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© 1. Asilbekova, G. Muratbekova, Z. Konakbai, L. Malikova

Abstract. The research topic focuses on the development of Kazakhstan's aviation transit
potential, enhancing the efficiency of air cargo and passenger transportation, as well as studying
regional and international cooperation mechanisms. Currently, Kazakhstan strengthens its position
as a transit hub, occupying a significant role in international air transport. This study examines the
development of aviation infrastructure, logistics hubs, the “open sky” policy, passenger and cargo
transportation statistics, and optimization of transportation processes through the use of
information technologies. The purpose of the study is a comprehensive analysis of Kazakhstan's
aviation transit potential and identification of ways to increase its logistical efficiency. To achieve
this goal, the following objectives were set: studying passenger and cargo transport statistics,
comparing international practices, evaluating the efficiency of transit infrastructure, and
optimizing processes using information technologies. The research results indicate that in recent
years, the number of air passengers and cargo turnover has steadily increased. Several major
airports in Kazakhstan operate under the “open sky” regime, transit routes are expanding, and
innovative postal and multimodal hubs are being established. The implementation of information
technologies has allowed optimization of logistics processes and reduction of costs. Moreover,
Kazakh airlines operate international flights without restrictions, enhancing the country’s
reputation as a transit hub. In conclusion, the study identified strategic directions, innovative
solutions, and opportunities for international cooperation to strengthen Kazakhstan's aviation
transit potential. The results provide a practical contribution to the formation of aviation policy,
improving logistical efficiency, and enhancing the quality of transit services.
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AHHoOTanus. 3epTrey TakbIpblObl — Ka3zakcTaHHBIH aBUAIMSUIBIK TPAH3UTTIK QNEyeTiH
TAMBITY, 9y€ JKYK JKOHE JKOJIAyIIbUIap TaChIMAJIBIHBIH THIMIUIITIH apTTRIPY, COHAANW-aK OHIPIiK
JKOHE XaJbIKapajblK BIHTHIMAKTACTHIK MEXAaHU3MIEPIH 3epTTey OONbIN TaObUTaIbl. AFbIMIAFBI
ke3enne KazakcTan TpaH3UTTIK Xab peTiHIE 63 POJIiH HBIFANUTHII, XaJbIKAPAIBIK 9y€ KaThIHACKIH A
MaHbI3ABl OpblHFA ue Oongel. Ocbl 3epTTey aBHALMSIIBIK WH(PAKYPHUIBIMHBIH JaMYBhI,
JOTUCTHKAIBIK Xa0Tap, «amiblK aclaH» cascarhl, JKOJAyIIblIap MEH YK TachIMAJIBIHBIH
CTaTHCTUKAIIBIK KOPCETKIIITEP1 XKOHE aKNapaTTHIK TEXHOJIOTHSIIAPAbI €HT13y apKbUIbI TAChIMAJAAY
MPOIECIH OHTAMIAHIBIPY MOCEJeNepiH KapacThIpaJbl. 3epTTEydiH HEri3ri MakcaTtbhl —
KazakcTaHHBIH aBHAIMSUIIBIK TPAH3UTTIK OJIEYETiH >KaH-)KAaKThl Talfay >KOHE JIOTMCTUKAIBIK
THIMJIUTITIH apTTHIPY KOJIAPbIH aHBIKTay. bys1 MakcaTKa )KeTy YIIiH KeJeci MiHIeTTep KOHBLIIbL:
dye >KOJayIibUIapbl MEH YK TaChIMAIIBIHBIH CTATHCTUKACHIH 3€PTTEY, XaJbIKapalblK TOXKIpHOeH1
CANBICTBIPY,  TPAH3UTTIK  WH(PPAKYpPBUIBIMHBIH  THIMIUTICIH ~ Oaramay,  aKmapaTThIK
TEXHOJOTHSUIApAbl KONJAaHy apKbpUIbl MPOLECTepAl OHTAaNaHAbIpy. 3epTTey HOTIXKeNepl
KOPCETKCH IeH, COHFBI JKBUIIAPHI 9ye JKOIAyIIBIIAPBIHBIH CAHBI MCH Y€ KYK aifHAJIBIMBI TYPAKTHI
ecimae. KazakcTtanHbiH OipHeEIe ipi dyekaillapbl «allblK achaH» PEXKUMIHIE KYMBIC 1CTEHi,
TPAH3UTTIK MApUIPyTTap KEHEUTUTyle, MHHOBAIMSUIBIK TIOIITA JKOHE MYJIBTUMOJIATBIBIK Xa0Tap
KYpbUTy1a. AKIapaTThIK TEXHOJIOTHUSIIAP bl €HT13Y JJIOTMCTUKAIIBIK MPOLIeCTEeP 1l OHTAHIaHIbIPHIII,
IIBIFBIHIAPBI a3aliTyFa MYMKiHAIK Oepni. CoHbIMeH Katap, KazakcTaHAblK aBHaKOMITaHUsIIAP
XaJIbIKapaJIbIK OaFbITTap/ia IIEKTEYCi3 pelcTep Ky3ere acwlpaabl, Oy eJiH TpaH3UTTIK Xab
peringeri Oenemin kymenreni. KopweiTbiHabuiaii kene, 3eprrey KaszakcTaHHBIH aBUAIUSIIBIK
TPAH3UTTIK SJICYETIH apTThIPY/Ia CTPATETHSUTBIK OaFbITTap 1bl, ”HHOBAIMSIIBIK MIEHTIMIEP Il )KOHE
XaJIBIKAPAIBIK BIHTBIMAKTACTHIK MYMKIHIIKTEPIH aHBIKTA/bl. AJIBIHFAH HOTHKEJECD aBUAIUSIIBIK
cascaTThl KaJBINTACTBIPyFa, JIOTHCTHKAJIBIK THIMIUTIIKTI apTTBIpyFa JKOHE TPAH3UTTIK
KBI3METTEP/IIH CalachlH jKaKcapTyFa MPAKTHKAIBIK YJIeC KOCAIbI.

