materials on the problem of developing transport
CAD systems. At the same time, the works of foreign colleagues were dominated by
methodological works in the context of the development of mathematical methods, which formally
described the structure of railway development. Combinatorial, topological, matrix, and graph
models were used, which displayed essential features.

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

1) technical design of the track infrastructure;

2) technical and technological modeling of railway elements and processes.

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

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

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

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

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

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

An analysis of the conducted research and modern publications on the problems of research
has shown that the trend of scientific research related to the computerization of technological
processes at railway stations and procedures for making operational decisions in the tasks of
technical and operational assessment of railway work has become generally recognized in the
world today.
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The creation of new models of computerization of the processes of technical and operational
assessment of railway work, methods and hardware-oriented algorithms for the intellectualization
of these processes, provides for scientific research in the field of organization of modern
information technologies for the synthesis of automated systems of technical and operational
assessment of railway work.

Results and discussion.

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

AnyLogic [5] -is a multifunctional package designed for building simulation models.
AnyLogic software is capable of supporting all the approaches that are encountered in the
simulation process.

AnyLogic's interconnected modules are focused on building such models: process-oriented,
system-dynamic, agent-based and multi-agent. AnyLogic is capable of supporting combinations
of the above models. Since the AnyLogic environment is written in Java, the flexibility and
versatility of this language allows you to take into account a wide variety of nuances during the
construction of models.

It is possible to take into account a wide variety of configurations, for example, when
modeling the operation of railway stations, see figure 1. Graphical interfaces of the AnyLogic
environment, tools and libraries used for modeling allow you to accelerate the synthesis of models
for a wide range of tasks.

In AnyLogic, you can model not only any production or logistics sector, but also solve the
problems of finding optimal management options for complex transport systems.

AnyLogic's advanced multimedia tools and the integration into this software of capabilities
for animating the processes of the simulation model in real time give researchers additional
advantages in the process of developing plans for the development of research facilities and
conducting experiments.

B AmyLegic Professions

"0

®RAILWAY STATION 20 Amimation | Logic | 30 Animation
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R o (Do (Do e e

Seection

Figure 1 —General view of the AnyLogic modeling environment
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The Aimsun simulation package [6] is a software for traffic modeling. With thousands of
licensed users in government agencies, universities, as well as many consultants around the world,
Aimsun stands out for its extremely high simulation speed.

The AutoMod software [7] is intended for building graphical models in the tasks of
visualizing logistics and production systems. AutoMod allows for a detailed analysis of operations
and material flows in logistics. In addition, AutoMod is widely used to solve analytical problems
related to the analysis of various production processes of processing systems.

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

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

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

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

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

To simulate the operation of the station using these packages, you need to have a detailed
railway model.
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Figure 2—General view of the AutoMod modeling environment
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Figure 3—General view of the MvStudium modeling environment
Table 1. Advantages and disadvantages of the considered software packages

The Approach to Modeling Advantages .
system Disadvantages
Arena Discrete-event (DE) It is possible to create your own | Only 1 approach to
templates and modules. the model.
A device for simulation
experiments.
AGNES | » A Agent-based Cross-platform (Cross- | The cost of the
(A). platform). The possibility of | license
. E Events are simulation and full-scale
discrete. modeling.
GPSS DE An object-oriented modeling | Only 1 approach to
paradigm. the model.
The possibility of simulation | A complex
and full-scale modeling. interface.
AnyLogic| DE+A Two approaches. Only 1 approach to
Visualization, optimization, | the model.
and proprietary libraries. The cost of the
license.
Simplex3 | DE Chart visualization capabilities. | One approach.
Cross-platform Subscribe to
updates.
Simio DE+A Visualization of  models, | Reduced
different forms of presentation of | functionality. A

results.

relatively small list
of tasks to be solved.
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Parallel computing.

SeSAm | A Import vector and raster files, | Only 1 approach to
work with text files. the model.
Lack of support
SimPy DE The ability to run models inreal | Only 1 approach to
time. the model. There is
Cross-platform. no visualization.
Aivika DE+A Cross-platform. A complex

interface. A fairly

long training period
is required, taking
into account the
features

Note that these behavior maps are essentially extended state maps of the UML modeling
language MvStudium allows you to automatically create computer models that correspond to a
given mathematical formulation of the problem, and at the output you can conduct computational
experiments to verify the model's operability.

The computer model is implemented as a separate program or dynamic library. This is
convenient because the dynamic libraries obtained in this way can then be used separately without
binding to the MvStudium package. MvStudium software supports an object-oriented modeling
and programming paradigm, which provides opportunities for users to create their own
components based on the input language. MvStudium has support for 2D and 3D animation.

The railway station is a system that is in close cooperation with the mainline railway
transport system, shippers and consignees and is connected to them by a large number of forward
and backward connections that vary over time.

At the same time, its technical support (track development, shunting facilities, freight
substations), control system (operational dispatch apparatus) and wagon traffic (VagT) are
considered as enlarged elements of the station. Physical and information connections and
corresponding channels are implemented between the elements of the system.

The external environment for railways is the railway transport system. The state of the
system is characterized by the degree of involvement of the station's technical facilities and
operations for processing VagT. The input of the system is the VagT and the information flow
coming to the address of the railway station.

The output of the system forms a VagT and an information stream sent from the railway
station. The elements of the railway's technical equipment are the functional units of the station's
technological process. The behavior of the system is determined mainly by the influence of the
control system. At the same time, one of the elements of this system is a human dispatcher. That
is, the railway is an ergatic system, see Fig. 4.
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Figure 4-Diagram of the ergatic railway system

Taking into account the characteristics of the railway as a complex technical system, as well
as the results of the analysis of the degree of research on this issue

[8, 9, 10], the following tasks for subsequent research are formulated:

- development of a procedure for identification of functional railway models;

- improvement of the feasibility study methods for evaluating the work of the railway in
order to take into account changes in the volume and structure of the railway over time;

- improvement of methods of functional modeling of railway operational operation using
visual programming methods.

Conclusions.

The analysis of scientific works devoted to the problem of the feasibility study of the railway
showed that today they mainly address the issues of developing effective functional models mainly
using computers. At the same time, insufficient attention is paid to the issues of identification of
these models, their parameterization, and determining the conditions for conducting simulation
experiments. Errors in the identification of station models and incorrectly selected modeling
conditions can significantly distort their feasibility studies. In this regard, these issues require
additional research
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OB30P U AHAJIN3 TPOI'PAMMHOI'O OBECIIEYEHUWSA JJISA
MOJEJUPOBAHUSA TEXHOJIOI'MYECKOI'O ITIPOIECCA
KEJIE3HOAOPOXHOU CTAHIIUU HA BASE UMUTAIIMOHHOU MOJIEJIN

AHHoOTanusl. AHanM3 Hay4yHbIX pal0OT, TMOCBSIIEHHBIX TMpoOJIeMe  TEXHUKO-
akcruTyaTarmoHHou oneHku (TD0) paboTsr xeneznonopoxkubix ctaniui (JKJC), mokaszan, 4ro
CerofHs B HHUX MPEUMYIIECTBEHHO pPAacCMaTPUBAIOTCA BOIPOCH pa3pabOTKU 3(P(HEKTUBHBIX
(YHKIIMOHATBHBIX MOJENIed B OCHOBHOM C HCIOJb30BaHueM DBM. B 1o ke Bpems Bompocam
UICHTU(PUKAIIMY YKa3aHHBIX MOJIENIEH, X MapaMeTpu3aliy, OIpeesIeHNs YCIOBUN TPOBEICHUS
MMUTAIMOHHBIX  JKCHEPUMEHTOB  yHAelsieTcss HenocTaroyHoe BHUMaHue. OmwulOku B
UICHTUPUKAIIMN MOJIeNIel CTaHIMIM U HEeNIPaBUJILHO BBIOPAHHBIE YCIOBUS MOAECTUPOBAHUS MOTYT
CyllecTBeHHO Hckaxkatb ux TO0. B cBsa3u ¢ 3TUM yKazaHHBIE BOIMPOCH TpPeOyIOT
JOTIOTHUTEIHHOTO UCCIIEIOBAHMUS.

Kirouesblie ciioBa. MMoaenupoBanue, xKeJle3HOJOPOKHAS CTAHIUS, TAKEeThl TPUKIIATHBIX
MIPOrPaAMM.
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TEMIPKOJI CTAHIHUACBIHBIH TEXHOJIOT'UAJIBIK TPOLHECIH
BAJTAMAUJIBIK MOJIEJIb HET'T3IHAE MOJEJIBJIEYI'E APHAJIFAH
BATTAPJIAMAJIBIK /KACAKTAMAJIAPT'A IIOJIY )KOHE TAJIIAY

Anparna. Temip xon cranumsutapsiHblH (TXKC) >KYMBICBIH TEXHUKA-IKCILTyaTaIHSITBIK
6aranay (TObB) mpobinemacbiHa apHalFaH FRUIBIMH )KYMBICTap/bl Tanaay, Oyrinri ranaa SEM-ni
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naiianana OTBIPHIN, THIMAI (YHKIMOHAIABIK MOJENBIACPAl d3ipiey wmacenenepi OacbiM
KapanaTtbiHbIH KepceTTi. COHBIMEH KaTap, MOJAENbICP/l COMKECTEHAIpY, OJNapibl IapameTpliey,
MOJEIBCY SIKCIIEPUMEHTTEPIHIH IIAPTTAPHIH aHBIKTAY MOCEIIENIePIHe KETKUTIKCI3 KOHUT O0IiHe .
CraHuus MOJenbAepiH aHBIKTaydaFbl KaTelep jKOHE TYPHIC TaHAaIMaraH MOJICTbACY IIapTTaphl
onmapasiH TOb-iH adTapibikrait Oypmanaysl MyMKiH. OcbkliFaH OaiTlaHbICTBI OYJ1 CypaxTap
KOCBIMIIIA 3ePTTEY/i KOKET eTe/i.
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AUTOMATIZATION DESIGN OF FLEXIBLE SYSTEMS FOR
MANAGEMENT WITH DECENTRALIZED CONTROL

Annotation. The way of decentralized system of technological process management
formation is considered. Management system combines managing according to classical scheme
of methods of evident decomposition and proposed method of situational decomposition which
promotes the efficacy and reliability growth. The complicated complex of management with
physical and mathematical model of construction is regarded. The importance of correct choice of
building purposeful function. A managing subsystem is shown. Distributed multileveled system
requires the right choice of responsibility for decision making which is to be connected with
coordinating office with two-sided connections also with subsystems located on the lower levels.
Informative interaction allows to make the right decision. The article highlights the problems of
management systems of projecting with the help of integrated programmed Tracemodel
environment. Technological process of management with the account of economic and staff
resources is regarded. Creation of measuring controlling systems of technological process was
made according to autoconstrution method. The possibility of using it in educational process in
automatized projecting for practical classes conduction is shown. Information resources of the
program allow to create a portal for laboratorial works fulfilment, term paper and diploma project
writing in remote access.

Keywords. Management systems, technological process, decentralization, flexible
management, decomposition, efficacy, projecting autoconstruction, remote control, equipment.

Introduction.

The article regards the object management which has definite distinctions from
traditionally regarding classic complexes and are viewed as complicated technological complexes
[1]. Complicated technological complexes are a big part of industry which is supposed to control
a big amount of technological regime and industrial scales and which must be interrelated by
different mathematical and physical models. Such objects are corporations, plants, workshops,
small and large enterprises. The complexity of technological complex is caused not only by the
content of technological processes and technical organization, but also by definite economic laws.
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Objects of this kind of management require a new approach to their managing caused by specific
functions. Theory of the object management is based on a systematic approach which accounts the
interrelation of separate system elements and factors and characterizes system behavior on the
whole. One of the ways is a division of the considering system into separate subsystems. It is called
a decomposition of management system. The result of decomposition is a unity of simple tasks
which are solved in subsystems [2].

Materials and methods.

The principle feature of complicated technological complexes comparing with traditional
objects of management is an existence of purposeful function in each system. It is worth to mention
that purposeful functions of subsystems (local purposeful functions) do not coincide with the
function of the aim of the whole complicated technological complex (global purposeful function).
When making any decision each of the subsystems tend to maximize or minimize their purposeful
function on numerous possible decisions defined by all really existing restrictions, that is, a certain
extreme task is decided, its specific data could be changed depending on the significance of
incoming (entering) parameters [4-5].

Systems of management objects of big system classes are often built in the term of
distributed multileveled system. The body responsible for decision making in the system scale is
on the higher level hierarchy, it is called a coordinating body. It has two-sided connections with
all subsystems highlighted in the content of regarding system and placed on the low levels. Making
managing decisions is made in the form of informational correlation between coordinating
authority and all subsystems in the process of which coordinating parameters value are stated with
the account of which subsystems solve their own management tasks. The decision taken is
defined as an agreed decision between the coordinating authority and the subsystems, i.e.
solutions reach the optimum of purposeful objective functions. Thus, the main features of a
complex industrial complex as an object of management are that there is: 1) a large
dimension of nodes, 2) complexity of various connections between elements of the system,
3) the nature of these connections can be very different, in the form of information, material
and energy flows, 4) human participation in the activities of a complex industrial complex
should be taken into account, 5) the presence of distinguished subsystems, which have their
local objective function, is obligatory, 6) this objective function is optimized in the
production process. The widespread introduction of automated control systems of the
integrated type, in which the tasks of managing production and economic activities are
solved in parallel with the management of technological processes, is a logical development
of the theory of large systems. Next, we consider such an introduction on the example of
Tracemode, which is an integrated software environment for automatic programming of
measuring systems and control systems in production.

Flexible systems building technique with decentralization. When solving practical
problems, it is necessary to take into account information flows and their interaction [6]. The
scheme of taking such decisions is often based on the use of heuristic, intuitive methods in
subsystems, a vector of decisions (orders, instructions, etc.) is developed, which is detailed at the
next hierarchy levels (Figure 1)
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Figure 1. Information flows in hierarchical control systems. Fa(xo) - the target function, Ra - the
set of feasible solutions, X4 - the vector of the system state, Ya - the control actions.

The path of the control signal from the CO to the production element passes various
systems through the operators of the controlling parts of the subsystems. Here the properties of
the subsystems are clearly manifested, due to the human participation in their work. Such
elements are often called active.

The active element has its own target function, which in most cases differs from the central
part. This function is often unknown to the central part and may change over time depending on
the circumstances of the subsystems. Naturally, when developing a solution, the governing body
of the subsystem always seeks to maximize its target function. Other features of active elements
are to some extent related to those already noted. The active element may know the main
provisions of the strategy of the central part. The subsystem maximizes the target function not only
at the moment, but also in the future, and its strategy is to account for the target function in
subsequent periods of time and gives a chance to compensate for possible losses in the future.

Subsystems have a choice between two variants of strategies 1 and 2 [7]. The effect of
applying these strategies over time is different. However, when solving optimization problems,
the subsystem, as a rule, takes into account the criteria in the future with some time-dependent
coefficient k (t), so if we take into account this property, the target function can be written, for
example, in the form:

T
J= f k@) T (Odt

where J(t) is the value of the optimality criterion in time, k(t) is the weight coefficient, T'is
a sufficiently long time interval. The properties of the function k(t) depend on factors, mainly of a
psychological nature. Many well-known examples of the manifestation of this property by an
active element can be given. The subsystem generates information supplied to the center so as to
maximize its target function. This understandable property is most often manifested in the
transmission of information about the true capabilities of the production unit. It is also important
to note that, in contrast to technical systems, true information that is disadvantageous to the
subsystem cannot be obtained even by observing or conducting an experiment. The
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implementation of the central part’s strategies is not fully carried out by the subsystem, but only
to one degree or another, in order to comply with all the limitations in solving the problem.

Setting optimal control tasks considered below are characteristic of many industries because
of the widespread use of automated systems of various levels in the energy industry, machine
industry, instrument-making, chemical and other industries. The use of a decomposition approach
to their solution is promising from the point of view of building hierarchical control systems.

Introduction of flexible automated control systems based on the use of latest achievements
in the field of control theory, advanced hardware and technical support on the base of
microprocessor-based computing equipment, wide application of controllers for various purposes
can be considered as one of the main directions of development and improvement of production
at the present stage [1].

When designing a decentralized control system for an industrial object of a class of a
complex technological system (CTS), in order to ensure the flexibility characteristic of CTS, it is
necessary to take into account possible changes in their structure. The structure of the CTS will be
understood as the totality of its elements and the relationship between them. Reorganization of the
structure of the CTS is required when changing a number of factors affecting the system, for
example, indicators of the quality of processed raw materials, indicators of the technological mode
of production, demand for products, etc.

Let’s consider the essence of the stated approach.

Let the state of the CTS is uniquely determined by its structure and the values of the mode
variables for each element of the system. We will consider the problem of constructing an optimal
CTS with a flexible tunable structure. For the criterion of the optimal functioning of the system,
we will take some qualitative indicator of the product being produced, which is an additively
separable function of the state variables of the system [7-9].

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

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

We define a mathematical description of the structure Sk. Each structure of the system is
described by a square matrix A=||a;|| of dimension (n * n). The elements of the matrix take the
following values:

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

- ajj = 0 otherwise.

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

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

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

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

Mathematically, the static optimization problem of a flexible CTS is written in the form
similar to the optimal control problem for a decentralized control system [1]:

maxmax XL, f; (i, D, us, y;) (1)
Dk xuy
yi = g(x;,uy), hi(x;,u;,y;) =0 (2)
D*=A+B, C; = (Df 3)
X; =X Gypij=1L.,mk=1,.,L (4)

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

hi (xi, ui, i) is a vector function that takes into account constraints on variables; Cij is the
connection matrix between the jth output and the i-ro input; the operator y characterizes the
connection between the elements of the submatrix D D 1’]‘ of the matrices D¥ and Cj;.

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

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

The problem of structural optimization is proposed to be solved using the principles of
pattern recognition. To do this, we need to find a subset of structures S; c S(US; = 5,5, N S; =

0) that are close to optimal, and then choose the optimal structure among this subset, which is
much smaller than the set S.In solving this problem, we use classification methods that allow us
to put a certain subset of S; structures in accordance with each vector of the determining factors
W', For this we divide the set S into classes according to the technological principle. Then, based
on the experimental data and expert estimates, we find a correspondence between the classes of
the set S and some subset W = W. Using W* as the training material, a classification rule is
constructed that allows the set of W' to be divided into subsets or classes. Such a partition can be
done using the method of group arguments accounting [2]. The classification W defines a class of
structures close to optimal. Next, to find suboptimal structures needed to make the enumeration of
all structures within the selected class. This solves the problem of parametric optimization (1) -
(4) with a fixed DX structure. This problem is distinguished by complexity and large dimension.
The objective function and constraints are nonlinear, so it is proposed to use the methods of
decomposition and nonlinear programming.

The implementation of the formulated approach in solving test problems showed that the
decomposition allows not to take into account the condition of the integer variables and to carry
out the rounding operation at the last stage at the already found global optimum. This procedure
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greatly simplifies the overall solution, and the computational experiment showed that in this case it is
guaranteed to obtain a stable global solution.

Thus, practical examples showed the advantage of decomposition, and the subsequent solution
of problems of smaller dimension, compared with the use of a common methodology for solving
problems belonging to the class under consideration. The implementation of hierarchical management
of a large production complex consists in solving the following problems:

1. Substantiation of the existence of the optimal state of the system or, as it is often called
the problem of coordination associated with finding the conditions under which the
coordinating object is able to achieve the optimal state;

2. Development of methods and algorithms for finding the optimal state and determination
of conditions that ensure high efficiency and speed of convergence of algorithms to the
desired optimal solution.

Results and discussion.
Thus, when building complex automated systems using the Tracemode software environment, it is
necessary to take into account the developed algorithms for building flexible systems with decentralization.

We formulate the main conclusions about the features of optimal control of production
facilities of the category of complex technical complexes [10-12]:

1. They are characterized by high complexity of emerging control problems due to a large
number of variables and numerous functional relationships between them. This makes it difficult
to use traditional methods within centralized management systems to solve them and leads to the
need to create hierarchical management systems.

2. It allows a natural division into components in the form of subsystems, each of which
can be controlled by an Autonomous system that solves a local control problem. In this regard, the
control system has a multilevel hierarchical structure with the presence at each level of a number
of local control systems, coordinated by the Central body of the highest level of management.

3. Hierarchical management is implemented in the form of iterative, generally multi-step
procedure of information interchange and solves their own management problems. In this case,
the choice of values of the coordinating parameters is based on the strategy of optimizing the
global function of the goal in compliance with global restrictions.

4. The construction of hierarchical control systems is associated with the need to
decompose the original control problem into a set of interrelated local problems, the joint solution
of which determines the solution of the original problem. The choice of parameters and the method
of coordination of local tasks depends on the method of decomposition of the original problem.

5. The procedure of coordination of local problems can be interpreted as the process of
finding the optimal solution to the global management problem on the set of equilibrium solutions
implemented in the form of joint solutions to the entire set of local problems at each step of
coordination.

The solution of production problems with decentralization is carried out in the software
environment Tracemode6.Let us consider the solution of computer-aided design problems on the
example of domestic automated integrated software environment Tracemode6 [14-16]. The
solution of the problem of building control systems that allow to integrate the individual
components of the measuring system together, is possible with the help of the domestic Tracemode
software environment, which is developing rapidly and is widely used in industry around the
world. In addition to programming projects and broadcasting data by means of information
transmission, it is possible to create separate modules of production management related to
economic issues, personnel, etc. (Figure 2)
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Figure 2. Menu of production management modules taking into account economic,
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personnel issues, etc.

The language of mathematical programming blocks [17-19] FBD of this software product
allows to program with the help of mathematical functions visual images, as was introduced in the
laboratory works [1-2] to create mathematical models based on the blocks of FBD in the disciplines
of "basic design of devices and systems”, "fundamentals of product design™ for students of
instrument-making specialty. The use of five modern programming languages that are part of the
system TRACE MODE - techno SFC Techno LD, Techno FBD, Techno ST, and Techno IL [2]
gives a good demonstration material when reading lecture material on a number of disciplines
specialty as a technical specialty (instrumentation) and economic, as well as for the control and
management of production (figure 3).

[Ia6n0HbI porpamm — Program templates
[1Ta610HbBI 9KpaHOB — Screen templates
[IIa6monsl okymeHToB — Document templates

[TTa6monsl cBszeit ¢ CYBJ] — Templates relations database with DBMS

Cucrema — System

MPB - oneparopckuii uarepdeiic — MRV — operator interface

Bcerpoennstit MPB — Built-in MRV
Cepsep SIAD/SQL6 — SIAD/SQL6 server
I'paduueckas xoncons — Graphical console
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Koncons T-FactoryEAM — T-Factory EAM console

MPB 2 — oneparopckuii unrepdeiic — MRV 2-operator interface
Ucrounuku/IIpuémunku — Sources / Receivers

PLC 1

Siemens _PPI Group_1

Texuonorust — Technology

Tomnosnorust — Topology

KUIIuA — Instrumentation

bubimorexkn kommnoneHtos - Component library

= % Library 1
q_-:rf-' Object_1

+ . .
% Resource libraries

@ Program templates
F@ Screen Templates
% Document Templates
@ SUBD link Templates
[E Channel base

q; Sources / Receivers

Figure 3. Basic program templates for building a measuring system

For example, the module EAM - management of fixed assets, maintenance and repairs in T-FACTORY
6 allows to create a fragment of the control program that takes into account repairs, downtime and operational
features of the equipment used and production resources [20-23].

When creating computer-aided design and control systems, building control devices for various
purposes, which allow using the created analog instrument on the PC monitor as a recording device, the
measured parameter is specified in the “text” column. When creating a node in the project, an auto building
procedure is used, a group of sources/ receivers is created, and a signal generator is selected: a saw, a sinusoid,
a random number, etc. Trend placement and data processing is the next stage, illustrating the operation of the
newly created device and the possibility of Trace mode. DDE protocol communication with MS Windows
using the example of Excel, as well as connecting a real external input signal module, allows to create a control
system based on software such as the Trace mode 6 integrated software environment (Figure 4). For the
development and demonstration of the transfer of data on the technological process from the production site to
a remote point, it is possible to use the TM6 with the developed modules in the TRACE MODE software
environment.
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Figure 4. Module - Process control of the pump section.

Using a cell phone allows not only to control the technological process, but also to create
projects in remote access [24-26]. The presence of well-equipped computer classes at the
University of Mines allows students to be trained from elementary years of this management
design technology. In addition to creating your own projects, it is possible to use embedded
libraries with ready-made fragments (Figure 5) of the technological process. The use of this
software environment in the educational process will allow attracting research activities from
undergraduate and through the Internet to students from other universities both in our country and
abroad. The use of this software environment using a video camera, presentations makes it possible
to create training programs for students of advanced training faculties, for holding international
webinars and seminars in remote access, as well as conducting on-line lectures and practical
computer classes.
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=i Npogaine p NPOGECCHOHAIBHBIM - E:fTrace Mode IDE 6/gate/RTi_1/gate_0.dbb

Figure 5. Programming the gate valve in the TraceMode project

Conclusion.

1. The process control is considered, which is a logical development of the theory of large
systems with a description of the objective function

2. The possibility of building control systems based on the integrated software environment
Tracemode, which is a system for automatic programming of measuring systems and control
systems in production, taking into account information flows at various levels and their interaction,
is shown.

3. A mathematical model was built, taking into account the interaction of subsystems and
sub-subsystems with regard to the task and subtasks of choosing the optimal structure of the system
with consideration of the set of solutions on the set of vectors determining various factors and
possible structures of the system taking into account the type of specific technological process.

4. The use of Tracemode for programming projects, data transmission via information
transmission means with the possibility of creating separate production control modules taking
into account economic and personnel issues allowed creating a management system with flexible
decentralized control with data transmission to a remote location.
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OPTAJIBIKTAHABIPBILIMAYAH BACKAPYMEH BACKAPY JIbIH HKEM/II
KYUEJIEPIH ABTOMATTAHIABIPY IBI 7JKOBAJIAY

Anparna. TeXHOJOTHSUIBIK TpoliecTep i OacKapyAblH OPTaIbIKTaHAbIPbLIMAFaH KYHeCiH
KaJIBIITACTRIPY TOCUIl KapacThIpblIaAbl. MEHEKMEHT >Xyieci alKblH bIABIpAY OAICTEpiHIH
KJIACCHKAJIBIK CXeMachl OOMbIHIIIA OacKapydbl )KOHE THUIMAUTIK MEH CEHIMAUTIKTIH ©CYIHE BIKMal
€TeTIH CHUTYAIMUIBIK BIABIPAYAbIH YCBIHBUIFAH oficiH OipikTipeni. KypbpuUibIcThIH (U3HKAIBIK-
MaTeMAaTUKAIBIK MOJICJIIMEH OacKapyAblH KYpHeli KemieHi KapacThIpbutaipl. MakcarThl
GYHKIUSHBL KYPYIbl JYPhIC TaHJAYIBIH MaHBI3IBLUIBIFBL. backapy ilmiki >kyieci KepceTuIreH.
Tapatbuiran ken JeHreinni sxyie memriM KaObUiiay YIIIH KayanKepLIUTIKTI JYpbIC TaHAAYy/bl
Tanam eTeli, ON YWIecTipy KEHCeCIMeH €Kl KakKThl OalIaHbICTApMEH, COHJaii-aKk TOMEHTI
JIeHreisep/e OpHaJacKaH IIKi KyienepMeH OaillaHbICTBI OONybl KepeK. AKHMaparThIK e3apa
opekeTTecy IyphIC IIemiM KaObuigayra MYMKIHAIK Oepexi. Makanaja HMHTerpanysulaHFaH
barnapnamananran Tracemodel oprTachlHBIH KeMeriMeH jkoOamaynbl Oackapy KyHenepiHiH
npoOieManapbl KOpPCETUIreH. DKOHOMHUKAIBIK KOHE KaJpiblK PecypcTapibl ecKepe OTBIPHII
0acKapyIblH TEXHOJOTHSUIBIK TPOIeCci KapacThIpbUIaabl. TEeXHOMOTHUSIIBIK MPOIECTIH OJIIey1i
Oackapy KyHesnepiH Kypy aBTOKOHCTPYKIIHSI dJIiCiMEH *Ky3ere achipbuiasl. OHBI OKY MPOLIECIHe
MPAKTUKANBIK cabakTap[pl OTKI3yre apHalfaH aBTOMATTAHJBIPBUIFAH joOanayaa KOJAaHY
MYMKIHJIrT KepceTuireH. barmapnaMaHblH aKmaparThIK pecypcTapbl KAIIBIKTBIKTaH —KOJI
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KETIMIUTIKTE 3epPTXaHANBIK KYMBICTApIbl OpPBIHIAAY, KYPCTBIK >KYMBICTAp MEH JUTUIOMIBIK
oOanap/pl )ka3y MOPTaIBIH KYpYyFa MYMKIHIIK Oepei.

Tyiinai ce3mep. backapy sxyienepi, TEXHOJIOTHUIBIK TPOIECC, OPTAIBIKCHI3IAAHIBIPY,
uKeMi Oackapy, bIabIpay, THIMILTIK, )k00anay aBTOKOHCTPYKIHSCHI, KAIBIKTaH 0acKapy MyJbTi,
KaOMbIK.

Omupbexk YmoeroB, a.T.H., npodeccop, Tapasckuii rocyJapCTBEHHBIH YHHUBEPCHUTET,
Tapas, Kazaxcran, uumbetov@mail.ru
I'anuna Mopokuna, n.1.H., Cankr-lIlerepOyprckuii ropHbiii yHuBepcuTeT, CaHKT-
[MerepOypr, Poccus, galinasm404@mail.ru
Hen XyBeH, 1.T.H., npodeccop, FOxHo-Kazaxcranckuil rocynapcTBEHHbI YHUBEPCUTET
uMm. M. Ayesosa, [lIsiMkenT, Kazaxcran, qbcba@bk.ru

ABTOMATU3ALIUA TIPOEKTUPOBAHUA 'UBKUX CUCTEM
YIIPABJIEHUS C JEHEHTPAJIM3OBAHHBIM YIIPABJIEHUEM

AnHoranusi. PaccMoTpeH cmoco® ¢dopMupoBaHUS JCIIEHTPATM30BAHHOM CHCTEMBI
yIOpaBlIeHUS TEXHOJOTMYecKUMU mpoueccamu. Cucrema yhpaBieHHs coyeTaeT B cele
YIOpaBJICHUE IO KIACCHYECKON CXeMe METOJOB HAIJBITHOW JEKOMIIO3UIIMU M TPEAI0KCHHBIN
METO/I CHUTYAallUOHHOM JEKOMIIO3ULIMH, YTO CIIOCOOCTBYET TMOBBIIMICHHUIO A(PGEKTUBHOCTH U
HaJeKHOCTH. PaccMOTpeH CIIOKHBIM KOMIUIEKC YIpaBlIeHHs ¢ (DU3UKO-MaTeMaTHYEeCKOM
Mozenbpio moctpoeHus. llokazaHa BaXHOCTh MpPaBUIIBHOTO BbIOOpa I1eNeBOM  (QyHKIUU
noctpoenus. [lokazana ympasisitomas nojacuctema. PacnpeenenHas MHOTOypOBHEBasI cUcTEMa
TpeOyeT MpaBUIHLHOTO BHIOOPA OTBETCTBEHHBIX 3a MPUHATHE PEIIeHUN, KOTOPbIE JOKHBI OBITH
CBSI3aHBI C KOOPAMHUPYIOIMINM O(GHUCOM C ABYCTOPOHHMMH CBSI3SIMH TaKKe C IMOJCHCTEMaMH,
PacroJIo’)KeHHBIMU Ha HIDKHUX YpOBHSX. IHpOpMaTHBHOE B3auMOAEHCTBHE MO3BOJISIET IPUHATD
MpaBWJIbHOE pelieHne. B craTtbe ocBemialoTcs OpoOJieMbl  yIpaBiCHUs  CUCTEMaMU
MIPOEKTUPOBAHMS C TIOMOIIbI0 HMHTETPUPOBAHHOM mporpammupyeMoit cpeasl Tracemodel.
PaccmaTpuBaeTcst TEXHOJIOTMUYECKUH MTPOLIECC YIIPABICHUS C yU€TOM IKOHOMUYECKUX U KaJPOBBIX
pecypcoB. Co3naHue HU3MEPUTENBHBIX CHUCTEM YIPABICHHUS TEXHOJIOTHYECKUM IIPOIECCOM
MIPOU3BOJIMIIOCH IO METOAY aBTOKOHCTPYKUMHU. [TokazaHa BO3MOXHOCTh UX HCIIOJIb30BAHUS B
y4eOHOM Mpoliecce IPU aBTOMAaTU3UPOBAHHOM MPOESKTUPOBAHUY JIJIsl IPOBEACHUS MTPAKTHYECKUX
3ansTuil. MH(bopMalmoHHbie pecypchl MPOrpaMMbl TO3BOJISIOT CO3AATh MOPTAN sl BHIOJIHEHUS
nabopaTopHbIX paboT, HAMMCAHUS KYPCOBBIX M TUTUIOMHBIX IPOEKTOB B YAaJICHHOM JIOCTYIIE.

KaroueBbie CJI0BA. Cucremsbl YIpaBJICHUA, TEXHOJOTMYECKUM nponecce,

ACLCHTPpAIU3alusAi, ruokoe YIIpaBJICHHUC, JCKOMIIO3MIIMA, 3(1)(1)CKTI/IBHOCTB, IIPOCKTHOC
ABTOKOHCTPYUPOBAHUC, NTUCTAHITUOHHOC YIIPABJICHUC, O60py,HOBaHI/IC.
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MAHIAHA KACAY OHAIPICIHAEI'T K¥PbLIF bUIAPIbIH TOPAIITAPBIH
KOBAJIAY bl ABTOMATTAHABIPY KYUEJIEPIH XKETIIAIPY Al )KY3EI'E
ACBIPY

Tyiiingeme. byn Makana KypeuUIFbUIap KYPBUIBIMBIH  KOJIK jkKacay eHJIpICIHAE
KOJIIaHbUIaThIH TporpaMmaiiap apKbUIbl Tajjay »acayFa apHainradH. CamaHbl apTThIpy YIIiH
OHIMHIH HEri3r1 MapameTpiiepiH OHTaliaHnplpy KakerT. llaiinanbl >koHe eTe KbIMOaT emec
OarmapiiaMainblK TIaTdOpMaHbl MaWJalaHy MaHBI3IBI JKOHE Ka3ipri 3aMaHFbl TPEHJ OOJIBIT
TaObu1abl. KyphUTFBIHBL j)K00aNIay Ke31HAe MHTErpallaHaThiH OaFaapiaManap KaHa MOIYJbAEp
KypyFa MyMKiHZiK 6epeni. Kazipri 3amanrel 6ackapy xyienepiHii KypbUIFbl KOHCTPYKLIHSCHIHBIH
KeKe OONIKTepiHIH HEeTI3r1 JJEMEHTTepiH Taijay YIIiH Oaraapiamanapra IIOJy >KacaliJbl.
Kobamayasr Trace Mode 6armapiiamMacsl apKbUTBI )KY3€Te achIpy uaesichl kepceTinai. Trace Mode
OHIMIHJE >XaHa camajbl JJIEMEHTTEP/l >KoOamay >KOHE 3epTTeyre apHaJFaH MOIYJbIep Oap
€KeHIr KepCceTuIal.

Tyiiin ce3aep: )xobanay, MoenbLY, OaFIapIaMaiblK )KacakTaMa, Tauay.

Kipicme.

Mamuna  Kacay — KOCIMOPBIHIAPBIHIA  OHMIPICTIK  MPOIECTe  KOMIBIOTEPIIIK
TEXHOJIOTUSUIAP/bI KOJJIaHy YJIKCH Kap)KbUIBIK calbiMaapAbl Tanan erefi. COHIBIKTaH JyphiC
MIENTIMHIH HET13T'1 MaKCaThl 3aybITTaFbl OHIIPICTIK MPOIIECC YIIiH OaFaapiaMabiK mIaT(GopMaHbl
IYphIC TaHaay OoJbin TaObUIanbpl. KommbroTepnmik o3ipiaeMenepiAi €HTI3yAiH Heri3ri ypaici
HApBIKTAFbI XKaHa IenrnMaepai KaMmtysl tuic [1-2].

Marepuasngap MeH daicrep.

Kazipri yakpITTa MYyJIbTHAUCHMIUIMHAPIBIK MIHACTTEpI Oap 3epTreysep KyprizuieTiH
MYJIbTH(GHU3UKAIBIK MOJEIBICY 3ePTXaHAChIH KYPY ©3€KTi1 Macelie 00JIbIN TaObLIaabl. 3epTXaHaia
00BEKT Typalibl TOJBIK akmapar, 3D, >KemuTik KEHICTIKTEeri 3amaHayd BeO-opTa, YaTTap/blH
aTpuOyTTapsel, OeiiHe xoHe ayauo, 3D - aHumanus TypiHae maigananbuiafgsl. bipiHini cyperTe
MSC Software ToObIHa KipeTiH OaFAapiamManapaarsl 00beKTUIep/Il KeCKiHIey KOPCETUITeH.

Cyper 1 - MSC.MARC OGarapnaMacbiHa €Ki J11eM/ 11 TOPIbIH 0ip KaGaThIH YII eJIeM/Ii
KabaTkKa TYpJeHaIpy
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Cyper 2 - Simufact additive 6armapiaMacbiHa apHaBl BOKCEIb/II TOPMEH JKacaliFaH
€CeNTIK yarici

Exiami cyperre Simufact additive OarmapiamManblK >kacakTaMachlHAAa KO3FAITKBIII
dbparmeHTiH >xo0amay kepcerinreH. byn Oarmapmama TeMeHri JeHreini OarmapiamaniapMeH
xkakcbl yinecemni xoHe NASTRAN, PATRAN xoHe T. 0. CHSKTBI >KOFaphl JACHIEHIIl
OarmapiiaManapMeH KHBIHIBIKCHI3 OIpIKTIpiIeIi.

benmekri xob6anay yuriin MSC GarnapiamanbIK jKacaKTaMachlH KapacThIpalbIK, MbICal
perinne, Adams OarnapiamachlHa TOKTaJdalblK. YIIHIII CypeTTe cepHiMIi KOMIOHEHTTEpP.IIH
MKEMIUTINH €CKepe OTBHIPHIN, KaHAT MEXaHW3alMACHIHBIH KYMBICBIH Adams OarmapiiamachiHia
Mozenpaey kepceriiredH. Oixap TOpanThK (opmaTTa KbUIy JepeKTep OJOTBIHBIH epicTepiH
xobanayra MyMKiHAIK Oepeni. byn Gnokra mapamerpriep peTiHIE YaKbITTbl, TeMIIEpaTypaHbI
HeMece Oacka Toyenci3 aiHbIMajibIHBI KepceTyre Oousianpl. Marc Oarjgapiamachl ajibIHFBI
Tanaayaby HoTuxkenepin 2D-3D yuriH skaHa Tangay MOJIeIIMEeH aBTOMATThI TYPE CAIBICTBIPA/IbI.
XKobanay keneci ke3eHIep/11 KAMTH/IBI: KePriTIKTI (YCaK YSAIIBIKTHI) aHAIUTUKATIBIK MOJIENb KYPY,
KYKTeMellep MEeH IIeKapajblK MapTTapbl KOJIAaHy, COJaH KeHiH AIeMEeHTTep MEH MaTepuasaap
KACHETTEpPiHIH >KaHAa MOJENIH TaralblHIAy. AJABIHFBI TaJlJay[blH IIEKapallblK MIapTTapbiH
aHBIKTAY YIIIH Maii/JaTaHbUIaThIH HOTHXKE (aillIbIH KOpPCEeTe OTHIPHII, TAIICBIPMAHbI OanTan cojaH
coH xi0epyre 60a/1b1. KoFapbl canaibl IVIACTUKTI KAJIBINITAY )KYMbBICTapbl OETTIH OapJIbIK aydaHbl
OOMBIHIIIA KOJAAHBUIATHIH KBICBIMHBIH apHaiibl )KYKTeMecCiH Tanan eTeni. byn epkiH kememperi
allHBIMambl KBICHIMHBIH 3JeMeHTi. Adams KeMeriMeH COHFBbI AJIEMEHTTEpP/i KOJAaHY apKbLIbI
OeJIeKTepAiH HapamMeTpiiepi YILiH SHEPTUsSHBI ecenrteyre 00Jabl.
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Cyper 3 - Cepnimii KOMIIOHEHTTEPIHIH UKEMAUIITTH €CKEpe OTHIPHIII, YIIIaK KaHAThI
MEXaHU3AMMACHIHBIH )KYMBICHIH Adams OargapiamMachIiHIa MOJIETBIACY

Mopenig op aneMeHT1 Oip xKoHe TeK O1p aiiMaKThIH 06J1iri 00JIBITT TAOBUIATHIH AJIEMEHTTEP 1
HaKThIJIayFa apHaiFaH. bip OeekTiH mekapacbiHaa OpHAIacKaH ToparnTap mekapaaarbl 0apibIK
TopanTapAa KaWrtamaHaabl. OchUIaiiia, 3JIEMEHTTEPIiH JKajlbl CaHbl TOPANTAPABIH JKAJIIbI
CaHBIHBIH KOIITIMHE KapaMacTaH Ti30€KT1 icke Koca anajsl. Kypburbuiapaarsl opOip ecenteysep
KEeKe TIPOIIeCTep apKbUIbl OpBIHAANANbl. TangayablH OpTYpJi KE3eHIepiHAe MpoIecTep e3apa
JEpEeKTEPMEH aIMacybl THic. by mporecc GalmaHbIC MPOTOKOJIBIMEH OHJeNe 1. OpOip KiIacTtep
TOpaObl KeIl MPOLECCOPJbIK MamuHa 00yl MyMkiH. MSC OGarmapiamanapbl MaTPHIAIBIK
HIenTiMaep/Ii mapajuiesib OPbIHIAK OTHIPBIN KaJIFaH Tajaaaysiapabl TI30€KT1 Typ/ie OpbIHIal ajta ibl.
byn mporpamma oprak kaapl 0ap MalIMHAJIAPMEH Kartap KiacTepiiep/ine KOJIJaHAThIH
HIemriMaepai naiaananazapl. baiaanbic yimiH Typsai OJOKTHIK OarmapiaaMaiap KoaaaHbLians [3-4].
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Cypert 4 - SimDesigner 0araapiaMacbhIHAa )KYKTEMENIEp apKbUIbl YIIIAKTap Ikl ko0anay

Teprinmi cyperre  MoAeNbIACYMIH AeTanu3anuschl SimDesigner OargapiamachiHaa
xacanraH. SimDesigner 6arnapiamacet MSC Nastran, Marc, Adams CHSIKTbI HHTETpalUsIIaHFaH
KyaTThl OarjapiaMaiblK OHIMICPAIH MYMKIHIIKTEpiH mainanaHaapl. JKblIy >KYKTemenepiH
KOJIJIaHa OTBIPHII, )K00aHbI Oaranay, 4 KOHCTPYKIHSIHBIH J1e()OpPMALHSIIBIK ChIHAKTApbIH OaKbLIay
omictepiniH Oipi 60sbim TaObuIaaEl. bys1 OaFmapiamManap ecentepi )KOFaphbl JJIIKICH IICIIyTe
YKOHE KOFaPhI KbUIIAM/IBIKIICH MOJICIIbICYTe MYMKIHJIIK Oepe/Ii.

Haruaxesnep MeH TajaKbliay.

OTaHJbIK ©HEepKacil YUIIH MHTerpalusulaHFaH OarjapiaMaiblK IiaardopMa  Kaxer.
Wurterpauusutanran  OarapiamMaiblK — JKacaKTaMachlHBIH — MbIcanbl  periHae Adastra  Ltd
KOMITAaHHSICHI 93ipJiereH, acmanrtap/pl 0akblIay PeXHMi, TEXHOJOTHSUIBIK IpoLecTepai Oackapy
KOHE TEXHOJIOTHSHBI 0acKapy KYpbUIFBUIAPBIH KoOamay MyMKiHAikTepi Oap Trace Mode
OarapiamachiH KapacTelpyra 6onazpl. Ka3zipri yakeiTTa O6arnapiaamanbie Trace mode 6 HYCKachl
OHEPKACINTIH TYpJi cajalapblHAa KEeHIHEH KOJIIAHBUIAAbI JKOHE KEIIeH[l JaMybl YCTIHIE.
Ocpbunaiiiia, KCIMOPBIHHBIH OHIIPICTIK MPOLIECTEPIHIH Ke3-KeJIreH 0eIiriH aBTOMATTaH IbIpy YILIH
Trace mode 6 GarmapnamaceiH naigananyra 6omaabl. bapneik neHreliaeri opoip sxo6a OipbIHFaii
acmanThIK XKyhene »koHe Oip xko0a meHOepiHAe KypbulaJbl. ABTOMATTaHABIPBUIFAH Oackapy
KyHeciH jxobanay TeXHOJOTHsCH JepekTep Oa3achiH, plc Oackapynsl, OPC cepsepiH,
OTIEepaTOP/IbIH JKYMBIC OpHBIH, >XaOJBIKTapbl, MEPCOHANIbI, aKMapaT OHIIPICIH KaMTHIbI.
bakputay pexumi KypbUIFBIHBI jk00anay ke3iHjae Oec Oarmapiiamanay TUIIH MaijganaHa anajpl.
Trace mode GarmapiamacbIiHBIH OapibIK QyHKIMsTIapEl aBTOMATTHI ko0anayra Herizaenred. Trace
mode 6 MHTerpanMsiIaHfaH OarnapiaMajblK KaMTaMachl3 €Ty ONepalMsIIbIK pecypcTapbIHbIH
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CHIMBIM/IBIIBIFBIHA KOHE OJIIICY JKyieciH OipHemie AEHrelae aBTOMATTaHAbIpy »oOamapbiHa
MHemorpammanapasl, FBD  Onokrapapl, KypbpUIBIMAQIFaH MOTIHACPAl, JAuarpammaiapibl
nan1anaHaibl.

AcmanThIK OJIOKTBIH JW3alHBIH KapacThIpalbIK. ONIIEHETIH MOHJEP KipiC JKOHE IIBIFBIC
apryMeHTTEpl apKbUIBI OpHATHLIAAbI. OpOIp CHUTHAIFA THUII, OMT XOHE T. 0. MOHIEp Oepiien,
OCBUIAMIIa HETI3r1 METPOJIOTHSUIBIK — TapaMmeTpiiep TaralblHaanaapl. beciHmni — cyperre
MaTeMaTuKaibIK Qyakusuiap FBD-010KTapbIHBIH MaTeMaTHKAIBIK OaFaapiamManay Tili apKbUIbl
CHTHAJT AJTybl KOPCETUITeH.

il | aiceP2
alse sSe
al a
3 5.5 25
3> - X OfF——X Of—> oupu
Input >—‘Y . JLE
0B8:1

Cyper 5 - FBD nuarpammanapsl apKblIbl MaTEMaTHKaIBIK Jk00anay IpUHLIKII

JlepexTep CUTHAJIBI MaTeMaTHKAJIBIK MOJCIbACP TypiHae eHaeneni xxoHe FBD Gnokrapsl
peringe Oepineni. Trace mode wHTerpanmsutanraH OaFgapiiaMajblK PEKUMI 0aszalibIK KoHE
apHaibl MalllMHA JKacay cajlajblK OUTIM Oepye >KYPri3uIeTiH MPaKTUKAIBIK JKOHE 3epTXaHAIBIK
KYMBICTap VIIIH KOJ JKeTiMiai [5]. barmapiamaHblH SKOHOMHUKAIBIK MOJYJI 3KOHOMHKAJIBIK
ecenTeysep MeH OoJKaMIap abl €CKEPE OTHIPHIT, )KOOAHBI KYpPY YIIiH KoJIaiisl. XKobamapapl Kypy
Ke31HJIe pecypcTap MeH *KaObIKTap/IbIH aFbIMJaFbl CUIIATTaMasaphbl, )KOHEY, TOKTAIl Kaly KoHe
MaTepuaJIbIK pecypcTapra KaThICThl OenikrepaeH TypatbiH Trace Mode OarnmapiamachIHBIH
pexuMIepiH nakgananyra 6omanbl [6,7]. Trace Mode OarmapiamacklH MOOWIIB/II KYPBUIFBLIAD
apKpUIbl Oackapyra Oosanel. Trace Mode »xobamapbl HETi3iHIE MNPAKTHKAIBIK JOpICTEpAl
WH)KEHEPIIIK MaMaHJIbIKTap/ia OKUTHIH OUTIM alyIIbUIapAbIlH TYPJIl MOHAEPIHE eHTI3yre OoJabl.
Kobamay OapeichiHma Oec 3amaHayu OargapiiamMalblK CcTaHmapTTap mnakgamananel: SFC
(Sequential Function Chart), LD (Ladder Diagram), fbd (Function Block Diagram), st (Structured
Text) »xome IL (Instruction List), Oy cranmaprrap kociom OarmapiaMamibuiap OOJIBITT
TaOBIIMANTBIH WH)KEHEpJIEPre KYMbBIC >KO0alapblH Tepesenep peKUMi apKbUIbl KacayFa
MYMKIHIIK Oepe/i.

"HaBuraTop", Moaymi apKbLIbl OUTIM alylIbUIapFa bIHFAMIIBI %K00a TYpIiH TaHAayFa 00Jajbl.
backapy KypbUIFBUIapBIH Kypy OapbIChIHAA KeJeci Mpoleaypaiap KOJAaHbUIAbI: OMepaTop
HeMece OUTiM anyIbl pecyperap / IeTeKTopiap TOObIH KYpajibl, COJIaH KEeillH CUTHaJ TeHepaTOPbIH
TaHJalIbl: CHHYCOUAIBAbI, KE3ACHCOK oHE T.0., TPEHAT1 )KYKTeY kKoHe AepekTepai enaey Trace
mode uHTerpauusianraH OaFjgapiaMachkl HETi3iHJE KYpBUIFBIHBI Kypy IpPOLECIHIH KeJeci
Ke3eHaepi O0JIbIT TaObLIAIbI.

KopbIThIHABI.

OpTYpIi IeHreili cTaHAapTTap/bl XKaKbIHIACTRIPY OaF JapaaMaibIK Kypasaap/ bl HEFYPIIbIM
TUIMJ1 Taijlananyra >KOHE Kypleli eJley achmanTapblH jkoOanay Ke3lHae KaTelep MeH
TOICI3AIKTEp CaHbIH a3aiiTyra MyMKIHIIK Oepeni. OTaHIBIK KoHE MIETENAIK CTaHAapTTapia
YCBHIHBUIFAH op TYpJi KOMIBIOTEpIIK Oaraapiamanapiasl OipiKTipe OTBIPBII, >kK00anaybiH
TYKBIPBIMJIAMAJIBIK CaaChlH aHBIKTAY/bIH TOJBIK YXOHE TOMEKT1 TypJsiepi apKbLibl BUPTYabl
KEHICTIKTe OacKapy 3JeMeHTTepiMeH Kepi OaillaHbic (YHKIUSACHIH MaianaHa OThIPBII, TOJIBIK
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eJIIIey XYHWECIH Kypa ajambl3. BimiM amymbuiapibl OKBITY YIIIH OCBIHAANH TEXHOJIOTHSIApAbI
€HTri3y KOMIBIOTEPIIK FBUIBIMIAP/bI KOHE KAIIBIKTHIKTAH OacKapyabl yHpeTin KaHa KoiMai,
WHTEPHETTI JOHE KAIIBIKTBIKTAH OacKapyapl TaianaHa OTBIPBII KYPri3iireH 3epTTeyre
apHAJIFaH [BIFBIHAAP/IBI A3aHTaIBI.
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Avurpuii McallkuH, M.T.H., CT. HIpenojaBareiib, MeXIyHapOAHbI TPaHCHOPTHO-
IrYMaHUTApHbIH yHUBepcuTeT, Anmarsl, Kazaxcran, dima_87@mail.ru

OCYHWECTBJIEHUE COBEPIHEHCTBOBAHUSA CUCTEM ABTOMATU3ALINU
IPOEKTUPOBAHMUA Y3J0B YCTPOMCTB MAIIMHOCTPOUTEJBHOT'O
MNPOU3BOACTBA

AHHOTanusl. DTa CTaThsl TOCBSIIEHA AaHAJIM3y CTPYKTYPhl YCTPOMCTB C TOMOIIBIO
MporpamMM JUIsi IPOU3BOJICTBA TPAHCIIOPTHBIX CPEACTB. J[JIsi MOBBINIEHUs] KayecTBa HEOOXO0IMMO
ONTUMHU3UPOBATh OCHOBHBIE TapaMeTphl MpoayKkTa. Mcmosp3oBaHHWE TMOJIE3HOM M HEIOPOTOM
MPOTrpaMMHOM TIAT(HOPMBI SBIISETCS BaXHBIM U COBPEMEHHBIM TpeHioM. [Ipu nmpoexkTupoBaHuun
YCTpOWCTBa MHTETPUPOBAHHBIE MPOTPaMMbI MO3BOJIIOT CO37aBaTh HOBbIE Moaynu. [IpoBenen
0030p TmporpamMMm Ui aHajlu3a OCHOBHBIX JJEMEHTOB OTHAEIBHBIX 4YacTed KOHCTPYKIIMU
YCTpPOMCTBAa COBPEMEHHBIX CHUCTEM YIpaBiieHUsA. B 3TOW cTaTbe MpOAEMOHCTPUPOBAHA HIES
peanu3aliy MPOeKTHPOBAHKS C MOMOIIBI0 mporpamMmmbl Trace Mode. B mpoaykre Trace Mode
MOKa3aHo, YTO CYIIECTBYIOT MOIYJIH JIsI TPOCKTUPOBAHUS U CCIICIOBAHUS HOBBIX KAU€CTBEHHBIX
3JIEMEHTOB.

KuaroueBbie ciaoBa. IlpoexktupoBaHue, MOAETUPOBAHHE, MPOrpaMMHOE oOOecIedeHue,
aHau3.

Umirbek Umbetov, d.t.s., professor, Kazakh-Turkish International University named after
Ahmet Yassawi's skin, uumbetov@mail.ru

Dmitry Isaikin, m.t.s., Senior Lecturer, International transport-humanitarian University,
Almaty, Kazakhstan, dima_87@mail.ru

IMPROVEMENT OF AUTOMATION SYSTEMS FOR DESIGNING DEVICE
ASSEMBLIES IN MACHINE-BUILDING PRODUCTION

Summary. This paper is concerned to the analysis of the construction of the devices with
software program for the engineering production. It is necessary to optimize the basic parameters
of production for quality improvement. The important and modern trend is development of the
program platform for useful and not very expensive software. The integrating program allows us
to create new modules of the software for design devices. It was done the overview of the programs
for analyzing the main elements of the individual parts of the construction devices for the modern
control systems. It was shown that the idea of construction connected possible with integrated
software system Trace mode. This product has module for design and investigation of apparatuses
with new quality of elements. Concepts relating to design issues are interpreted by different
approaches in international standards.

Keywords. Design, modeling, software, analysis.
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TPAHCIIOPTHASA TEXHUKA, IOTUHCTUKA U YIIPABJIEHUS IEPEBO3OK
ECENTEY TEXHUKACHI, AKHAPATTBIK )KYWEJIEP, SJIEKTP SJHEPTETUKACBHI
KI9HE KOJIIKTI ABTOMATTAH/bIPY
TRANSPORT EQUIPMENT, LOGISTICS AND TRANSPORTATION MANAGEMENT

V]IK 334.7

N. AcnabbexoBa , I'. Myparé6exkona, 3. Konakoaii, JI. Manukosa
Akanemus TpaXxJaHCKOU aBuannu, Anmatel, Kazaxcran
E-mail: 752288@gmail.com

AKTYAJIBHBIE BOITPOCHI OFECIEYEHUS KOMILIEKCHOM
BE3OINACHOCTH U MPOTUBOJENCTBUS MPECTYITHOCTH
TEPPOPUCTHYECKOI'O XAPAKTEPA HA OBBEKTAX BO31YIIIHOI'O
TPAHCIIOPTA

AnHoramus. OOecrieyeHne  KOMIUIEKCHOM  O€30MacHOCTH W MPOTHBOJACHCTBHE
MPECTYIMHOCTA TEPPOPUCTUUYECKOTO XapakTepa Ha OO0BEKTaX BO3IYIIHOTO TpPAHCIOPTa B
PecniyOnuke Kazaxcran (PK) — 1o BakHas 3amaya, koTopasi TpeOyeT CUCTEMHOIrO HOJXoJa U
MOCTOSTHHOTO MOHUTOpUHTA. B JaHHOW cTaThe paccMaTpUBAIOTCA CIHOCOOBI OOecTieYeHUs
0€30MacHOCTH Ha BO3AYIIHOM TPAHCIOPTE, TMPEAOTBPAIICHUE TEPPOPUCTHUECCKUX YIpo3,
MEpOnpHsiATHS 1O  paboTe W  NPOTUBOACHCTBUIO  3JIOYMBINUICHHUKAM H  JPYTHEM
HE0OpOKEIaTeIIsIM.

CoBpeMeHHBIC CHCTEMBI OE30TTaCHOCTH a’pOTIOPTOB SIBJISIFOTCS KOMIUIEKCHBIMH M COCTOSIT
W3 HECKOJIbKMX OXpaHHBIX CHCTEM: OXpPaHHOW CHTHAJW3alMM TEPUMETPOB; OXPaHHOH
CUTHQJIM3AIMM TIOMEIICHHUA, CHUCTEM BHJICOHAONIONCHUS; CHUCTEM KOHTPOJS W YIPaBICHUS
JOCTYIIaMH; CHCTEM OXPAaHHOTO OCBEIICHHWS; CHUCTEM TIOKApHBIX CHUTHAIM3AIUN U
noxkaporymeHnus. CuctemMbl 0€30MacCHOCTH HYXKHBI JUIsl 3aIUTHI: BCEX TEPMHUHAIBHBIX 3aJIOB,
CITYKEOHBIX MTOMEIICHUH, CKIaJCKUX TOMEIICHHH, aHTapOB, MECT CTOSIHOK aBHaaitHepoB. [1pu
MTOMOIIIM CHUCTEM OE€30MaCHOCTH a’pOIOPTOB PEIIAIOTCS CIICAYIONIUE 3aJauu: oOecreucHue
3aIUTHl OT PA3JIMYHOTO Poja MPECTYIHBIX U TEPPOPUCTHUECCKUX yrpo3; oOecreuyeHue OXpaHbl
BceX BHUJOB IIeHHOCTeH. CucTteMbl 0€30MacHOCTH MPEAroJaraloT oO0eCreYeHUe 3alluThl
a’pOIOPTOB, KaK OT MOCTOPOHHHUX JIUII, TAK H €T0 COTPYTHUKOB.

KuroueBble cioBa. Teppopuctuueckasi yrpo3a, BRICOKOPUCKOBBIE OOBEKTHI, aBUAIIIOHHAS,
0€30MacHOCTh, HE3aKOHHOE BMEIIATEeNIbCTBO, TEPPOPUCTUUYECKHI  aKT, TpaHCIOpPTHa,
0€30MacHOCTh, BO3JYIIHOE CYIHO, BO3AYIIHBIA TEPpPOPHU3M, MPOTUBOACUCTBHUE BO3AYIIHOMY
TeppopusMy, odecrieueHne 6e30MacHOCTH.

BBenenue.
ObecnieueHne 00OIIECTBEHHON 6€30MaCHOCTH B cepe aBHALIMOHHOTO TPAHCIIOPTa UMEET He

TOJIBKO IIPAaBOOXPAHUTEIBHOE, HO M BAXKHOE COLMAIBHO-DKOHOMHMYECKOE M MOJUTHYECKOE
3HAUEHUE, MOTOMY YTO OHO OKa3blBacT IO3UTHBHOE BIIMSAHME HA YINPOUEHUE AaBTOPUTETA
BO3JyIIHOTO TPaHCIOpPTa HAa BHYTPEHHUX M MEKIYHAapOJHBIX aBUAIMHUAX. AdPONOPTHI
NPEJCTAaBIAIOT COOON BaKHEHIIME CTpaTeruuyeckue OOBEKThl, CBA3BIBAIOIINE BOEIUHO
aBTOMOOWJIbHBIE, JKEJIEe3HOJOPOKHbIE W  BO3AYyUIHbIe Maructpaiu. OHU  QOPMUPYIOT
TpaHCHAIIMOHAJIBHBIE Y3JIbl, MpOIMyCKaroIue uepe3 ce0s HeMajbleé MacChl aBHANacCaXKHpOB.
AdponopTel CTaIu BO3AYLIHBIMA BOPOTAMH HE TOJIBKO OTAEIBHBIX TOPOJOB, HO U LIENBIX PETMOHOB
u rocynapcts. (Puc.1)

81


mailto:752288@gmail.com

Kazaxcran enpipic kemiri. 2024, Ne3
ISSN 1814-5787, ISSN online 3006-0273.

Puc.1. MexnyHapoaHblil a3ponopT AcCTaHbl, OJUH U3 KPYIHEHIINX B CTpaHe

AnsponopTsl 0000 MpPUBIIEKATENbHBI ISl TEPPOPUCTOB MOTOMY, YTO, COBEPILIEHHbIE B HUX
WIM Ha caMoJIeTaX TEPPOPUCTHYECKHUE aKThl MPOU3BOIAT OocoOeHHblE 3((EKThl Ha CO3HAHUE
XKEepTB. ABHAINacCaXUPbl 0CO3HAIOT, YTO KPOME TOTO, YTO OHU OI'PAaHUYEHBI B IEPEIBUKEHUH, OT
COBEpPILEHHOIO TEPPOPUCTUYECKOTO aKTa MOKET MOrMOHYTh 000 M3 HHUX, €CIH He Bce. Y
COBPEMEHHBIX TEPPOPHUCTOB JECHUCTBUSA M LIEIH, BO MHOTOM MMEIOT CXOJCTBO C 3aXBaTYMKaMHU.
Cosepiiasi TepakT, OHM HBITAIOTCA JIIOOBIM CHOCOOOM JIOKAJIM30BaTh NMEPEIBIKEHUE JIOCH.
[Tocne coBepiieHus TepaKTOB, MHOTHE aBUANIACCAKUPBI OTKA3bIBAIOTCS OT MOE3/10K.

MarepuaJjbl 1 METOABI.

HccnenoBanue mpaBOBOTO peryaupOBaHUs BO3IYIIHOTO TEPPOpPU3MaA IMOKa3aio, YTO OHO
pernmamMeHTHpyercs  ABYMS ~ YPOBHSMHM  —  MEXIYHApOJHBIM M HAIMOHAJIbHBIM
3aKOHOJATENbCTBAMU. MEXIyHApOIHBIM YpOBEHb MPEACTaBICH HOPMATHUBHO-TPAaBOBBIMU
akramu, npuHATeiMA OOH. D10 KonBenuuu 1963, 1970 u 1971 rr. Yka3aHHble KOHBEHIUU
OTIPEIENIAI0T TOJIKOBAHWE OCHOBHBIX MOHSTHUM JAaHHOW O0O0JAacTH MPaBOBOIO PETYIUPOBAHUS, —
npaBa U 00S3aHHOCTH JOTOBAPUBAIOLIUXCSA TOCYIAPCTB, WICHOB SKUIAXa BO3JYLIHOTO Cy/IHA, —
IOPUCAMKIIMIO JIOTOBapUBaIOUIMXcs rocynapctB. Ho MHoOrme cioxHble acrlekThl He OblLin
pazpemienbl. OueHb Ba)KHO OTMETUTDh U TaKO€ 00CTOATEILCTBO, YTO MEPEUUCICHHbIE KOHBEHIIUN
HE MOTYT OBbITh NPUMEHEHBbl K BO3IYUIHBIM CyJaM, 3aHATHIM Ha BOCHHOW, TaMOKEHHOW U
MOJIMLEHCKON city>k0ax. DTO O3HAYaeT, 4To, €CIM JIaHHBIE cy/la OyayT 3aXBau€Hbl WM yrHaHbI
TEppOpPHUCTaMH, BO3HUKHYT TpoOJieMbl B 0O0JacTH IPAaBOBOTO PETYIUPOBAHMS JIaHHBIX
WHIUJICHTOB.

HamnmonaneHoe 3aKOHOAATENBCTBO BKIIIOYAIOT PAJ  HOPMATHBHBIX aKTOB M Mep,
HampaBJICHHbIX Ha oOecredyeHrne Oe30MacHOCTH M MPEeAOTBpallleHHe aKTOB Teppopu3Ma Ha
00BEKTax BO3AYIIHOTO TPAHCHIOPTA. DTO TaKUE 3aKOHBI, KaK:

1.3akon PK «O npotuozeiictButo Teppopusmy» ot 13 uronst 1999 roma Ne 416 [1].

2.3akoH PK «O06 ucnonp3oBaHuu BO3IyIIHOTO mpocTpaHcTBa Pecnyonmuku Kazaxcran u
JeATebHOCTH aBuamum» ot 15 urosst 2010 roga Ne 339-1V [2].

3.ITocranosnenue IIpaBurensctBa PK «O0 yrBepxaenuu [IpaBun Beraaun paspeieHuil Ha
OCYILIECTBIICHUE JIEATEIBHOCTH, KOTOpas MOXKET MPEACTaBIATh Yyrpo3y O€30MacHOCTU MOJIETOB
BO3AYIIHBIX Cy10B» OT 12 mas 2011 rona Ne 504 [3].

[TomMumoO 3aKOHOB, BCIEACTBHE 0COOOTO MHTEpeca Cpelu TEPPOPUCTOB K adpomopTam, HX
JAaBHO  OCHAIAIOT  Pa3jMYHBIMH  YCTPOMCTBaMH,  O0OECIEYHBAIOIIMMH  0€30MacHOCTh
aBuanaccaxkxupoB. Ho 3TOT mporiiecc HOMKEeH ObITh HEMPEPHIBHBIM, MOCTOSIHHBIM, OH TpeOyer
PETYISIPHOTO COBEPIICHCTBOBAHUSA U MojaepHu3anuu. COBpeMEHHbIE CHCTEMBbI O€30TaCHOCTH
a’pOIOPTOB SIBJISIFOTCS KOMIUIEKCHBIMU U COCTOSAT U3 HECKOJIBKUX OXPAHHBIX CUCTEM: OXPAaHHOMU
CUTHATTM3allMU [IEPUMETPOB; OXPAaHHOW CUTHATH3AINH OMEIEHUI; CUCTEM BHICOHAOIIOACHNUS,
CUCTEM KOHTPOJIS U YIPABJICHUS AOCTYyIaMH; CUCTEM OXPAaHHOT'O OCBEILIEHHUS; CHCTEM MOKAPHBIX
CUTHaNMM3alui u moxapoTymeHus. CHcTeMbl 0e30MacHOCTH HYKHBI ISl  3allUThI: BCEX
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TCPMHUHAJIbHBIX 34JI0B, CJIy)Ke6HBIX HOMGI_I_IGHI/If/'I, CKIIaACKUX HOMCH.[GHI/Iﬁ, aHrapoB, MECT CTOSAHOK
aBuanaitnepos. [Ipu momomy cuctem 6€30MaCHOCTH a3POMOPTOB PEIIAIOTCS CIEAYIOIINE 3a0a4H:
oOecrieueHne 3alMThl OT PA3JIMYHOTO pOJa TMPECTYNHBIX U TEPPOPUCTHUECKUX YIPoO3;
o0ecrieyeHre OXpaHbl BceX BHIOB IleHHOCTeH. CuHcTeMbl O€30MacHOCTH IPEIoJararT
oOecrieueHre 3alUThl a3POTIOPTOB, KaK OT MOCTOPOHHMX JIUII, TAK U €r0 COTPYAHUKOB. [ToMuMmo
3al0UTBI OT TCPPOPUCTUUYCCKUX YI'PO3, 3alldTa OCYHICCTBJIACTCA OT XHWIICHHA HUMYHIICCTBA,
BaHJAIN3Ma, 00CeCIICUeHUST KOHTPOJIS Pa3IMYHBIX TPOIECCOB KU3HECATSIIEHOCTH a3poIopTa u
KOHTPOJIb 0€301MaCHOCTH BO3IYIIHOIO JBMKeHus. (Puc.2 u puc.3)

AN - s

R\

Puc.3. Oxpan asponopra Kennemu, CIIIA, Hero-Hopk.

Taxxe HeoOXoauMO mpuAaTh o0co00€ 3HAUEHHE CaMOBOJIBHOMY U HE3aKOHHOMY
HAaxO0’KJICHUIO TOCTOPOHHMX Ha PYJIEBBIX IOPOKKAX U B3JIETHO-TIOCAIOYHBIX MOJIOCAX, B aHTapax,
CKJaJlax M TeX MeCTaX, IJIe CTOST BO3YIIHBbIE Cyla. YCTapeBIIUE CHUCTEMBbl O€30MacHOCTH B
a’poTopTax He MOTYT 00ECMEYHTh €ro JOJDKHOTO KOHTPOJSl, OCOOCHHO Ha TeX OOBEKTaxX, TIe
KOHTPOJIb JOCTyNla B CIIy)KEOHOE TOMEIEHHEe WIH JIOOYI0 HHYI0 TEPPUTOPHIO a’3poropra,
obecrieunBaeTcs TOJBKO OXPAaHHHKOM. B Takux a’pomoprax IOCTYH Ha B3JIETHO-MOCATIOYHYIO
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MOJIOCY TIPOU3BOAUTCS Yepe3 CIY)KEOHBIH BXOJ IIPH MPEIbIBICHUH CIY>KEOHOTO yI0CTOBEPEHHS
WK 33/IaHHS.

AHanu3 MHOTOYMCIICHHBIX HAay4YHBIX MCCIIEJOBAaHUN OT IUCCEPTAMOHHBIX 10 padoT
MOHOTPa(UUECKOTO YPOBHS, MOCBSIIEHHBIX TPAHCIOPTHON OE€30MAaCHOCTH, U B OCOOCHHOCTH
0€301acHOCTH aBHAI[IOHHOM, CBUJICTEIILCTBYET, O TOM, YTO CETO/IHS, KaK U paHbliie, 00paIasch K
npobieme OOprOBI C TEpPpPOPU3MOM B cdepe aBHalldh, HCCIEAOBAaTeIN oOpamarT ocoboe
BHUMaHHE Ha MPo0IeMy KOHTPOJIS 33 TACCAKUPAMH. A TIPAKTHKA NOKA3bIBAET, YTO BO3MOXKHOCTb
COBEpIINTh TEPPOPUCTHUECKYIO aTaky HMMeeT J00O0i YeloBEeK M3 MepcoHana a’poropra. B
YAaCTHOCTH, JMBEPCUS MOXET OBITh COBEpIICHA TPY3YMKOM, BEIb MM K€ YyIaeTcsl ObITh
HEe3aMEUYCHHBIMHU BO BpEeMs XUINCHHS O0araxka. A yCTpOUTHCS Ha pabOTy UM HE MPEICTaBISICTCS
HUKAKOTO Tpyaa. BoT u momyvaercsi, 4to cioyx0a 6€30MacHOCTH adpoTopTa KJIET TEPPOPUCTOB Y
[EHTPAJIBHOTO BXOJa, @ OHU MOTYT IPOHUKHYTh B HErO 4epe3 CIYKEOHbIH BXOJ. TeppopUCThI
MOTYT CTaTh M OOPTIPOBOJHUKaMH. [IpOBEICHHBIN aHAM3 TIOKA3bIBACT, YTO CTIHOAPICCCHI PEIKO
3aJIep)KUBAKOTCSl HA CBOMX JIOJDKHOCTSIX 00JIee OJTHOTO-IBYX JIET, TIOATOMY TH BaKAaHCHUH OYCHb
94acTO OTKPHITHL. B sydiiem ciydae GOpTIPOBOJHUKOB JOCMATPUBAIOT HA BXOJIE MOCPEICTBOM
paMKH METAJUIOACTEKTOPa, a Oarax mpoBepsroT yepe3 uHTpackor. (Puc.4.)

Puc.4. Panuckan B a’pomnopry.

MexayHapoaHblii OmbIT OOpbOBI € BO3AYLIHBIM TEPPOPU3MOM CBUAETENIBCTBYET O
HE00X0AMMOCTH IIPOBEPOK Ha OJIArOHaJeKHOCTh COTPYAHUKOB, UMEIOIIUX JIOCTYI K CEKPETHBIM
30HaM a’ponoproB. Tak, Hampumep, pabOTy aMEpPUKAHCKHUX a’pONOPTOB KOHTPOIUPYET
ynpasiieHue 1o Oe3zomacHoctu Ha TpaHcnopre (TSA), Tak ke, Kak U JEATEIbHOCTh HUX
COTPYIIHUKOB, TOT/Ia, KaK a’dponopThl BennkoOpuTaHuM HaXoJATcs B BeleHMM MUHHCTEpCTBa
TpaHcopta ¥ MuHuctepcTBa BHYTpeHHUX zAein. B Hunepnanmax MuHUCTEPCTBO FOCTHLIMU
OTBEYAET 3a a’pONMOpPThl M HUX COTPYIAHMKOB, a B M3zpaumne Israel Airlines — riaBHbIi
aBuanepeBo3uuk IM3pamns (nanee El Al) HeceT OTBETCTBEHHOCTh 3a BCE NpHUObIBaroOIIne
CaMOJIEThl, U BCEX COTPYAHUKOB INpPOBEPsieT ceKkpeTHas ciayxOa. CoTpyaHHKOB a’poropra ben
I'ypuon (MexayHapoaHblii asponopT Tenb-ABHUBA, TIaBHBIM HM3paMJIBCKUI a’dpoONoOpT) TaKxke
TIIATEIbHO MPOBEPSIOT Ha OJIaroHaIe)KHOCTh. Bee yOpIBarolue caMoJieThl HaX0IATCs B BEJICHUN
W3pannbCKkuxX aBUAIIMOHHBIX BIIACTEH - B 000MX ClIydasiX rOCyJapCTBO HECET OTBETCTBEHHOCTD 32
0€30I1aCHOCTh BCEX MOJIETOB, @ UHOCTPAaHHBIE aBUAKOMIIAHUU TEPeIaloT €My OTBETCTBEHHOCTh 3a
ux cobctBeHHyto 6e3omacHocTh. El Al cnaButcst obecrieueHreM 0e30MacHOCTH MAacCaXUPOB, U
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OJiHa U3 OCHOBHBLIX IMPUYHKH YCIICXA 3aKIII0OYACTCA B TOM, YTO HCKOTOPLIC MCTO AUKHU 0e30IacHOCTH
He packpseiBatotcs. (Puc.5) [5].