TyiiiH ce3aep: aBualys, TPAH3UT, JOTUCTHKA, JKOJIAyLIbLIAp TaChIMAalIbl, )KYK TachIMallbl,
xa0, HH(PPAKYPHUIBIM
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AnHotamus. [lpenmmer wccrienoBaHus — pa3BUTHE aBUAIMOHHOTO TPAH3HTHOTO
noreHuuana Kazaxcrana, nosbliieHre 3(()EKTUBHOCTH BO3AYIIHBIX TPY30BBIX M MACCAKUPCKUX
MIEPEBO30K, a TAKIKE M3YUCHUE MEXaHIN3MOB PErHOHAIBHOTO U MEXKTyHAPOAHOTO COTPYIHUYECTBA.
B nacrosmee Bpemst Kazaxcran ykpemisieT CBOM MO3MLMHU KaK TPAH3UTHBINA Xa0, 3aHUMast BaXKHOE
MECTO B MEXKIYyHAapOJHBIX BO3IYIIHBIX IepeBo3Kax. JlaHHOe HccieqoBaHUE paccMaTpUBACT
BOMPOCHl Pa3BUTHUSl ABUAIIMOHHON MHQPACTPYKTYpPbI, JIOTUCTHYECKHX XaOOB, MOJUTUKU
«OTKPBITOTO HE0a», CTATHCTUKU TACCAKUPCKHUX M TPY30BBIX MEPEBO30K, a TAKXKE ONTUMHU3AINH
MPOIECCOB TPAHCHOPTHPOBKM C HCIIOJIb30BaHUEM HH(DOPMAMOHHBIX TexHonorui. llens
UCCIIeIOBaHUSI — KOMIUICKCHBIN aHaJM3 aBHAlIMOHHOTO TPaH3WTHOTO MoTeHnuana Kazaxcrana u
OTIpe/IeTICHUE MyTel TMOBBIIMIEHUSI €Tr0 JOTHUCTUYECKOW dPPeKTUBHOCTU. [[Isi TOCTHMKEHUS TEeNn
OBUIM TIOCTABJICHBI CIEOYIONIME 3aJadd: HM3YYeHUE CTATUCTHKH MACCAXHPCKUX M TPy30BBIX
MEPEeBO30K, CPAaBHEHUE C MEXAYHAPOJHBIM OIBITOM, OICHKa 3(PPEKTUBHOCTH TPAH3UTHOU
MHPPACTPYKTYPhI, ONTUMHU3AIHS TPOIIECCOB C MCIOIB30BaHNEM MH(POPMAITMOHHBIX TEXHOJIOTHI.
P C3YyJIbTAThl UCCIICAOBAHHA IMOKAa3aJiM, 4YTO B MOCJICIHUC T'OAbl KOJIUYCCTBO aBHUAIIACCAKUPOB U
00BbEM TPY30IEPEBO30K JAEMOHCTPUPYIOT CTAOMIBHBINA POCT. HECKONBKO KPYIMHBIX a’pOINOpTOB
Kazaxcrana paboTaioT B pexUMe «OTKPBITOTO HE0a», PacIIUpSIFOTCS TPAaH3UTHBIC MAapIIPYTHI,
CO3MAIOTCS ~ WHHOBAIMOHHBIC  IMOYTOBBIE W MYJbTUMOJAIbHBIE  XaObl.  BHeapenwe
I/IH(I)OpMaI_II/IOHHBIX TEXHOJIOTUM IT03BOJIMIIO OINTUMU3UPOBATHL JIOTUCTUUCCKUC TPOLHCCChI U
CHM3HWTH 3arpaThl. Kpome TOro, Ka3axCTaHCKHE aBHAKOMITAHWH BBITIOJHAIOT PEHCH TIO
MEXIYHApOIHBIM HampaBleHUsIM 0€3 OrpaHWYeHUi, YTO TMOBBIIMIAET MPECTHX CTPaHbl Kak
TpaH3UTHOTO Xxaba. B 3axiroueHHe, HCCIIEOBAaHWE BBISIBHIO CTPATETHUSCKHE HAIpaBJICHUS,
HWHHOBAIIMOHHBIC PCIICHUA U BO3MOXHOCTU MCKAYHAPOAHOTO COTPYAHHUYCCTBA JJId MOBBINICHUA
ABUAIIMOHHOTO TpaH3WTHOro moTeHnuana Ka3zaxcrana. [lomydeHHBIE pe3yiabTaThl BHOCST
NPaKTUYECKUI BKJIAJ B (OPMHUPOBAHHE ABUAIIMOHHOM IOJIMTHKH, MOBBIIIEHHE JOTMCTHYECKON
3((PEKTUBHOCTH M KaueCcTBa TPAH3UTHBIX YCIIYT.
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KoH(IuKT HHTEpPecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUH KOH(IJINKTA HHTEPECOB.

Kipicme.

Tpan3urrtik oye TacsiMasibl Ka3zakCTaHHBIH KOJIK JKYHeCiH JaMbITy/a MaHBI3Ibl el
aTkapazpl, enni Eypa3usHbiH ipi 5KOHOMUKACBIMEH OaiJIaHbICTBIPAbI KOHE OHIpPJICp apachIHIAFbI
TUIMJII KaThIHACThl KamTamack3 erefi (ILlermpbaes, 2025:1-5). Byn perre TpaH3uTTIH eki Typi
alKkpIH OesriHemi: OipiHIII >KaFdaiaa (KOCBUIATHIH PEc) KoJIaymibl OapIiblK MapiipyTKa, COHBIH
iminzge Tpancdepre, 6ip 6uner ananapl, an 6arax O€H OTHIPFBI3Y TAJOHAAPHI OAPIIBIK CETMEHTTEpre
OipaeH pacimaeneai. MyHaai ToCT apKbUIbl KalTa TIpKETyaiH KaXeTi 00IMaiapl KoHEe MEXel
JKepre yakbIThIHIA J)KeTy KamTamach3 etineni (Baitt Tpesen, 2023:1-5). Exinmi sxarmaiina (okeke
peicTep) OmneTTep opTYpIii TachIMaIayIIblIap/IaH CaThIN AJTbIHAABI, OYJI KEeIIITyJIep MEH OTEMAaKbI
aJly MYMKIHJIIT1HIH O0Maybl CHSIKTBI Toyekenaepai aprteipaast ACI Lentp, 2025:1-5).

TakpIppIiTeI TaHIayFa Heris — Ka3akCTaHHBIH TpPaH3UTTIK OJEYETIHIH 3epTTenyi
JKETKUTIKCI3/IT, eNe aBHANUSAIBIK HH(PAKYPHUIBIM KAPKBIHABI JIaMBIIT Kele >KaTKaHbIHA
Kapamactad. Ka3ipri yakeitta enge 21 oyekail KyMbIC ICTEHI, COHBIH imIiHAEe AJIMaThl MEH
AcTaHazarpl XaJblKapallblK Xa0Tap, OYJI TPaH3UTTIK KOJAYIIbUIAp MEH YK aFbIHBIH apTTHIPyFa
mymKkiHIik Oepeni (MmekenoBa, 2023:1-5; Tourcode.kz, 2023:1-5). [lerenmen, imki >XoHE
XallbIKapasblK peHCTepAl MHTErpallusiiay, COHBIH IMIIHAE JKYK TachIMaldbl MEH JKOJAyIIbLIap
KayiIci3airi Mocenenepi )KeTKUTIKTI IeHrei e 3epTTeIMEreH.