T S

EL7VALIN=

Puc.5. Camoner xommanuu Israel Airlines

Henw3s ckaszaTh, 4T0 B HacrosIee Bpems (pU3UUYECKHE MEphl 0OecTieueHrsI 0€30MacHOCTH
Oecronie3nsl. HaoOGopoT, dem OoJibllie MPOBEPOK Ha mMpeaMeT olecnedeHus (Qu3nydecKon
0e30macHOCTH, TeM OoJjiee CI0XHOHM JO0/DKHA OBITh MOATOTOBKAa K YCIEHNTHOMY TMPOBEICHUIO
HamnaJeHUs, U YeM CJIO)KHEe TUIaH, TeM OOJIbIIIe IaHCOB MPOBAJIUTh ero. Ho, eciiu Henb3st oTpHULaTh
3¢hHeKTUBHOCTD (Pu3MUECKHX Mep obecreueHns 0€30MacHOCTH, TO BPS JIM MOXKHO CUMTATh MX
OCHOBHBIMH, Ha KOTOpBIE CIEAYyeT OINUpaThCA CchaykOaM oOecredeHusi Oe30MacHOCTH B
asponioptax. PakTUYECKH AJIi TOTO, YTOOBI HAvaTh JII00OE HaraJeHUue BHYTPHU MACCAXKHUPCKOTO
camoJjieTa U JOOUThCS YclexXa, TeppPOPUCTaM HY>KHA COOTBETCTBYIOIIAS CHCTEMa JOCTAaBKHU
B3PBIBHOTO YCTPOWCTBA MpW MOMOIIM Jiofei. BoT B 3ToM U 3akiodyaercs OCHOBHOE
MIPEUMYILECTBO CITYy»KObI 0€30MaCHOCTH B a3pOIOpPTax MO CPAaBHEHUIO C TEPPOPUCTAMU: UEIOBEK
omubaerca. HyxkeH TOJIbKO OAMH NPOPECCHOHANBHO IMOATOTOBICHHBIH COTPYIHUK CIIYKOBI
0€30MacHOCTH, YTOObI 3aMETUTh MACCAXUPA, MPEACTABISAIONIETO ONACHOCTh M HEUTpaIu30BaTh
€ro, TOrjJa, Kak TEPPOPUCT JOJDKEH MPONTH yepe3 BCe KOHTPOJbHBIE MYHKTHI, BCE KaMepbl
CIIeKEHUS M MHMO KaXXJIOTO COTPYAHHKA CIYXObl 0€30MacHOCTH, HE BBI3BAB IPH OSTOM
MoJI03peHus [6].

VYxe cozmaH poOOT, CHOCOOHBIA OOJIETYUTHh TAMOXKEHHYIO MPOBEPKY M HHCIEKIIUIO
0€30MMacHOCTH, OH pa3padoTaH yueHbIMH MexayHapoaHoi kommnanuu Thales. C mpubopom Thales
MIPOJIOJKUTENFHOCTh JIOCMOTpa aBUANACCaKUPOB OyAeT 3HAUMTENbHO cokpamieHa. [Ipubop
MPOBEPUT  aABUAMACCAKHUPOB C TOMOIIbIO OWOCKAaHUPOBAHWUA U  HameyaraeT OWIerT,
chotorpadupoBaB ueroBeka. OH TakKke MOXKET MOJCOCIUHUTHCS K KOMIBIOTEPAM CHCTEMBI
0€30MacHOCTH a’poIopTa, MPOBepsisi Mo 0a3e MAHHBIX KaKIOTO MaccakMpa Ha MpeaMeT
TeopeTuyeckoil yrposbel. Ilocnme Takoit mpoBepKH MaccakupaM HE 005S3aTelbHO IMOCEIIaTh
TaMO>KHIO TIOCJIe TPU3eMIIeHUs B Ipyroi ctpaune. (Puc.6)
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Puc.6. IIpoBepka aBrnanacca)xnpoB Ha TEIIOBU30PE

Pesromupyst wuTorm 0030pa aKTyalbHBIX BOMPOCOB OOECIIEYCHHS KOMIUIEKCHOM
0€301MaCHOCTH W TPOTHBOACHCTBHS TMPECTYITHOCTH TEPPOPUCTHUECKOTO XapakTepa Ha 0O0bEeKTax
BO3/IyLITHOTO TPAHCIIOPTa, HEOOXOMMO 00paTUTh BHUMAHUE HA TO, YTO OOJIBIIMHCTBO CTPAH MUpa
03a004Y€HBI TPOOJIEMON TEPPOPHU3MaA U CTPEMATCS K €€ paspenieHuto. Mexay teM, HeoO0X0auMo
OTMETUTh, YTO €XKEroJHO pacTeT YHCIO OPraHU3alMOHHBIX BOIPOCOB MPOTUBOJACHCTBUS
TeppopusMy B chepe aBuanuu. M OHU BbIpaxaroTcsi B CIIEAYIOLIEM.

Bo-niepBbIX, CIOXKHOCTH BBISIBICHHS B3pPBIBUATHIX BEIIECTB, 3aKaMy(IMPOBAHHBIX IO
CPEICTBA CBSI3U U MHBIE AIEKTPOHHBIE YCTPONUCTBA, KOTOPBIE PA3pELIEHO MPOHOCUTH Ha OOPT.

Bo-BTOpBIX, HECMOTPS Ha CYIIECTBYIOIINE 3aIPEThI, IPECTYIMHUKH MBITAIOTCS IPOHOCUTH Ha
O6opT camoisera OoeBoe opykue u Ooempuracel. Pe3yiapTaThl J10CMOTpa Macca)KUpoOB
CBUJECTEIBCTBYIOT, YTO KOJIMUYECTBO MU3BATHIX 3aMPEIICHHBIX BEUIECTB, PACTET C KaXIbIM Ir0JI0M
BO BCEM MUDE.

B-TpeTbux, NOMHMO TEPpPOPUCTUYECKUX AKTOB B a’3poNoOpTax M Ha OOpPTy CaMOJIETOB,
BO3ZHUKAIOT CUTYallUU, KOTOPBIE YTPOXKAIOT MOPA3UTh BO3AYIIHOE CYAHO C 3€MJIH.

B-ueTBepThIX, CErojHs MHOTOYHCIEHHBIE TEPPOPUCTHUECKHE OPraHu3alMH OO0IaJaloT
TEXHUKOW U BOOPYKEHHEM, KOTOPBIE JAIOT UM BO3MOKHOCTH MOPA3UTh B BO3JyXEe HE TOJBKO
rpaXkJaHCcKoe, HO U JIF000€ BO3AYIIHOE CYAHO.

B-naThIX, pa3BUTHE TEXHUYECKUX CPEJICTB TIO3BOJIET TEPPOPUCTAM COBEPILIATH KHOEepaTaku
Ha 000pYZOBAaHME a’3PONOPTOB BBIBOJS M3 CTPOSI KOMIBIOTEPHBIE CHUCTEMbI, OTCICKHUBAIOIINE
BO3/IYLITHBIE KOPHUIOPHI.

B-miecTbix, HEIOCTATOYHO COBEPIICHHYIO OOpbOy C BO3IYIIHBIM TEPPOPUIMOM, PSI
ucciesioBaTeNieil  OTHOCAT K OTCYTCTBHUIO YETKOM MpaBoBOM 0a3bl MPOTHUBOJCHCTBUSA
paccMaTpuBaeMoMy (heHOMEHY.

PesyabTaTsl H 00CyKICHHS.

[TomuMo pemieHuss TPaBOBBIX MpoOseM OOpbOBI €  TEPPOPU3MOM, KAKOBBI K€
NIEPBOOYEPEHBIE MEpBI, HAIpPaBIECHHBbIE Ha IPOTUBOACHCTBHE TEPPOPU3MY B aBHUALMOHHOMN
cdepe? CeronHsi HEOOXOIUMO MPU3HATH, YTO, K COKAICHHUIO, NMOJHOCTHIO 3aIIUTUTH OT YIPO3bI
TEPPOPUCTUYECKOTO aKTa HE CMOXKET HHKakas, JJake camas MjaeaybHas cucreMa 0e301acHOCTH.
Ho cBectn kK MUHMMYMY BC€ BO3MOYKHOCTH COBEPILEHHUS TEPPOPUCTUUYECKUX aTaK MOXKHO IPHU
MIOMOIIY CIEAYIOLINX MEP.
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Bo-mepBbix, Bce aBepH HEOOXOJMMO OCHACTHTH OapbepaMu, KOTOpble OOOPYHIOBaHBI
nH(pakpacHbIMH H3BemaTessiMu. OCHACTUTh CUCTEMaMH TeJie-BHJICO0 HAOIIOACHUS NEPUMETPHI
JIETHBIX I0JIEH, TEPMUHAJIBHBIE 3aJIbl, IPUBOK3AJIbHYIO IUIOLIA/b, B3JIETHO-10CAI0UYHbIE TI0JIOCHI,
pPYJIeXKHBIE JOPOXKKH, BXOJBl BO BCE CIY)KEOHBIE M TEXHHUYECKHE ITOMEIICHUS, CKIIAJICKUe
MIOMEILIEHUs, aHTapbl, CaMOJIETHbIE CTOSIHKM. [loMumMoO crannMoHapHBIX KaMmep, HE0O0XO0AUMO
IIPaKTUKOBATh MHCIIOJIb30BAHUE HUHTEIUIEKTYaIbHBIX JETEKTOPOB JBHXKEHHUS C alrOpuTMaMu
00pabOTKH BHJICOCUTHAIOB, TIO3BOJISIFOIINX: OTTPAHUYUTE HApYHIIUTENeH OT (JOoHA, HE JAOIYCKaTh
JIO)KHBIX TPEBOT, BBI3BAHHBIX OCAJKaMH B BHJIE BETpa U CHEra, a TakKe NTUIIAMH, OTCJIEKHUBAThH
TPaeKTOpPUU JBWKEHUs Hapymmurened. CHCTeMbl BUACOHAONIONEHHS, OCYIIECTBISIONINE
KOHTpPOJIb HOJICTYIIOB K CaMoJieTaM, JOJDKHBI ObITh C XOPOIIMM pa3pelieHHEM M CHOCOOHbIE
BBISIBIIAITH HapyIuTeneil. B nensx appexTHBHOT0 NpOTUBOAEHCTBUS TEPPOPUCTUIECKUM YTPO3aM
B a’pONOpTax B HOYHOE BpeMs, CJelyeT NPUMEHATh TEIUIOBU30PbI, TaK KaK OHU HE TPEOyIOT
JIOTIOJTHUTEIBHOTO OCBELIEHMSI M paclo3HAIOT HH(ppakpacHoe u3nydeHne. OHU MOTYT pa3InyuTh
n300paxxeHue B TyMaHe, BO BpeMsl 3a/1bIMJIeHus U nip [7].

Bo-BTOpBIX, COBMECTHO C CUCTEMAaMHU TeJ€-BUJIE0 HAOMIOAEHUS HEOOXO0AMMO UCTIOIb30BaTh
pa3aMyYHbIE CHCTEMbl OXpaHHBIX CHUTHaAJTU3alui Bcex mnepumeTpoB. Hoseifmme cuctemsl
OXpaHHBIX CHTHAJIM3aIMil yCTPOEHBI TakUM 00pa3oM, YTO TOCJe MOCTYIJICHHS CUTHalla OT
OXpaHHBIX CUTHAJIM3ALUN KaMepbl BUACOHAOIIOIEHUS, PACIIOJI0KEHHbIE OKOJIO METHI HAPYIIICHUS
nepuMeTrpa, B AaBTOMAaTHYECKOM pEXKHMME HAuMHAIOT OTOOpaXkaTh HApyUICHHYIO 30HY.
ABTOMATHYECKH Takke cpabaTbiBaeT TPEBOXKHBIM 3BYKOBOW curHal. B 1menax oxpaHbl
MEpUMETPOB TpEAHAa3HAUEHbl BCEBO3MOXKHBIE H3BELIATENM, HayMHas OT BHOPAIIMOHHBIX U
MIPOBOJIHO-BOJIHOBBIX, J0 PAJAMOIY4YEBBIX M JMHEWHBIX MH(pakpacHbIX. Eciu mpoTsmeHHOCTh
MEPUMETPOB a’3pOTOpPTa OUYEHb OOJIbIIAsL, TO MOXXHO MPUMEHSTh BHOPAIMOHHYIO KaOCIThbHYIO
cucremy. Ee snmemeHTBI cieqyeT pacrmoJiaraTb Ha KO3BIpbKax OTpaXkJIE€HUHM, Ha CeTYaThbIX
OTPAXACHUAX HIIM KOJFOYEH MpoBoJioke. BubparnmonHas cucreMa Xopoia TeM, 4To ee ACHCTBUE
OCHOBAHO Ha METO/Ie MPOBOJHON panuosiokanuu. OHa crocoOHa OTAENATh MOJIe3HbIE CUTHAIIBI OT
MoMeX, KOTOpbI€ BbI3BaHbI MPUPOJHBIMU W TEXHOTEHHBIMM IMpHYMHaMu. 3Bemarens Takoit
CUCTEMBI, SBJIIETCS BCETIOTOJHBIM U HE UMEET OTpaHUYEHUN MPU MPUMEHEHUH, HE TPeOys 30HbI
oTuyxaeHus. [IpUHIMN MacCUBHOTO JEHCTBUS HE TpeOyeT OOoJbILION MOTpedasieMoil MOIIIHOCTH
anekTpodHeprur. OCHOBHBIE BOPOTA OCHAIAIOTCSA CaMOCTOSITEIBHON OXpaHHOM 30HOM € LEeNbI0
OBICTPOTrO pearupoBaHUs Ha Pa3WYHbIE CUTyallMHU. TEXHOJOTHYECKHE BOpPOTAa BXOJAAT B TE
OXpaHsieMbl€ YYaCTKH MEPUMETPOB, HAa KOTOPHIX OHH PACMOJIOKEHbI [8].

B-Tpetbux, BXoJ B cioyXeOHbIE U TEXHUYECKHE 30HBI HEOOXOAUMO OCYIIECTBISATH TOJIBKO
10 AJIEKTPOHHBIM IMPOITYCKaM, B BUJE WHIUBUAYAIbHBIX OECKOHTAKTHBIX MArHUTHBIX KapT. OHU
JOJIKHBI OBITH CO CIOXKHBIMU QITOPUTMaMH PabOThI, U UCKIIOYATh MPOXOJ] MOCTOPOHHUX JIUIL C
HCIOJIb30BAHMEM TMPOXOJHBIX JOKYMEHTOB MEpcoHaia a’pomnopra. Bce cimyxeOHbIE BXOJBI B
a’poOTOPT CIEAYeT OCHACTUTh TYpHUKETaMU, pPaOOTAIOIIMMH TOJIBKO C HCIOJIb30BAaHUEM
MarHuTHBIX KapT. PsgoM ¢ TypHuketamu HeoOxoaumo obopynoBaTh paboyee MECTO Omeparopa,
YKOMILUIEKTOBaHHOE (POTOUCHTHU(UKAIMOHHBIMU CPEACTBAMM, KOTOpbIE HE TO3BOJSUIA OBl
MIPOXOJIUTH Yepe3 TYPHHUKET 0e3 CBEpKH JaHHBIX OMEpaTopa B MPOITYCKE ¢ UMEIOMIMMHUCS Y HETO
CIUCKAaMHM TMepcoHasia. TakWe Mepbl CYIIECTBEHHO CMOTYT CHU3UTh BO3JECUCTBHS TJIAaBHBIX
YCIOBUH «cOOsD» CUCTEMBI O€30MTaCHOCTH — yesioBeueckoro gaxkropa. CucTeMbl KOHTPOJIUPOBAHUS
U YOpaBI€HUS JOCTYIOM JOJDKHBI OBITh THOKMMH, MOIIHBIMH, OTKa30yCTONYHMBBIMU,
YHUBEPCAIbHBIMU U HapamuBaeMbIMU. CUHTBHIBAIOIIUX YCTPONCTB, KOTOPBIE MOAKIIOYAIOTCS K
OJIHOMY KOHTPOJIJIEPY, JAOJDKHO OBITH MHOTO Ha CIy4dail pocTa Yucia MOoJb30BaTeNel: mepcoHal,
roctu u mp. CUCTeMBbI JOJDKHBI paboTaTh U B aBTOHOMHOM PEKHUME B CITy4dasiX 0OpbIBa CETH, WU
BBIX0/Ia U3 CTPOSI KOMIIBIOTEPHOM CUCTEMBI [9].
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3akiouenue.

[ToMMMO TEXHMYECKOTO OCHAICHUs, 0CO00€ 3HAYEHUE TMPHU OCYIICCTBICHUU Mep,
HANpaBJICHHBIX Ha TPOTUBOJCHUCTBUE COBEPIICHHUS TEPPOPUCTHUECKUX aTak, B a’dpOIopTax
JOJIKHBI HIMETh CJICTYIOIIUE YCIOBHS: 3TO — CTENIEHh TOTOBHOCTHU CITY>KOBI O€30TTACHOCTH U HHOTO
MepCcoHaa, OCYIIECTRISIONINX BCE BHUJIBI KOHTPOJS M HAOIIOJICHHS, CTPATErHsl rOoCylapcTBa B
o0JacTH  TPOTHUBOJCHUCTBUS  TEPpPOpPU3MY U OAWTENHHOCTh TpaxkaaH. Benp CTencHb
aBHA0E30MACHOCTH, B KAKOW-TO MEpe, 3aBUCUT M OT KaKJIOTO M3 HAC.
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KEINEHAI KAYIIICI3AIKTI KAMTAMACHBI3 ETYIIH ’)KOHE 9YE KOJIII'T
OBBEKTUIEPIHAE TEPPOPUCTIK CUITATTAFBI KbIJIMBICKA KAPCBI IC
KUMBUIABIH O3EKTI MOCEJIEJIEPI

Anaarna. Kemenai kayincizaikTi KamTamachl3 eTy »koHe Kazakcran PecryOnukachiHaars
(KP) Oye keiniri oObeKTUIEpIH/AE TEPPOPHUCTIK CUIMATTAFbl KbUIMBICKA KapcChl 1C-KMMbBLI-OYJI
AKYHeT TOCUIAl )KOHE TYpaKThl MOHUTOPHHITI Tajlall €TeTIH MaHbI3Ibl MIHJET. bysl Makanazna oye
KOJIHJET1 Kaylilci3aiKTI KaMTaMachkl3 €Ty Tocuinepl, TeppopucTik KayinTepAiH alJblH aity,
3USTHKECTEp MEH 0acKa Ja KaCKYHeMJIEpAiH KYMBICHI MEH OJlapFa KapChl IC-KUMBLI KOHIHJIET1 1c-
1apaiap KapacTbIpbLIa ibl.

OyexXaiiappIH Ka3ipri 3aMaHFbl Kayirci3aik Kyhenepi KemeHai O0bI Ta0bUIaIbl KIHE
OipHeIIe Ky3eT KyHeJepiHeH Typajbl: MepuMeTpiepiH Ky3eT NaObulbl; YH-KalaapIblH Ky3eT
na0bLIBI;, OeliHeOaKplIay KyHenepi; Kipyal Oakpliay oHE OackKapy KyHenepi; Ky3eT >KapbIFbl
XKy#enepi; epT Ma0bUIbI J)KOHE OpT CoHIpy kyHenepi. Kayincizaik kyienepi KOpraHbIC YIIIH
KaKeT: 0apiblK TEpMHUHAN 3aJ/1aphl, KbI3MET KopceTy Oenmenepi, Koiima Oenmenepi, aHrapiap,
oye JIalHepJepiHIH TYpaK OpPBIHIAPHL. OyexalmapablH Kayilci3fik >KyHelepiHiH KeMeriMeH
MBIHAJIail MIHJIETTEp MISHIUISAl: TYpJl KbUIMBICTHIK KOHE TEPPOPHUCTIK KAYINTEPACH KOpPFayIbl
KaMTaMachl3 €Ty; KYHBUIBIKTAPBIH OapiIbIK TYPJEPIH KOpFayasl KamTamacki3 eTy. Kayincizmik
KyHenepi oyexannapael Oerje amamaapiaH Ja, OHBIH KBI3METKEPJICPIHEH 1€ KOpFaybl
KaMTaMachl3 €Tyl KO3 Ii.

Tyiinai ce3mep. TeppopucTik Kayinm, >KOFapbl KayilnTi OOBEKTUIEp, aBUALMSUIBIK,
KayiIci3aik, 3aHChI3 apajiacy, TEPPOPHUCTIK aKT, KOIIK, Kayilci3IiK, oye KeMeci, 9ye Teppopu3Mi,
oye TeppOpHU3MiHE KapChl iC-KMMBLI, KAYINCI3TIKTI KAMTaMachl3 €TYy.
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TOPICAL ISSUES OF ENSURING COMPREHENSIVE SECURITY AND
COUNTERING TERRORIST CRIME IN AIR TRANSPORT FACILITIES

Abstract. Ensuring comprehensive security and countering terrorist crime at air transport
facilities in the Republic of Kazakhstan (RK) is an important task that requires a systematic
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approach and constant monitoring. This article discusses ways to ensure security in air transport,
prevention of terrorist threats, measures to work and counter intruders and other ill-wishers.

Modern airport security systems are complex and consist of several security systems:
perimeter security alarm; room security alarm; video surveillance systems; access control and
management systems; security lighting systems; fire alarm and fire extinguishing systems.
Security systems are needed to protect: all terminal halls, office premises, warehouses, hangars,
airliner parking lots. With the help of airport security systems, the following tasks are solved:
ensuring protection from various types of criminal and terrorist threats; ensuring the protection of
all types of valuables. Security systems involve ensuring the protection of airports, both from
unauthorized persons and its employees.

Keywords. Terrorist threat, high-risk objects, aviation, security, illegal interfere.
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ABTOMOBWJIb KOJIIAPBIHBIH TETICTITTH AHBIKTAY IbIH )KOHE
KAJIIBIHA KEJTIPYIIH JKAHA OJICTEPI

Annparna. XKon tecemaepi - OyJ1 opTypJii MaTepHalIIapAaH kKacalaFaH OipHele KadaTTapaan
TYPaThIH KYPIC OOJITiHIH KYPHUIBIMBI.

EcenTik XKbUIIaMIBIKIIEH aBTOMOOWJIBICPAIH Kayilci3 KO3FaJbIChIH KaMTamachl3 €TETiH
YKOJI TOCEMIEPIHE KOWBIJIATBIH HETI3T1 TajanTap:

- KaXeTTi OCpIKTIK;

- TETICTIri;

- O€TiHIH Keaip-OyYAbIPJIBIFHL.

CoHBIMEH KaTtap, JKOJI YHEMIUIIK IMEeH CEHIMAUIK TaJanTapblHa cail 00JIybl, KYPBUIBICTHI
OapbIHIIIA MEXaHUKATAHABIPY MYMKIHIITH KAMTaMachl3 €Tyl )KOHE TEXHOJIOTUSIIBIK OO0TYhI THIC.

Tyiiinai ce3nep. ABTOMOOWIIB KOJIIAPHI; )KOJIAAPBIH TETICTIr; )KOJ TOCEMI KaMbIIFBICHI;
achaabTOCTOH.

Kipicne.

ABTOMOOWIb JKOJJIAPBIHBIH TericTirin [1-8], coHmaii-ak KejiKk KypalJdapbIHBIH TipeK
KyHenepi 2JIeMeHTTEepiHIH )KYKTeMeCi TYPFBICBIHAH 3epTTeY OOMBIHIIA )KYMBICTApAbI TAJIAAY KO
TOCEeMJIEpPiH OPHATY/IBIH KOJIIaHBLIATHIH TEXHOJOTUSIIAPHI KOOIHECE JKOIAYIIbI MEH KYPri3ylIiHiH
TIK YACYJIEpIHIH pYKcaT eTUIreH ACHIeWiH KaMTaMachl3 eTy/AIH 3aMaHayd TajanTapblHa jKayarl
O6epMelTiHIH KepceTTi. Ka3ipri yakpITTa KOJIIaHBUIATEIH aBTOMOOUIIB JKOJIAAPHI MTPO(UIIbICPIHIH
OMIKTIKTEPIHIH CTAaTUCTHKAJIBIK IapaMeTpiepiH eJuey >koHe Oaranay ojicTepl Kok
KYpaJapbIHbIH KO3FaJbIC XKbUIIaMIBIFbIH eckepmeiini [9-19].

Ocbiran OaillaHBICTHI TIK YJEYyJIepiH MEKTI MOHIEPIHEH acnayFa MyMKIHIIK OepeTiH ko
TOCEMJIEPIH KOHEY KOHE OPHATY TEXHOJOTHACHIH 33ipiey kaker (MEMCT 12.1.012-90).

Marepuajaap MeH daicrep.
Op TypJi aBTOpiap anfaH aBTOMOOWIIb >KOJIJAPBIHBIH MPOGUIbAepiHAErT OY3yIIBIIBIKTAP
OMIKTITIHIH CTATHUCTUKAIBIK MapaMeTpiIepiH Tanjgay HOTHXKENIEPJiH CaJbICThIPYFa KeJIMEWUTIHIH
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KepceTTi. bynm kemrtereH >karnaiinapra OaiiaHbICThl. bBipiHmIineH, Oyl Keslik KypaJbIHBIH
KBUIIAM/IBIFBIHA CHIKAHAAH KaThIChl JKOK OpTypili esnmey Oas3acbl. EKIHIIIIEH, FHUIBIMU
3epTTeyaepAeri KOJ >KaOBIHAAPBIHBIH TETICTIM CamachlHbIH KPUTEpUl Kem Karjaija
Oy3yIIBIIBIKTAp OWIKTITiHIH JUCTIepCHACHIH Oaranmay Oonbin  TaObutaabl. bipak  Oipaeit
IMCTIEPCUSUTBIK Oarayayzia op TYpJii JKaOBIHABICH 0ap aBTOMOOWIIB KOJAAPBIHBIH ydacKenepi
00JTybl MYMKIH.

Xorapeia alTeUTFAaHAAP/IBI CYPETTEY YIIIH Op TYPJIi aBTOPIIAPABIH TaHAAMABI 3epTTeyIepi
OOHMBIHIIA  aBTOMOOWJIb  JKOJIAAPBl  YYacKEJIepiHIH  JUCIEPCUSUIAPBIHBIH  IIaMalapbiH
KapacTeIpbiHbI3 (1-Kecte).

Kenip-OypipiapiplH OUIKTIK JUCTIEPCUSIAPbIH CANBICTBIPY 9P TYPJIl aBTOpPJIAp ajiFaH »K0J
TeceMJIEpiHiH Oip Typi YIIIH JI€¢ OChl KOPCETKIIITIH aWTapJIbIKTail COMKECCI3IITIH KOpCeTel.
JucnepcusiHplH Olp FaHa KOPCETKINll, KpUTEpUH pPETIHIE, aBTOMOOWIb >KOJBIHBIH HpPOQUIiH
TOJIBIK CHITATTail ajJMalJpl, OWTKEHI OHBIH HIAMACBIHBIH KAJBINTACYbl KYpJENi IMpOLecTepre
xaTtanpl. Erep cama TamantapbiHa COWKEC KeNeTiH achaabTOSTOH TOCEMIH 3epTTey Ke3iHIe
Y3bIH/IBIFBI OCBl YUaCKEHIH Y3bIH/IBIFbIHA TEH TOJIKBIH 00JIaThIH XKETKUTIKT1 Y3bIH y4acke TaHJaJIca,
OHJIa AMCTIEPCHS MOJIILEp] Tac Kemip ydackeciMeH Oipei 6orybl MyMKiH. bipak Oy skonayibira
YKOHE KOJTIK KyPaJIbIHBIH KOHCTPYKIHMSICBIHA OCBI YYacKeIep1iH MpoiIbAepiHeH ocep eTy Oipaei
O6onanpl nerennl Ouiaipmeial. byn ydackenepneri Oy3ylmIBUIBIKTap OHIKTITIHIH JUCHEPCHUSICHI
OpTYPJi Y3BIHABIKTAFbl TOJKBIHIAPMEH aHBIKTATaIbl: Y3BIH TETiC COKKBIIap-ac(aabTOETOH
TOCEMIH/IE; KbICKA KOHE KOFaphl — TAC KOITIpJIE.

1-kecte- ABTOMOOWIIB JKOJIAAPHI yJacKeIepiHiH OIpKeNKi eMec OMIKTIr IamMaiapbiHbIH

JUCTIEPCHSICHI
Ko Teceminiy Typi TlucriepcHs lc 2 J Hepexkes BarananaTheiH
y9acKeIep Iy
MaKCHUMAJI/Ibl Y3bIHIbIFbI
[]
Acansrberon 0,14 - 0,22 [2] -
Acansrberon 0,64 - 1,59 [7] 30
ement-6eToH 0,25-1,54 [7] 30
AchanbTOeTOH KaKChI JKaFaaiia 1,55 [15] -
Actanproeron 15+5,0 [1] 12
Tac 1,82+5,24 [7] 30
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1-10 xm/car; 2-20 kM / car; 3—30 kM / car; 440 xMm / car; 5— 0 xm/car

1-cypeT-kenik KypalblHBIH OPTYpPJi KO3FalNbIC KBUIAAMJIBIFBIHA apHAIFaH TO3FaH
acarbTOETOH TOCEMIHIH CHEKTPIIK THIFBI3IBIFbI

92



IMpowmbinuienHslii Tpancopt Kasaxcrana. 2024, Ne3.  ISSN 1814-5787,  Ne3, 2024. Industrial transport of Kazakhstan
ISSN online 3006-0273.

Hotuxkenep MeH TajkblLiay.

ABTOMOOUIIB K0JIBI TPODIITIHIH a1aMFa )KOHE KOJTIK KypalbIHBIH TaChIMAJIJayIIbl XKYHeciHe
ocepin Oaranay (Oy3ymbl GyHKIMSA) npoduiabaepaeri Oy3ymbIIbIKTap OMIKTIMIHIH TapanybIHBIH
CIEKTPJIIK THIFBI3JIBIFBIMCH OalIaHbICTBl eKeHi Oenrimi. Ka3ipri yakpITTa KeliK KYpaJbIHBIH
OpTYPIi KO3FAIIBIC JKBUIAAMJIBIKTAPBIHIAAFEl aBTOMOOWIIb JKOJJAPBIHBIH TPOQUIBIAEPIHIH dcep
eTYIHIH CIIEKTPJIIK THIFBI3ABIFEI OPIUHATTAPBI OOy jKOHE OIpIIiK KBUIAAMIBIK YIIIiH €CENTENTeH
YYaCKEHIH  CHEKTPJIK  THIFBI3ABIFBIHBIH ~ a0CHUCCAapblH  KOJIK  KYPAJIbIHBIH  HAKTHI
KBUIIAM/IBIFBIHA KOOCUTY apKbUIBI ecenTene/i. AJBIHFaH CIEKTPIIIK THIFBI3ABIKTAPAbIH KOpHici
(1-cyper, a xoHe 0).

[TpodunbaepaiH COEKTPIIK THIFBI3ABIFEI KUCBIKTAPBIHBIH CHITATHIH Tajjiay HOpMalaHFaH
CTIEKTPIIIK THIFBI3JIBIKTAPIBIH OPJMHATTAPBIHAH HOpMaJIaHOAFaH THIFBI3IBIKTAP/IBIH OPANHATTAPHI
TYPaKThl KOOEHTKIIINEH epeKIIeNeHETIHIH KOPCEeTTI-Ke3-KeIreH Herize npoduiabaiH OepiirexH
0eI1iM1 YIIIH aHBIKTaIybl MyMKIH auctiepcusi. COHbBIMEH, erep aBTOMOOUIIb YKOJIBIHBIH Ke3-KeJIreH
y4acKeciHiH mpoduii 6a3aHbIH SPTYPIIl MOHEPIMEH AJIBIHBIT TacTajca, OH/IA KOJIIK KYPaJTbIHbIH
O1pJTIK >KbUIIaMIBIFBIHA aPHAJIFAH CIIEKTPIIIK THIFBI3ABIKTAP 2-CypeTTe KOPCETUIreH.
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2-cypeT-opTypiai Oazamap YIIIH ecenTeinreH ac@aibT TOCeIreH aBTOMOOWIb IKOJIbI
YYaCKECIHIH HOPMaJIaH ThIC CHIEKTPIIIK ThIFbI3BIFbI

1-1=41m;2-1=72m;3-1=138m;4—-1=242m
CopaH KeliH carna TaJlanTapblH KaHaFaTTaHAbIPAaThIH acPaabTOETOH XKaObIHbI y4acKecl YIIiH

mucrepeusiabl Garanay | = 8,2.m Gasacst yuin [ = 34,2um’® - ra; BBB - J] = 73,5mm® Gazachl

yuiin; | =14.4m - 4 =119,6:n°, | = 27.6 6aszachl YIIIiH jKoHe T. 0. TeH KaObLUIIaHYbI MYMKIH.

Jlemek, Ke3-keiareH mpo¢uibaeri Oy3yMIbUIBIKTap OWIKTITiHIH JAUCHEPCHUsCHl  OCHI
npo(uIbIiH TYpPaKTBICEl eMec, Oipak eJjmiey 0a3achIHBIH ©3repyiMeH e3repeil, an Oa3aHblH
ecyiMeH aucrepcus Medmepi ae eceai (3-cyper).
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)aObUTFaH achanbTOETOH TOCEMI; 6-Komip TeceMi; 7-KapAblH )KyKa KabaTbIMeH KaOblIFaH
ac(haabTOCTOH TOceMi

3 - cyper-6a3ara OailIaHBICTBI Op TYPJIi aBTOMOOUIIB YKOJIIaPBIHBIH MPOPUIBIEPIHIH
JIMCTICPCUSICBIHBIH MOJIIIepi

ABTOMOOWJIB KOJBIHBIH TPOGUIIH OJIIIeY KOHE OHJIey daicTeMeci Oackaiia 00Iybl Kepek.
Mynpait ofic sxymbicTa YChIHBULIBI [20]. OHBI KONIaHY/BIH HET13UIIIT COHFBI YIII OHXKbUIJBIKTA
KEH ayKbIMJIbl SKCIIEPUMEHT apKbLIbl IbIHFAH YJIKEH CTATUCTHKAIBIK MaTepHaJIMEH pacTajijbl.
By, MbIcanbl, 9pTYpIIi KeslikTep i )kobanay Ke3eHiH e oJap/IblH KYPbUIBIMJIBIK 2JIEMEHTTEPIHIET1
KEepHEYJIEeP/IIH CHEKTPIIK THIFBI3IBIFBIH €CeNTeyre MYMKIHAIK Oepli. ¥ChIHBUIFAH OMICTEMEHIH
3aHJIBUIBIFBI KEPHEYJIEP/IiH CIIEKTPIIIK THIFBI3IBIFBIHBIH ©3repy CUIIAThIMEH pacTanajpl (Cyper. 4).

bip ke3nepi xymbicTa [20] aBTOMOOMIIB KOJIAPBIHBIH NPO(UIBAEPIH OJIIey JKOHEe Tajlaay
onictemeci )kobanay Ke3eHIHJIe KOJIIK KYpaJbIHbIH KYPBUIBIMBIHBIH JKYKTeMeci MeH OepiKTiriH
Oaranay TYpFBICBIHAH jkacansl (CyperT. 4).
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1 — skcnepuMeHTTeri xka30a OoitbIHIIa; 2 — MPOGUIBIL TETIiCTeYy Y3bIHABIFBIMEH | = 25 MM;
3 — tericTey y3bIHABIFEI OotibHIIa | =V /1,

4-cyper - TpoOJIIEHOYC paMachiHBIH JIAH)XEPOH KHUMACBIHAAaFbl KEPHEYMIH CHEKTPIIK
TRIFBBABIFBI No 5, V=30 kMm/car ceHCOp) ecenTelreH:

CoHBIMEH KaTap, KOJIK KYPAJIbIHBIH KYPBUIBIMABIK 3JEMEHTTEPIHACTT aifHBIMAIIbI
KEepHEeYJIep IEHIeHIH TOMEHETY YIITIH KOJI )KaObIHBIHBIH TETICTIr KOJIIK KYPAIBIHBIH KO3FaIbIChI
Ke31HJEer1 KepHeyJaep MHUHHMaAbl OonaThiHIald O0ybl Kepek. Jlemek, Kok KypalaapbIHbIH
MeTaJUI KOHCTPYKIUSTIAPBIHBIH OCpIKTIFiH apTTHIPY JKOHE KOJIAYIIbLIAp MEH JKYPri3ymiiepain
KYPY BIHFaWJIBUIBIFBIH apTTHIPY MOCEJIEC] )KOJI TOCEMIH OpPHATY JKOHE JKOHJEY Ke3iHje jkobanay
’KOHE CallaHbl KaMTaMachl3 €Ty Ke3eHiHjae mieminyi kepek. Cama jern aBTOMOOWIIb YKOJBIHBIH
MaKpPOHEPOBHOCTh TOJIKBIHIAPBIHBIH KOJIK KYPAIbIHBIH KO3FAJIBIC JKbUIIAMIBIFBIMEH OaiJIaHbICHI
TYCIHLIEII.