TakpIpbINTEIH ©3eKTLTIN Ka3akCTaHHBIH CTpPATEeTHsUIBIK OpHAIACYBIMEH, TPAH3UTTIK Xab
pETiHETI dJIeyeTIMEH aHbIKTaIaabl, 01 Eyporna men A3ust enaepid OaillaHbICThIpa ajmajbl, COHANM-
ak COVID-19 mnanaeMusChIHAH KEWiH aBHANMSIBIK KBI3METKE CYPAHBICTBIH apTybIMEH
OaitmanpicThl. 2023 xbuTbl KazakcTaHapIK aBHaKOMIaHUSIIAP 7,3 MITH alaMJIbl TaChIMasIa Ibl, Oy
2022 xputra Kaparanaa 26,1 % xen (Mup ¢unancos, 2023:1-7). Con yakbiTra KazakcTaHHBIH oye
KEHICTIT1 apKbUIbI TPAH3UTTIK peiictep 55,2 % ecim, TpaH3UTTIK CEKTOPABI 3epTTEYAIH KaXKETTUTITH
nmonenaeni (Anno Danini Limited, 2025:1-7).

3eprrey oObekTici — Kazakcran PecnyOnmuKkachiHIaFsl oye TaChIMAalIbl, ajl 3epTTEy IOHI —
TPAH3UTTIK JKOJAYIIbUIAP KOHE JKYK TachIMallbl, ONAPbIH YHBIMIACTHIPHUTYBI MEH THIMALIITI.
3eprreyaid Makcathl — KazakcTaHIarbl TPAH3UTTIK aBUAIMSIIBIK aFbIHAAPABIH Ka3ipri KaraalblH
KelIeH Al Oaranay >KoHE JaMy oJeyeTiH aHblKTay. Ochl MakcaTka KeTy YILUIH KeJeci MIHIETTep
KOUBLIIEL:

- eJ1Jier1 aBUalusUIbIK MHGPAKYPBUIBIMHBIH Ka31pri sKaFIaifblH Talaay;

- JKOJIayIIbIIap MEH JKYK TaChIMAJIBIHBIH JUHAMHUKACHIH 3€PTTEY;

- TPAH3UTTIK peicTepii YIbIMIACThIPYAaFbl HET13T1 MoceeNiep MEH TOyeKeAep il aHbIKTAY;

- TPAH3UTTIK JICYETTI apTTHIPY OOMBIHINIA YCHIHBICTAP JKacay.

3epTTey oMiCTepiHe CTaTUCTUKAIBIK JIEPEeKTep/Il KYHell Tanaay, XajablKapaliblK TOKIpUOeH1
CAITBICTBIPMAJIBI 3€PTTEY KOHE HOPMATHBTIK-KYKBIKTHIK 0a3aHbl 1mony Kipemi. Kemenmi Tocinmi
kongany Kazakcrannarbl TpaH3UTTIK aBHALMSHBIH JaMYBIHBIH HET13T1 (DaKTOpIapbiH aHBIKTayFa
YKOHE JKOJIAyIIbUIAp MEH YK TaChIMAaJIbl IIPOLIECTEPiH OHTAMIaHABIpyFa MYMKIHIIIK Oepe/ti.

Marepuangap MeH Tacijigep.

1992 xbutbr  Kazakcran XanblKapaidblK A3aMaTThIK —aBHalMs Typaibl Yukaro
KonBennusiceiHa KOChUTBIN, BY¥¥-HBIH MaMaHAAaHIBIPBUIFAaH MeKeMmeci — XaJblKapallbIK
AzamatThIK aBuanus YibIMbIHBIH (MKAO) crangapTTapbl MEH YCHIHBIMIAPBIH MYJITIKCI3 OpPBIHIAY
6oiibiHa Minaerteme annel (ITopranm "Otkpeiteie HITA", 2022:7-10). UKAO-men e3apa ic-
KUMBUT TICHOEPiH/Ie YITy KaYIICi3/iri KOHE aBHAIMSIIBIK KayilCi3diK callachlHAa ayAUTTEp MEH
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BATUAAIMSUTBIK MUCCHsIap JKyprizy apkpuibl UKAO-ra myme MemiieKeTTepiiH aBHAIMSIIBIK
KbI3METIHE TYPaKThl MOHUTOPHHT Ky3ere achipburyaa (Anyquestion, 2025).

Toyencizmik KbUIAapbl YIIy KAyilCI3Airi >KoHE aBHANMSIIBIK Kayirci3fik OoMbIHIIA
KOPCETKIIITep JaMbIFaH elaep neHrenine neitin ketepinai. 2017 KbUTbl aBHAIMSIIBIK KayiTCI3IiK
ooiipraia UKAO aymauti Kypri3iami, OHBIH HoTkenepi OoibiHma Kazakcranmarsr MKAO
TayanTtapbiHa colkecTik AeHreiti pecmu typae 83% kypansl (Lllerupbaes, 2025:1-5).

2021 xbutel UKAO Yiinectipiiren Bamumanusiiblk Muccuscbl (ICVM) menOepinae
Kazakcran yiry Kayirnci3airin kKaMmramachsl3 ety AeHreitin 74 % - nan 84 % - ra neitin ketepi, Oy
aneMIiK opTaia kepceTkimTeH 15% - ra sxorapbl. Kazakcranaplk aBuakomnanusiiapaa Eypona
eNJiepiHe aBuapeicTep i )Ky3ere acslpy Ke3iH/e KaHaai aa 0ip meKTeyep KoK, ¥Irysap eKi el
YOKUIETTI OpraHaapbl apachlHAaFbl KOJJAHBICTAFbl yaFJalaCTBIKTap IIEHOCPIHIE KY3ere
aceipbuazsl (Llerup6aes, 2025:1-5).

2021 >xputman Gactarn aBHalMs CajJachIHIA TMAHACMHUS 3apAaNnTapblH KAJIMbIHA KEeATIPYIiH
TypakThl ypaici Oaiikangel. Erep KazakcTraHnplk aBHakOMIAHUSUIADMEH TachIMalJaHFaH
xomnayubiiap canbl 2019 xbutsl 10% ecimai, sifau 4,6 MITH JKoNayIIbIHBI KyparaH Oosca, 2020
KBUIIBIH KOPBITHIHABICKL OOWbIHIIA 2,6 MIH Kodaymibl TackiMannanFaH. 2021 >keuiel Oyt
KOpCETKIM ocit, 5,1 MiH »onaymbiabl Kypaabl. ConbiMeH KaTap, 2021 KbIIAbIH KOPBITBIHIBICHI
OOMBIHIIIA TPAH3UTTIK ye HKOJIAYIIBUTAPBIHBIH KOPCeTKimi 125 MbIH >kosaymbiHbl Kypaasl (Mup
¢dbunancos, 2023:1-7).

An 2022 xbUTbI Oye KOJITMEH TachIMaNJaHFaH >KOJAaylIbUIApABIH CaHbl 5,8 MIH
JKONaymblHbl  Kypaabl. Ocbl KbULIBIH, sFHU 2023 SKbUIABIH KaHTAp—IIUIAC alIapbIHBIH
KOPBITBIHIBICH OOMBIHIIIA aBUAKOMITAaHUsIIAp 7,3 MIIH afaM/bl TackiManaasl, 6y 2022 KplIMEH
canblcThiprannia 26,1% - ra apteik (Mup ¢unancos, 2023:1-7).

KazakcTanHbIH oye KeIiriMeH jK0JIaylbuiapabl TackiManaay aiHansiMbl 2023 xbUtsl 14,5
MIIpA TKM Kypaabl, Oyn 2022 >kpUIIbIH KepceTKilIiMeH caiblcThipranaa 41,5% - Fa apThIK.
AFBIMIIAFbl JKBUIIBIH KaHTAp—IIUIAECIHIH KOPBITHIHIBICHI OOMBIHINA >KYK TEH Oarakapl oye
KeJiriMeH TachiManay 13,3 MbIH TOHHaHBI KypaJbl, OYJ1 ©TKEH KbIJIMEH calblcThiprania 4,2% -
ra apThIK. KazakcTaHHBIH 9ye KeiriMeH KyK aifHaJIbIMbI KaHTap—1Iiize aitnapbiaga 28,9 MitH TKM
KypaJbl, OYJ1 ©TKEH KbUIJIBIH COlKec Ke3eHIMeH canbicThipranaa 1,3% - ra apTeik (Baiit Tpeseun,
2023:1-3) (1-2 cyper).
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Konaymisutap TachIMalbIH JaMBITY TPEHITEPIH Tainayisl eckepe oThIpbin, 2030 xbutra
Kapall J>KOJayIlIbUlap aFbIHBIHBIH JKbUIBIHA 14,5 MITH.OKOJayIIbiFa JACHIH YJIFAIOBl KYTLIyJE.
Amnaiina, Kyp/eni reocascy xKarJaiapl, COHIai-aK dMUISMUOIOTHSIIBIK cebenTepre 0aiTaHbICThI
MIEKTEYJIEeP/Il €CKepe OTBIPHIIN, OYJI YPIiC 63repyl MYMKIH.

2023 xbUTFBI KOpceTKITepre cyieneTin Ooscak, Kazakcran oye kemenepinig (OK) 55
naiianaHymsiCbl KbI3METIH JKy3ere acelpyla. AJl TypaKTbhl KOMMEpPLUSUIBIK TachIMalgayabl 5
aBHAKOMITAaHUsI OPBIHANIBI, onap: Diip Actana, Fly Arystan, SCAT, Qazaq Air, OHTYCTik acnas,
Kericy (Mmekenosa, 2023:1-3).

Kazakcrannsiy 13 oyexaiibiHaa "ambIK acnan" peskuMi, OHBIH iliHAe OeciHII 1opexeni
epkiHaik eHri3uiai. byn KazakcTaHHBIH TPaH3UTTIK MYMKIHIIKTEPIH apTTHIpyFa KOHE OTaHIIBIK
oyexaiisap apKblIbl TPAH3UTTIK KOJayIbUIAP aFbIHBIH aPTThIpYFa MYMKIH/IK Oepei. AFbIMIaFbl
KBUTBI 4 enre 8 MapmpyT OOHBIHIIA peiicTep )KaHAPTHUIBII, amblabl (Amanbaes, 2025:1-3).

KazakcranusiH xa0Ortapsl Actana, Anmartsl, LIbIMKeHT koHe AKTeOe oye ailnakrapsl
Oomansl. Kasipri yakpITTa KajalapIbslH SpPKAHCHICHIHAA dyeKalmapabl )KaHFBIPTY OoibIHIIA ipi
xo0banap icke aceipbutyaa. OHbIH imiHge Acranaga bAO-niH Terminal Holding komnanusiceiMen
eJIOpJANIBIK dy€ aiJlaFblH JaMbITy OOWBIHINA KYMBICTap OeiceHAl XKyprizimyne. ¥Iry-KOHY
JKOJIaFbIH KalTa jKaHapTy, XKoJjayllbulap TEPMUHANBIH aFblHbl 14 MJIH agamFa aeiin (kasip 8,5
MJIH) YJIFaiTa OTBIPBII KEHEHTY, J)KYK TEepMHUHAJBIH YIIFAWTy >KoHE jkahaHIBIK JIOTHCTHUKAJIBIK
oIepaTopiIapMeH BIHTBIMAKTACTBIK jkocnapianyna. Conpai-ak, »kaHapMail KYIO KellleHl KaiiTta
)aHapTeutaael, duty free-re ameMmik OpeHATEp TApTHUIAABI, aBTOTYPAK KEHEUTUIEAl *KoHE T.O.
MHBECTULUSIIAP COMACHI 11 Jie alKbIH1aIa bl

Anmartsina Typik TAV Airports Holding 2025 >KbIbI )KYK TEPMHHAIBI QJIBIHAA IEPPOHIBI
KAHFBIPTYABl JKOHE Qyekailja >KYKTepAl OHACYAl >KEIeNAeTy YLIH NpoLecTepl TOJbIK
aBTOMATTaHIBIPYIbI Kocmapian oTelp. CoHpai-ak, Kasipri yakeITTa XOJTuHT 2024 KbUIIBIH
’a3blHa JKOCTIapJIaHFaH jKaHa YKOoJayIIbulap TEPMUHAIIBIH CaJIBII XKATHIP.

HIsmvkenTTe SCAT oyeKkoMITaHUSCH ayMaKThl 3,8 MBIHHAH 35 MBIH HIapIIbl METpre AeiiH
KEeHEeNTyre MyMKIHJIIK OEpeTiH KaHa TEPMUHAI CaTy bl )KaJIFacThIpya.

Kasipri yakeirta AKTeOene OipHaemie xo0a xy3ere acsippurya. OnblH iminge 2023-2024
KbUIAApHI ayaansl 3,2 ra "KasnomTa" "HHOBAIMSIIBIK TMOIITA XaObIH cally >KOCTIAPJIaHbIN OTHIP.
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OJIeMIK SKOHOMMKAHBI JTaMBITYJbIH Ka3ipri KarJalbIHIa TayapiapAblH XaJIbIKapasbIK
cayJachbIHBIH Y3/IKCi3 dKYMBIC iCT€yiH KaMTaMachl3 €Ty, COHJai-aK eHaipic rmeH OexyaiH Ka3ipri
3aMaHFbl JKYHelepiH KaMTaMachl3 €Ty YIIIH XaJbIKapalblK KYK TaChIMAJIBIHBIH MaHBbI3/IbUIbIFbI
YHEMI apThill Kejenai. ©ye KeJiri-Oyi oneMiK cayna KypbUIBIMBIHIA JAdbIH JKOHE KhIMOAat
OHIMJIEpAIH YJecl apTKaH CaliblH MaHBI3bUIBIFBI apThIN KeJ€ ’KaTKaH KApKbIHbI JaMBbIIl Kelle
KaTKaH KeJIiK TYpJIepiHiH Oipi.