ABTOMOOWJIb KOJIIAPBIHBIH TPOQHIBACPIH OJIIey JKOHE Taigay, XYKTEMEHI >KOoHE
colikeciHIe yaeyai Oaranay OOMbIHIIA KYMBICTAP/IbI IIOTYAAaH KOPIHIN TypFaHAai, aBTOMOOUIIb
YKOJIBIHBIH MPOoUIl TEK KYK KOTEprill >KYHEHIH >KYKTeMeCIHEe >KOHE KOJIK KYPaJbIHbIH YAeY
MeJIIIepiHe ocep eTIEUTIH HeMece a3 dcep €TETiH TOJIKBIH Y3bIHIBIFbIHA Me OOJIaThIHAAW eTil
KYPBUIYBI KEpPEK.

Ocplnaiiia, *oJ TOCEMIH cally >KOHE XKOHJIEy Ke3iHAe KYPBUIBIMHBIH JKYKTEIyiHEe KoHe
YKOJAYITBLIAP/IBIH KAUTBUIBIFBIHA 9CEP €TETIH TOJKBIH Y3bIH/IBIFBI alIbIHBII TaCTaTybl KEpPEK.

KopbITBIHABI.

Terictik kpuTepuili OOWBIHIIA OJ TOCEMIHIH CamachlH apTThIpy MOCENECIiH MIelny
KYPBUIBIMHBIH KYKTEIyiHE »OHE KOJAayLIbLIapAblH JKaMIbUIBIFBIHA 9CEp €TeTIH aBTOMOOWIIb
KOJIBIHBIH ~ TOJIKBIHIAPBIH "aJIbIl TACTAMTHIH" KOJ TEXHOJOTMSJIBIK MAIIMHACBIH KYPY
YCBIHBLTAIBI.

Ko TecemiH cay MeH >KOHACY/IIH COHFbI Ke3€HIHIH TEXHOJIOTHSICHI Kelleciiel O0mKaHaIbl.
TosraH o011 TeCEMIH MapIIpyTH3aTOPMEH (pe3epiey *Ky3ere achlpbliajibl, 01 KOJIBIH aTbIHBIIT
TacTaJaThlH TOJKBIH Y3bIHJIBIFBI 0a3achIHBIH OPTachlHAA OpHalacybl Kepek, ajl «0a3za», SFrHH
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MAaIIMHAHBIH 631 OHTAWIBl >KbULAAMIBIKIIEH XYpyl Kepek. Ochumaiiina, KeJiK KypaJbIHbIH
aBTOMOOWMIIb KOJIBIHIAFbI KO3FAJIBICHIH KOPCETETIH KBUDKBIMAIIBI OPTAIIa MOH KENTIpUIe .
EcenTeynep kepceTKeHICH, KOIIK KYpaIIapblHBIH OpTalia TaOuFu TepOeITic )KULIIr pyKcar

erimren T = (1.5...2)6‘_1 TeH. ABTOMOOWIIb KOJIIapbl OOMBIHINA KO3FAJIBIC JKBUIIAMIBIFbIHBIH
epexenepiMer (Mbicaibl, Tpoiuteioyc yiin V = 30 km/car) o ¢ppe3ackl opHantacka 6asza | = 15
M acIIaiJibl.

Byn Tocinmi aBTOMOOWIB IKONIAPBIH JKOHJAEYre apHaJIFaH >KOJ TEXHOJIOTHSIIBIK
MaIlIMHATAPBIHBIH KaHa KJIACHIH kKo0alay Ke3iHae KoimaHyra Oosaabl. TymHYCKa TEXHUKAIBIK
HIeHIMACPIi KOJIAHY TEXHOJOTHSUIBIK MAIIMHATAPIBIH Y3bIHABIFBIH KOJIAMIBI MOHIE JICHIH
alfTapibIKTall a3aiiTyra MYMKIHAIK Oepei.
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HOBBIE METO/IbI OITPEJAEJIEHUA 1 BOCCTAHOBJIEHUSA POBHOCTH
ABTOMOBMWJIbBHBIX JTOPOT

AnHoTanus. JlopokHasl Oek/a MPEACTaBlIsIeT COO0H KOHCTPYKIHIO MPOE3KEH YacTH,
KOTOpas BKIIOYAET B ¢€0s1 HECKOJILKO CJIOEB M3 Pa3IMYHBIX MAaTEPHAIIOB.

OcHoBHBIE TPeOOBaHMS K JIOPOKHOM OJIeXKIE, OOecrieunBaronue Oe30MacHOe JIBMKEHUE
ABTOMOOWJICH C PaCYETHBIMU CKOPOCTSIMHU:

- He0OX0IMMast MPOYHOCTB;

- POBHOCTb;

- IEPOXOBATOCTh MOBEPXHOCTH.

B 10 Xe Bpems mOpokHas OJSkJa JIOJDKHA OTBEYaTh TPEOOBAHHS SKOHOMUYHOCTH H
HaJIS)KHOCTH, 00€CIIeYnBaTh BOBMOKHOCTh MAaKCUMAIbHOW MEXaHHU3allUU CTPOUTEIHCTBA U OBITh
TEXHOJIOTUYHOM.

KiroueBbie ciioBa. ABTOMOOHIIBHBIE JOPOTH; POBHOCTH JOPOT; JOPOKHOE MOKPHITHE;
acganbTo0eTOH.
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Nurbol Kamzanov, PhD, associate professor, Satbayev University, Almaty, Kazakhstan,
nuke963@mail.ru

NEW METHODS FOR DETERMINING AND RESTORING THE EVENNESS OF
HIGHWAYS

Abstract. Road clothing is a construction of the roadway, which includes several layers of
various materials.

Basic requirements for road clothing that ensure the safe movement of vehicles with design
speeds:

- required strength;

- evenness;

- surface roughness.

At the same time, road clothing must meet the requirements of economy and reliability,
provide the possibility of maximum mechanization of construction and be technologically
advanced.

Keywords. Highways; road evenness; road surface; asphalt concrete.
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INOBBIINEHUE KAYECTBA PABOTbI MOBUJIBHOI'O
CBOJOOBPYHIHUTEJIA B BYHKEPE JIUIA XPAHEHUSA TPYJTHOCBIHIYYUX
MATEPHUAJIOB

AHHOTauusi. B crarthbe NpUBOAATCS pPE3YNbTAThl SKCICPUMEHTAIBHBIX HCCIICIOBAHHMA
paboThI MOOUIBHOTO  (NIEPEHOCHOTO)  CBOAOOOPYIIMTENS-OUUCTUTENST IS Pa3TPy3KH
CBOJI000Pa3yIOUINX IPY30B U3 OYHKEPHBIX YCTPONCTB; aHATTM3UPYIOTCS IIPUYUHBI BOSHUKHOBEHUS
CIIO)KHOCTEH BBITPY3KH CBOJIOOOpa3yIIIMX TPY30B, OOYCJIOBICHHBIX IPHUMEHSEMBIMU B
MPOMBIIUICHHOCTH  MPOU3BOJICTBEHHBIMU ~ TEXHOJIOTHUSMHU  (XpaHCHHE, TpPaHCIOPTUPOBKA,
JO3UPOBAaHUE, TMOTPY30YHO-PA3TPY30UHbIC pPabOThI); pa3pabaThIBACTCS TEXHOJIOTUYCCKUN
nporecc padboThl MOOMIIBHOTO YCTPOMCTBA C IICIIBI0 ONTUMH3AIMU €r0 IPUMEHEHHUST UCXOJIS U3
KOHCTPYKIIMU OyHKepa [Uisi XpaHEeHHs (TPaHCHOPTHUPOBKH), COOCTBEHHON KOHCTPYKIIMH
MOOHIILHOTO YCTPOMCTBA, PEXKUMOB pabOThI, (PU3NKO-MEXaHUUYECKHX CBOMCTB pabouell cpeibl;
MpeaiaraeTcss MeTOANKa SKCIIEPUMEHTABHBIX HCCIeN0BaHUN (YHKIIMOHUPOBAHUS YCTPONCTBA
CBOI00OpYIIEHHUS ¢ TOUCKOM 3((HEKTUBHOTO coYeTaHus (PaKTOPOB €ro IKCILTyaTalluu: PO Ipy3a,
PacCToNIO’KEHUE TEXHOJOTHYECKHX OTBEPCTHI B CTEHKaX OYHKEpHOTO YCTPOWCTBA, pasMephl
paboumx OpraHoB, PeKUMbI PaOOTHI.

KiroueBnblie cJioBa. EYHKep, CBO,Z[OO6pa3OBaHI/Ie, CBOI[OO6pyIJ_II/ITCJ'IB-0‘{I/ICTI/ITCJIB,
pr,[[HOCLIHy‘II/Iﬁ MaTepurajl, PBIXJICHUC, OYHUCTKA, OITUMHU3ALUA, NPOCKTUPOBAHHC, pa6oq1/1171
oprad, S5KCIICPUMCHT.
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BBenenue.

Heo0x0auMOCTh KaueCTBEHHOW OYHMCTKM CTEHOK OYHKEPOB M Ky30BOB TPAHCIOPTHBIX
CpeACTB BbI3BaHA W3-3a2 OOJBIION HOMEHKJIATYPhl MaTe€pHajoB C BBICOKUMHU aJIre3MOHHBIMU
CBOMCTBAMH IMpU TEPEBO3KE KOTOPHIX HMMEET MECTO IIOCTEIIEHHOE HAKOIUICHHE OCTAaTKOB,
npuBosmiee K (OPMUPOBAHHWIO HA BHYTPEHHEH ITOBEPXHOCTH TMOJOCTH EMKOCTH TPYIHO
yIAISIEMOTO HAJMIIIIETO CJI0S MaTepHaia, IPUXOIAIIer0 B B HETOTHOCTb.

Pacmmpenre HOMEHKIATYpbl XpaHHMBIX M TPaHCIOPTHPYEMBIX MAaTepHajoB, a TaKXKe
COXpaHEHHE MX KavyeCTBa, BO3MOXHO JIBYMS criocoOamu: 1-M3roToBieHne OYHKEPOB, BarOHOB-
XOIMEPOB C  TOBBIMICHHBIMA  (PYHKIIMOHAIBHBIMH  BO3MOXKHOCTSIMH;  2-MOJICPHHU3AIHS
JKCILTyaTUPYEMBIX EMKOCTEH. B HacTOsIIEeN CTaThe PACCMOTPEH YCTPOMCTBO - CPEIACTBO OUUCTKH
BHYTPEHHUX MOBEPXHOCTH Pa3IMYHBIX TOJIBIX U3ACTHIA U TTpeTHa3HAYCH ISl pa3pyIIeHHs CBOIOB
Y TIEpEMBIYEK W3 CIIEKABIIETOCS CBHITy4ero MaTepualia, 00pa30BaBIIUXCS B TPYTHOIOCTYITHBIX
MecTax KOHTeiHepoB wiau OyHkepoB [1, 9]. YCTpoWCTBO TO3BOJISET IMOBBICUTH CKOPOCTH
oOpyIIeHw s CBOJIOB B JIBa pa3a M MO3BOJISIET YCTPAHUTh TPUIUHBI TPYAHOCTEH, BOZHUKAIOIINX TIPU
BBIITYCKE (OYMCTKE) CBOJOOOpa3ymOIIUX MaTepHaloB M3 OYHKEpPOB: CBOJO0Opa3oBaHUE U
3aBucaHue. HapymeHuss  CTaOMIBHOCTH  BBIYCKa  BBI3BaHBI pAAOM  TPHUYHH:
MUKPOKIUMATUIECKUMHU YCIOBHUSMU TPOU3BOJICTBEHHON CpeIbl, TEXHOJIOTHEH TOTrpy309HO
pasrpy304HBIX OIEpaluid ¢ MarepuajioM, ero (U3HKO-MEXaHHYECKUMH XapaKTePHCTHKAMH,
(dbopMoii 1 pa3MepamMu OTBEPCTHS BBIITYCKHOI BOPOHKH €MKOCTH | T.11. [lociie cBojoo0pa3oBaHus
MIPOUCXOIUT YMEHBIICHHE MTOJIE3HOTO MPOCTPAHCTBO MOJIOCTH OyHKEpa, YTO SBISETCS MPHIMHON
BO3pacTaHusl yACTbHBIX 3aTpaT YHEPTUHU Ha BBITPY3KY C NCTIOJIH30BAaHHEM MEXaHU3MOB, CHIKCHHS
Cpoka cIyKObl OyHKepa, YXYIIICHHS KadyeCTBO XpaHUMOTO cojaepkumoro. Crabumusarus
TEXHOJIOTUU Pa3rpy304HOTro Mpoiiecca OyHKepa BO3MOXKHA ITyTeM IPUMEHEHUS CEPUH YCTPOUCTB,
3aHUMAIOIIHUX CTAIMOHAPHOE MOJIOKEHUE U PA3IUYHBIX MO NpuHUMNy neuctBus [1]. Oanako
a¢hexTHBHEE UCTIOIB30BATh MMEPEHOCHBIC (MOOUIIBHBIE) YCTPONCTBA, TPUTOTHBIC KAK JIJIsi HOBBIX,
TaK U JUIsl CTapblX OYHKEPHBIX YCTPOMNCTB, HE CO3JAI0IINE CBOUMU KOHCTPYKIMSIMH IMPENATCTBUN
HCTEUYEHHUIO0 MaTepualla, UCKII0YAIOIMMU TPOHUKHOBEHUS 00CTY)KHBAIOIIETO MepCoHala BHYTPb
eMKOCTH. DPPEKTUBHBIMU TIOI00HBIC YCTPOMCTBA OYIYT MPHU pa3rpy3Ku OYHKEPOB ¢ BPEMEHHBIM
XapaKTepoM BO3HHMKHOBEHUs 3aBHcaHMs. [loTpeOHOCTh B MEPEHOCHBIX CBOJOOOPYIIUTENSIX-
OUHCTHUTEIIAX CBSI3aHA C HIMPOKUM CHEKTPOM TPAHCIOPTUPYEMBIX MaTepUajoB, pa3HOOOpa3ueM
KOHCTPYKIUH TIOABHXKHOTO coctaBa OyHkepHoro Tuma [2]. Ha pucynke 1 mnpeacraBieHbI
YCTpOICTBA, OTIMYAIOIIMXCS padOYUMHU OpraHamu (CKpeOKH, MHOTO3BEHHHMKH, LIETIH U T.II.),
o0Janarux BbICOKONW pabOTOCHOCOOHOCTHIO M YHUBEPCAIBHOCTHIO MO BUJAM BBIIPY)KaeMbIX
MaTepHasoB, a TAKKe BO3MOKHOCTBIO OJJHOBPEMEHHO C BBIFPY3KOH Ipy3a 13 OyHKepa cOBepIlaTh
yIaJeHUE HAJIWIIIAX OCTATKOB C €ro BHYTPEHHUX CTEHOK, BKJIIOYas BepTUKaibHbIC [3, 4].
VHHOBIIMOHHBIE TEXHOJOTMH KOHCTPYKIMOHHBIX KOMIIO3UIIMOHHBIX MATE€pPHAlIOB IO3BOJISIOT
W3rOoTaBIMBaTh pabounMe OpraHbl, OOJAaJaoNINe JIETKOCThIO, BBICOKOW MPOYHOCTHIO U
3MacTUYHOCTHIO [4]. TIpHBOA TAKKUX YCTPOHCTB MOXKET OBITH CAMBIM Pa3HOOOPA3HBIM, B TOM YHCIIC
C TPUCIIOCOOJICHHEM YHHMBEPCAIbHBIX THUIIOB PA3JIMYHBIX PYYHBIX MEXaHU3UPOBAHHBIX
MHCTPYMEHTOB, YTO 3HAYUTEIHHO PACIIMPHUT TEXHOJIOTHUECKHE BOZMOKHOCTH TPUMEHEHUSI.
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Pucynoxk 1. MoOunbsHBIE CBOI00OPYIIAIOIIE-0UHIIIAIOIINE MEXAaHU3MBI C pA00YUMHU
OpraHaMM pa3JIMYHOTO THUIIA: CKPEOKOBBIN HenehopMHupyeMblit (a); MIIaCTUHHBINA
nepopmMupyemslii (0); apHUPHBIH MHOTO3BEHHUK (B)

MarepuaJjbl 1 METOABI.

OcHoBHbIE 3Tanbl pabOThl MEPEHOCHOTO CBOAOOOpYIIMTENS (PUCYHOK 2):1-akTHBHOE
pBIXJIEHHE TpU pa3BeAeHUM padouyux OpraHoB Ha HEKOTOpPOe 3HAuYeHHE Yyria o B
MIPOTUBOIOJIOKHBIE CTOPOHBI OT OCH BpAIlleHMsI IPUBOJHOIO Baja, B X0J/€ KOTOPOro, B 00JacTH
HEMOCPEJCTBEHHOTO B3aWMOJEUCTBHS C MaTepUalioM HAOJIOAeTCsl POCT €ro HaIpsHKEHHOCTH,
YTO JIOJDKHO BBI3BaTh MECTHOE OOpYIIEHHME CBOJA;2-TIPUHYAMTEIbHAs BBITPY3Ka Marepuaia
TATBHEHIIIMM BO3JIEHCTBUEM pabOuYMX OPraHOB Ha 30HY TIpy3a, HE 3aJCHCTBOBAHHYIO Ha
MpeAbIIyIeM 3Tare padoThl (MMEIONIYI0 BHEITHEE PACIOJIOKECHHE); 3-3aKITIOYUTEIBHBIA 3TaIl
yaaneHus: 00pa3oBaBIIUXCA AATE3MOHHBIX OTJIOKEHHMH Ha BHYTPEHHHUX [OBEPXHOCTSIX
OTPaXKIAOIINX KOHCTPYKIIUK OyHKEpa IMyTeM KOHTAaKTUPOBaHKS pabovnX OpraHoB ¢ HUMHU [5].

ObecrieyeHre BBICOKMX XapaKTEPHUCTUK pa3padaThIBAEMbIX IMEPEHOCHBIX YCTPOMCTB IO
CBOJIOOOPYIIICHUIO BBIHYKIA€T TOMUMO TEOPETUUCCKUX M3BICKAaHUM [6] TPOBECTH TOJHOIIEHHBIE
OKCHEPUMEHTBHI, B pE3YyJIbTaTe€ KOTOPBHIX CTAaHET BO3MOXKHBIM COIJIACOBAHHE PAa3TMYHBIX
KOHCTPYKTHBHO-PEKUMHBIMU XapaKTEPUCTUK YCTPOICTB ¢ GUZUKO-MEXaHUYECKUMU CBOMCTBAMHU
XpaHUMOTO MaTepuana U KOHCTPYKTUBHBIMU OCOOEHHOCTSIMH CaMOT0 OYHKEPHOTO XPaHUJIHUINA.
[Ipouecc pasrpy3kud TpPYTHOCHITYYMX MaTepHalloB M3 OyHKEpa B IpOLIECCe AKCIEPUMEHTa
COIMPOBOXKIAJICSA U3MEPEHHEM U (PUKCUPOBAHUEM HCCIIEyEMbIX [TapaMeTpPOB.

Pe3yabTarsl M 00CyKIeHUS.

Uccnenoanus [7] moka3anu, 4yTo /Ui U3Y4eHUS (PU3UUECKOTO MPOoIiecca CBOA00OPYIICHUS
OYHKep J0JKEH OBbITh 3aMOJIHEH IPY30M Ha BBICOTY 1 M IIpH Muiomany 1 M? ero ropu30HTaILHOTO
MONIEPEYHOr0 CEUYEHHS, YTO TaKXKe JOCTaTOYHO MJIsi SKCIEPUMEHTOB MOJ00HOrO0 poja Ha
MaTepuanax CKJIOHHBIX K CBOJO0Opa30BaHUI0, HO 00J1aal0IIUX HEOOIBIION yIeTbHOW MACCOM.
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Pucynoxk 2. TexHonorudeckuii mpoiecc cBo1000pyIIeHUs ¢ MPUMEHEHUEM

AKCIEPUMEHTAJIBLHOTO 00pa3lia MEepEeHOCHOTO YCTPOICTBA MpU 3a/IeHCTBOBAHHH TOJIBKO
OJIHOTO TeXHoJoTuueckoro oTBepcTusi Nel OyHkepHOH abOpaTOpHOM YCTAaHOBKH: CXeMa
mporecca BBITPY3KH (a, 0); cxema pacHoJIOKEHHS TEXHOJOTHMYECKHX OTBEpCTHi (B); 30HA
BO3JICUCTBUSL pabOYUX OpraHoB (00ObeMHOE M300paKeHHE) Ha Tpy3 03 MOJHOTO UX PACKPBITHS
IIPU OJTHOBPEMEHHOM HCIIOIb30BaHUH IBYX OTBEPCTHI B COCETHUX CMEKHBIX CTEHKAX BBIITYCKHOM
BOPOHKH (T)

[IponyckHast crnocob6HOCTh JabopatopHoro oOpa3na OyHKepa OIpeaessuiach IyTeM
M3MEpeHus BPEMEHHU BBIITyCKa W Beca BBITPYKEHHOro Martepuaina. Pasrpyska OyHkepa uepes
BBIITYCKHOE OTBEPCTUS MOXET COMPOBOXKIATHCA OJHOBPEMEHHO TEKYUIUMHU SIBJICHUSMU
CBOJI0OOPYIIEHUS U CBOJ000Opa30BaHus (TaK Ha3blBaeMble AUHAMUYECKUE CBOJIbI). CTaOMIbHBIN
BBINIYCK Tpy3a OyneT MMEeTh MECTO TOJBKO B Cilydae mpeoOiajaHus MEpBOro Ipolecca Haj
BTOpBIM. [Ipu 0OpaTHOM ke COOTHOIIEHUH, 00pa3yIOIIHecs CBOJIbI OyayT HOCUTh CTATUYECKUI
XapakTep, Hen30eKHO BeylIUi K MOJHOM OCTAaHOBKH HcTedeHus [ 8].

OnTumu3anus KOHCTPYKTUBHO-PEKUMHBIX MapaMeTPOB MEPEHOCHOTO CBOJI0OOPYIIUTES-
OUYHCTHUTENS BO3MOXKHA TOJBKO C YCTAaHOBKOW 3aBUCHMOCTH BPEMEHH BBITPY3KH Marepuaia OT
MeCTa pacroJIOKEeHUS U ATUHBI pabounx opraHoB. OCHOBHBIM k€ KOHCTPYKTHBHBIM IMapaMeTPOM
MIEPEHOCHOTO CBOJOOOPYIIUTENS SIBIsIETCS JUIMHA ero pabodero opraHa. Hamuume octaTkoB
Matepuana B OyHKepe IO 3aBEpIICHHH IMpollecca BBITPY3KHU SBIAETCS €Ile OJHUM U3
KaueCTBEHHBIM KpuTepueM (QYHKIIHOHUPOBaHHS OyHKepa.

DKcrnepuMeHTa bHbIe HCCeI0BaHus (DPEKTUBHOCTH PabOThI IEPEHOCHOTO (MOOHIBHOTO)
CBOJIOOOPYIIUTENS MPOBOAUINCH C MPUMEHEHHEM HECKOJIBKUX BUOB CHITyYUX MaTepUajoB, Ha
MOJENU CTallMoHapHoro OyHkepa. J[ns onTuMu3anuu Mecta MPUMEHEHHs] pa0ouuX OpraHoB
MEPEHOCHOTO CBOJIOOOPYIIUTENSI B CTEHKaX BBIMYCKHOW BOpPOHKH JabopaTropHOro oOpasia
Oynkepa (pucyHok 3, a, ©) OBLJIO H3TOTOBIEHO HECKOJIBKO TEXHOJOTHYECKHUX OTBEPCTHUH,
MMEIOIUX OJIMHAKOBBIE KOOpAWHATHI pacmosiokeHus (Om; 0,47m). Takoe pacnonoxxeHue
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TEXHOJIOTUYECKUX OTBEPCTUH JJIsl CTEHOK BBITYCKHOW BOPOHKHM OyHKEpa NMPHU3BAHO TOOUTHCS
MIOJTHOTO Pa3BeeHHs pab0UYUX OPraHoB OT MEPBOHAYATBHOMN MapaJUIeTbHOCTH, a CIIE0BATEIBHO,
1 HauOoJIb1IeT0 00bEMa CIISKABIIETOCS IPy3a MOIBEPKEHHOTO CTUMYIIUPYIOIIEMY BO3ICHCTBUIO.
Bce 310 HEOOXOAMMO HMCXOIS W3 TEOMETPUYECKUX OCOOCHHOCTEH HCCIelyeMbIX OYHKEpPOB.
YcTaHOBIIEHHOE /17151 SKCIIEPUMEHTA 3HAUYE€HUE BEPTUKAIbHON KOOPIMHATHI Yo IPU3BAHO JOCTUYb
HanOoJIBIIeT0 00beMa MaTepHaja BCTYMAIOIIEr0 BO B3aMMOJACHCTBHE C padOYMMU OpraHaMU
MEXaHU3Ma.
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Pucynox 3. DkcnepuMeHTa bHAS YCTAHOBKA ISl HICCIICIOBAHUS UCTEUCHUS TPYy3a U3
OyHKepa:

cXeMa KOOPJIMHAT PACIOJIOKECHHS TEXHOJIOTHUECKIX OTBEPCTUH B CTEHKAX BBITYCKHOM
BOPOHKH (a); TabopaTopHbIii 00paser Oynkepa (0)

Ha paspesze A—A (pucyHoxk 3), BbIIEICHHAs IOJIYKPYrOM, HMMEIOIIMM paauycoMm Lo,
MPOEKIIMS 30HBI JACHCTBHS pabOYUX OPraHOB MPU YCTAHOBKHM TEXHOJOTHYECKOTO OTBEPCTHUS C
KOOPJIUHATOH Yo MPEBOCXOIUT MO IUIOIIA/IU 30HY MOJYYSHHYIO MIPH HCIOIb30BAaHUHU KOOPIUHATHI
¥, KOTOpasi B CBOIO OYepe/lb MMEET BCEro JHIIb (JOPMY CEKTOPa OKPYKHOCTH C TAKUM XK€ IO
BenuuuHe paguycoM Lo. Mi3MeHeHune 30HbI 1eficTBUs pabOYMX OPraHOB B CTOPOHY YMEHbBILIEHUS
IPU HCIOJIb30BAaHUM JIPYTOM KOOpPAMHATBI OTBEPCTHSI ) OOBACHAETCS BO3HHUKHOBEHHEM
IPEIATCTBUSL CO CTOPOHBI CMEXHO PACIOJI0KEHHOW BEPTUKAJIbHOM CTEHKU OyHKepa, KOoTopas
OIOKUpYET CO000 pacxokieHue pabounx opraHoB 1o Mmakcumyma [9]. [Tokazano (pucyHok 3, a),
YTO FOPU30HTAIBHOM MpoeKLueil 061acTu BO3AEHCTBHSI pad0UnX OPraHOB HAa CTEHKY BBIITYCKHOM
BOPOHKH SIBJISIETCSI OKPY)KHOCTh, BIIMCAaHHAs B Tpamenuio (GOpMbl CTEHKH, M UMEIoIIas
MaKCUMAaJIbHYIO TUIOHIAJb TOJIBKO B CIIy4a€ HUCIOJIb30BAHUS YCTAHOBJIEHHBIX IS SKCIIEPUMEHTA
3HaueHuil koopauHat (Om; 0,47m). OcHOBHOM 3agauell HKCIIEPHUMEHTOB CTal0 OIMpeelieHue
3aBHCUMOCTH MAacChl BBITPY)KEHHOTO Tpy3a, OT KOJIHMYECTBA HEOOXOIMMBIX TEXHOJOTHYECKUX
OTBEPCTHUH, MOCIIEA0BATEIBHOCTH UX UCIOJb30BaHUS B paboTe U OT AJIUHBI paboyero oprana Lo,
kotopass BapeupoBaiace oT 0,065 m go 0,26 M. CorynacHOo pUCYHKY 2, B IIOJIOKEHHUE
TEXHOJIOTUYECKUX OTBEPCTUH MOCepeMHE KaxJ0il M3 CTEHOK BBIYCKHON BOPOHKHM OyHKepa,
MO3BOJIUT paboyeMy oprany AIMHON Lo MOJIHOCTBIO COMPUKACAThCS CO CTEHKOW M MPOU3BOIUTH
ee ouncTKy [10]. Hannuue Bcero oTHOro oTBepCTHs B KaX/10iH CTEHKE OOBACHSACTCS CUMMETpUi
BO3HHUKAIOIIMX B MOJIOCTH OyHKepa cBO1000pa3zoBaHuil. Mcrnonb30BaHNe HECKOIBKUX OTBEPCTUI
TOJIBKO B OJHOHM M3 CTEHOK MPUBEJET K YACTUYHOMY CBOJOOOPYIIEHHUIO, HE MO3BOJIHMB OYHKEpY
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MOJIHOCTBIO pasrpy3urcs. IlocnenoBarenbHOCTh 331€HCTBOBAHUS B pabOTY YETHIPEX MMEIOLIIXCS
TEXHOJIOTUYECKUX OTBEPCTHI MOKET MPOU3BOJUTCS TOJBKO MO ABYM cxemam: 1) mpu cxeme I — 11
— III, xorga nBa MEPBBIX HUCHOIB3YEMBIX TEXHOJIOTMYECKUX OTBEPCTHUS PACIOJIONKEHBI CMEXKHO,
IIOJIHOTBI BBITPY3KHU I'py3a JOCTUTHYTh HE yAanoch (pucyHok 4); 2) npu cxeme I — |1l — II, korga
7IBa TIEPBBIX UCIIOJIb3YEMBIX OTBEPCTHS PACIIOIOKEHBI MPOTUBOIIOJIOKHO, HAOIIOAETCS TIOJTHOE
omnopoxHeHue OyHkepa (pucyHok 5). Ha pucynkax 4, 6 u 5, a BUAHBI pa3Indus B pe3yIbTaTax
BBITPY3KM Ha BTOPOM IO OY€peIU OTBEPCTHM. B mepBoM cilydyae TEXHOJIOTMYECKOE OTBEPCTHE
BTOPOE 10 OYEpEeaM HCIOJB30BaHUS PacIoJarajochb CMEXHO C MNEPBBIM, II0ATOMY KOJIHMYECTBO
BBITPY)KEHHOTO Tpy3a ObUI0 MUHUMAaNbHO. KonndyecTBeHHBIE MOKa3aTeIN pasrpy3Ku OyHKepa 1mo
cxeme I — Il — II mpencraBnensr Ha pucyHke 6. B maHHOM ciydae HaOro1aeTcss pocT odbema
BBITPY)KEHHOTO MaTepuaja Ha BCEM IMPOTSHKEHUH pOCTa JUIMHBI pabOuuX OpraHoB.
MaxkcuManbHOTO KOJMYECTBA BHITPYKEHHOTO Tpy3a yAaeTcs TOCTHYb TPU MaKCUMAJIbHOM JJTMHE
pabodero oprana Lo=0,26m [11].

(a) (0)
Pucynok 4. Pesynbrarsl pasrpy3ku OyHkepa o cxeme [ — 11 — 111:
pe3yIbTaT UCIIOIB30BaHUS IMIEPBOTO TI0 OUepean TeXHOJIornueckoro oreepetust Nel (a);
pe3ynbTaT UCIOJIb30BAaHUS BTOPOTO 1O oYepe TexHoorudeckoro otepctus Nell (6)

L "" %ﬁ

(a) (6
Pucynox 5. PesynbraTsl pasrpysku oyHkepa no cxeme [ — I —11:
pe3yabTaT UCIOIb30BaHUS BTOPOTO M0 04YepeId TeXHOJIorndeckoro orsepetus Nelll —
HETOJHOE ONOpOXKHEHUE OyHKepa (a); pe3y/abTaT UCIOIb30BaHUS TPETHEr0 TEXHOJIOTUYECKOTO
otBepcTus Nell — monHoe onoposkuenue (0)
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100 /
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A
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Pucynok 6. I'padux 3aBucUMOCTH cTeNeHH pasrpy3ku oTpydeit M, % ot pa3mepa pabounx
opranoB Lo, M Ha Ka)X/IOM 3Tare Mocjae0BaTeIbHOTO HCIOIH30BAHUS TEXHOJIOTHUECKIX
OTBEPCTHH (KaXXI0TO B OTJAEIHHOCTH U BCEX BMECTE)

BbIBOJBI.

1.Mcnonb30BaHMEM NEPEHOCHBIX YCTPOMCTB Oy/IeT JOCTUTHYTA MOJIHAS BBITPY3Ka EMKOCTH
U OJHOBPEMEHHAs OYMCTKA CTCHOK OT HAJUIIIAX OTJIOKCHUH, 3aBUCAHWHA M TPOUYHX
arJIOMEpHUPOBAHHBIX OCTATKOB CHIITydero rpys3a. HambOomee parmonHanpHas (yHHBEpCalbHas B
iaHe  (U3HKO-MEXaHWYECKUX CBOWCTB T'PYy30B) KOHCTPYKTHBHAs CXeMa YCTPOWCTBa
MIPENIoaraeT HCIOJIb30BaHUE >KECTKUX pabouyux OpraHoB CKpPeOKOBOrO THIA U3 HOBBIX
MAaTEepHaJIOB C UCIIOIb30BaHUEM TPAIUIIMOHHBIX U aIIUTUBHBIX TeXHOJoTuH [12,11].

2. Pa3zpaborana TexHoJorus paboThl MOOMIBHOTO YCTPOUCTBA C IEIBI0 ONTHMU3AINH €0
MIPUMEHEHMSI UCXOA U3 KOHCTPYKLMHU OyHKepa J1j1sl XpaHeHUs (TPaHCTIOPTUPOBKHU), KOHCTPYKIIUU
MOOHMJIBHOTO YCTPOMCTBA, PEKUMOB PabOThI, PU3UKO-MEXaHUUECKHX CBOMCTB pabodei Cpe/ibl.

3.IlonydeHHbIe SKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH MO3BOJIAT ONITUMU3UPOBATH KOJTUYECTBO
TEXHOJIOTHYECKHX OTBEPCTUH, MeCTa HMX HW3TOTOBJICHHMS B OyHKepe, a Takke M[oa00parh
KOHCTPYKTHUBHBIE pa3Mepbl (AIuHy pabouynx opraHoB, (GopMy U pa3Mepbl UX MONEPEHYHOTO
CeueHHUs) M Marepual M3TOTOBJIEHHUS, UTO TMO3BOJIUT BBINOJHUTH BCE JaJlbHEWIINE
KOHCTPYKTOpPCKO-TeXHOJornueckue  pabotel.  Ilpemmaraercss  meroauka — MCcleAOBaHUN
(YHKIIMOHUPOBAHUS YCTPOWCTBAa CBOJOOOPYIIEHUS C MOUCKOM 3()(PEeKTUBHOrO CcoYeTaHUs
(akTOPOB €ro 3KCIUTyaTalluu: poJ rpy3a, pacroioKeHHE TEXHOJIOTHYECKIX OTBEPCTHH B CTEHKAX
OYHKEpHOT0 yCTpOICTBa, pa3Mepbl pabOUUX OpPraHoB, peKUMbI paboThI [13].
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IMPROVING THE QUALITY OF OPERATION OF A MOBILE CRUSHER IN A
BUNKER FOR STORING SOLID MATERIALS

Abstract. The article presents the results of experimental studies of the operation of a mobile
(portable) arch-breaker-cleaner for unloading arch-forming cargo from bunker devices; analyzes
the causes of difficulties in unloading arch-forming cargo due to industrial production technologies
(storage, transportation, dosing, loading and unloading); the technological process of operation of
a mobile device is being developed in order to optimize its use based on the design of the storage
(transportation) hopper, the mobile device's own design, operating modes, physical and
mechanical properties of the working environment; a method of experimental studies of the
functioning of the arch-collapse device with the search for an effective combination of factors of
its operation is proposed: the type of cargo, the location of technological holes in the walls of the
hopper device, the size of the working bodies, operating modes.