Oye KeJiri )KYK TackIMaiay KypaJibl pEeTiH/IE €H JKeel )KoHe oMOeOart O0JIbI TaOblIa b,
On KpIMOAT KYKTepai (MbICalibl, aHTUKBAapHaT, 3eprepiik OyipiMaap *koHe T.0.) TackIManjay
KOKETTUIIT TYbIHJAAFaH Ke3/1e, COHJal-aK YKTI MYMKIHIITIHIIE IIYFBUI JKOHE KETY KHBIH
aiimakrapra (MbICajbl, TYMaHUTAPJIBIK KOMEK, MEIUIMHAIBIK IMpenaparrap) >KeTKi3y KaxeT
OouFaH Ke3/ie KOJAAHbLUIa/Ibl.

Oye KeJIiri )KyK TachIMaliay Kypaslbl peTiHJe eH KbIMOAT eKeHi ce3ci3, Oipak COHbIMEH
Oipre oJI )KYKTIH KOFaTybl MyMKIH JKaFJaiIap/IbIH Mmaiaa O0JIybIH 1C KY31H/IE dKOKKA IIBIFapajIbl.

XKy TaceiMangayablH YJIKEH IIBIFBIHAAPHI MEH TaMallla >KbUIIaMJIBIK KOpPCeTKIIITepiHe
OaliaHbICTBl ABUALMSIIBIK KOJIIK JKYK TachIMaJlayMEH aWHaJbICATBIH (UpManapiblH KbI3MET
KOpPCeTy CHEKTpiHAE MaHBI3Ibl OpbIH anaabl. JKyK TachIManaaylibl KOMOAHHUSJIAp KYKTEpIi
KapBIKTHIH K€3 KEJIT'€H HYKTECIHE TachIMaJlAayFa xopAeMaecell. ONeTTe, KONMIKIEeH TachbManay
Ke31HJie OChI cajia/ia KYMBIC ICTEHTIH pupmanap *KYKTI KIMEHT KOPCETKEH MyHKTTEH albIl, O3
KYIITEPIMEH dyekKaiFa >KeTKi3yai ychiHaabl. COHbIMEH KaTap, KeOiHece >KYK TachIMaJIayIibl
KOMITAaHUSUIAp ©3 KYIUTEpIMEH JKYKTEpJi bl JKYPETiH KyKaTTapibl pecimuaeyli, KeIeHIIK
JeKJIapaIusyIapabl )KoHEe aBUAIIMSIIBIK KOJIKICH JKYK TachIMajaay YIIiH KaKeTTi OapiblK Oacka
KEJCHIIK KyXKaTTapZbl TOJNTBIPYAbl >Ky3ere aceipazbl. KimeHTrepai TapTy YIIIH KYK
TachIMaJIayIbl KOMIIAHUSIIAP KYKTI TIKEJIeH oyeKaljaH KOPCETITEH Kepre KeTKi3y OOHbIHIIa
KbI3METTEP/I, 1Iece Ky>KaTTap/bl jkacay *oHe peciMiey OOHBIHIIA KbI3METTEp/i, CaKTaHIbIPY
KbI3METTEpIH YCbIHAJbl. TapantapiablH e3apa yarJanacThiFbl OOMBIHIIA aBHALMAIBIK KOJIIKIIEH
YK TachIMajsiay >KOHIHJETi KbI3METTepAiH OCBhl KeH CIIeKTpiHe Oenrisi Oip Tamcelpbic Oepyri
YIIIH Ka)KeTTi 0acka Ja KbI3METTEp €HTI13UTyl MYMKIH.

ABHAIMSUIBIK ~ KOIKIEH JKYK TachIMalAayAblH KONTEreH apThIKIIBUIBIKTaphl Oap.
TaceimManmayaslH OyJ1 TYpIHIH KEMIIUTIKTEpl TaralbIHIAIFaH JKEPAE YINAKThl KOHJBIPY
MYMKIHIITiHIH OOJMaybl JKOHE dye TachIMalblHAa YJKEH IIBIFBIHAAD JeN caHayFa OoJajibl.
CoHbIMEH KaTap, aBUALMAJIBIK KOJIIKTIH KOMETIMEH JKYK TachIMalbl TaChbIMaJaHATBIH KYKTIH
KeJIeM1 MEH caJIMarbl OOMbIHIIA LIEKTEYJIepre ue.

ABUAIVSUTBIK KOJTIKTI TaiijaiaHa OTHIPBII JKYK TachIMaIZay TYPaKThl peiicTepMeH (aybIp
eMec JKYKTepJl TachiManjay Ke3iHZe), COHJail-aK >KOCHapAaH ThIC JKaJFbI3 peiic — yapTepMeH
(rabapuTTiK HEMECE aybIp )KYKTEP/l TackIMalaay Ke3iH/Ie) )Ky3ere achIpbliIaibl.

JKyx TacsiManay KpI3METIHIH HET13T1 MiHAETTEPi:

- Oyexaiifa KOHENTUIETIH JXOHE KeJIeTIH JKyKrepal enaey Oemirinae Kazakcran
PecniyOnukaceinblH, TM/] enfepiHig jkoHE IIET eNepiH XaJlKblH YHBIMIACTBIPY JKOHE OJapFa
KBI3MET KOPCETY.

- XKyk TaceiManmaynel yHbIMIAcThlpy OOMBIHINIA TEXHOJOTHsIApAbl keTuaipy. Kyk
KJIMEHTTEePiHE KbI3MET KOPCETY MOJICHUETIH apTThIPY.

- JKyk kimeHTTepiHe, aBUAKOMITAaHUSUIApFa KbI3MET KOpCeTyAl YHbIMIAcThIpY, TYCETiH
JKOHE KETCTIH KYKTEP/Ii OHIELY.

- XykTepaiH cakTadyblH oHE YaKThUIbl JKETKI3UTylH KaMTamachl3 €Ty >KOHIHJET! ic-
HIapagap/sl 93ipiey KoHe JKy3ere achipy.

- OJIEYMETTIK KOHE HApPBIKTBIK OachIMIBIKTApbl €CKEepPE OTBIPBII, OHIIPICTI KETLIAIPY,
KYMBIC THIMAUIITIH apTTBIPY, KBI3METTEp KOJEMiHIH ©Cyl *OHE MaiilaHbIH, CallaHbIH XOHE
0ocekere KaOIETTUTIKTIH apTyhl.

- J)KyK xIMeHTTepiHiH, aBUaKOMITaHUSUTAPIbIH, YIHBIMIAP MEH (UpMaiapIblH HIaFbIMIaphI
MEH LIaFbIMJapbIH Kapay.
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Hoaruxeuiep.

XKyxTepai oye KexiriMeH TachIMajiayFa TapTy OOMBIHINA JKYMBICTAP/Abl YHBIMIACTHIPY,
JKOHENTYILIUIEp, KeJeMAep, TaralblHAAIFaH MyHKTTEP, *KYKTEpAiH HOMEHKIATypachl OOMBIHIIA
KaHaFraTTaHAPJIBIKCHI3 CYPAHBICTHI 3€p/IeIiey KOHE €CENKE ally KOHE TaChIMaayIIbIHBIH O TiHIII1
OOIbIHINIA HAPBIKTHIH >Kali-KYyHl MEH KOHBIOHKTYPAChl TypaJlbl aKIapaTThl KAMTAMAChI3 €Ty JKOHE
YCBIHY.

XKTK TuiMaimiriHig sKOFapbl JEHTEiiH, )KaHa TEXHUKAa MEH TEXHOJOTHSIApAbl €HTI3Y/Il,
KbI3MET KOPCETY1iH MPOrPECCUBTI HBICAHAAPBIH XKOHE €HOCKT1 YHBIMIACTHIPY Ibl KAMTAMaChI3 €Ty .

EnOexTi KopFaypl, Kayilci3aiK TEXHUKAChIH koHe opT, 1)K kerinmmipy OoWbIHIIA icC-
apaaap eTKisy.

Kp3meT KpI3MeTKepiepiHiH eHOeK TOPTIOiH HBIFANTY, OacIIbl KY)KaTTapAblH TalanTapbliH
TYPaKThl OPBIHAAYAbI KAMTaMachl3 €Ty JKOHIHJIET1 ic-IapagapAbl 93ipiey jKoHe JKy3ere achipy.

YBK KkpI3MeTKepIepiH OKbITYIbI, JaspiiayIbl )KoHEe KalTa Jaspiiay bl YUBIMIACTBIPY KOHE
KaMTaMachl3 eTy.

Tanan Koo ’KyMBICBIH 7KQHE JKYKTI 13/1€CTIPY KYMBICTApbIH YHBIMAACTHIPY.

Kyk TaceiManay KbI3METiHIH (QyHKIHSTIAPHI

XKyxrepai eHmeyai KoHE oye KeJiri KbI3METTEpiH MaijaliaHaThiH JXKYK KIUCHTTEpiHE,
yilbiMapra, (upmanmapra KbI3MET KOPCETYIIH MOFapbl MOJIEHHUETIH YHBIMIACTHIPAAbl JKOHE
KaMTaMachl3 €Tel.

XKyk KinMeHTypachiHa KbI3MET KOpPCeTY/Il, )KYKTEep/i, MOIMTaHbl OHACYAl YHBIMIACTHIPYIbI
KETUIIPY JKOHIHJET ic-Tapanapabl 931pJeiial )KoHe KY3eTe achIpajibl, KbI3SMETTIH AKIapaT KoHe
OaiimaHplc  KypalJapbIMEH TEXHUKAIbIK JKapaKTaHABIPBUTYBIH  apTThIpy, HpolecTepi
MeXaHUKaJIaHAbIPYy KOHE aBTOMATTaH/IbIpY LIapaslapblH KaOblIAal bl

OyexaiiblH 0acka KbI3MeTTepiMeH Oipiiecin oye KeMeNepiHiH KO3FallblC KeCTeNIepiHiH
»)o0aapbIH d31pJIeyre KOHEe OJIapFa e3TrepiCTep CHI13yre KaThICaIbl.

YurynapaelH OKYWENUTTiH Tangaiapl, oye KeMeJepi KO3FalbIChIHBIH >KYHENIiTiriH
OY3YIIBUTBIKTAPIbI TYABIPATHIH CEOSTITePAIH aJIIbIH alTy OOWBIHINA MIapanap/ bl KaObLUIAaiIbI.

Y1IbIT IIBIFATHIH KOHE YIIATHIH oye KeMeJIepiH YITyFa JalblHay KecTeJlepiIMEeH XKepycTi
KbI3MET KOepceTy OOMBIHIIIA TEXHOJIOTUSIIBIK ONepalsulapAblH HAaKThl OPbIHIAITYbIH KAMTaMachl3
eTemi.

TankpLiay.

OpranbIKTaHIpIpy KecTecine calikec OK xKykTeMeciH OpHaIacThIpy ikl KAMTaMachl3 €Tel.

ABHANASIIBIK KAYIMNCI3AIK KBI3METIMEH, dyeal MUTUIMSACHIHBIH KUK 0eiMIIeciMeH
Oiprecin )XyKTepre apHaibl 0aKbLIay JKYPri3yre xKopaeMIaece/ll.

Kenen opranmapeiMeH o3apa iC-KUMBUI JKAacalabl KOHE OJApAbIH (YHKIMOHAIIBIK
MIHIETTEPIH OpPBIHAAYFA JKIPAEMIECE/].

ABHAKOMITaHUSFA, KYK KIIMEHTYPAChIHA KBI3MET KOPCETY, )KYKTEP/i )KOHE IOIITAHbI OHJIEY
Ke3iH/Ie KbI3MET KbI3METKepJIepiHiH Ki0epreH Oy3yNIbUTBIKTAPbIH K00 OOWBIHIIA ic-ITapaiapbl
a3ipreiini xoHe Kyprizeai. JKyKk KINEHTYpachIHbIH, aBUAKOMITAHUSUIAP/IBIH, KOCITOPBIHAAP/IbIH,
KTK kpi3MetiHe OailnaHbIcThl (UpMaNapiAblH IIAFbIMAAPbl MEH LIaFbIMIApbIH Kapay YLIiH
K@XETTI MaTepHaliapabl YChIHAIBI.

benrineHren TOPTINNEH >KYKTEpl KOHE TMOIITAHBI TachkIMaNjay epexenepiH Oy3yra
KyKatTapasl pecimaeiini. Kaxxer Oonran xaraiiapa momTaHblH HeEMece KYKTepIiH Oy3buty,
KETICTIeYITIK, OyTiHy Hemece OymiHy (aKTiIepiH aHbIKTay YIIiH KbI3METTIK Tepremn-TeKcepy/ii
YHBIMIaCTBIPAIbI.