Keywords: bunker, bridging, arch-breaker-cleaner, hard - to - loose material, loosening,
clearing, optimization, designing, working organ, experiment.
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KATTbBI MATEPUAJIJTAPABI CAKTAYFA APHAJIFAH BYHKEPJEI'T
KBIIKBIMAJIBI KYJTATKBILITBIH K¥MbIC CATTACBIH APTTBIPY

Anparna. Makanana OyHKEpJiK KYpBUIFBUIApAAH €pPKIH TY3UTIMIl KYKTEpIl Tycipyre
apHaJFaH MOOWJIBJI(TachIMalJaHATbIH) €pKIH TYCETIH Ta3apTKbIII 3KCIEPUMEHTTIK 3epTTey
JKYMBICBIHBIH HOTHXKEJEpl KENTIPUITEH; OHEPKICINTe KEeMICIM/I KOJIAHBUIATHIH OHIIPICTIK
TEXHOJIOTUsIaphl (caKTay, TackiMalliay, MeJepiey, TueY — TYCIpy *KYMBICTaphl), )KUHAKTAYIIIbI
KYKTEepl TYClpy KUBIHIBIKTApbIHBIH ceOenTepl TajjaHabl; MOOUIIBII KYPBUIFBIHBIH CaKTayFa
(TacbiManayra) apHajJFaH OYHKEpPJIK KOHCTPYKLHMSAChIHA CYHEHE OTBIPBIN, OHBI KOJJaHYIbI
OHTAMJIaHBIPYy MaKCAaThIHAA MOOWJIB/I KYPBUIFBIHBIH ©31HAIK KOHCTPYKIUSCHI, HKYMBIC PEXHUMI,
KYMBIC OPTACHIHBIH (U3UKAJIBIK — MEXaHUKAIbIK KacHUeTTepl, TEXHOJOTHSIIBIK MpoLect
o3ipyieHy/e; OHBIH TNaijanaHy QakTopiapblHbIH TUIMAL YHJIECIMIH i13[1eil OTBIPBIN, EpKiH
TY3UTIM/I1 KYPBUIFBI )KYMBIC ICTEY1HIH 3KCIIEPUMEHTTIK 3epTTEY 9/1ICTEMEC] YCHIHBIIAABI: XKYK TYPI,
OYHKEpJIIK KYPBUIFBI KaObIpFajapblHAa TEXHOJOTUSIIBIK TECIKTepAIH OpHANIacybl, XYMBIC
OpraHJapbIHbIH OJIIEMICPI, KYMBIC PEKUMACPI.

Tyiiin ce3nep. byHkep, epkiH Ty3UliMIi, €pKIH TYCETIHTA3apTKBIII, CBHIPFYbl KHBIH
MaTepuall, KOTICHITY, Ta3apTy, OHTAHIaHABIPY, )ko0aay, )KYMbIC OpTaHbl, IKCIICPHMEHT.
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A. YBanmeBa'_ |, M. Amanosa®, H. Cypamos?, U. Kapa6acos?
1yHI/IBepCI/IT eT AJIMAaThI MCHCI>KMCHT, AJ'IMaTI:I, Kazaxcran
MexayHapoaHblil TPaHCIIOPTHO-TYMaHUTApHBIN yHUBepcuTeT, Anmartsl, Kazaxcran
E-mail: a.uvaliyeva@almau.edu.kz

OIEHKA 99®EKTUBHOCTH ®YHKIIMOHUPOBAHUA
UHTET'PUPOBAHHOM JJOTUCTUYECKOMU CUCTEMBI IPEANPUSTUA

AHHoTauusi. B crathe paccmarpuBaercs oleHka 3(p(eKTUBHOCTH (PYHKIMOHUPOBAHMS
MHTETPUPOBAHHOM JIOTUCTUYECKOW CHUCTEMBI NPENNPUATHS, NPEAJIOKEH HEMATEPHUAIbHBIA BH]L
OLIEHKHU M pa3padoTaH OpraHU3allMOHHO-3KOHOMUYECKUI MEXaHNU3M OLICHUBaHUSI.

KiroueBnblie cJioBa. I/IHTCTpI/IpOBaHHaH JJOTUCTUYECCKaA CHUCTEMA, S(I)(I)CKTI/IBHOCTL

(YHKIMOHUPOBAHUS, JTOTUCTHUECKUI MOTOK, KOA(PPHUIIMEHT UHTETPUPOBAHHOCTH, KOAPPHUIIUEHT
MH(POPMAMOHHOCTH, KWHETUYECKAast SHEPTUsI CUCTEMBI.
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Beenenue.

OYHKIIMOHUPOBAHUE KPYMHOTO NPEANPHATHS B COBPEMEHHBIX YCIOBHUSIX 3KOHOMUKHU
3aBHCHUT OT 3HAYUTEIILHOTO YHcia (pakTOpoB, KOTOPbIE BOSHUKAIOT KaK BHYTPH HPEATIPHUIATHS TaK
u 3a ero npenenamu. COBpeMEHHBIM MOJIXOJIOM B YIPABICHHH TAaKUM HPEANPHUSITHEM SBIISIETCS
CO3JJaHME HUHTErpUpOBaHHON Jsorucruyeckoil cucremel (manee — MJIC), kotopas cmnocoOHa
ONTUMHU3UPOBATH PA3IMYHOTO POJA MPOLECCH U MOTOKH, BOSHUKAIONIUE MEXIY OCHOBHBIMU U
BCIIOMOTATEJIHBIMU CTPYKTYPHBIMU TOAPA3ACICHUAMU NPEANPHUIATUSA. TPYIOEMKIM SIBIISIETCS HE
TOJIBKO TPOEKTUPOBaHME, CO3laHue W moanepxkuBanue padotel MJIC HAa COOTBETCTBYIOLIEM
YPOBHE, HO U OlleHKa 3()(HEeKTUBHOCTH €€ (HYHKIIMOHUPOBAHUSL.

Heap ucciaenoBanus. Llenp nanHON myOnMKaIMM 3aKI0YAeTCs B yCOBEPILIEHCTBOBAHUU
omeHKH d5((eKTUBHOCTH (PYHKIMOHUPOBAHHUS WHTETPUPOBAHHON JIOTUCTHYECKOW CHCTEMBI
TIPEIIPUSTHSL.

MarepuaJjibl 1 METOABI.

B mnacrosimee BpeMs co3qaHue BBICOKOI(D(PEKTUBHOTO MPOU3BOACTBA C HAWMEHBIINMHU
3aTpaTaMM Ha COBPEMEHHBIX MPEINPUATUAX BBIHOCUTCS Ha I[E€PBOE€ MECTO, OJHHM U3
3¢ (dEeKTUBHBIX MEXaHHW3MOB pELIeHUs CIIOKUBIIEHcS mpobieMbl siBasiercss co3aanue WJIC.
UccnenoBanus teoperuxo-mMeronosornyeckux acnekroB MJIC oroOpakeHbl B Tpyaax TaKHUX
yaeHHbIX: P. Xoyka [12], [Ixx. Croka [10], M. I'puropaxk [2], E. Kpukasckoro [3], B. JIykuackoro
[5], ¥O. Hepyma [6] u ap.

JlorucTuueckne CHCTEMBI YKJIAJBIBAIOTCA B OOIIENPHUHATOE TOHATHE ''CHUCTEMBI", T.K.
CKJIQ[bIBAIOTCS W3 CHCTEMHO OOpa3yloIlMX JJIEMEHTOB, TECHO B3aUMOCBS3aHHBIX U
B3aMMO3aBUCUMBIX MEXIy CO000I0, KOTOpbIE HMEIOT YHOPSAJOUYEHHBIE CBSI3U U 00pa3yloT
OTIpEJINIEHHYI0 CTPYKTYPY C 3apaHee 3aJlaHHbIMH 0COOCHHOCTSAMU. OTIMYAIOTCS 3TH CHCTEMBI
BBICOKOM CTENEHBIO COIVIACOBAHHOCTU BXOJHBIX IMPOIYKTHBHBIX CHUJI C LEJIbIO YIPaBJICHUSA
CKBO3HBIMH ITOTOKamMH [11].

Jloructuueckas cucrema (nanee — JIC) — 3To citoxkHasi CTPYKTYpUpPOBaHHASI SKOHOMUYECKAs
CUCTEMA, COCTOsIIAas W3 DJJIEMEHTOB — 3BEHBEB, B3aMMOCBA3AaHHBIX B €IMHOM IpPOLECCE
YIIPaBJICHUS MaTepUATbHBIMU, CEPBUCHBIMH U COITyTCTBYIOIIUMH UM MOTOKaMu [5, 9].

JIC Ha mpeAnpusiTHM TPEICTaBISIIOT cOO0M eAUHYI0 NPOU3BOACTBEHHYIO CHCTEMY,
BKJIIOUAIONIYI0 B ce0sl B3aUMOJCICTBHE BCEX CTPYKTYPHBIX MOAPA3JICICHUN MPEANPUITHS.
Oddextupnas padora JIC mo3BOISET ONTUMH3UPOBATH PadOTy MPOU3BOACTBEHHOU Chephl,
oTnena cHabkeHus U oTAena copita. IHTerprpys paboTy AaHHBIX CTPYKTYPHBIX HOApa3iesieHul,
MpEANPUATHE MOBBIIIAET CBOM KOHKYPEHTHBIE TPEUMYIIECTBA.

IlocTapmme |77 Bawymora |- | Pwumancw [T | Chmr  |T___ | HoTpebuTen:

é CHEIamHpoEaHHe "”I ObpaboTia [T CrnagupoBaHHE

—_—

HenewHLA OoToK MMaTepHantHEH DoOTOK

Puc 1. Jloructudeckas cucrema MMpCaANpUATUA

Ha puc 1 mnoxa3aHo (yHKIMOHUPOBAHUE CHUCTEMbI JIOTUCTMUYECKMX OTIepaluii Ha
npeanpusitin  [4, 6]. PopmupoBanume JIC HaumHaeTCs TPH OTIPABKE IOCTABIIMKOM
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HEOOXOMMOTO ChIpbst W MarepuasioB. JlanmpHeiinee nepenBmkeHne CcHOPMUPOBAHHOTO
MaTepUaIbHOTO TOTOKA MPOUCXOJUT YK€ HEMOCPEACTBEHHO B CaMOW CHUCTEME, BBIJCISIIOT
CJIeIyIOLIME 3BEHbs JIoTUCTHUECKOU cucteMbl (anee — 3JIC):

- CKJIaQJICKHUE IUIOLIaN, HEOOXOAUMBbINH pecypc npou3BojcTBa. OIHAKO 3HAUYUTEIbHOE
KOJIMYECTBO CKJIAJIOB CBHJIECTEIBCTBYET O HENPABUIBLHOM BBIOOPE JIOTHCTHYECKOM KOHIEMIIUN
YIIpaBJICHUA. OnTuMaJbHBIM SBJISIETCS BAapuaHT IpPHU KOTOPOM HCKIIIOYAKOTCA ABa OCHOBHBIX
IMPONU3BOJACTBCHHBIX PUCKA: 3aMOPAKNBAHUC q)HHaHCOBBIX AKTHUBOB U HpOCTOfI IMPON3BOACTBA,

- TPOM3BOJCTBEHHBIC MOITHOCTH. Ham4yre NHHOBAIIMOHHOTO U pecypcocOeperaromero
O6OPYZ[OB3HI/I$I IMMO3BOJIACT UCIIOJIB30BATh B IPOCKTUPYCMBIX CUCTEMAX HHHOBAIIMOHHBIC ITOAXO0JbL
B 00J1aCTH MPOU3BO/ICTBA, KAUECTBA, OXPaHbl OKPYKAIOIIEN CPEIbI;

- HalIn4yue CKIaa0B I'OTOBBIX HSILCHHﬁ. I[J'ISI JaHHOro pecypca HCO6XOHI/IMI)I BBICOKHEC
TEXHUKO-OKCILTYyaTallUOHHBIC Tp€6OBaHI/I$I. I[aHHOG YCJIOBUEC JTUKTYCTCA O6III€HpI/IH$[TI)IM
npaBuiioM: «IloTpeOuTeNnb MODKEH TMOJTYyYUTh KadeCTBEHHBIM ToBap». OOCIy>KMBaHUE TaKHX
Iiouiaied BcerJa Bie4YeT 3a CcOoOOM OIpesiereHHbIe 3aTpaTbl I MPEeaNpUsITHS, [03TOMY
1erecoo0pa3Ho BHICTPAUBaTh KOHLEMIIUIO IO COKPAIEHUIO JAHHOTO pecypca.

[To oxOHYaHUIO JBMXKEHUSI BHYTPU CUCTEMBI TOTOBBIN MPOJIYKT MOCTYMAET K MOTPEOUTETIO
W OT HEro HAYMHACTCS JBWIKEHUS (PMHAHCOBOTO TOTOKAa B OOpaTHOM HAaIlpaBJIEHUH, 4epe3
CTPYKTYPHBIC TMOAPA3ACIICHUA NPCANPUATHA K IICpBOHAYAIbHOMY IIOCTABIIWKY CBIPbA U
MaTepHasoB.

Pe3yabTaTsl M 00Cy:K1CHHS.

ITo muenuto aBTopa 3ddexTuBHOE pyHKIMOHMpOBaHUe JIC mpeanpusTus BO3MOXKHO TIPH
YCJIOBUH, YTO CUCTEMA OyAeT 001a1aTh CISAYIOIIMMH CBOMCTBAMH:

1. Henoctrocth. dynknuonupoBanue JIC AOMKHO MPOUCXOJWTH Kak paboTa OTHOTO
Mexanusma. Mexay 3JIC 1oJmKHO MTPOCIIeKUBATHCS YETKOE B3aUMOOTHOIIIEHHE. Bo BpeMst paGoThI
CHUCTEMBI JIOJDKHBI TIPOBOJUTCS KOOPJAWHAIIMOHHBIE pPAOOTHI, OCHOBHAs 3aJada KOTOPBIX
omnpeesieHue YeTKuxX MecT B3aumoaericteus 3J1C.

2. AIanTUBHOCTR Ha  CErOMHSA  SIBIIIETCS  HEOTHEMJIEMBIM  CBOMCTBOM  JIFOOOM
SKOHOMUYECKOH OM3HEC — CHCTEMBI. B yCIIOBUSX HECTaOMIBHOCTH M HEOIPEIACICHHOCTH
oneparuBHoe M3MeHeHHe JIC mo3BOJIsSET MPEAOTBPATUTh BO3MOXKHOCTH CPBIBOB IPOM3BOJICTBA,
CPOKOB TIOCTaBKH, CPOKOB JIOCTABKH H T.]I.

3. YmopsaoueHHoCTh. B3anmoerictBre yaacTHUKOB JIC MOIKHO MPOUCXOIUTH COTIIACHO

YCTaHOBJICHHOW HOPMAaTHBHO-TEXHUYECKOH JoKyMeHTanuu. ClenyeT yYuThIBaTh, 4YTO €CIIH
MIPOM3BOICTBEHHBIE MTPOIIECCHI MPEANPUSITHS HE BRICTPOCHBI COTJIACHO UEPAPXUYECKOM IETTOYKH,
TO (opMHUpOBaHHE CHCTEMbI 3aTPYAHUTEIHHO B CBSA3M OTCYTCTBHUS BO3MOKHOCTH KOHTPOJIS
JIEMCTBUI €€ YYaCTHUKOB.

4. NnrterpupoBanHocTh. [log AaHHBIM CBOICTBOM cjenyeT MOHMMaTh, Hackoibko JIC
B3aUMO/ICHCTBYET C YYaCTHUKaMH BHYTPEHHEH Cpenbl, T.€. PETYIHPYIOT JU €e MEeXaHU3MbI He
TOJIBKO TPOU3BOJCTBEHHBIC MPOIECCHl MEXIy Cc000i, HO W B3aMMOOTHOIICHHUS BHEIIHHX
KOOITepaIuii ¢ IPOrU3BOJICTBOM.

5. VITHHOBAIIMOHHOCTh 3aKJIOYaeTCs B NPUMEHEHUU HOBBIX METOJWK IJIAaHUPOBAHUS,
KOHTPOJIS, YIIpaBIeHUs, 00ecTieueHHs 1 yueTa.

6. Nudopmanmonnocts. Hamumume nocroBepHOil HHPOpMAIMM O CpPOKaxX IMOCTaBKH,
OCTaTKOB MaTEPHAJIOB U TOTOBOM MPOIYKIIMU Ha CKJIaJaX, BPEMEHH KU3HEHHOTO [IMKIIA, [IEHaX Ha
MaTepHabl MO3BOJSET KOPPUTUPOBATH MIPOU3BOJICTBEHHBIEC OTIEPAIIUU U TEM CaMbIM 00€CTICYHUTh
ONTUMAaJIbHbIE BApUAHTHI IPOU3BO/ICTBA.

7. Mob6unbpHOCTh. JIC HEe MOKHBI OBITh TEPEHACHIIIIEHBI PA3HOTO PoAa MH(POPMAIIOHHO
AHATUTUYECKUMHU MPOrpaMMaMU U MeToJaMu pacueTroB. OCHOBHbBIE METOJbl U KOHUEMIUU HE
JOJIKHBI XapaKTepPU30BaThCS OOJBIINM 3HAYCHHUEM MEPEeMEHHBIX. YIIPaBJICHHUE MPOU3BOJICTBOM
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npu nomomu JIC [0MKHO TPOMCXOAUTH OBICTPO, TOYHO W HE JOJDKHO HECTH 3a COoOOM
MacIITaOHBIX OMIMOOK.

Bo Bpewmst BbimonHeHus: aHanu3a u GopmupoBanus JIC creayroT y4uThIBaTh BIMSHUE HE
TOJIBKO OTHENBHBIX KaKuX-TH00 (aKkTOpoB, HO M HX B3aUMOJCHCTBHE MEXIy COOOML.
PaccmaTpuBas B3aumoieiicTBUS (PaKTOpOB, Kak cocTaBistouux JIC npeacraBisieTcs BO3MOXKHBIM
KOMIIJIEKCHO HCCIIEI0BAaTh MHTETPUPOBAHHbBIE MPOLECCHI, MPOTEKAIOUIUE MPU B3aUMOAECHCTBUU
3JIC. HuterpupoBannbsie JIC SBISAIOTCS CHCTEMamMu C OOJBIIMM KOJUYECTBOM CBSI3€d U
B3aMMOOTHOIICHUH.

PazButne MJIC Ha cOBpeMEHHOM 3Tale€ CONPOBOXKJIAETCS CO3/JaHUEM M BHEIPEHHEM
YOPABJSIOIUX MOJAYJIEH, METOIUK, KOHUENIMUH, CTpaTernd W JPYrMX HHCTPYMEHTOB
3¢ deKTUBHOIO BeCHUs On3Heca.

[Ton sddexTuBHOCTRIO CiieyeT moHUMaTh padoty MJIC nmpu koTopoii busHec-1esTeIbHOCTh
NpPEANPUATHS HAXOAUTCS B Tpenene [mMin; max], T.e. 3arparel cBszanHbie ¢ MJIC—min, a
MpUOBLIb MOJIy4YeHHAs B pe3yJIbTaTe MPeANPUHUMATENbCKON JESITENbHOCTH MPEAIPUATHS — MaX.

K ocHOBHBIM mokazarensiM OIEHKH 3((HEKTUBHOCTU JIOTUCTUYECKOW CHCTEMBI MOKHO
OTHECTH MPUOBLTH U PEeHTA0ETBHOCTh. [IpHOBLITL B JAHHOM ClTydae KOMIUIEKCHO XapaKTepHU3yeT
JIOTUCTHUYECKYIO JIeATENbHOCTh NPEANpUATHs, T.€. YUYUTHIBAET OOBEMBI BBIMOJIHEHHBIX
JIOTUCTHYECKUX YCIIYT, UX C€0ECTOUMOCTb U 3aTpaThl. PEHTa0ENbHOCTD SBIJISIETCS OTHOCUTEIHHBIM
nokazatenem 3¢dexktuBHocTH QyHknuoHupoBanus MJIC, ona moxkaspiBaeT, 3((HEKTHBHOCTH
WCI0JIb30BAHUS PA3IMYHOTO POJIa PECYPCOB BHYTPH CHCTEMBI.

B pab6ore JluneBa O.H. [7] mnpemnaraercs HCHOJIB30BaThb HMHTETPajbHBIA KpUTEPUI
ONTUMAJILHOCTH MJIM KPUTEPUM MUHUMYMa OOLIUX 3aTPaT CUCTEMBI.

r f o=
Frnl w2t 1)

o,

rae ¥ — 00beM JOrMCTHYECKUX YCIYT 110 i-0i onepanun j-oit GpyHkimu K-ro 3akasa;
Z _ JIOTHCTHYECKHE 3aTPaThL.

OnucaHHble BbIIE [OKAa3aTEeIM IO3BOJIAIOT  BBIIOJIHUTH pacyeT 3(deKTuBHOCTH
¢ynkumonuposanus MJIC numb 6a3upysach Ha 3HAYEHUAX HaKTHUECKOT0 00beMa JIOTUCTUYECKUX
YCIIYT U 3aTpaT He0OXOAUMBIX Ul BBITIOJHEHUS 3a/laHHbIX YCIIYT.

JIaHHBIH METOJ OLICHKH, TI0 MHEHHUIO aBTOPA, UMEIOT CJIEIYIOLINE HEAOCTATKU:

- JIOTUCTMYECKHE YCIyrd B OOJIBIIMHCTBE CIy4aeB UMEIOT Pa3HyI CTPYKTYpY, TaKUM
o0pa3oM, J0OCTaTOYHO 3aTPYyAHUTENBHO MPHUBECTH PA3JIMYHOIO pojia YCIYrd K EIUHOM
pa3MepHOCTH;

- He TMO03BoJIsAeT OUEeHUTh 3(p¢dexkTuBHOCTs (¢GyHKunoHupoanus MWIIC, T.e. He
aHAJM3UPYET

B3aMMO/ICHCTBHS MEX/ly y4aCTKAMU CUCTEMBI;

- mo3BousseT oueHuTh paboty NJIC Tosibko ¢ MaTepHaaIbHON CTOPOHBI;

- He yYMTHIBAeT BIUSHME BHEIIHEH Cpelibl;

- 3aTpyJHMTENbHA €IMHUYHAS OLIEHKA, T.€. BO3MOXKHA CUTYyallUsl HETIPaBHIIbHON OLIEHKU
ocHOBHBIX ydacTHUKOB MJIC, BciencTBUE HEBEPHOTO paclpenienieHusi 00beMa JIOTHCTUYECKUX
yCIyT U 3aTpar.

ABTOpOM  mpejularaioTcs — CIEQyIOIIMe — IOKa3aTead  OLEHKH  3(deKkTuBHOCTH
¢bynkumonuposanus MJIC:

- K03(h(UIMEHT HHTETPUPOBAHHOCTH;

- kxo3(p¢unueHt nHPOPMaTUBHOCTH;

- KMHETHYecKas SHepIrus CUCTEMBI.

111



Kazaxcran enpipic kemiri. 2024, Ne3
ISSN 1814-5787, ISSN online 3006-0273.

KoadduumeHT nHTErpupoBaHHOCTH MTOKA3bIBAET HACKOJIBKO MPOUCXOIUT B3aMMOICHCTBHE,
B WMJIC, Mexay CTpyKTYpHBIMU MOAPA3JIEICHUSIMH IPEIIPUITUA. DKOHOMUYECKHI CMBICI
JaHHOTO KOd(@QUIMEHTa 3aKII0YaeTcsl B Iepefade JIOTMCTHYECKOr0 MOTOKAa M3 OJHOrOo
CTPYKTYPHOTO IOJPa3JeIeHUsI CUCTEMBI B APYTrO€ 3a OINPEICICHHBIM IPOMEKYTOK BPEMEHHU.
®opmyna pacuera Ko UIIHEHTAa HHTETPUPOBAHHOCTH UMEET CIEAYIOIINN BUI:

Z ch - Z Fﬂu!
K — K] LA
i

]

Tra 2

L

rae ~ ¥ — ko3¢ uIMEeHT UHTErPUPOBAHHOCTH;

Vao 00beM K-ro BXOAAIIEro JOruCTHYECKOTO MOTOKA;
Vﬂut .
— 00BbeM K-To HCXOIAIIEro JOTHCTHYECKOTO MOTOKA;
Thear _ opad k-
pemsi 00paboTKH K-T0 JIOTHCTUYECKOTO0 MOTOKAa BHYTPU CTPYKTYPHOTO
MoApa3IesIeHusI.

Koadpunument nnpopmarusaoctu. Ilog gaHHBIM KOAPOUIIUEHTOM CTOUT paccMaTpHUBATh
OBICTPOTY 00pabOTKy MH(GOPMAITMOHHOTO TOTOKA. ITO OOBSCHSETCS TEM, YTO JUIsl TIOCTPOCHUS
s dextuBHON paboTsl NJIC HE0OX0AMMO B MEPBYIO OUYEPEIh OPraHU30BaTh MPOLIECCHI Mepeaayn
uHpopmanuu, T.K. HHGOpMaLUs SBISETCS HEOTHEMIIEMOM COCTaBIISIONIEH JI0O0Or0 MOTOKA
(bunaHcoBOTO, MaTepuaiabHOTO, MHMOPMAIMOHHOTO | Jp.). IIponecc mepenaun mHbOPMAIN
OCYILIECTBIISICTCS MPHU B3aMMOJAEHCTBUM HECKOJBKMX YYACTHUKOB CHCTEMBI, 3((EKTUBHOCTh
TaKOT'0 poJia B3aUMOAEHCTBUS ONPEAEISAETCS YPOBHEHUEM:

KM =ZTI}‘M'ZEPW Z Km:,

kml kml kel (3)

K
rjae ® _ xoapuuuent vHPOPMATHBHOCTH;
)
*er — 3¢ dexTuBHOCTH paboTHI K-ro mepconana;
K
45— goadduimeHT oTkiIMKa K-ro mepconaina;
O¢ddexTuBHOCTH pabOTBl MEpCcOHANAa XapaKTEpU3yeTCs BHIMOJHEHHOW paboToit U
ornpenensercs mo Gpopmyie:

(4)

Apte Ay

rne — IJ1aHoOBas M (pakTHyeckas paboTa BBINOJHEHHAS TIEPCOHAIOM.
KoadduumeHnt oTkauka oOTpakaeT 3aTpau€HHOE BpeMsl IepcoHana Ha 00paboTKy

uHbOpMalMHU U onpeaessercs no popmye:

()

T T
rae - e A4 miapoBOe U (DAaKTUYECKOE BpeMsl.
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Kunernueckast s3Heprus — S5HEprust UHTETPUPOBAHHON JIOTUCTUYECKON CUCTEMBI, 3aBUCSILIAS
OT CKOPOCTH pabOTHI OCHOBHOM COCTaBJISIONIEH 3alaHHON OM3HEC—CHUCTEMBI.

ITox OCHOBHOM COCTaBISIOLIEH CIIEAYeT pacCMaTPUBATh YEJIOBEKA, T.K. OH KOHTPOJIUPYET
BCE CBA3H, KOTOPbIE BOSHUKAIOT U CYLLECTBYIOT, KaK BHYTpH, Tak U 3a npenenamu NIIC.

[IpoananusupoBaB uccnegopanusi [lopoxau B.M. [8] aBTop cunrtaer, 4T0O KHHETUYECKYIO
sHepruto MJIC MOKHO OnpeIeNiTh 1o ciienyromen Gopmyre:

I, V§
__F 4 7
.= = =1, VY,
_ i
) 72
: (6)
EK .
rac — KMHCTHUYCCKAasA SHEPTUsa CUCTEMEI,
# — 00BbEM JIOTHCTHYIECKOTO MOTOKA;
r
¢ — CKOPOCTh MBIIJIEHUS IEPCOHATIA;
Vig
— CKOPOCTH MCIIOJIb30BaHUSI IOTUCTHYECKOTO MOTOKA.
Vs =, .
Ho, T.x. ¥ 4 10 popmymna (6) IPUMET CIIEMYIONMI BU:
2
7 = ‘E.?’ ' VM’
K —_——-—.
P
(")

N3 dopmynsr (7) crmemyer, uTo Ex MOKa3bIBaeT HACKOJBKO 3((EKTHBHO OpraHHW30BaHa
pabora uvemoBeka BHyTpu WMJIC. Takum oOpazom, mpu 3PpPeKTHBHOM OpraHu3anuu padOTHI
nepconana, MJIC momydaer OONbIIMK KBAaHT SHEPTUHM, Ye€M IIPH YCIOBUHU CYIIECTBOBAHUS
nucOamaHCUPOBAaHHOW CHUCTEMbl  YIpPaBIEHUS OPeNnpusTHs. OTO O3HAa4yaeT, 4YTo JJs
sbdextuBHoro ¢ynkunonupoanuss MJIC 3arpaunBaercss Oosbliasi SHEprus, MOJIyuYeHHas B
pe3ynbTaTe peair3aluy MHHOBALMOHHBIX MPOIIECCOB Pa3BUTHS M COBEPILIEHCTBOBAHUS OM3HEC-
JEeSITeIbHOCTH MPEATPUSATHUSL.

JlJis TOCTOBEpHOTO MOHUMAaHHUS HPOLEAYpPHl OLIEHKH, aBTOP MpeJiaraeT HCIOJb30BaTh
OpraHU3aIMOHHO-3KOHOMHUYECKHUI MeXaHu3M (puc. 1).

Erod cucmennt

Marepuanmbuad oneHKa: Hewarepuant Had oqedra
- KpHTEpHE MHHHMyMA obI[HX saTpar, - ¥oshPHUHEHT HHTEMPHP OBAHHOCTH;
- aHanm: npHbEH, + - ¥oshduUHEHT HHDOPMATHEHOCTH;
— aHANH3 peHTADENEHOCTH. — KHHETHYECKAA SHEPTHA CHOTEMEL
g o
| HIC
CrpyrTypHoe Nofpasgencnue Mol [ 707
+
+

CTpyKTypHOE Togpasgencuue I
¥

2DthderTHEHOCTE DYVHENHOHHpoEannA HIIC

{ Borod cucmessl -

Puc. 2. Opranu3aiMoHHO-?PKOHOMUYECKHI MEXaHU3M OLEHKH 3(P(PEKTUBHOCTH
¢ynkmonupoBanus NJIC
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W3 puc. 2 cnenyer, 4yTO AN NMPOBEACHUSA OLEHKU 3()(HEKTUBHOCTH (HYHKIIMOHUPOBAHHS
NJIC na BXome cucTeMbl HEOOXOAMMO COOpaTh JAaHHBIE OTHOCSIIMECS K MaTepHaIbHON u
HEMaTepHaIbHON OLIEHKU. BHYTpH crcTeMbl HE00X0AUMO BBITIOJHHUTD OIIEHKY AP (PEKTUBHOCTH 110
¢dopmymnam (1+7). Ha BeIxoe cCTEMBI MBI IOJY9MM YHCIEHHOE BBIpaKeHNE (DyHKIIMOHUPOBAHUS
CHCTEMBI.

Bemoaaum oneHky ¢ dexruBaocT Gpynkunonuposanus NJIC meTammypruyeckoro

komOuHata OAO "3amoposkcrans". CerogHsi ITaHHOE TPEANPHUATHE 3aHUMAET BEAYIHE
MO3UIIMH 110 TIPOU3BOJICTBY METAJUIONPOKATA, KaK Ha OTEUYECTBEHHOM TaK M Ha MEXIYHAPOTHOM
peIHKE. /laHHBIE A7 pacueTa npeAcTaBieHbl B Tadbauue 1.

Ta6auna 1.Jlaunsle 115 pacyera 3dpdekTuBHOCTH PyHKIMoHMpoBanus UJIC [1;9]”

Ton 2009 2010 2011 2012
TTokazarenn

Qj, epn 2125342 2225546 2365687 2510478
Z, epH 2110345 2211874 2352900 2500784
Vine, epu/m 2592 3560 3800 4000
Vout, epu/m 2500 3470 3705 3850
Ttreat, 4 12 11,5 11,6 11

Eper 0,85 0,87 0,9 0,93
Kans 0,75 0,8 0,81 0,89

Vi, m/c 2 2,05 2,1 2,2

Iy, m 2,3 2,275 2,27 2,25

* 20e

Qj—npeocmasnen 6 6ude obvema 102UCMUUECKUX YCLYe, 8bINOJHEHHbIX KOMOUHAMOM, O
obecneuenuss OuzHec-0esimenrbHOCIU,

Z — nocucmuueckue 3ampamul 83amul Ha yposHe 20+-30% om obwux 3ampam npeonpusimus;

Vinc — omobpasicaem gpunancogwlii NOmMoK, Xxapakxmepusyrowuii cebecmoumocms 8bINi1AGKU
[ m cmanu;

Vout — pakmuueckoe 3unauenue ¢unarncosoco nomoxa, TTreat — NOKA3BIBACH — 8pEMS,
Heobxooumoe 0is eviniasku 1 m cmanu;

Vit— Xxapaxmepuzyem cKOpocmv 00pabOOmMKU JOSUCIMUYECKO20 NOMOKA  (Cblpbsi),
HeoOx00uMo20 014 evinaaeku 1 m cmanu;

It — nokasvieaem konunecmeo HeobX0OUMO20 CbIPbst 60 8pemMst 8bINIAGKU | m cmanu.

Cornacno ¢opmyn (1+7) paccuurtansl cienyromue mnokasarenu 3a 2012 r, aHanoruyHbIe
MOKa3aTeu 3aHECEHbI B TAOIHILY

Kosdduunent Mmunumyma o6mux 3arpar:

E=2510475- 2500754 = 0604 2ph.

KoadduuneHT HHTErpupoOBaHHOCTH:

_4000— 2850

Ko = 13,64

epH/u.

Kosdduuuent nudopmaTuBHOCTH:
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Ky =11:093.089=010

Kunernueckas sneprusi:

22527

Z, =545

m-m?/c.

Ilo ocranbHBIM roaamM pacydcT BBIIOJIHACTCA aHAJIOTHUYHO M PC3YJIbTAThl 3aHOCATCSA B Ta0JI.

2.

Tabnuma 2. pe3ynbraThl pacuera 3ppexkTuBHOCTH pyHKIMOHUpoBaHus UJIC
Fon 2009 2010 2011 2012
ITokazarenu
E, epu 14997 13672 12787 9694
Kint, epr/u 7,67 7,83 8,19 13,64
Kint, 4 7,65 8,00 8,46 9,10
Ex, m-m?/c 4,60 4,78 5,01 5,45

AHanu3 NoJy4eHHbIX Pe3yabTaToB (Tall. 2) MOKa3bIBaeT CIEAYIOIIEe:

- COKpallleHue OoOmMX 3aTpaT Ha JIOTHUCTUKY, CBHUJETENbCTBYET O BHEAPEHUU
ONTUMM3ALMOHHBIX MPOTPAMM YIIPABIICHUS;

- poct kKo3(hduIMeHTa WHTErPUPOBAHHOCTH ToKaszpiBaer, uyro WJIC pa3BuBaercs, T.e.
pa3pabaThIBatOTCsl HOBbIE MPOIIEAYPHl U METO/IbI, KOHLIEIIUH, aITOPUTMBI U T.J1.;

- yBenm4eHue 3HauYeHus kKoddumrenTa napopmaTtuBHOCTH Xapaktepusyet padoty UJIC ¢
Jy4dIied CTOPOHBI M yKa3blBaeT Ha TO, 4TO 0OpaboTKa WHGOPMAIMOHHOTO TMOTOKAa BHYTPHU
CUCTEMBbI

MIPOMCXOIUT HAa BEICOKOM YPOBHE;

- poct KuHeTHueckoi sHepruu, xapaktepuzyer WJIC mnpeanpusitusi, Kak CUCTEMY, B
yIpaBiIeHUU KOTOPOH MPUMEHSIOTCSI HHHOBAIIOHHBIE IPOTPaMMbl U TEXHOJIOTUH.

BriBOabI.