[TomTa-KyK TacbIMaJIbIH YHBIMAACTBIPY/IbI, Y€ KOJIIr KIMEHTYPachlHA KbI3MET KOpCeTy i
PETIaMEHTTEUTIH TachIMalay epeKeepiHiH, HYCKayJBIKTapAblH JKoHE Oacka Ja OacuIbLIbIK
KYy)KaTTap/blH CaKTalTyblH OaKbUIalIbI.

benrineHren TOpTINNEeH KaraH JKOHE KaTaH €MeC eCeNTUIIKTeri TachIMaijay
KY)KaTTapblHBIH TYPBIC peciMIenyiHe, KOJAaHbUTybIHA JKOHE CAaKTaldyblHa *yHeni Oakbliay/ibl
KaMTaMachl3 eTel.
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Kyk KImeHTTepiHiH, aBUaKOMITaHUSIap/IbIH, YIHBIMIAPIbIH, (UpMaapIblH MAFbIMAAPbIH,
[IaFBIMIAPhl  MEH  YCHIHBICTAPBIH  KApacTBIPAAbl  KOHE  KayanTapiIbl JalbIHAAYIbI
yUBIMAACTBIpaAbl. XaTrTap MEH MIaFbIMIapabl Kapay OOWBIHINIA >KYMBICTBI JKYHENl Typae
tangaiinel. arbiMpap MeH IIarbIMAApAbl TYAbIpAaThIH ceOenTepal aHbIKTay OoibIHIIA ic-
mapanapabpl  O3IpJIeHIl  JKOHE  JKYy3ere  acelpaibl.  XaTTrapra, KYK  KJIMEHTTEpPIHIH,
ABUAKOMIIAHUSUTAPBIH, YUBIMIAPGIH, (UpMaIapIblH IIaFbIMIapblHA TAJNIAy KYPTi3eldl >KoHe
OJIap/ibl AaBUAKSCIOPBIHIAP IbIH OaCIIbUIBIFBIHA YChIHAIBI.

KTK kpI3meTkeprepiniH TeXHUKAIBIK OKYbIH YHBIMIACTBIPAIbI.

EHOEKkTiH TporpeccuBTI OMICTEpiH 3epAeiieyl >KOHE OJlapAbl JKYMBIC TXIpHUOeciHe
€HT13y 1l YUBIMIACTBIPAIBI.

Kyk  TepMuHaANbIH  KaXeTTI  TEXHOJOTHSUIBIK  KaOJbIKTapMEH  >KapakTaHIbIpy,
KaOIBIKTap/Ibl, TEXHOJOTHSUIBIK alaHAapAbl KYTIN YCTay, ayMaKThl >KWHAY JKOHE OHIIPICTIK
Macenenep OOMBIHIIA MoceeNIepIl IIeTIe/I.

Oye KYK TaChbIMaJbl HAPBIFBIHAFBI Ka3ipTi KaFaail oleMIIK SKOHOMHUKAIBIK JaFIaphICKa
0ailTaHBICTHI TaCHIMAJIAHATHIH JKYKTEP KOJEMIHIH aWTapiIbIKTail TOMEHICYIMEH, COH/Ia-aK dye
TachIMallblHA CYPAHBICTBIH JHMAMHKAChIHA Tepic ocep eTeTiH Oipkatap ¢akTopiapMeH
cunattanaapl. Ockl (akTOpiapAblH I1MIIHAE KOJIKTIH Oacka TypJiepl (aram alTKaHma, oye)
TapamnblHAaH OOCEKEeNECTIKTIH apTKaHbIH, OTBHIH OaFachIHBIH TYPAKCBI3ABIFBIH, KaTaHIaFaH
HKOJIOTUSIIBIK TajJanTapAbl atam eTyre 0osaasl. MyHaail xkaraaiiia »kyk TacbIManiaymbliap yiiH
Ka3ipri >karIai/IbIH epeKIIeNiTiH eCKepe OTBIPHII, MIBIFRIHAAPb OaphIHIIA a3aiiTyFa XKoHE aMy
CTpaTerusiChIH KYpyFa YMTBUTY MaHbI3Ibl. Ka3ipri yakpITTa YUBIMAACTHIPYIIBUIBIK MHHOBALIKSATIAD,
KOOTIEPAIIUSHBIH JKOHE TachIMalay MpPOIECiH YHUBIMIACTBIPYIBIH >KaHAa HBICAHAAPHI, dye
TachIMaJIbl K€31H/I€ Tayap/Ibl )KE€TKI3y MPOIIECiH OHTAHIaHIbIPY KOHE MIBIFBIHAAPABI KbICKAPTYMEH
Karap KIMNCHTTEPAIH KaKETTUIIKTEpPIH KaHAFAaTTAaHABIPY YIIIH aKMmapaTThIK TEXHOJIOTHUsIap
caJlaChIHJIaFbI J)KaHA KETICTIKTEP/Il EHT13y epekie MaHb3ra ue (Anno-Danini.com, 2025).

KP Uunyctpust xoHe HMHOGPAKYPBUIBIMIBIK AaMy MUHHCTPJITIHIH a3aMaTThIK aBHALUs
komuteTi 2027 KbIIFa ACiiH "ambIK acraH" pexxuMiH O0ec KbIIFa Y3apTThl. by pexxum peictep
caHbl OOMBIHIIA OApIIBIK MISKTEYJEP/Ii ajblll TaCTaybl koHE Ka3akCTaHIBIK aBHaKOMITaHUsIIAP
KYMBIC ICTEMEUTIH MapIIpyTTapJa MEeTeIIIK aBUaKOMITaHWsUIapra "aya epKiHIriHIH" OeciHIi
Iopexecin Oepynmi kesaeini. byman Oenek, "ambIk acmadH" pexuMi JKaHA IIETENIK
TachIMaJAaylIbUIapJbl  TapTyFa, aBHATAChIMANJAyIIbUIAPAbIH  OOCEKEeNecTIriH  J1aMbITyFa,
XaJlbIKapaJbIK MapIIPyTTapAbl alllyFa, aBUAOUIETTep KYHBIH TOMEHIETYTE, TypPU3M/i JaMbITyFa
xoHe KazakcTaH KanaiapbIHBIH KOJTIKTIK KOJDKSTIMILTITIH apTTRIPyFa BIKIAT eTe/Ii.

"Kazasponasuranus" aepekTepi OOWBIHIIA COHFBI TOPT >buina KazakCTaHHBIH oye
KEHICTIT1 apKBUIbI 9y eKOMITAaHHSUTAPIbIH TPAH3UTTIK YITyJIap CaHbl KeJIeciZied o3repi:

- 2019 xb1IBI1-89,6 MBIH.;

- 2020 Xb11BI-59,7 MBIH.;

- 2021 xb11b1-64,9 MBIH.;

- 2022 xbuabI-124,2 MBIH.

KopsbIThIHABI.