Takum oOpazoM, o1eHKy dGOPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HHTETPHUPOBAHHOMN
JIOTUCTHUYECKOU CUCTEMBI CIIeIyeT MPOBOUTH, 0a3UPYsICh HA MAaTEPUATbHBIX U HEMATEPUAIbHBIX
nokasaressax. [I[pumeHeHne HeMaTepuanbHON OIIEHKH MO3BOJISIET MPOAHATU3UPOBATh OBICTPOTY
00paboTku HHQOpPMAIMK, YYUTHIBATH YPOBEHb B3aWMOJEWUCTBHUS OCHOBHBIX CTPYKTYPHBIX
MOAPA3JCIICHUN CUCTEMBI U OMIPENIEIUTh KHHETUYECKYIO SJHEPTHIO CUCTEMBbI, KOTOpasi OTMCHIBAET
CKOPOCTbH €€ paOOTHI.

JlanbHele uccnea0BaHus, MPOBOJUMbIC B JaHHOM HalpaBlIeHUH, MTO3BOJISAT YCTAHOBUTH
BIIUSIHUE OCHOBHOM COCTaBIISIFOIIEH CHCTEMbl, KaK Ha OTIEIbHBIM MpPOLECC, TaK M Ha HX
B3aUMO/JICHCTBUS. BceneacTBue 3TOro BO3MOXKHO OyAET OMpeNeNuTh BEKTOp HamlpaBICHUS
Pa3BUTUS HHTETPUPOBAHHOM JTIOTUCTHUECKON CHCTEMBI B YCIIOBUAX HECTAOMIBHON SKOHOMUKHU.
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EVALUATING THE PERFORMANCE OF THE INTEGRATED STEEL
PLANT LOGISTICS SYSTEM

Abstract. The article deals with evaluating the performance of an integrated logistics
enterprise, proposed an intangible type of assessment and develop an organizational-economic
mechanism of evaluation.
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ORGANIZING PASSENGER FLOWS AT THE STATION COMPLEX

Abstract. In this article, the authors consider the issue of optimizing passenger traffic at
the station complex in modern conditions. The experience and scientific research of foreign
scientists from China, Japan and Russia have been studied. This article discusses the possibility of
optimizing passenger traffic by applying four different ways of organizing them. Based on
observations, it was revealed that the most promising and working method is a comprehensive
change in the train schedule and dynamic routing of passengers with absolute blocking. Forecast
model in its turn depending on verifiable information, can more or less produce anticipated
approaching volume of people, but it appears to be compelling when there are celebrations or
understudy occasions. Whereas building a modern stage with a reason of facilitating exchanging
section does relieve the circumstance at the station and security measures considerably. Lastly, the
most issue of serving traveler amid the COVID-19 pandemic were taking off strategy from stations
and arrangement of travelers to sit separated at a certain distance for shirking of cleansing. In this
master’s proposal, the procedures to handle and gauge traveler stream have been regarded, but
activities need to be made amid breakdown of trains has not been surveyed.

Keywords. Passenger flow, prediction model, integrated timetable rescheduling, passenger
routing, COVID-19.

Introduction.

There are several types of railroad stations: some are placed under the ground (subway) and
other are located above the ground. In this paper, above the ground level type is considered,
namely, a station complex.

Due to their consistently increasing speed, high level of safety, and exceptional comfort,
trains are becoming the preferred mode of transportation for an increasing number of people. The
railway station, which serves as both a hub and a carrier for passengers, has a significant impact
on rail passenger transportation since a steady stream of passengers is what keeps the station
operating normally and without load redundancy. This implies that a fair and accurate forecast of
the number of passengers entering and departing the station may serve as a solid foundation for
both the deployment of employees and the distribution of resources, as well as the work of security.
The passenger flow volume is a highly nonlinear function of time that not only varies over time
but is also influenced by a variety of outside sources. The passengers visiting the train station have
more visible features than those entering other similar application scenarios (shopping centers,
highways, scenic areas), such as obvious periodicity that is measured in days. For instance, the
weather might affect how many people are traveling through the train station. Nevertheless,
notwithstanding the regional variations brought on by the weather, the general trend is almost
unchanged. Second, there are times when the number of people entering the station at each interval
and the number of trains at the following interval are closely related. This variation in the number
of people is particularly noticeable during the winter and summer vacations as well as other
statutory holidays. Despite the fact that railroad transportation was developed to achieve a large
transport capacity for overcoming activity clog and transport capacity imperatives in some
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countries with a large population (such as China and Japan), it is still difficult to manage railroad
operation while adjusting the large transport capacity and spatiotemporally uneven distribution of
traveler demand.

The purpose of the research: organizing passenger flows at the station complex.

Materials and methods of research: Having reviewed the importance of the challenge, in
the next section of this article, there will be reviewed different means of estimating passenger flow
starting from prediction models, commercial software, timetable rescheduling, and ending with
COVID-19 period case as well as innovative management.

2.1 Neural network-based prediction model for passenger flow in a large passenger station:
An exploratory study.

The Chinese researchers have conducted a study involving passenger flow of Beijing station
in a period from 2017 to 2018. The primary method used to create the passenger flow prediction
model is neural network-based prediction, where the inputs are the primary variables that affect
how the passenger flow changes and the outputs are the outcomes of the prediction. It is more
accurate to create the weighted forecast by combining with the historical data since the station
schedule is planned in a day cycle and the passenger flow is of distinct periodicity without
considering the interference of external variables. The estimations from the prediction model can
be seen in the following table:

Table 1
The annual passenger flow of Beijing from June 1 to May 31 (2017-2018)
Data Daily passenger/Ten thousand Data Daily passenger/Ten thousand
people people
2017/6/1 132.5 2017/10/1 134.2
2017/6/2 1135 2017/10/2 106.5
2017/6/3 136.5 2017/10/3 117.5
2017/6/4 96.7 2017/10/4 86.8
2017/6/5 124.7 2017/10/5 117.6
2017/6/6 94.2 2017/10/6 93.9
2017/6/7 88.3 2017/10/7 94.8
2017/6/8 85.2 2017/10/8 128.7
2017/6/9 95.3 2017/10/9 116.2
2017/6/10 105.8 2017/10/10 124.4
2017/6/11 111.7 2017/10/11 128.4
2017/6/12 125.7 2017/10/12 97.2
2017/6/13 93.7 2017/10/13 138.2
2017/6/14 105.5 2017/10/14 137.1
2017/6/15 94.6 2017/10/15 121.6
2017/6/31 85.2 2018/2/14 72.9

Table 1 shows that there is some regularity to the Beijing's passenger movement. Among
them, there is a significant variation in the passenger flow in February 2018. The Spring Festival,
China's most significant traditional holiday, is the primary cause of this phenomena. Beijing was
a top city dominated by immigrants in January. A significant surge in passenger traffic was brought
on by the high number of immigrants who left Beijing during this time of year to travel back to
their hometowns. Additionally, each year's July sees a surge in the rise of passenger traffic. This
time frame corresponds to China's school year's summer break, in which students are observed to
travel a lot. Though the neural network-based prediction model applies formula for passenger flow
estimation and errors in calculations are inevitable, this method has proven to clearly show a
significant difference of fare stream during festivals and student holidays. It cannot be denied
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though predicting the flow through historical data is prone to be an old means itself and to have a
lot of errors, being used for many years should be definitely replaced with novel techniques of
forecasting.

Results.
2.2 Estimation of passenger flow for planning and management of railway stations.
Another study held by Japanese investigators delivers the information about the organizing
process of passenger flow at Takatsuki station. Since the station is popular, a smooth organization
process of passengers’ movement within the station is discussed. In this paper, to assess the
suggested layout, an application of the commercial tools Vissim and Viswalk is employed (see
Figure 1).

Transferring
passage

. —

- - : New adding platform

Figure 1 - Artistic imagination of the proposed platform

According to the findings, the existing platform's congestion will lessen. However, due to
flow conflicts between passengers transferring and those boarding and alighting, connecting routes
to the new platform may get crowded. In other words, the concourse area would experience more
congestion than the current platform does. That is considerably preferable than the existing
scenario in terms of safety. In any case, it could now be viable to look at altering the train schedule
to lessen harmonics among transferring passenger flows in order to further ease the congestion on
the sidewalks. The methods authors of this paper suggest is going to be described in more details
in the next literature.

2.3 Integrated railway timetable rescheduling and dynamic passenger routing during a
complete blockage.

Another research conducted by Chinese investigators reveals that for railway dispatchers
and passengers, real-time train rescheduling is crucial during a total track closure. In this study,
they added the passenger route option to the train rescheduling problem. A space-time network-
based integer linear programming (ILP) model creates the integrated train rescheduling and
passenger routing. This algorithm was able to determine the precise paths for each train as well as
the viable, complete train disposition timetable. Additionally, routes for passengers were adjusted
taking into account a disruption's restricted train capacity. With the assumption that the passenger
Origin-Destination (OD) requests are known both before and after the interruption, the model was
proven to be appropriate for train systems without seat reservations. Estimations from ILP model
yields the following data:
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The sensitivity analysis of parameter w.

Test Value of w Objective value Train operation cost Passenger travel cost Canceled train

1 1 7976 416 7560 0

2 10 11,360 236 9000 1

3 20 12,760 88 11,000 2

4 30 13,640 88 11,000 2

S 40 14,520 88 11,000 2

6 50 15,000 0 15,000 3
16000 450

—m— Passenger travel cost » . .

15000 k- - 400 |- —m— Train operation cost
14000 |- S50

13000 |- 200°%

12000 |- 20k

200
11000 -

10000
100
9000 -
50 |
8000 - / \-
- ol

7000

150

]
Train operation cost

Passenger travel cost

! 1 1 L 1 -50 1 1 1 ! L
o 10 20 30 40 50 0 10 20 30 40 50

Weighted value () Weighted value (o)
Figure 2 - The influence of train rescheduling and passenger routing on both the train
operation cost and passenger travel cost.

Application of integrated train rescheduling along with passenger routing proves itself to be
efficiently operating. In comparison with the former two techniques, this method excels them by
challenging case solution. Namely, using ILP model for cases when passenger flow is highly dense
and how train rescheduling can aid to resolve the issue subsequently.

2.4 Influence of Passenger Flow at the Station Entrances on Passenger Satisfaction Amid
COVID-19.

The given report has been made by Russian explorers on Moscow railway stations. The
authors utilized the statistics data from the "Railway Media™ portal as the baseline information for
estimating passenger flow (passenger traffic at Moscow stations for 2019). Estimates of long-
distance railway and suburban train passenger traffic were generated using statistical data. The
research had no impact on the perceived quality of long-distance railway stations; in 2019, it
accounted for 18% of all passenger traffic at the Moscow stations (statistically significant
relationship is not disclosed). Long-distance train passengers often visit Moscow stations far less
frequently than suburban train passengers. An emphasis was put on the challenges that visitors to
the station complex encountered at the entry in particular. The variation in the number of
complaints at stations is mostly caused by the volume of passengers at various stations. The
complaint — leaving station process's complexity is the cause. Assessing passenger traffic through
stationary inspection equipment resulted in the next numbers:
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Table 2
Evaluation of the entry grouping capacity for Moscow station complexes using stationary
inspection equipment

Station Maximum Capacity of Entrance Groups Equipped with Stationary
Inspection Equipment (persons/min.)

Yaroslavsky 140
Kursky 280
Kazansky 280
Kievsky 200
Leningradsky 200
Belorussky 220
Savyolovsky 20
Paveletsky 160
Rizhsky 20

This paper is not less important for a reason that it has been explored during COVID-19
outbreak. The operation of station complexes in this kind of situations is of high significance
because railway stations are centers of mass accumulation of people. Since the research is based
on the pandemic period, it gives thorough understanding of how to handle passenger traffic on
station complexes. Overall, the study shows that the majority of passengers waited no more than
5 minutes at each of the mentioned stations in Table 2. It is also reported that there were no
problems of serving passengers during this period, considering individuals had to keep a certain
distance from each other to prevent disinfection. Even though there were no major casualties in
passenger service on station complexes, it is still important to be ready to have a station complex
operate in problematic circumstances such as COVID-19 pandemic.

In conclusion, the above ground station complex has been regarded in the given paper. As
long as a train station is intended for a surge of a passenger stream, in order for it to function
properly, aside from station functions, the process of organizing passenger flow should be taken
into account as well. In this article 4 various ways of managing passenger flow have been
reviewed. Particularly, neural network-based prediction model relying on historical data of a
station, the construction of a new platform to lessen a congestion of sidewalks generated by
passengers, train rescheduling and passenger routing in a case of a track closure or high density of
boarding passengers, and the arrangement of passenger current amongst COVID-19 ultimately.
The first technique, that is prediction model relying on historical data, can more or less generate
expected incoming volume of individuals, but it only seems to be effective when there are festivals
or student holidays. In our view, a prediction model should be ready to accurately determine
passenger flow regardless of time period. Secondly, building a new platform with a purpose of
easing transferring passage does mitigate the situation at the station and safety measures
substantially. However, connecting routes to the new platform may get crowded, leading to even
more intensive congestions.

Conclusion.

Thus, authors introducing the second method have recommended the next means themselves.
The third and perspective process embraces a concurrent interaction between timetable
rescheduling of a rail track and passenger routing. This method surpasses two mentioned ones and
the one to be discussed in a way that it puts an emphasis on a case of complete blockage. As a
matter of fact, the ILP model offers alteration in conventional timetable of trains because there are
circumstances when passenger flow is higher than departing train’s capacity. Therefore, the model
except from railway timetable rescheduling, takes into consideration holding capacity of boat
trains. Lastly, how passenger flow has been affected during COVID-19 was examined. The main
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issue of serving passenger during the pandemic were leaving procedure from stations and
preparation of passenger to sit apart enough for avoidance of disinfection. In spite of the fact that
there were no major incidents in traveler maintenance on station complexes, it is still critical to be
prepared to have a station complex work in risky circumstances such as COVID-19 widespread.
In this master’s thesis, the techniques to handle and estimate passenger flow have been regarded,
but actions have to be made during malfunction of trains has not been reviewed. This, in my
opinion, should be investigated thoroughly because the above-suggested methods are expected to
operate in uninterrupted situations.
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b. Mypar6ekoB, 2 KypC MarucTpaHThl, JIOTUCTHKA >KOHE KOJIK aKJIEMHUSCHI, AJIMATHI,
Kazakcran, 752288@gmail.com

Jlapuca BaxurtoBa, T.F.k., Jloructuka >xoHe KoK akIeMusicel, AnMatel, Ka3zakcraH,
l.vahitova@alt.edu.kz

I'yabaxan Mypar6exoBa, T.F.K., A3aMaTThIK aBHalUs akajaemMusicel, Anmatsl, Ka3zakcraH,
752288@gmail.com

3aype Komnak6aii, T1.r.x., A3amarThlK aBuanus akajaemusacbl, Anmatel, Ka3zakcran,
752288@gmail.com

Nuaupa AcuiabOexkoBa, T.F.K., A3aMaTThIK aBHalMs akajaemusicbl, Anmatel, Ka3akcran,
752288@gmail.com

BOK3AJI KEHIEHIHJE ) KOJIAYIIBLJIAP AFBIHBIH YUBIMJIACTBIPY

Angarna. byn Makanazia aBTopiap Kas3ipri jkarjaiija BOK3aJl KEIIEHIHAET1 JKOIayIibuiap
arbIHBIH OHTAMIaHJBIpy MaceneciH KapacTelpaabl. Kpitali, XKamonus xoHe PeceiineH kenreH
MIETENIIK FaJIBIMIAPABIH TOKIpHOECI MEH FBUIBIMH 3epTTeyiepi 3epTrennai. byn makamanga
KOJIAYIIbUIAP aFBIHBIH YHBIMIACTBIPYIBIH TOPT TYPJII 9ICIH KOJTAHY apKbLIbl OHTAHIAHIBIPY
KapacTeIpbliaapl. bakputaymap HeEri3iHIEe €H TMepCHEKTUBAIBI KOHE JKYMBIC ICTEHTIH oficC
MOMBI3NAPAbIH  KO3FAlbIC KECTeCIH KeUIeHAl ©3repTy koHe abcomtorTi Kynbinranran
KOJIAYIIBUIAP/IBl TUHAMHUKAJIBIK OaFbITTay OOJIBIT TaOBLIATHIHBI aHBIKTANIBL. BOIDKaIIbl MOJETH,
03 Ke3€eriHje, TeKCepUIETIH aKlapaTka OalJaHbICThI, aJaMJap CaHBIHBIH KYTUIETIH JKYBIKTaYbIH
a3NbI-KONTI KaMTaMmachl3 €Te anaabl, Oipak Oy Mepekenep Hemece KIIiripiM ic-mapaiap
OTKI3UINeH Ke3/le CeHIMII OOoJIbITT KepiHel. TpaHCIuTaHTaus TOpaObIH KEHUIIETY MaKcaThIH/Ia
3amaHayW CaxHaHBIH KYPBUIBICKI CTaHIMS OPTachl MEH KayilCi3[iK IIapajsapblH eaoyip
KEHUIIETEeTIHIH eckepe OThIpbIl. AKbIpbiHAa, COVID-19 nmannemuschiHIarbl casxaTIIbUIapFa
KbI3MET KOPCETYHIH €H YJIKEH MOcelieCi CTaHLMsUIapJaH IIbIFY CTPATETUSCHI JKOHE Ta3aslayibl
OoJIBIpMay YIIIH casxaTHIbIApAbIH Oenrin Olp KamIbIKTBIKTa 06JIeK OTHIPYbIH YHBIMIACTBIPY
60mab1. bys mebepAiH YChIHBICHI JKOJIayIIbLIap aFbIHBIH OHJIEY JKOHE eJley MpolieaypaiapblH
KapacTbIp/ibl, OipaK MOMWbI3Iap TOKTaFaH Ke3/Ie )Kacalybl KepeK SpeKeTTep KapacThIPhLIMAa/IbI.

Tyiinai ce3nep. XXomaymbutap arbiHbl, 00JDKAay MOAENI, MHTETpaIUsIaHFaH KeCTeH1
e3repTy, JKoJaymbuiapasl 6arsirTay, COVID-19.

b. Mypart06ekoB, Maructpait 2 Kypca, AKaJeMHs TpPaHCHOpPTa U JIOTUCTHKHU, AJIMAaThI,
Kazaxcran, 752288@gmail.com

Jlapuca BaxuToBa, K.T.H., AkaJeMus TpaHCIOpTa M JIOTUCTUKH, AnMatbl, KazaxcraH,
l.vahitova@alt.edu.kz

I'yabxkan Mypar6ekoBa, K.T.H., AKaJeMus TpakJaHCKo aBuanuu, Anmatel, Kazaxcran,
752288@gmail.com

3aype Konaxk0aii, K.T.H., Akanemus TrpaxaaHckoil aBuanuu, Anmatel, Ka3zaxcran,
752288@gmail.com

Nuaupa Acuian0exoBa, K.T.H., AkageMus rpaxJaHCKoW aBuanuu, Anmatel, Kazaxcran,
752288@gmail.com

OPTAHM3AIIUA ITACCAKUPOIIOTOKOB B BOK3AJIbHOM KOMIIVIEKCE

AHHOTauus. B naHHO# cTaThe aBTOpHI paccMaTpUBalOT NpoOJIEMY ONTHMH3ALUN
[IaCCa)XKUPOTIOTOKA B BOK3AJIbHOM KOMIUIEKCE B COBPEMEHHBIX YCIOBHUSAX. BbUI M3ydeH OMBIT U
Hay4HbIe HCCIeoBaHMs 3apyOekKHBIX ydeHbIX u3 Kwuras, fnonum m Poccuu. B 310t crarhe
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paccMaTpuBaeTCcss ONTUMM3ALUS C UCII0JIb30BAaHUEM YETBhIPEX pa3IMYHbIX METOJOB OpraHU3alUU
naccaxuponoroka. Ha ocHoBanum HaOmroneHMH ObUIO YCTAHOBIEHO, 4YTO Hamboiee
NEPCHEKTUBHBIM M pabOTAIOIIMM METOJIOM SIBJISIETCS KOMIUIEKCHOE H3MEHEeHue rpaduka
JBMKEHUS NO€3/I0B U JMHAMUYECKOE HAIPABIICHHE MACCAXKUPOB C a0COJIIOTHOU OJOKHPOBKOIA.
IIporHo3Has MoOJenb, B CBOIO OYEpe/lb, MOXKET OOecHneuuTh Oojee WM MEHEe OXKHAAeMOe
NpUOJIMKEHHE KOJWYECTBA JIO/ICH, B 3aBUCHMOCTH OT TpPOBEpseMON MH(OpPMAaluu, HO OHA
KaXeTCsl HaJEeKHOU, KOTJa MPOBOAATCS MPA3THUKH MM HEOOJbIINE MEPOTIPUSTHS. YUNUTHIBASI,
4TO CTPOUTEIBCTBO COBPEMEHHOM CLIEHBI C LIEJIBbIO 00JIErYeHUs IEPECATOYHOTO y3J1a 3HAYUTEIBHO
YOPOCTUT CpeAy CTaHLUMHU W Mepbl Oe3omacHocTd. Hakoner, camoii Oosblioil mpoOnemoit
00cIyKMBaHUS MYTEIIECTBEHHUKOB BO BpeMs nanaemMun COVID-19 6bu1a cTparerust BbIXoAa co
CTaHIIMM M opraHu3alus, 4yTOObl NYTEIIECTBEHHUKH CHUAEIU OTAEIbHO Ha ONPEJeIEHHOM
paccTossHUM, 4TOOBI M30ekaTh YOOpKU. B mpemiokeHuH S3TOro MacTepa paccMaTpUBaINMCh
MpoLEeaypbl 00pabOTKM M HM3MEpPEHUsl MacCaXUpPOIOTOKa, HO HE PAacCMaTpUBAIMCH JIEHCTBUS,
KOTOpbIe HE0OX0IUMO OBLIIO MPEANPUHATH IPU OCTAHOBKE MOE3/I0B.

KiarueBbie ciaoBa. [laccaxupomnoTrok, MOJENb NPOrHO3UPOBAHMS, HW3MEHEHHUE
WHTETPUPOBAHHOTO PACMUCAHNS, MapuIpyTu3anus naccaxupos, COVID-19.

Y/1K629.4.018

7K. Mycaes?, K. Bekmaméer? |, A. Tyki6aii’
L Axanemus TpancropTa u norucTuku, AnMars, Kazaxcran
2Mex TyHapOIHbIi TAPHCIIOPTHO-TYMaHUTAPHBINA yHUBepcHTeT, AnMathl, Kazaxcran
E-mail: info@academy.kz

OHEHKA BJIMSIHUS JE@EKTOB HA YCTAJIOCTHY1O ITPOYHOCTD
JIMTBIX JETAJIEU TEJIEZKEK I'PY30BOI'O BAI'OHA

AHHOTauMsA. JIUTHIM 1eTansaM TeaeKeK Ipy30BbIX BATOHOB CBOMCTBEHHA MPUOOpETEHHAS
JKCIUTyaTallMOHHAs  JA€(PEKTHOCTh  (YyCTaJlOCTHBIE  TPEHIMHBI), a TaKXke MCXOJHas
TeXHoJoruueckass Ae(eKTHOCTb, KOTOpas XapaKTepHa [Jis KpPYMHOTaOApUTHBIX OTIUBOK
COXHOU KOH(purypamnuu. JJlannas neexTHOCTh MOKET MPUBECTU K aBAPUHHBIM pa3pyLICHUSIM
JUTBHIX JeTalell TeleKeK B Mpoliecce MX IKCIyaTaluuu. VM3710Mbl OOKOBBIX paM TeENEkKeK
I'PY30BBIX BAarOHOB HEPEIKO COMPOBOXKIAIOTCS CXOJOM BaroHa C PeibCOB, CO3JAIOT YIPO3y
0€30MacHOCTH JIBU)KEHUS I[I0€3/I0B, MPEACTABISIOT OMACHOCTh MJs JKU3HU M 3J0POBbS
rpakJaH, MPUHOCAT 3HAUYMUTENbHbIE YOBITKH. B cTaTbe AN OIEHKM HAmpPsHKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHHSI OOKOBOM paMbl MpeJIoKeHa KOHEYHO-3JIEMEHTHAsl MOJIETb.
PaccmoTpeHsl cxeMbl Harpy>KeHHSI U METOUKH UCTIBITAaHUS OOKOBBIX paM.

KuaroueBbie cioBa. Tenexka rpy3oBoro BaroHa, O0koBas pama, JUTEHHBIH HeQexT,
HaIpsKeHHO-1e()OPMUPOBAHHOE COCTOSHUE, MOIEIMPOBAHUE, UCIIBITAHNE, aHAIH3.

BBeaenne.

Tpancnopr — BaxkHe#mas cdepa o0OmECTBEHHOTO Mpou3BojacTBa. OH  CIYXUT
MaTepHalbHOW OCHOBOM pa3jeieHuss TpyJaa B OOIIeCTBE U OCYIIECTBISET MHOTOOOPa3HYIO
CBSI3b M@Ky TPOU3BOJJICTBOM U MOTPEOIEHUEM, TPOMBIIIIEHHOCTHIO U CEJILCKUM XO3SIHICTBOM,
noobIBaroeil U oOpabaThIBaOIIEH MPOMBIIIIEHHOCThIO, PKOHOMUUYECKUMHU pailoHamu. B
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CTPYKTYpe TpaHCIOpTa Ba)XHOE€ MECTO 3aHMMAaeT TPAHCIOPT >KeNe3HONOpoXHBIA. Ero
HCIIOJIb30BAaHME B JKM3HU OOIIEecTBa IMOBCEMECTHO, IMOATOMY oOO0Iee MpeAcTaBlIeHHe 00
SKOHOMHKE BOOOIE M O TPAHCIOPTE B YACTHOCTU OBIIO OBl HEMOJIHBIM 0€3 yIOMUHAHUS
KEJIE3HOIOPOKHOTO TPAHCIIOPTA.

Kene3HoopoKHBIN TPAHCIIOPT SABJISAETCA BAKHEUIIEH OTPACIbIO HAPOJHOTO XO3SMCTBA,
KOTOPBIN cO3/1a€T HEOOXOAMMBIE YCIOBHUS /IS BCECTOPOHHETO PAa3BUTHS YKOHOMHKHU HaIlleH
CTpaHbl, OCHOBHOW BHJI TPAHCIIOPTA, HA JOJI0 KOTOPOTO MPUXOIUTCS epeBo3ka 10 50% Bcex
HapOJHOXO035IMCTBEHHBIX Ipy30B U 110 40% maccaxupos.

YauteiBass 00beM M IIHPOKYID HOMEHKJIATYpPy IEPEBO3UMBIX KEJIC3HOIOPOKHBIM
TPAHCIIOPTOM TPY30B, aBapUU Ha IKEIE3HOW [OpOre MOTyT IPUBECTH K OOJBIIOMY
MaTepUAIbHOMY YIIEpOy, SKOJOTHUYECKOMY OSJICTBUIO U TIABHOE — YEJIOBEUYECKUM JKEPTBAM,
MMOATOMY OCHOBHBIMH TpPEOOBAaHHMSIMH, TPEABSABISEMBIMH K TIOJBHKHOMY COCTaBY
KEJIE3HOJOPOKHOTO TPAHCIIOPTA SBISIOTCS BBICOKAas HAAECKHOCTh M JOJITOBEYHOCTH
KOHCTPYKIIMM OCHOBHBIX Y3JIOB BaroHOB, oOecredeHne 0e30TMacHOCTH JBIKCHUS TOE3I0B.
HaunGonee BaXHBIMH y371aMU BCEX COBPEMEHHBIX BaroHOB, 00ECIIEYMBAIONINMH BBITOTHEHUE
ATUX TPeOOBAHUM, SIBISIOTCS TEIEKKH, KOHCTPYKIIUS U COCTOSTHIE KOTOPHIX HEMOCPEICTBEHHO
BIIUAET Ha Oe30macHOe JABW)KCHHE BaroHa IO PEIbCOBOMY TYTH C HaWMEHBIINM
COTIPOTHBIICHUEM JIBIKEHHUIO U OMIPEICIISICT MPUTOTHOCTh BaroHa K dKCIUTyaTaluy B 1iejaom [1-

3].

MarepuaJjibl 1 METOABI.

B mHacrosmee BpeMms, mMOmaBiAmONIEee OOJBIIUMHCTBO TPY30BBIX BaroHOB Mapka
AKCILUTYaTUPYIOTCS Ha Tenexkax moaend 18-100. MHoroneTHu OMBIT 3KCIUTyaTallud ATOM
TEJIC)KKH 1 MHOTOYMCIICHHBIE UCTIBITAHUS, IPOBEACHHBIC TPOSKTHBIMH U UCCIIEI0BATEIbCKUMHU
OpraHu3anusIMHi, TMOMHUMO TPEUMYIIECTB TAHHOW TEJICKKU, BBIABUIN PSIJ CYIIECTBEHHBIX
HEIOCTAaTKOB KaK B KOHCTPYKIIMHM, TaK M B KA4eCTBE HM3TOTOBJICHUS naeTaneii. B TedeHue
MOCHEIHUX JeCATUIIeTH Tenexkka wmoaenu 18-100 monBepramack MHOTOYHUCICHHBIM
MOJICpHU3AIUAM, OJHAKO OIBIT SKCIUTyaTaIlMHU IMOKA3bIBAET, UTO €€ KOHCTPYKIIUS HE B IMOJIHOU
Mepe COOTBETCTBYET COBPEMEHHBIM TPEOOBAHMSAM, MPEIBIBISIEMBIM K XOJOBBIM YacCTsIM.
OCHOBHBIMH HeJOCTaTKaMH Tejaexku wMonenu 18-100 m ee Momudukanuii SBISIIOTCS
HEJIOCTAaTOYHBIH YpPOBEHb KOHTPOJS T'€OMETPUYECCKHX MMapaMeTpPOB Y3JIOB KHHEMATHUECKOTO
B3aMMOJICHCTBHSI, BRICOKHE TEMITBI H3HOCA U BBICOKAS IOBPEKIAEMOCTD JINTHIX J€TAICH paMbl
TEJIEKKH.

B xoze skcruryaTanuu y TelekeK BhISIBJICHA HEIOCTaTOYHAS HaJIe)KHOCTh OOKOBOM paMbl.
DTO CBSA3aHO C TEM, YTO KOHCTPYKIHS OOKOBOW paMbl HE COOTBETCTBYET COBPEMEHHBIM
TpeOOBaHUSAM HAAECKHOCTH M MPOYHOCTH. Kpome, Toro KoHCTpyKuusi O0KOBOU paMbl TakoBa,
YTO JlaK€ CaMble HE3HAUUTENIbHBbIC JTUTEHWHbIE NEPEKTHl PE3KO CHIDKAIOT €€ YCTalOCTHYIO
MPOYHOCTb.

JI1s1 OLIEHKH HanpsKEHHO-Ae()OPMHUPOBAHHOTO COCTOSTHUS OOKOBOW paMbl MOXKET OBITh
HCIIOJb30BaHa KOHEYHO-3JIEMEHTHYIO MoJenb (pucl, puc.2). Pacuer mpousBoauics MeToa0M
KOHEYHBIX JJEMEHTOB C MCIOJIL30BaHMEM KOHEYHO 3jeMeHTHoro mnakera ANSYS 12.0.
[Ipumenensl o6bemHbIe 10 y3710BBIE PTIEMEHTHI ¢ XapaKTepHbIM pasmepoM pebpa 30 mm. B
mpoIecce MOJIeTUpOBaHUs CHavaja Oblia co3gaHa oObeMHas MoJenb (pUcyHOK 1), koTopas
ObllIa aBTOMaTUYECKH pa30uTa Ha 00BEMHbBIE KOHEUHBIE AJIEMEHTHI (PUCYHOK 2).
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Pucynok 1 - 'eomerpuueckast Moaesb OOKOBOM paMbl

Pucynok 2 - ®parmMeHT KOHEYHO-3JIEMEHTHOW MOJIeH OOKOBOM pambl

Jlns Matepuana MOJENI IPUHATHI CIICAYIOINE 3HAUYCHHs YIPYTUX IOCTOSIHHBIX MaTepHana:
moxyinb FOura E=210 I'na, xoaddunuent Ilyaccona v=0,27.

BepTukanbHble ycunus nepeaoTcs Ha O0KOBYIO paMy uepe3 HIDKHUHN MOsIC U IEHCTBYIOT B
MeCTax ONupaHus NpyxuH. [IpoosibHbIE yCUIIUS MepelaroTcsl uyepe3 OJHY M3 IOBEpXHOCTEH
(PUKLHMOHHBIX IUIAHOK, NONEPEYHbIE CUIIBI — YePEe3 YIOPbI BO3JIE (PPUKIIMOHHBIX [IAHOK C OJTHOM
CTOPOHBI OOKOBOH paMbl.

CoOcTBeHHBbIII Bec OOKOBOM pambl YYMTBHIBA€TCS NPUIOKEHHEM COOTBETCTBYIOIIMX
YCKOPEHUI:

- I pacuernslit pexxum a = g =9,81 m/c;

- III pac4eTHsIil pexxum a = (1 + kﬂB) °g.

CornacHo [4] pacueTHble Harpys3ku, ACMCTBYIOIME Ha TENEXKKY, IPHUKIAIBIBAIOTCS HE
OJIHOBPEMEHHO, a KOMOMHMpYIoTCcst B cooTBercTBUM ¢ | m III pacuerHsiM pexxumom. Pacuer
IIPOBOJMM TOJBKO JJIi BapuaHTa COKMMAMOLIUX HArpy3oK, TaKk Kak IPU 3TOM BO3HHMKAIOT
MaKCUMaJIbHbIE YCUJIMS, BEJIMYMHBl PACUETHBIX HAarpy30K M UX KOMOUWHAIMU IpHUBEJIEHBI B
HOPMAaTHUBHO-TEXHUYECKON U pEriIaMEeHTUPYIOIEN JOKyMEHTauu [5].
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Pucynoxk 3 - Harpy3ku, neficTByromue Ha OOKOBYIO paMy ITpH BapuaHTE
HarpyxeHus a.

BapuaHTbsl HarpyeHusi COOTBETCTBYIOT:

a) cuJIaM, JIEMCTBYIOIIMM Ha BaroH BO BPEMsI €r0 COYAAapeHHs C COCTAaBOM IIPU POCITYCKE C
TOpKH (PUCYHOK 3);

0) cwiaM, IEHCTBYIOIIMM Ha BaroH B CEpellMHE COCTaBa MPU3aTOPMOKEHHBIX BIEPEIU
CTOSIIIIMX BaroHaX M HE 3aTOPMOKEHHBIX, HaOEraroIux c3a/u;

B) CHJaM, JEHCTBYIONIMM Ha TOCJICIHWNA BaroH, IBWXKYIIUHACA C KOHCTPYKIIMOHHOW
CKOPOCTBIO B COCTaBE IPU PETYIMPOBOYHOM TOPMOKEHUHU B Hadajie KPUBOTO ydacTKa (PUCYHOK
2.4);

r) cujaM, JCHCTBYIOIIMM Ha BaroH, IBIKYIIMICS C KOHCTPYKIIMOHHOW CKOPOCTHIO B
CepeaIHe COCTaBa MpU PETyIUPOBOYHOM TOPMOKEHUHU Ha MPSMOM Y4acTKe MyTH;

1) cuiaM, JCHCTBYIOIIMM Ha BaroH, IBWKYIIUKUCS C KOHCTPYKIIMOHHOW CKOPOCTHIO B
CepeIHe COCTaBa MPH PErYIUPOBOYHOM TOPMOKEHUH B KPUBOIL, MPU 3aTOPMOKEHHBIX BIIEpEaU
CTOSIILIMX BaroHax M HE 3aTOPMOKEHHBIX, HaOeraroIux c3a/u;

€) cuiam, JEHCTBYIOIIMM Ha BaroH, ABIDKYIIUHCS C KOHCTPYKIIMOHHON CKOpPOCTHIO, B
CepelIHe COCTaBa IMpU PETryIUPOBOYHOM TOPMOKEHUHU B KPUBOH.

I pacyueTHOMY peKUMY COOTBETCTBYIOT BapHAHTHI HATPY)KEHHUS a U O,

[II pacyueTHOMY pEKUMY COOTBETCTBYIOT BAPUAHThI HATPYKEHHUS — B U €.

Onupanue OOKOBOMl pambl M Iepelaya HArpy30K Ha KOJIECHBIE Mapbl MPOUCXOIUT B
OykcoBbIX mpoemax. OT BEpPTUKAIBHBIX U TMOMEPEUHBIX MEePEeMEIICHUN 3aKperIsieTcs] HUKHAS
MOBEPXHOCTh Y4aCTKa BEPXHEro Mosica B OYKCOBBIX ITPOeMax — 37IeCh PACIOJIOKEH MepeAaroNInuit
Harpy3Ky Ha ochb aaanrtep. OT NpoI0IbHBIX — BEPTHKAIbHBIE TIOBEPXHOCTH OYKCOBBIX MPOEMOB,
BHYTpPEHHSS1 B OyKCOBOM IIpOeMe, Ha KOTOPBIM HalpaBieHa MPOJIOJibHAS CUIIa, a HApY>KHas — B
IpyromM OyKCOBOM IPOEME.
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Pucynoxk 4 - Harpy3ku, neficTByromme Ha OOKOBYIO paMy IIpH BapuaHTe
HarpyxeHus B.

CxeMa pacmoJioKeHUsI CCUCHU U YCTAaHOBKH TEH30PE3UCTOPOB Ha OOKOBOM pame (PUCYHOK
5)

r i
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01 1 01 0 1 05 5 i
i
3 T 06 00 6 0607 7 6

04 00 a

Pucynok 5 - Cxema pacrosio’keHusi CEYeHUI M yCTaHOBKU TEH30PE3UCTOPOB Ha OOKOBOM
pame

[Ipu ompeneneHuu BeJWYMHBI BEPTUKAJIbHONW CTaTHYECKOH HArpys3KH, BbIICpPKHBaeMON
Ha/IpeccopHOi Oankoi Oe3 paspylleHHs, UCIOJIb3YEeTCs CXeMa HarpyKeHHus IpHUBeJICHHAs Ha
pucynke 6. Hanpeccopnyro Oanky (1) onuparoT Ha J1Be OHOPBI, KaXaas U3 KOTOPBIX COCTOUT U3
(acoHHOM MINTHI (2) C OTBEPCTHAMM 1101 OOHKH HaJJPECCOPHOM OAJIKU TOJMIUHON HEe MeHee S0MM,
pacnonoxkenHoro Haja IwmHApoM (3) mumamerpom 100-170mm. U omopHoit TymObI (4)
YKpeIuI€HHOM Ha mousy crenfa. IllupuHa omopHOro sneMeHTa paBHa MIMPUHE FOPU3OHTAIBHOM
YaCTH OTIOPHOI NOBEPXHOCTH HAIPECCOPHON OAJIKM MeX Ay HAaKIIOHHBIMU IUIOCKOCTSIMHU, a JJTMHHA
150-200 mm. McnpiTaTenbHyIO HArpy3Ky NPUKIAbIBAIOT K HAJPECCOPHOI Oaske depe3 BKIIa bl
(5) BBINOJHEHHBIN 1O (JOpMeE MATHHKA.

PesyabTaTsl H 00CyKICHHS.
Cxema HarpyxeHus OOKOBOH pambl IpuBeneHa Ha pucyHke 7. bokoByio pamy (1)
yCTaHaBIMBAIOT B paboyeM TOJOKEHUMM Ha 2 KaTKOBBIE ONOPbI, Ha KaXAYyI0 U3 HHX
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YCTaHABJIMBAIOT OMIOPHBIE ITUTHI (2) TommuuHoi He Menee 50 MM u mumHapa (3) auamerpom 100-
1700 mMM. HcnoelTarenbHyl0 Harpysky IepefaroT Ha HIDKHHMH MOsiIC paMbl ¢ nomoupto I —
obpaznoro npucnocobneHus (4) yepe3 cucremy cermMeHToB (5), 00ecrneYnBarONINX MPOEKTHOE
pacnpeziesieHue Harpy3Ky Ha M0oCaJ0yHble MecTa MPYKUH PECCOPHOT0 KOMILIEKTA.
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Pucynok 6 - Cxema Harpy>KeHusi HAJPECCOPHOU OATKU
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Pucynox 7 - Cxema HarpyxeHust 60KOBOH paMbl

VcnpiTanus MPOBOAST MPH TUIABHOM BO3pAacTaHUM HArPY3KH CO CKOPOCThIO He Oosiee 50
xH/c.

Ecnu ucnpiTaTeNnbHas Harpy3ka MpeBBIIIACT JOMYCKAeMYH0 HArpy3Ky JI0 MOTEPH HeCyIeH
CMoCcOOHOCTH JieTanu Oosiee 4eM Ha 5 %, JOMYCKAaeTCs UCHBITAHWS HE JOBOJIUTH JIO MOTEPU
HeCyIleld CHOCOOHOCTH JIeTalld, a TMOJIYYCHHYI0 MaKCUMAaJIbHYI0 HArpy3Ky MpH 3TOM CUYHTATh
pe3yJIbTaTOM HUCIBITAHHH.
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[Tociie okOHYaHMSI UCIIBITAHUH JI€TaJI IPY HATMYUK MaKpPOTPELLMHBI €€ CIIelyeT Harpy3UTh
MOBBIIICHHOW KBAa3UCTaTUYECKOM HArpy3KOW [0 PAaCKpbITUS MAKPOTPELIUHBI JUIS W3Y4CHMS
MeTajljla B 30HE U3JIoMa.

[lo oKOHYaHHIO UCIIBITAHUN JOMYCKAETCS pa3pe3arh JeTald MEXaHMYECKUM CIIOCOOOM IO
CEUEHUSIM JJISl OLEHKU (PaKTUYECKUX pa3MEPOB TOJIIINH CTEHOK HAa COOTBETCTBUE UX pa3zMepam 1o
YEPTEXKY.

CxeMmbl HarpyKeHusI HaJpecCOPHOM Oaiku U OOKOBOI paMbl IIPU YCTAIOCTHBIX UCIIBITAHUAX
aHAJIOTMYHBI CXeMaM HarpyKeHHsI IpU CTaTUUECKUX HCIIBITAHUSAX, IPUBEICHHBIM Ha PUCYHKaX 6
U 7 COOTBETCTBEHHO.

[IpH MOJIHBIX YCKOPEHHBIX UCIIBITAHUSIX KaXKIytO AE€TaJlb UCIIBITHIBAIOT IPU ACCUMETPHUYHOM
IUKJIe HArPYXKEHHs [0 Pa3pyIleHus UK JOCTHKeHUs 6a30Boro uncina muknos No=107.

[Ipu cokpallleHHbIX YCKOPEHHBIX UCTIBITAHUSX IPUHUMAIOT KOHTPOJIbHOE YHCIIO [UKIOB 1,2
MJH. ¥ 1,4 MIIH. COOTBETCTBEHHO JJIsl AeTajeil ¢ oceBbiMU Harpy3kamu 230 kH u 245 xH.

Y

\z \z \z

1 — cedeHne BHYTPEHHETO yria OYKCOBOTO MpoeMa (30Ha MaKCUMAaJIbHBIX HanpspKkeHuid: 90
Mrma ot Po=228 kH); 2 — ceueHnne HaKJIIOHHOTO Tosica 32 OYKCOBBIM YIOPOM; 3 — CEUeHHUe
PECCOpPHOTO MpoeMa
Pucynok 8 — Cxema pacrosioKeHus ceueHrul B OOKOBOM paMe 10 30HaM pa3pylIeHUs

)

1 — mKBOpHEBOE ceueHHue; 2 — CEeUYEHHUE MO0 TEXHOJOIMUECKOMY OTBEPCTHIO HAKIOHHOTO
nosica (30Ha MakCUMaJbHBIX HanpspkeHui: 110 Mma ot Po=228 kH); 3 — ceyeHue HaKJIOHHOTO
nosica; 4 — ce4eHHe BO3JIE CKOJIb3YHA

Pucynox 8 — Cxema pacnoioxeHHs CEYeHU B HAJJPECCOPHOM OaJIKe Mo 30HaM pa3pyLIeHHS.
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AnHanu3 u3110MOB OOKOBBIX paM U HAJPECCOPHBIX OAJIOK IMOCIIE UX YCTATIOCTHBIX UCTIBITAHUN
MIOKa3bIBAET, YTO JIUTEHHBIC Ae(DEKThI, OMAAAIONINE BHYTPh MOMEPEYHOT0 CEYCHHUS, HE TPUBOIST
K pa3pyLICHUIO JETAIN B SKCIUTyaTallUU.

Jlist mpeioTBpaIieHus aBapuil OT U3JIoMa OOKOBBIX paM TEJIEKEK, B BATOHHOM XO3SIHCTBE
MIPUHATA CUCTEMA AMATHOCTUYECKOTO METOJIa HEepa3pyIIAIOIIEro KOHTPOJISI HAINYUS Je(EKTOB
JUTBIX JETalsIX TEJNEKEK TIPY30BbIX BaroHOB B MEPBBIA MU MOCIEAYIOIIHE MEXPEMOHTHBIE
UHTEpBaJIbl AKCIUTyaTauuu. Jlisg OOKOBBIX pamaM TENEeKEK IPYy30BbIX BArOHOB CBONCTBEHEH
HU3KUI YpOBEHb HOMUHAIBHBIX IPOEKTHBIX HANPSDKEHUH, BCIIEJACTBHUE YEro YCTaJlOCTHBIE
TPEIIMHBI JO MOMEHTA PAa3pyLIEHUSI paMbl MOT'YT MUMETh JOCTATOYHO HPOTSKEHHbBIE pa3MeEphl.
[ToaToMy mpu Ha3Hau€HUU BPEMEHH NEPUOJAMYHOCTH MEXKPEMOHTHOTO OCMOTpa HEOOXOIUMO
3HaTh, B TEUEHUE KAKOI'O0 BPEMEHM Pa3BHUBAIOIIASACSA TPEIIMHA JO MOMEHTA Pa3pyLICHUS paMbl
OyZeT HaXOIUThCS B BBICOKOM CTETIEHU BEPOSITHOCTH €€ 0OHapykeHus. JlepekTockonus 10JKHA
BBISIBIISITH JA€(PEKTHl OINpPENETICHHOTO pa3Mepa, KOTOpble MPU UX Pa3BUTUM MOTYT HPUBECTU K
paspylIeHHI0 B MOCIEIYIOINNA WHTEPBAI MEXKPEMOHTHOIO Mepuojia 00CIe0BaHusl IPYy30BBIX
BAaroHoB. B cBsi3M ¢ 3TUM BO3HUKaeT HEOOXOJMMOCTh YTOUHEHHS 3TOTO pa3Mepa Uil OLEHKU
BO3MOHOCTH SKCIUTyaTallii OOKOBBIX paM Ha pa3IMuHBIX 3Tanax pa3BUTHS AedekTa: 1) ot ero
oOHapyXeHHUsI; 2) 10 HEBO3MOKHOCTH SKCILTyaTallul pambl BCIEICTBUE €€ pa3pyIIeHHUS.

JInst moBBIIEHUSI pecypca JMUTBIX JAETaled TEJNEeKEK TIPY30BBIX BaroHOB CIENYET IIpU
nepepaboTKe TEXHUYECKHX YCIOBHM Ha W3rOTOBJIEHUE JMTHIX JeTajledl mnpeaycMOTpeTh
BO3MOYKHOCTb UCKITFOUCHUS TTOTIaaHUsI TUTEHHBIX Ie(DEKTOB B 30HBI BRICOKHUX HampsixeHui (0,75-
0,95) or nomyckaeMbIX 3HAUYE€HHUH, a TpHU pPa3pabOTKEe HOBBIX CPEJICTB JUArHOCTUKU H
HEpa3pyIIAONIEro KOHTPOJS JIMTBIX JeTajedl mpeaycMaTpuBaTh OOIIYI0 aBTOMAaTH3AILUIO
perucTpanuu pe3yabTaToB U3MEPEHN, MaKCUMAJIbHO YCTPAaHUB YEJIOBEUECKUH (aKTop.

BbiBOabI.

TenaeHUsl TMOBBIIIICHUS MEXKPEMOHTHBIX MPOOErOoB TPY30BBIX BaroHOB C IIENBIO
MOBBIICHUST 3(PPEKTUBHOCTH KEJIE3HOJIOPOKHBIX MEPEBO30K HaAOMI0IAaeTCs BO BCceM Mmupe. B
MEePCIEKTUBAX Pa3BUTHS TMOJABMIKHOTO cocTaBa KaszaxcraHa M cTpaH ONIDKHETO 3apyOeKbs
MoTpeOyeTCsl yBEIMUCHUSI MEKPEMOHTHBIX IMTPOOETOB IS XO0BBIX YaCcTel IPY30BBIX BATOHOB OT
500 TeIC. KM 10 1,0 MnH. 1 Gojee. JlocTHKeHNE TaKUX IOKa3aTelield TpeOyeT OT pa3pabOTUNKOB
HECYIIHX JIEMEHTOB TEJISKEK BHEAPCHUS YTOUHEHHBIX METOAMK BBISIBJICHUS 3aaca yCTaIOCTHON
MIPOYHOCTH, YUET BIMSHUSA HAMOOJIEe CYIECTBEHHBIX TEXHOJIOTHYECKUX (DaKTOPOB, CHIKAFOIIINX
pecypc aAeraniedd, JAerpajali MEXaHHYECKHX CBOWCTB CTajiei, OICHKY JXKHUBYYECTH JAeTalied
METOJIJaMHd MEXaHHWKHU Pa3pyIICHHS, B3aUMOJICHCTBUS C TEXHOJOraMH. MOHUTOPHHT TEKYIIHUX
COCTOSIHMI HanboJIee Harpy>KEHHBIX JACTAJICH TEICKEK Ha IPOTSHKEHUH BCETO KU3HEHHOTO IHKIIa
CIOCOOCTBYET HCKIIFOYCHHUIO M3 OKCIUIyaTalluM HETOJHBIX JeTalied W 0e30TKa3HOCTH
(YHKIIMOHUPOBAHHUS T'PY30BBIX BaroHoB. HempepbhIBHO yiydinaercs MporpaMMHBIC MPOIYKTHI,
MTO3BOJIAIOIIME OIEHWBATh BJIMSHUE HAa IPOYHOCTh OOJIBIIEr0 4YHCIA BPEIHBIX (HDaKTOPOB,
yIaydliaTh TEXHOJOTHIO W3TOTOBICHHS JeTajeil, CHIKaTh MPOLEHT Opaka, YCKOPSTh BpeMms
MTOCTaBKHU Ha IMPOU3BO/ICTBO.
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’KYK BATOHBIHBIH KYUBLJIFAH APEA BOJINIEKTEPIHIH IIAPIIAY
BEPIKTII'THE AKAYJIAPJBIH 9OCEPIH BAFAJIAY

Angarna. JXyk BaroHaapblHbIH apOajapblHBIH KYMbUIFaH OeJIIeKTepl CaThlll ajblHFaH
naijanaHy akaybIMeH (To3a OacTaraH >KapblKTap), COHJAN-aK Kypnenl KOH(UTrypauusuibl ipi
rabapuTTi KyiiManapra ToH OacTanKbl TEXHOJIOTHMSJIBIK aKaybIMEH CHUIATTanajbl. bys akayibiK
oJIapJpl MalfallaHy Ke3iHae apOayiapblH KYWbUIFaH OOIKTEPIHIH amaTThlK OY3bUIybIHA OKETyl
MyMKiH. JKyk Baronmapsl apOanmapblHbIH Oyillp ’KakKTaylapblHbIH ChIHYbl KeOlHECe BarOHHBIH
pENbCTEH IIBIFBIN KEeTylMeH Oipre >Kypell, MoibI3nap KO3FalbICBIHBIH KayllCI3[iriHe Kayir
TOHAIpeal, a3aMaTTapbIH ©MIpi MEH JEHCayJbIFbIHA Kaylll TOHAIPE ], allTapiabIKTal MIBIFBIHAAD
okeneni. Makanajga OyHipiiKk paMaHbBIH KepHeysi-aepopManusuianFaH KyWiH Oaranay YIUiH,
opuHe, >JIeMEHT Mojeni YyChIHbUIabl. JKYKTey cxemanapbl MeH OyHipiliK pamanapibl ChlHAY
omiCcTepi KapacThIPBLIFaH.

Tyitinai ce3mep. JKyk BaronwsiHBIH apOackl, Oyiip pamachl, KYIO akKaybl, KepHEYIIi-
nedopmanusIaHFaH Kail-Kyid, MOJCIIbIICY, ChIHAY, TaJlay.

Zhanat Musaev, d.t.s., Academy of Logistics and Transport, Almaty, Kazakhstan,
info@academy.kz

Kanagat Bekmambet, c.t.s., International Transport and Humanitarian University, Almaty,
Kazakhstan, info@academy.kz
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EVALUATION OF THE EFFECT OF DEFECTS ON THE FATIGUE STRENGTH
OF CAST PARTS OF FREIGHT CAR BOGIES

Abstract. Cast parts of trucks of freight cars are characterized by acquired operational
defects (fatigue cracks), as well as initial technological defects, which are characteristic of large-
sized castings of complex configuration. This defect can lead to accidental destruction of the cast
parts of the trolleys during their operation. The fractures of the side frames of the bogies of freight
cars are often accompanied by the derailment of the car, pose a threat to the safety of train traffic,
pose a danger to the life and health of citizens, and cause significant losses. In the article, a finite
element model is proposed to assess the stress-strain state of the side frame. Loading schemes and
testing methods of side frames are considered.

Keywords. Freight car trolley, side frame, casting defect, stress-strain state, modeling,
testing, analysis.
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Y]IK 656
®OPMUPOBAHME Y D®OEKTUBHOCTH LIENEN IIOCTABOK I'PY30B

A. Opasbimberosal |, I'. Ermentaes?, B. Apkenos!, C. Typasi6exon!
Mex1yHapoAHbIN TPAaHCIOPTHO-T'YMaHUTapHbIN yHUBepcuTeT, Anmatsel, Kasaxcran
E-mail:orazymbet444@mail.ru

AnHoTanus. TpaHcropTr - BakHEHIIas COCTaBHAas 4acTb SKOHOMHKHM Kaszaxcrana. Ero
ycroiunBoe M APPeKTuBHOE (YHKIIMOHUPOBAHUE SBISETCI HEOOXOJUMBIM YCIOBHEM
cTabuin3anuy, NojJbeMa SKOHOMUKH, OOeCreueHHs] JUHAMMYHO DPAa3BUBAIOLIMXCS CBs3ed CO
crtpaHamu EBponsl u A3nu.

[Tporeccel pa3BUTHS MEXIYHAPOIHOTO 0OMEHA, TPEOYIOT COBEPIIIEHCTBOBAHUS MOAXOI0B
K pa3BUTHIO TPAHCIOPTA, IOUCKY HOBBIX 3(PQEKTUBHBIX TEXHOJOTUH U TOCTOSHHOTO
OOHOBJIEHUS YK€ CYILIECTBYIOIIMUX U MTOMCKA HOBBIX, HAanOO0Jee palliOHATIbHBIX MMYTeH OCBOEHUS
nepeBo3oK rpy3oB. [IpakTuka moka3pIBaeT, YTO Beaylas pojb B OOECIEUEeHUH MEPEBO3OK
MIPUHAJUIEKNAT KEJIE3HOJOPO)KHOMY TPAHCIOPTY, IMOCKOJIBKY Ha €ro JOJI0 MPUXOJUTCS OKOJIO
OCHOBHAs 4aCTh 3KCIOPTHO- UMIIOPTHBIX ITEPEBO3OK.

Crparermueckass mporpamma pa3Butus AO «HK «KTX» mpemxycmarpuBaer
B3aMMOJICIICTBHE MHTEPECOB TOCYIApPCTBA M KIMEHTA HABHYTPEHHEM W BHEIIHEM TOBAPHBIX
PBIHKAX, ONTUMHU3ALUIO YPOBHS TPAHCIIOPTHOM COCTABJISIONIEH B KOHEUHOM IIEHE MMPOAYKIIMH HA
HKOHOMHUYECKH 0OOCHOBAHHOM YPOBHE U 3alIUTY OTEUECTBEHHOI'O TPAHCIIOPTHOIO PHIHKA.

Kuarouesrble cioBa. MHdopmarys, 1ienu nocTaBok, TEXHOJIOTHUS, TPY3, TOTOKH.

BBenenue.

B ycnoBusiX COBpEMEHHOTO TPAHCTIOPTHOTO PBHIHKA B IEJSIX PAllMOHATILHON OpraHu3aIiu
MEPEBO30K IPY30BIAICITBIIEI HMEIOT ITUPOKHA BBIOOP YUaCTHUKOB (TIEPEBO3YHKOB PA3TMUYHBIMU
Bugamu TpaHcnopra) [1]. KadecTBeHHO HOBBI MOAXOJ K OpraHU3allid PaldOHAIBHOMN
CKOOPJIMHUPOBAHHOMN JCATEIHHOCTH PA3IMYHBIX TPAHCIOPTHBIX NPEINPHUATHNH B HHTEpecax
MHOTOYHCIICHHOW KJIMEHTYPhI MpEAIojaraeT JOTHCTHYECKUH TMOAXOA. ITO IOHATHE
MOJpa3yMeBaeT HHTETPALIUIO ISATEILHOCTH YYAaCTHUKOB TPAHCIIOPTHPOBKH I'PY30B, YIIPABICHUE
0OYCJIOBJICHHBIMH €10 MaTepuaIbHbIMH, WH(POPMAIMOHHBIMHU, (PUHAHCOBBIMH TIOTOKAMH U,
COOTBETCTBEHHO, 3aracaMd MaTepHaIbHBIX CPEJICTB, CKJIQJCKUM XO35SHWCTBOM, a TaKKe
B3aMMO/ICHCTBYIOLIUX OPraHOB M CPEACTB MarucCTPaabHOTO TPAHCIOPTA, TPAHCIOPTAa CAMHX
IPY30BIAJICNbIIEB B €IMHYI) HHTETPUPOBAHHYIO TPY30MPOBOJAIIYIO CHCTEMY, KOTOpOE B
oCIIeIHEE BpeMs TPaHC(HOPMUPOBAIIOCH B ITOHATHE «IIEMH MOCTaBOK» [2].

B »9T0i#l CcBsI3M 1eNb HAYYHO-HCCIIENOBATENBCKOM palOThl 3aKiovaeTcss B pa3paboTke
METOAUKH (OPMHUPOBAHHUS W  YOpPaBIEHUS UENSIMU IOCTABOK TPY30B C  y4acTHUEM
YKEJIE3HOJOPOKHOTO TPAHCIIOPTA

JInst noCcTHKEHUs MOCTaBICHHOM 1IeJIM PEIIAtOTCs CIEAYIOUIME 3a/1a4u:

- MPOU3BECTH aHAIH3 MPOOIEM B3aUMOJICHCTBUS BUIOB TPAHCIIOPTA U UHPPACTPYKTYPHI B
paMKax €JMHOM e NOCTABOK I'PY30B € YHACTHUEM KEJIE3HOIOPOKHOTO TPAHCIIOPTA;

- pa3paboTaTh KOHIEMIMIO €IWHOTO MeXaHW3Ma MHTErpalid U COTJIACOBaHUS
B3aUMO/JICHCTBUSL 3BEHBEB I[€MU T[IOCTABOK M METOJUKM MPOCKTHUPOBAHHMS U BbIOOpa
ONTUMATBHBIX IS MOTPEOUTENs Iereid ¢ TOYKU 3PEHUs YYUTHIBAEMbIX B MOMEHT MPUHATHUS
pelIeHus: KpUTEPUEB;

- IOCTPOUTH 00OOIIEHHYIO dKOHOMHUKO-MAaTEMaTHUECKYIO MOJIENb IIETH MTOCTaBOK I'Ppy3a U
MIPOU3BECTH OIIEHKY (DYHKIIMOHUPOBAHUS IIETIH MMOCTABOK I'Py3a.

[IpeameTom uccneaoBaHUS SIBISIIOTCS MOJENW YIPABJICHUS LEMSIMU MOCTAaBOK I'PY30B B
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TPaHCIIOPTHOM CUCTEME.

OOBEKTOM HCCIICAOBAHUS SIBIISIOTCS TIEPEBO3KH.

Teoperndeckyro M METOJOJOTHUYECKYIO 0a3y HCCIEIOBAaHUS COCTABISIOT PE3yIbTaThl
(bsz{aMeHTaanmx U TPUKIAOHBIX I/ICCJIGI[OBaHI/If/'I MO0 JIOTUCTUKEC MW YIIPABJIICHHUIO LCIIAMHA
IIOCTaBOK, a TaKXXe CUCTEMHBIM NOJXOJ K MCCIEIOBaHUIO Ipolecca (PyHKIMOHUPOBAHUS
JJOT'UCTUYCCKUX CUCTEM.

HpaKTI/I‘-IeCKaSI S3HAYUMOCTh PE3YJIbTATOB UCCIICAOBAHUA COCTOUT B TOM, YTO NMPHUMCHCHUC
pe3yIbTaTOB MCCIICAOBAHMS HAIMPABICHO HA MOBBIIEHUE 3(P(HEKTUBHOCTH yIpaBIeHUS IETSIMU
IIOCTaBOK, CIIOCOOCTBYIOILIEE MAaKCUMaJIbHOMY YJIOBJIETBOPEHHMIO 3allpOCOB NOTpeOUTEEeH IO
OpraHu3aluy Lenel NoCTaBOK IPy30B.

Hayuynas HOBW3Ha wuccieJoOBaHMs 3aKiO4aeTcs B pa3paboTKe METOJUYECKHX OCHOB
YHIpaBJICHUA LTCIAMU IMOCTABOK I'Py30B, KOTOPBIC BKIIIOYAIOT KOMIIJICKC MO}ICJ’ICI\/'I H aJiIrTOPUTMOB,
MMO3BOJIAIOIIMUX TOJIYYHUTH ONITUMAaJIbHBIN BapuaHT B3aI/IMO)leI\/'ICTBI/I$I Y4aCTHUKOB TPAaHCIIOPTHOT'O
mporecca.

Baxknelmmmu UensMu CO3JaHusl «LErnell MOCTaBOK» Ha JKEJIE3HOJOPOKHOM TPAHCHOPTE
SIBJISIIOTCS ~ TIOBBIIIEHHE  3(PPEKTUBHOCTH  TpoIlecca  TPAHCTIOPTUPOBKH,  TOJIyUYCHUE
KOMMep'-IeCKOI\/II BBITOJIbI 3a CUCT pCaiv3al OINTHUMAJIBHBIX BAPHAHTOB ICPCBO3KU I'PY30B U
B3aMMOJICMCTBHS BCEX YYaCTHUKOB TPAHCIIOPTHOIO KOHBEWEpa Ha OCHOBE €IWHOTO
TEXHOJIOTUYECKOT0 IMpolecca W HHPOPMAIMOHHOTO COMPOBOXKJEHUS, OOBEIUHSIIONIETO
ACATCIIBHOCTE BCCX BHUAOB TPAHCIIOPTA IO IEPEBO3KE I'PY30B M OKA3aHHIO COITYTCTBYIOIIHMX

YCIIYT.

MarepuaJjbl 4 METOIbI.

IIpuMeHeHMe TOrUCTHYECKUX METO0B B 00JacTH OpraHU3alyuu Lened MoCTaBOK Irpy30B
IIPEAIIOJIAraeT PEIICHNE CIETYIOMUX BOPOCOB:

- wuHpOpManMOHHOE obecrieueHrne IIeneil MoCcTaBOK Ha 0aze Co3JaHUs €IUHOTO
MH(GOPMALMOHHOTO IPOCTPAHCTBA [T BCEX YYACTHUKOB TPAHCIOPTUPOBKH C LEJIBIO TOTYUESHHSI
CBEICHUI O COCTOSIHMM TPOMBIIUIEHHOCTH, TPAaHCIOPTA, pbIHKaX cObITA NPOAYKLUU U
3(h(HEKTUBHOTO YIPABICHUS UMU;

- KOHTpOJb M opranu3anus 3QQGEKTUBHOIO OOCIYXKHBaHHUS TIPY30BJIAJCIbLEB U
Y4aCTHUKOB TPAHCIIOPTUPOBKH €IMHOM KOOPIUHUPYIOIIEH OpraHu3aluei;

- JOCTWKEHHUE ONTHMAJbHBIX [1apaMETPOB TPAHCHOPTUPOBKH, YIOBJICTBOPSIOLIUX BCEX
YYaCTHUKOB LIeNIeH OCTaBOK;

- pa3BUTHE TPAHCHOPTHOM HHQPACTPYKTYpbl M 3((PEKTUBHOE HCIOIb30BAHUE
TPaHCIIOPTHBIX CPENICTB;

- cOJIMKEeHNE 3aKOHO/1aTeNIbHBIX 0a3 Pa3IMYHbIX FOCYIapCTB;

- BO3MOXKHOCTb UCIIOJIb30BaHUS HHPPACTPYKTYPHI KEIE3HOAOPOKHOTO TPAHCIIOPTA BCEMU
Y4aCTHUKaMU TPAHCIOPTHOIO IIpoLiecca.

OCHOBOH JIOTMCTMYECKOTO IMOJAXO0Ja K OpraHu3alud U YIPABJICHUIO LEMSAMH IOCTaBOK
ABJIAETCS MHTErpalys MEXIYy YYaCTHUKAMM TpaHCIOpPTHOro mpouecca. lloTeHnuanbHble
KOHKYPEHTbI (pa3/In4yHble BHUJbl TPAHCIOPTA, MOCPEIHUKU B OpraHU3allUd TPAHCIOPTHBIX
yciyr), 0ObeIMHUB CBOM PECYpPChl, QYHKIIMH U BO3MOXHOCTH, COBMECTHBIMU YCUJIMSMU MOTYT
o0ecrneuynTh BHEIPEHNUE COBPEMEHHBIX TEXHOJIOTHIl B MPAKTHKY MEPEBO30K IPYy30B € y4yaCTHEM
KEJIE3HOJOPOKHOTO  TpaHcmopTa. Takass uHTerpauus JOJDKHA J1aTh  CYLECTBEHHBIN
sKoHOMHUUYecKui 3¢pdexr [3].

[TosToMy pemienue mpoOieM, CBA3aHHBIX C MOBBIIIEHHEM 3((GEKTUBHOCTH YIPABICHHS
LENsIMU IIOCTaBOK IPY30B C YYacTHEM KEJIE3HOAOPOKHOTO TPAHCIIOPTA, SIBISETCS BEChMa
aKTyaJIbHBIM.

IIpu BBITIOIHEHNH 3a/1au¥ 110 KOOPIMHALMU M B3aUMOJACHCTBUN YJaCTHUKOB LIETEH ITOCTABOK
BBIZIEJICHO TPH OCHOBHBIX dTarna ux opmupoBanus ¢ nomouisio EITYIII (pucynok 1)
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1. Crparernueckoe MIaHMPOBAHKE, KOTOPOE BKJIIOUAET COTJIACOBAHHME «BXOIAIIMX)
I'PY30II0TOKOB, IPEABAPUTEIILHOE INIAHUPOBAHUE ITyTEM KOOPAMHALIMY 3alIPOCOB Ha IIEPEBO3KU
U WX COTOCTaBJICHHE C HAIWYHBIMH MOIIHOCTSMH IO NEPEBO3Ke, a Takke (popMupoBaHue
MIPEAJIOKEHUH T10 MEPEBO3KaM ULl TPY30BJIaACIIbLEB.

2. TakTM4ecKoe IUIAHMPOBAHHWE, BKJIIOYANOIIEE KOOPIAMHAIMIO  COTJIACOBAHHBIX
«BXOJIIIIMX»  TPY3ONMOTOKOB, (OpMHUpOBaHME KOHKPETHBIX LENe MOCTaBOK IO
YAOBJIETBOPEHHBIM IIPEIIOKECHUSM.

3.  OmneparuBHOE yIpaBieHUE, KOTOPOE BKIKYAET MOHHMTOPMHI M YIIPABJIEHHE
c(OPMHUPOBAHHBIMU IIETIIMU

" -, "
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~ -

- -~
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Pucynok 1 - OcHoBHbIe 3Tanbl popmupoBaHus neneit nocraBok ELTY T

OCHOBHOM LENBIO CTPATETUYECKOTO IUIAHUPOBAHUS SABIIACTCS NPELYNPEKICHUE Pa3MEPOB
«BXOJIIMX» TIPY30IOTOKOB B CBSI3M C OlPAaHUYEHUEM IPOIYCKHBIX CIHOCOOHOCTEH
MHQPACTPYKTYpbl OOCITY)KMBAIOIIUX 3BEHbEB LEMM IIOCTAaBOK, a TaKXKe IPEJA0CTaBICHHUE
PaBHONPABHOIO M CIPABEUIMBOIO JIOCTyIa K MOLIHOCTSAM 3BEHBEB BCEX 3aMHTEPECOBAHHBIX
YYaCTHHMKOB (HE3aBHCHMO OT pa3MepOB KOMIIAHUN U YPOBHSI BIUATEILHOCTH PYKOBOIUTENICH).

Heo0x0auMoCTh CTpaTernyeckoro MnjiIaHUpOBAHUS BbI3BaHA TEM, YTO MPaBUIIbHBINA BBIOOP
0OCIIy’)KUBAIOIIMX 3BEHbEB (MOPCKOIO IOpPTa, TPAHCIOPTHO- PaClpeleIUTEIBHOTO LIEHTPA)
ABJIIETCS BAXKHEUIIUM (DakTOpOM Uil YCIEIIHOTO BbIOOpA LIeNHU MOCTABOK [4].

Ilog crparermdyeckuM IUIAHMPOBAHUEM LENM IIOCTABOK aBTOPOM IOJPa3yMEBAECTCs
B3aMMOCBSI3aHHBIA KOMIUIEKC IIJJAHOB BCEX 3aMHTEPECOBAHHBIX YYAaCTHUKOB TPAHCIOPTHUPOBKH,
KOTOpBIE COOTBETCTBYIOT KOMIIPOMHUCCHOMY PpELICHHI0 NPOTHBOPEYM B MOTPEOHOCTAX
OTJENIBHBIX 3aMHTEPECOBAHHbIX YYAaCTHHKOB M MOIINHOCTH OOCIY)KHBAIOUIMX 3BEHHEB
(mpormyckHbIX ~ cHnocoOHOCTeH, pe3epBoB mepepabarbiBatomiux  MoimHocteit). Iponece
COrJIaCOBAaHUS TAaKUX IUIAHOB SBJIIETCS NMPOTUBOPEYMBBIM BCIIECACTBUE HAJIMYMS MHOXKECTBA
3aMHTEPECOBAHHBIX  YYaCTHUKOB W OTPAaHUWYEHUH IO  TEXHUYECKOMY  COCTOSHHUIO
MHOQPACTPYKTYpbl LeNM MocTaBoK. /[l coriacoBaHuss BO3MOXKHBIX HPOTHBOPEUYMH U
(bopMUpPOBaHUS ONITUMAILHOTO TJIaHA BBOJUTCS QJITOPUTM COTJIACOBAHUS.

[Ipouenypa yperynupoBaHusi BO3MOXKHBIX NPOTHUBOpEUMH, BO3ZHHKAIOIIUX HpPH BbIOOpE
0OCIIy’)KMBAIOIIMX 3BEHBEB, OCHOBaHAa HA COIOCTaBJICHWUM OOBEMOB MEPEBO3KU TIPY30B OT
Pa3IUYHBIX TPY300TIPABUTENEH C MPOMYCKHBIMU CIIOCOOHOCTSIMU LIENIE00pa3yIouX 3BEHbEB.

Jns koopAauHaLuKM «BXOoAmux» rpy3onoTokoB ELIYIII tpeGyercst Gonbuioi obobem
nHpOpMAIMK OT BCEX CTOPOH, 3a/IeHICTBOBAHHBIX B INPOLIECCE JAOCTABKH. JTa MHGPOpMaUsi U
CIIy’KUT OCHOBOM ISl COCTABJICHHsI CTPATErH4E€CKOro IIaHa.

OnuceiBaeMas Aanee IOCIEN0BATENBHOCTh IPOLIECCOB COTJIACOBAHUS CTPATETUYECKOTO
IUTaHa Tpe/cTaBieHo B Tabnuue 1
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Tabnuma 1 - XapakrepucTuka nmporeccoB crpaterndeckoro mianupoBanust ELTYIIIT

[o3urmus Omnucanue npoiecca
#10 [epenaya napopMaruu 0 MOTPEOHOCTH B IEPEBO3KAX OT
OTIPABUTENIEH:
#20 [Tepenava nadopmarmu 0 TOTPEOHOCTH B Ipy3axX OT MOTyJaTEICH:
#30 [epenaya napopmarun ot AO «HKKTX»:
Hanwuane MomHOCTH HHGPACTPYKTYPHI )KEIE3HBIX JOPOT;
Cpoxku 00pabOTKH IPy30B Ha TPY30BBIX JBOPAX.
#40 WNudopmanust oT MOPCKUX NOPTOB:
Hannuue moutHocTel HHGPAaCTPYKTypbl HOPTOB
#50 [Tepenaua nnpopmanrii OT aBBTOMOOMIIBHBIX TTEPEBO3YHKOB:
CraTtHucTika TpaHCTIOPTHBIX 3aTOpoB; MHpOpMAaIHst 0 peMOHTax I0poT;
[IponyckHast cnocoOHOCTh aBTOMOOMIIBHBIX 10POT
#60 Tpeb6oBanwus k I T-cucreme:
VYmpasnenue Bceil nHPpOpMaIuen yepes eHTPATbHYI0 0a3y
TTAHHBIX
Hannuue untepdeticos ¢ IT -cucremoii Bcex yuacTHukod
#70 3akroueHue JOTOBOPOB € YUACTBYIOIUMH CTOPOHAMU
#80 [Tonydyenue u o6paboTka HHGOPMAITIH
#90 Crpareruveckoe pacrpeesieHle Crpoca 1 MpeIoKEeHUS
MEepPEeBO30K:
Tun u xonumaectBo rpy3a. Cpenctea Tpancnopra. ['padux
MepPEeBO30K
Onenka KOH(MIMKTOB MEKY CIIPOCOM U MPETIOKEHHEM.
#100 Koopaunarmus cnpoca u npeanoxxenust ¢ AO «HK KTX»
#105 Koopaunarus cipoca 1 peaiosKeHHs ¢ OIepaTopoM MopTa
#110 [IpoTuBOpEUNs CYIIECTBYIOT
#120 [IpoTuBOpEUNs OTCYTCTBYIOT
#130 [Ipennosxenus no pa3penieHuIo MPOTUBOPEUHii B CIydae ux
BO3HUKHOBEHUS
#140 CornacoBaHue NpeyI0KEHUN 110 Pa3pelIeHUI0 TPOTUBOPEUHIL C
#150 3aMHTEPECOBAHHBIMHU CTOPOHAMH C LIEJIBIO pa3penicHus] KOH(INKTOB
#160 CornacoBaHue reHepaIbHOrO CTPATErnYeCcKOro IIaHa U
peIOKEHUE MPEABAPUTENHHOTO TIaHa 6e3 00513aTENbCTB Mepe
BJIQ/ICTIBIIAMU «BXOJISAIINX)» TPY30MOTOKOB.

Pe3yabTaTsl U 00CyxKIeHHS.

Pazmep «Bxoadlmiero» TIpy30MoOTOKa 3aBUCUT OT  MPOMYCKHBIX  CIOCOOHOCTEH
0OCITy’>)KMBAIOIIMX 3BEHbEB 1NN IMOCTAaBOK (TepepabaThIBAIONIEH CIOCOOHOCTH MOTrPY304YHO-
Pasrpy304HbIX MAalluH, TUIOMAAEH CKJIAZ0B, MPOJIODKUTENILHOCTH pabOThl MyHKTOB MOTPY3KH U
BBITPY3KH) (PUCYHOK 2).
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HenocTtaTok
MPOIYCKHOM
CIIOCOOHOCTH

Pucynoxk 2 - Cxema coriacoBaHus «BXOASIINX» TPY30MOTOKOB C MPOIMTYCKHBIMU CIIOCOOHOCTSIMU
3BEHBEB IEMH NTOCTaBOK

[locne momyuenuss u o6pabotku mnosydyeHHoil uHopmanuu B ELYIIIpopmupyercs
MHOJKECTBO I[eTIel TOCTABOK M OMPEEIISIOTCS] OCHOBHEIE IIeTIe00pa3yromure 3BeHbs. B mpomecce
corjacoBaHuss OOBEMOB MOXET BO3HHUKHYTh CHUTyallus, KOIJla CIOPOC Ha KOHKPETHBIE
TPaHCIIOPTHBIC MOIITHOCTH TpeBbIIaeT npemioxkenne. B atom ciydae EIIYIIIT pa3pabareiBaer
KOHKpETHBIE MPEII0KEHUS Ui KIUEHTOB. TaKUMU MPEeASIOKEHUSIMU MOTYT BBICTYNATh MEPEXO]]
Ha JPYyroil BUJA TpaHCIOPTa, BRIOOP APYroro Mapuipyra, yCTaHOBJIEHHEHOBOTO CPOKa JOCTABKU
WU crioco0a OTIpaBKu Tpysa [5].

TakTueckoe TpaHCHOPTHOE TUIAHWPOBAHKE 3aKITI0YAETCS B MOJICIUPOBAHUH BO3MOXKHBIX U
BBHIOOpPE ONTHMAaJbHBIX BapHAHTOB ILIeNed IMOCTaBOK HA OCHOBE TPEOOBAaHUN 3aKa3uyMKOB
MepeBO3KH, CHOPMUPOBAHHBIX MO PE3YyIbTaTaM CTPATETHUYECKOTO IIIAHUPOBAHHUSL.

OnepatuBHOE yIpaBJieHHE LEMSIMU IOCTaBOK MOJpa3ieNsieTcs Ha YeTbIpe 010Ka (pUCYyHOK
3):

1.MOHUTOPHHT U YIpPaBIECHUE «BXOAALIUMI» IPY30TIOTOKAMH.

- KOHTPOJIb COOJIIO/IEHUS] TapaMEeTPOB MEPEBO3KU;

- IUTAHMPOBAaHME OPraHM30BAaHHOIO TMOJABOJA TPY30B K IYyHKTaM MOTPEOJNCHUS WIH
MEePEeBAJIKK Ha CMEXKHbBIE BUbI TPAHCIIOPTA;

- onepatuBHOE Tu1aHupoBanue padoTsl TPLI, TepMuHaNOB, KPYMHBIX IPY30BHIX JBOPOB WM
KOHTEHHEPHBIX ITUIOMIAIOK B cepe OTBETCTBEHHOCTH LIETIH;

- paccTaHOBKa MPUOPUTETOB 0OCTYKUBAHUS €AUHUIL IPY30TIOTOKA.

2.Y1upaBieHue MapKkoM TPaHCIIOPTHBIX CPEJCTB.

3. OTcnexxuBaHue onepanuii B 3BeHbsIX LIENH MOCTaBOK.

4 BcnomorarenbHble MpoLEAypbl (TaMOXEHHBbIE IPOLENypbl, JOKYMEHTOOOOpOT,
obecrnieueHne 6e30macHOCTH) [6].
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MouHTOPHHT A

yrpaBJaeHRe
I'PY30M0OTOKAMH
BemomorateabHbBIE OnepaT HBHOC YupasicHHE TAPKOM
npoueaypsl yupagJ/jacHae TPAHCTIOPTHRIX
EITVIIII cpeacTs

<~

OnepanyH B 3BeHbSIX
HENH MOCTABOK

Pucynok 3 — OnepatuBHOE ynpaBlieHHE LENbIO TOCTaBOK

[Ipu ¢GopmHpoBaHWHU TETEW TMOCTABOK T'PY30B TOBBIMAIOTCS TPEOOBaHUS K CIOCOOaM
MepeBO30K, KOMOMHAIMS KOTOPHIX MO3BOJISIET UM BBIMIOJHATH TPAHCIIOPTUPOBKY TPY30B Ooiiee
3¢ deKTUBHBIM 00pPa30M U ¢ HAUMEHBIIUMHU U3JIEPHKKAMU.

Kak OpuTO yKkazaHO BBINIE, IIEMb ITOCTABKH IEIECOO0pPa3HO paccMaTpUBaTh KaK IPOIECC
HETPEPBIBHOTO  OOECTICYeHHs TOCIEAYIOMUX TOApA3JACICHHA TpPH CHHXPOHHU3AIMH U
COTJIACOBAHHOCTH pabOTHI 0OCTY)KUBAIONTUX 3BEHbEB 1enH. LlemecooOpa3Ho paccMaTpuBaTh BECh
MPOLIECC TEPEBO3KU OT T'PY300TIPABUTENS 10 TPY30IOIydaTeisi, BKIOYas TPAHCIOPTUPOBKY,
nepepaboTKy, XpaHEHHE TpPY30B BO B3aHUMOJCHCTBUM C WH(GOPMAIMOHHBIMU MOTOKaMHU,
COTMPOBOXKIAIOIIUMHU JOCTaBKY.

[Tocrne BBIOOpa OCHOBHBIX 0Opa3yIONIUX 3BEHBEB IIETH MMOCTABOK, POpMUPYETCS pa3IuvIHbIC
BapuaHThl. KosinyecTBO BapHaHTOB, KOTOpbIE BO3MOKHO CQOpPMHUpPOBATH MJs JajbHEHIIero
aHaJlM3a 1 BbIOOpa M3 HUX HAWIYy4YIIero JAOCTAaTOYHO BenuKo. B mccinenoBanuu copMupoBaHbI
BO3MOXHbBIE€ BAPUAHTHI OPraHU3aliU YKCIIOPTHO-UMITOPTHBIX IeNeil mocTaBok (Tabnuua 2)

Tabnuma 2 BapuanTtel opranuzanuy 3KCIOPTHO-UMIIOPTHBIX LENel MoCTaBoOK

Ne | T'O ABTO XK XK XK ITopt | ABTO XK I'T1
(I'TT) CTaHUU Mope (o)
s

(TPL)

ITopt
1 2 3 4 5 6 7 8 9110
1 + + + + + + +
2 + + + + + + +
3 + + + + +
4 + + + + +
5 + + + + + + +
6 + + + + + + +
7 + + + + +
8 + + + + +

AHanu3 BO3MOKHBIX COYCTAHHM ITO3BOJIHII C(pOpMI/IpOBaTB 8 OCHOBHEIX BAapHUaHTOB
OKCITOPTHO-UMIIOPTHBIX LIeTei IOCTaBOK.
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TpaHcnopTHOE 3BEHO MpEACTaBIsEeT COOONW MHOXECTBO YYaCTHHUKOB, IpPEIararouinx
NePeYeHb YCIYT U YCIOBHA OOCITY)KMBaHUS TPY30MOTOKa. B cBsA3M ¢ 3THM, 3ajaya ynpaBJieHUs
TPAHCIIOPTHBIM 3BEHOM 3aKJIIOUAETCSl B MPOLETypE NPUBJICUYECHUS TEX YYACTHUKOB IEPEBO3KH,
KOTOpbIE OTBEYAIOT TPEOOBAaHUAM 3aKa3uuka [7].

Kaxnoe oOciry>kuBatoree 38€HO 1T MOCTaBKH, B CBOIO 04Y€Pe/lb, MOKHO IPEACTABUTH KaK
IIOCJIE0BATEIBHOCTD MIEMEHTOB, IIEPEJAOIIUX APYT APYTY I'PY30II0TOK 3a ONPEAEICHHOE BpEMS
WIA TPOIIECCOB, MPOUCXOAAIUX C Tpy3oM. HeoOXoauMO OTMETHTH, YTO HEKOTOPHIC 3BEHBS U
COCTaBJIIOIIME KX DJIEMEHThl IL€NM IOCTaBKM  OTJIMYAKOTCS  BBICOKOW  CTENEHBIO
HEONPEJEIIEHHOCTH, T.€. CTOXaCTUYHOCTbIO. 3ajjaua yrpaBieH!s! 00CIYKMBAIOIINM 3BEHOM LIETH
[IOCTABOK OCHOBaHA Ha OILIEHKE M BHIOOPE TEXHOJOTMYECKHX IPOLECCOB, COCTOSIIIUX U3
MHO>KE€CTBA TEXHOJIOTMYECKUX ONEPALUN B LEIH.

Cepbe3HOTO BHHMAaHHUS 3aCIIy’KUBaeT BbIOOp CIOCOOOB M TEXHOJIOTUHU MEPEBO30K B ILIETH
MIOCTaBOK I'py30B. Pemraercs 1ByennHas 3a1a4a: ¢ 0JHON CTOPOHBI, TEXHOJIOTMUECKHE TPEOOBaHUS
K 3(hdeKkTuBHON cucTeMe YNpaBlIeHUs LENbIO MOCTABOK I'Py30B BO3pAcTalOT, a C JAPYrol —
BO3MOKHOCTH (POPMHUPOBAHHUS COBPEMEHHOW TEXHOJIOTMU 4YacTo KpaiHe orpanuueHsl. Kpome
TOT0, BCE ONEPALIUU C TPY30M JIOJDKHBI ObITh aJanTUPOBAHbl K OTPAHUYEHHBIM MOUTHOCTSM, YTO
KacaeTcsi  JKCIUTyaTal[MOHHBIX  XapaKTepUCTUK U APGPEKTUBHOCTH  HUCIOJIB30BAHUS
UHQPACTPYKTYpsl U TpaHCHOPTHBIX ycayr. OpHako, oOecnedyeHue YCTOMYMBOIO pocTa
UMIIOPTHOTO M SKCIIOPTHOTO TMOTEHIMala 0e3 MPUMEHEHHUS HOBBIX TEXHOJOTMH YIpaBlieHUs
L[ENBIO TOCTABOK IPY30B HEBO3MOKHO.

[lepcriekTHBHAs TEXHOJIOTHUS JOJDKHA COOTBETCTBOBATH MEXKYHApPOJHBIM CTaHIapTaM,
TJIABHBIMU KPUTEPHUSIMHM KOTOPBIX SBIIIOTCS: CKOPOCTH INPOXOKICHUS MapIIpyTa, TOYHOCTh
BBITOJIHEHUS I'padiKa BBIIOJIHEHHSI CPOKOB JIOCTAaBKH, & TAKKE COXPAaHHOCTh IIEPEBO3UMOTO Ipy3a
Y Ka4e€CTBO MPENOCTABIIAEMBIX YCIYT TPY30BJIaJCIIbLIAM.

I'paMOTHO CIIpOEKTHpPOBaHHAs LEMb MOCTABOK MOXKET 00ECHEUUTh CaMble MPOTYKTUBHBIE
KaHajbl s MPOJABIKEHHUS TIpy3onoroka. CyTb €€ OpraHum3allid COCTOUT B IIPHUMEHEHUU
KOMIIJIEKCA METOJUK, IIPU KOTOPBIX IPOLIECC NOCTaBKH I'PY30B IPEIACTABIAECTCA B BUAC LIENU
IIOCTABOK, COCTaBHBIMHM 3BEHBSIMH KOTOPOM BBICTYNAIOT BCE DJIEMEHTHl TPaHCIOPTHON
uHppacTpyKkTypHI [8].

OcHOBHBIE IPUHIMIIBI (PYHKIIMOHUPOBAHUS TAKHMX LIETIEH 3aKII0YAOTCS B CIIEYIOLIEM:

- NPUHATHE B Ka4E€CTBE KOHLENIUM YIIPABICHUE «CKBO3HBIM» I'DY30II0TOKOM, TO €CTh OT
3apOKJECHUS €T0 Y IPY300TIPABUTENS 10 MOTALIEHHS Y TPY30I10yqaTes;

-Ha OCHOBE U3y4YEHHUS KPUTCPUEB MPEINOYTEHUS KOHKPETHBIX IPY30BJIAJCIIBLICB
(rpy3o0TnpaBuTeei) npelaraTb UM pa3inyHble TEXHOJIOTUU MPOJBIXKEHUS IPY30I10TOKA, TEM
CaMbIM, HHUIIMUPYS (GOPMHUPOBAHHUE LIETIEN CO CBOUM YYacTHEM;

- hopMupoBaHre HaboOpa BO3MOXHBIX BapHAHTOB LENEH IOCTAaBOK, KOTOpPbIE MOIYT
YIOBJIETBOPUTH 3aIIPOCHI KIIMEHTOB, a TAK)KE BO3MOKHOCTh X U3MEHEHUS B KpaTYalIlIMe CPOKH,
UCXO0/1s U3 TPeOOBaHUM, IPEABABIAEMbIX K KOHKPETHON NEPEBO3KE;

- obecrieueHre HENpPepbIBHOTO OECHPEnsATCTBEHHOTO IPOXOXKAEHUS TIPYy30B B LEMU
IIOCTABOK;

- MAKCUMAJIbHOE  HMCIOJb30BAaHUE CYIIECTBYIOIIUX BO3MOKHOCTEM Ppa3HbIX BHJIOB
TPaHCIIOPTa, BOBJIEUYEHHBIX B IIPOLIECC IEPEBO3KU;

- €IMHOOOPAa3HbII KOMMEPUYECKO-TIPAaBOBOM PEXHUM BO BCEX 3BEHBSX LIEMH;

- KOMIUIEKCHOE pelleHrne (MHaHCOBO-?KOHOMMYECKHX BOIIPOCOB;

- €IMHCTBO BCEX 3BEHBEB LIEMM B OPraHU3ALMOHHO-TEXHOJOTMYECKOM AaCHEKTE C LENBIO
JMKBUAALUHU «IIPOOJIEMHBIX MECT» B LIEIH;

- KOOIIEPALIMS BCEX YUaCTHUKOB LIENU TIOCTABOK;

- MAKCHUMAaJIbHOE MCIIOJIb30BAaHUE TEXHUUYECKUX BO3MOKHOCTEM 3BEHBEB IIEMM IOCTABOK
(TepMUHAJOB, TPAHCIIOPTHO-PACIPEACIUTENBHBIX IEHTPOB, IPUIIOPTOBBIX CTAHIIUN);

- eiMHOE MH(pOpPMAIIMOHHOE 00eCIIeUeHNE U CBA3b MEXKIY 3BEHbSIMH;
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- KOMIUIEKCHOE Pa3BUTHE TPAHCIIOPTHOW MH(PPACTPYKTYPHI PA3IMYHBIX BUIOB TPAHCIIOPTA.

CoBepIlIeHCTBOBAaHHUE MPOIIECCa OpPraHU3alliK MPOU3BOJICTBA B LICMHIIOCTABOK 00IaaeT
PSIOM CIIEYIONIUX PEUMYIIICCTB:

- CHIDKCHHE 3aTpaT Ha IepeMEIeHHE Tpy3a B OOIICH IeMU OTIPABUTEIb- IMOJIYYaTellb,
BO3MO’KHOE COKpAIIIEHHS 3aTpaT Ha I0OCTABKY Pa3IMuHbIX IPY30B;

- COKpAII[CHHE CPOKa JIOCTABKU T'Py3a 3a CUET CHUIKCHUS BPEMEHHBIX MTapaMETPOB LEIH;

- poct 0o6m1ero ooremMa rpy30000poTa;

- CHJKCHUC KOHLCHTpPALUUKW TPAHCIIOPTHBIX IIOTOKOB Yy IMOABE3J0B K TOProBBIM 30HAM,
CO3JAI0IUX NIPEIATCTBUA IIEPEABUKEHUIO TPAHCIIOPTA;

- pallMOHAJILHOE HCIOJIb30BaHUE TPAHCIOPTHBIX CPEACTB (MX ONTHMalibHAS 3arpyska,
COKpaIlleHHE MOPOKHUX TPOOEToB), OTMPEICTICHNUE ONTHMAILHBIX MapIIPyTOB MEPEBO3OK.

I[J'Ii[ pair3aniu 3THUX TMPUHIUIIOB HeO6XO,[[I/IMO 3HAaTh OCOOEHHOCTH WCIIOJIb30BAHUSA
OTJIENbHBIX BUJIOB TPAHCIIOPTA, UX XapaKTEPUCTUKU U OCHOBBI B3auMOeiicTBuS [9].

1. ®opumposanne TpebopanHuii 3akazyuka seibopa sapuanTa LTIBI
J
¥ T
2. Pazpabotka papuanTos koukypenTHsx LITIBI
i .
3. MopuEpoBalHe U OMHCAHHE CTPYKTYPH 3BeHbeR KoukyperTaex LITTBI
¥ .
4. PaspafoTka MHOMECTBA BAPHAHTOR NpHEIedYerns yaactankos LIIBI
; i
5. Moctpoenne ofofmeHHOH SROHOMHKO-MaTeMaTHeckoi mogenn LITTBI
—_— -
I ¥ —
6. Qopuuposane Moaened otienbHsx spenses LITBI
I— .
¥ S -
7. Paspabotra anropiiva ontimuzacny LITBC
¥ g
8. ITpoBenenme oNTHMHIALHORELX PACHETOR ¢ Henbio cpasHenns LITIBI
-
* ™
9. Brifop sapuanTa opranusamus LITIBT #a ocxose TpeboBannii 3akasanka
-y
¥
10. TlocTpoeHRe MOAETH ONTHMANBHOTO B3anMoneiicTena spenses LINBI
— ¥ — g
{ 11. Pacuer addexta ot pyukumonuposanus subpannoii LITIBI
L. o

Pucynok 4 — Anropurm npouecca ynpasnenus LIIBI'
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BoiBOabI.

B coorBercTBMM € O3TUMM IOJOKEHMSMH ONTUMM3alMsl Ipoliecca YIPaBICHUA U
¢ynxumonnposanus LIIIBI™ nomkHa 0CyIIECTBISATHCS B ONPEISTICHHOM MOCIIEI0BATEIBHOCTH

1.®opmynupoBka 1ened u 3amau obocHoBanusi Bapuanta L[I[IBI' Ha ocHoBe mnoructuko-
MapKETHHIOBOTO aHAJIN3a O TPEOOBAHUSX 3aKa3YHKOB.

2.ITocrpoenne 0000IICHHOI MOJICITH TIENH TIOCTABOK C YU4ETOM TpeOOBaHUI IPy30BIIa ICITHIICB.

3.Pa3pabotka maOKecTBa BapuanToB LI[1BI" ¢ yuerom TpeboBaHmMii rpy30BIIa ICIbIICB.

4.dopmupoBanre 1 000cHOBaHME TiepeyHs 3BeHbeB LITIBI.

S5.Xapakrepuctuka kaxaoro 3seHa L{IIBI' ¢ Touku 3peHnst KpuTepreB ONTUMAIBHOCTH.

6.0060CcHOBaHNE MPUHIIMIIOB ONTUMAJILHOTO B3anmMoiecTBus 3BeHbeB LI[IBI" ¢ Touku 3peHust
CHCTEMHOTI'0 IOJIX0/1a.

7.ITocrpoenune Mmoaenu B3anMoAericTBus 3BeHbeB LIITBI.

8.PazpaboTka amroputma ontummzaimu LIIBI' ¢ Touku 3peHuss obOecrieueHus: HaMIy4IlEero
COYETaHUsI UHTEPECOB OT/IENIbHBIX 3BEHBEB U 1IETTH B LIEJIOM.

9.I1poBeneHNe ONTUMU3AIMOHHBIX PACUYETOB C LIEJIbI0 CPABHEHUSI BAPHAHTOB.

10. AHay3 pe3ysbTaTOB ONTUMHU3AIMOHHBIX PACUETOB.

11.Bb100p ONTUMAJILHOTO BapHUaHTA.

Be1siBnieHo, 4TO CyIeCcTBYIOIIME MTOHATHS 1IETTH MOCTABOK U YIIPABJICHUS LETISIMU TIOCTaBOK He
OTP@XKAIOT TIOJIHOCTBIO CHEeUUM(UKY YIpaBleHHs LEMsSIMH TOCTaBOK TIPY30B C Yy4acTHUEM
KEJIE3HOJIOPO’KHOTO TPAHCIOpPTa, YTO MOTPeOOBAIO0 YTOUYHEHHS MOHATHUSA LeNed IOCTaBOK U
(hopMUpPOBaHUSI MOIXOJ0B K PAaCCMOTPEHUIO OOECHEUMBAIOIIMX M TPAHCIIOPTHBIX 3BEHBEB IIETICH
nocraBok [10].

B wuccrnenoBaHuu TmpeuioKeHa CTPYKTypHas MoOJIeNlb €IUHOTO IIEHTpa  YIPaBJICHUS
uernsMunoctaBok. ChopMynupoBaHbl OCHOBHBIE dTarlbl YIPABJIECHUS LEMIMH TIOCTaBOK U BbISBJICHA
HEOOXOAUMOCTh TPEBAPUTEIILHOTO COTJIACOBAaHUS OOBEMOB «BXOJSIINX» TPY30MOTOKOB OT
MHO’KECTBA I'PY300TIIPABUTENEH C Pa3IMUYHBIMHU MPOMYCKHBIMU CHOCOOHOCTSAMH OOCTY>KHUBAIOLIIX
3BEHBEB 1IEMH TTOCTABOK.
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KYKTEPII ’KETKI3Y TI3BBEKTEPIH KAJIBIIITACTBIPY KOHE TUIMALJIIT'T

Anpgarna. Kemik-Ka3akcTaH 3KOHOMHUKACHIHBIH MaHBI3[BI Kypamaac Oemiri. OHbIH
OPHBIKTBI JKOHE THIM/I1 )KYMBIC iCTEy1 SKOHOMUKAHBI TYPaKTaHBIPY/bIH, KOTepyAiH, Eypona xoHe
Azug ennepiMeH KapKbIHbI JaMbITl KeJe *KaTKaH OailaHbICTapbpl KaMTaMachl3 €TYIiH KaXeTTl
mapThl OOJIBIN TaObLIAAbI.

XanblKapanblK aaMacylbl JaMmbITy MpoIecTepl KONIKTI JaMBITY TOCUILAEpIH XKETUIIIpyAi,
KaHa TUIM1 TeXHOJOTUsIIAp/bl 137ey/l KoHe OypbIHHAH OapiiapblH YHEMI 5KaHAPTHII OTHIPY/IbI
KOHE KYKTepl TachIMalay/Ibl UTePY/iH >KaHa, HEFYPJIBIM YTHIMIBI KOJIJIApbIH 137ey i Tajar
ereni. Toxipube kepceTkeHAeH, TachIManaybl KaMTaMachl3 €TYAEr1 KeTEKIIl pes TEeMIpHKOoi
KOJIriHe THecili, OMTKEeH1 OJ IIaMaMeH AKCHOPTTHIK - HMIIOPTTHIK TachIMalJapiblH HETi3ri
OeJIiriH Kypansl.

"KTXK "¥K" AK Crpaterusisik Jamy OaraapiaamMachkl MEMIIEKET TeH KIUEHTTIH 1K1 dKoHe
CBIPTKBI Tayap HAapbIKTApBIHAAFBl MYJICNEPIHIH ©3apa IC-KUMbBUIBIH, OHIMHIH TYIKUIIKTI
OaracbIHIAFbl KOJIK Kypampaac OeJiriHIH JEHreHiH SKOHOMHMKAJBIK HETI3JeNTreH JeHrene
OHTAMIAHABIPY/IbI )KOHE OTAHJIBIK KOJIIK HAPBIFBIH KOPFayIbl KO3IEHII.

Tyitinai ce3aep. Axnapar, )KeTKi3y Ti30eri, TEXHOJIOT s, KYK, aFbIHIap.
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FORMATION AND EFFICIENCY OF CARGO SUPPLY CHAINS

Annotation. Transport is the most important component of the economy of kazakhstan. its
stable and effective functioning is a necessary condition for stabilization, economic recovery, and
ensuring dynamically developing ties with european and asian countries.

the processes of development of international exchange require improving approaches to the
development of transport, the search for new effective technologies and the constant updating of
existing ones and the search for new, most rational ways of mastering cargo transportation. practice
shows that the leading role in ensuring transportation belongs to rail transport, since it accounts
for about the bulk of export-import traffic.

In the strategic development program of jsc nc ktz provides for the interaction of the interests
of the state and the client in the domestic and foreign commodity markets, optimization of the
level of the transport component in the final price of products at an economically reasonable level
and protection of the domestic transport market.

Keywords. Information, supply chains, technology, cargo, flows.

UDC 629.4.012

SOLUTION OF TRAIN MOVEMENT EQUATIONS USING NUMERICAL
INTEGRATION DIFFERENCE METHODS

Zh. Musaev!, K. Bekmambet? ', Zh. Abilkair®
LAcademy of Logistics and Transport, Almaty, Kazakhstan
2International Transport and Humanitarian University, Almaty, Kazakhstan
Satbayev University, Almaty, Kazakhstan
E-mail: info@academy.kz

Abstract. The results of theoretical and experimental studies of non-stationary modes of
train movement are presented. Mathematical models and algorithms are described that allow with
an accuracy acceptable for engineering practice, to determine, in relation to the existing and future
operating conditions, the forces acting on the cars in the train when starting it from a place, braking,
moving through the fractures of the longitudinal profile of the track, as well as the longitudinal
forces arising from collisions of wagons and trailers.
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Keywords. Rolling stock, train, railway track, motion, equation, modeling, analysis,
solution.

Introduction.

Increasing the weight of freight trains is one of the richest routes used in transport policy,
as it leads to abundant success by spending less.

The modern railway train is a very complex mechanical system. Its movement depends on
thermodynamic processes, features in control, inspection (locomotive, wagons and cargo in it) and
its determining reciprocity.

When studying the impact force, we can divide the impact force into two groups:

1) the movement of a fixed and stationary train, rectilinear and uniform movement and
curvilinear movement arising under the influence of various external influences.

2) non-fixed, stationary, or interchangeable, easily interchangeable modes. Those who
belong to him: train Start, Control and stop in the event of an instantaneous change of force, train
control skills.

The main purpose of this article is to consider the impact force on non-stationary cars and
their reduction.

Materials and methods.

Increase the power of the locomotive and improve the operation of the braking devices of
the trailer, increase the load capacity of the car, increase the weight, length and degree of
movement of the train, train control operations, as a result of which the force generated by the
mutual war of the cars and the effect of this force on the trailers. So sometimes there was a time
when the whole trailer was crushed under the control of the cars. As a result of a strong impact,
the composition of the cars and the mechanisms connecting them fail, and even damage the frame
of the cars.

Balancing the movement of the train [1], the position of the controller is filtered by the
normal system in differential balancing, which balances the mutual attitude of the cars and the
control of electromechanical actions and traction units to determine with additional data.

y, = fit,y) y={y,(®)} i=LN,, (1)

The answer to this is specified by the vector Y(t) = {yi (0)}; i=1,N, initial level; - the

Ny of first-level balances. This balance has not been repeated since it occurred, since the right side
of the poison delay y; satisfies the Lipschitz condition and the Riemann integration Rule [2, 3].

The most common are combined calculation indicators, which can mainly be divided into
two groups: one-step and multi-step.

In the one-step method, the moment of time (moment) allows you to i create a t+h problem
on 1. Inthis method, there is little information, only information about the time vector t is given (h
is the merge step). The multi-step method looks at the information of the vector t+h y from the
moment of construction: t, t-h, t-2h,.., t-(k-1)h, if the difference formula is used, if the production
moment t+h is used, fuzzy difference formulas are used.

The one-step method uses the four-degree sat form of Runge-Kutta.

1 1 1 1
y(t+h)=y(t)+h(g]{l+§l{2+§K3+€K4], (2)

here
1 1
K, =1t yQt); K,= f(t"'zh, y(t)+§hK1);
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K, = f(t+%h, y(t)+%hK2j; K, = f(t+h, y(t) +hK,);

FO={fO0ky={}k K, =K, ;i=LN,, j=14

These formulas are convenient for balancing and have an error of the order h°. But this
does not apply to balancing the movement of a production train with a large need for balancing.
This leads to the exclusion of the point of Distinction from the consideration, using the boundary
of the integral and the smaller step of the Union and proving the inefficiency of their application.
At the same time, the use of the Runge-Kutt formula requires a calculation of the fourth degree,
the right side of the balance.

Results.

The most effective is the multi-step method. The need in the calculation of the first order
can be compensated by using the formula of the second order. The differential balanced at this
time is replaced by a balanced one that differs from the previous one in its physical property.

The numerical solution becomes unusable if there are too many errors and these errors
accumulate during counting, with the merge interval being large. Therefore, it is of great
importance to be patient with the errors that occur when calculating the merger. It is satisfied by
the large difference between the Adams-Bashfort formula and the fuzzy Adams-Multon formula,
these formulas are very stable and are used in the calculation of large parts of the Union. Explicit
and indeterminate formulas have different characters, are used in cross-reference. As a planning
of the first formulas, we use the form-correction formula. Basically, no more than two corrections
can be made.

Figure 1-linearly calculated connection diagram to estimate the integration step combining
with step h does not always justify itself. If we consider the operation of the locomotive control
system or the force generated by quasostatic processes on the car and the effect on their movement.
At this point, a prediction is made with one correction and a change in the meaning of the absolute
error of the combination [4, 5].

If we balance the movement with the h step, we will have to choose a specific step to
combine. At this time, it is necessary to keep the focus on the rapidly changing movement. Such
movements occur as a result of mutual collisions of cars. If the wagons are equipped with friction
absorber devices, the phenomena occur in parts with high rigidity, the degree of equivalence of
which is equal to kk. The lowest stage oscillation at such hardness

T=2z /kﬂ;m=m1 m, /(m, +m,), ©)
k
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where m; and my are the reciprocity of two cars. The merge step is basically justified. It is
i 1~ . . . . . .
difficult to choose a step h < 2—0T , since the cars are equipped with hydraulic swallowing devices.

For the calculation, the calculation of the hardness and degree of adhesion of the absorption
apparatus is shown using a vertical calculation scheme. The alignment of the movement of a
mechanical system is given as:

Ktk K Kk

=0. 4
R R A @

T1, T2, xoHe T3 yakbITTapbIHBIH LIEIIIMI TaMbIPbl YII KE3€HI€ HEri3JielreH Hemece 1
TepOenreH Ke3eHre, 72 Ke3eH1 TYpaKThl yakbIT. 1 3koHe 72 OarachlH ecentey (GopMyachl:

m B
T2 |—; T, ~ : 5
”\/; T ©)

h meaning evaluation

2ir tijo

hgziomin i Lo Ty Tzijvi:ﬁ’j:l’_np}’ (6)

h accuracy is required in the trial calculation of the value of h, summarizing the meaning
of h with data, all errors should not exceed the draft
The meaning of k in Formula (5) can be determined by the formula:
4 oS N
k=a1 - ;Scm=maX50m, (7)
0q, )

cm

where ga - is the pitch of the apparatus; A is the number a - of apparatuses in the system;
maxSct - IS the advantage force of the train when moving, and we add the value £ to the force of
hydraulic resistance by a quarter of the oscillation of the adhesive hydraulic counteracting agent.
After a few changes, you can get this equation

$=0,8540, 8)

where > - is the coefficient of the hydraulic counter - acting apparatus; Vi - the maximum
speed at which the WAGO is affected.

Conclusion.

By the above physical model of train movement, its basic equation and the physical nature
of the forces acting on it, it is possible to build the following mathematical relationships that fully
describe the process of train movement and are its mathematical model.

Long-distance oscillations during train control lead to some limitations in control, so when
planning a railway track, it is necessary to calculate the dynamic processes associated with the
train in technical and economic calculations.
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MOiibI3 KO3FAJIBICBIHBIH TEHJIEYJIEPIH CAH/IBIK
WHTETPAJIIAYIBIH AUBIPBIM/IBIK OICTEPI APKBLIBI INEITY

Anparna. [ToibI3pIH TEOPHSUTBIK )KOHE SKCIIEPUMEHTAIIBIK TEKCEPYISPICH KaIbIIITH €Mec
PeXKUMII JIEPeKTEPl KeNTipiareH. MaTeMaTUKaIBIK KOHE aJTOPUTMIII MOJIEIbACPl MHXKEHEPII
TOXKIpHOE KY31HAe KOJJaHa ajla MyMKIHJIIr )KoHE BarOHHBIH OPHBIHAH KO3FAJIyblHA dCEp €TYIII
KYIIIi, TOKTaybl, KHCBIK CHIFBIK OOIBI KO3FATybl, BATOHAPAJIBIK COKTHIFBICYJIAp HOTH)KECIH/IE Maiiia
0O0JIaTBIH KYIITEP HETI3Te aJIbIHFaH.

Tyiinai ce3mep. JKbpUDKbIMabI Kypam, IOWBI3, TEMIPXKOJ >KOJbI, KO3FAJIbIC, TEHJCY,
MOJENBCY, TaJIAay, IEIIIM.
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PEIIEHUE YPABHEHUMH JIBUKEHUA MOE3I0OB C IOMOIIIBIO PASHOCTHBIX
METOAOB YUCJIEHHOI'O HHTEI'PUPOBAHUA

AHHOTaHHﬂ. HpI/IBeI[eHLI pe3yJbTaTbl TCOPCTUUCCKUX WU  SKCICPHUMCHTAJIBHBIX
HCCIIeJOBaHUI HCECTALITMOHAPHBIX PCKHUMOB JIBWXKCHUA IIOC3I0B. Omnucadbl MaTeMaTHYECKHUE
MOJCIN U aJITOPUTMBI, ITO3BOJIAIOIINEC C HpHeMHCMOﬁ JJIA PIH)KCHCpHOﬁ MPaKTUKNU TOYHOCTBIO
OonpeCAC/IsAITh NMPUMCHUTCIIBHO K CYHICCTBYIOIIHMM U TCPCICKTUBHBIM YCJIOBUAM ISKCIUTyaTallun
CHIJIBI, HCﬁCTByIOIJ.IHC Ha BaroHsl B MOC3AC IIPU TPpOTaHUU €ro ¢ MECTa, TOPMOKCHUH, IBUKCHUU
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gepes MepeoMbl MPOI0JIBHOTO MPOQIIIS MyTH, & TAKKE MPOJOIbHBIC CHIIbI, BO3HUKAIOIIUE MTPU
COYJapECHMIX BArOHOB U CLEIOB.

KuarwueBsbie cioBa. [IoaBHKHONM COCTaB, MOE3], JKEJIEC3HOAOPOKHBIN IYTh, JIBUKECHHE,
ypaBHEHHUE, MOJCIIMPOBAHUE, aHAIN3, PEIICHHUE.
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