JKyMBICTBIH HETi3T1 MaKcaThl — Ka3akCTaHHBIH aBHALIUSIIBIK TPAH3UTTIK JICYETIH, 9ye KYK
JKOHE KOJAyIIbLIap TachIMallbl CalachblHAAFbl ©3apa 1C-KUMBLT MEXaHU3MIEpiH, COHAal-ak
OHIPJIIK KOHE XaJIBIKAPAIBIK BIHTBIMAKTACTBIK TOKIPUOCCIH JKaH-)KAKTHI 3epTTEY OOJIBI. 3epTTey
OaphICBIH/IA CANBICTBIPMAIBI TANIAay, CTATUCTUKAIIBIK AEPEKTEP/li OHIEY, HOPMATUBTIK-KYKBIKTHIK
aKTiIEp/Ii KapacThIpy, AaHATUTHKAIBIK Oaraiay, JIOTUCTUKAJIBIK IMPOIIECTEP Il XYWl Tanaay KoHe
aKIMapaTThIK TEXHOJOTHSIIAPAbI KOJAAHY CUSKTHI 9JICTEP KONIaHBUIIBL.

3epTTey HOTHXKENEpi KepceTkeHaew, Ka3akCcTaHHBIH aBUANUSIIBIK HH(PPAKYPBUTBIMBI
KapKbIHABI JaMbIN KeJleli, TPaH3UTTIK MYMKIHAIKTepJl MaiiianaHy IeHredi TYpakThl ecyje.
COHFBI KBUIAPHI dye JKOJIAYIIBUIAPHIHBIH CAHBI alTapIIBIKTAN apTThI, OYJI €IAIH TPAH3UTTIK Xa0
PETIHIEri CTpAaTerusyIblK peJliH KyllelTedi. ©ye YK TachIMalbIHBIH KejieMi e ©cTi, Oy
JIOTUCTHKAIBIK KBI3METTEPIH OpTapanTaHIBIPBUTYBIH, XaHA MapIIPyTTapAbl amryabl >KOHE
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KOOTIEpAIMsUIBIK KoOamapapl THIMII JKY3€re achlpy MYMKIHAITIH KaMmTamach3 eresii. COHbIMEH
Karap, «allblK aclaH» PEeXHMIHIH CHTi31Tyl, HHHOBAIUSUIBIK TOIITA YXOHE MYJIbTHMOIANbIBIK
xa0TapabIH KYPBUTYBI, aKIapaTThIK TEXHOJIOTUSIIAPAbl KCHIHCH KOJIJIaHy TPAH3WTTIK aFbIHIAapIbI
OHTalIaHIbIPYFa, LIBIFBIHIAP /B azaifTyra  KoHe KIMEHTTEePIIH KOKETTUTIKTePiH
KaHaFaTTaHJbIpyFa CENTIT1H TUTI3E1Ii.

Konm XKeTKi3UIreH HOTIKENIep aBUAIMSUIBIK CEKTOpAAa CTPATETHsUIBIK JKOCTapiay/ibl
KETUINIpyTe, TPAaH3UTTIK JIOTHCTHKA THIMJIUITIH apTThIpyFa KOHE >XYK I€H >KOJayIbLiap
TaCHIMAJIBIHBIH CalachlH JKOFapbUIaTyFa MYMKIHAIK Oepemi. bynm wmomimerrep aBHALMSIBIK
cascaTThl KaJBINTACTHIPY/1a, WHBECTHUIMSUIBIK JK00ajaap sl JKOCmapiayaa JKOHE XaJIbIKapalIbIK
BIHTBIMAKTACTBIKTHI JIaMBITYJla TPAaKTHKAIBIK MaHb3Fa ue. COHBIMEH Karap, TPaH3UTTIK
MapIIpyTTapIbl KCHEHUTY, aye KOMITAHUSTAPBIHBIH KBI3METIH opTapanTaHbIpy,
WHQPAKYPBUIBIMIBI  JKaHAPTY, JIOTUCTUKANBIK Xa0TapJpl JaMbITy >KOHE WHHOBAIMSIIBIK
TEXHOJIOTHSUTAP/IBI €HTI3y CeKial mapanap KazakcTaHHBIH XallbIKapasblK apeHagarbl 0dceKere
KaOUIETTUIIrH apTThIpyFa OaFbITTalIFaH.

YWBIMIACTRIPYIIBUIBIK HHHOBAIMSIAP MEH KOOMEPAIUSHBIH jKaHAa HBICAHIApPhI, Jye
TachIMaJIbl KE3iHAE Tayap KETKi3y MPOIECiH OHTAWIAHABIPY, IIBIFBIHAAPABI KBICKApTy >KOHE
KIIMCHTTEPAIH KaKCETTUNKTEPIH KaHAFaTTaHABIPY YIIIH aKMapaTThIK TEXHOJOTHSIAPIbI CHTI3Y
MPAKTUKATBIK MaHbI3Bl 30p. Byn Tocimmep TpaH3UTTIK KBI3SMETTEPAIH CamachlH >KaKCAPTHIIL,
JIOTUCTUKANIBIK TI30€KTEPl KbICKApTAalbl, 9ye KOMIaHUSIAPBIHBIH THUIMIUIITIH apTThIPAIbl )KOHE
eJIIIH SKOHOMUKAJIBIK ©CIMIHE YJIeC KOCA bl

3eprTey OapbhIChIHA KOMBUIFAH MaKCaTTap TOJBIKTAl JKy3ere achIpbUIAbI, KOJJIaHBLUIFaH
omictep THiMIi OOJIBI, ajl ajabIHFaH HOTHXKeNep KazakcTaHHBIH aBUAITUSUTBIK TPAH3HUTTIK ONIEYETiH
apTTBIPYJIaFbl FBUIBIMH JKOHE IPAKTHUKAIBIK MaHBI3BIH JANeleai. boiamakra 3eprreyiep
TPAH3UTTIK QJICYETTIH SKOHOMHUKAIBIK THIMALIITIH CaHABIK Oaranay, HHQpaKypbUIBIMAbI )KaHAPTY,
XaJIBIKAPAIBIK CEPIKTECTIKTEPiH BIKIMAJIBIH Talaay, JKaHa JIOTHCTHKAIBIK IIEHIMACPIl CHT13y
YKOHE MHHOBAIUSUIBIK TEXHOJIOTHSUIAP/IbI Mailanany OaFbITHIH/IA KAIFACYbl MYMKIH.

Ocburaiima, 3eptrey KazakcTaHHBIH aBHANMSUIBIK — CajachlHIA FBUIBIMH  OUTIMIL
KETUIAIpYyre, TPAH3UTTIK KbIBMETTEPAIH THIMIUIIIH apTTBIPyFa XOHE EJJIIH XaJbIKapaJIbIK
TPAH3UTTIK QJICYCTiH HBIFAWTyFa HAKTBI YJeC Kocaibl. JYKYMBICTBIH HOTHIKEICPl aBHAIUSIIBIK
CaJIaHbIH JaMYybIHA, TPAH3UTTIK HH(PPAKYPHUIBIMHBIH KaHFBIPYBIHA, JIOTUCTUKAJIBIK KBI3METTEPIIH
camachlH apTThIpyFa, CoHJai-aK Ka3akCcTaHHBIH QJIEM/IIK aBHAIMSIIBIK HAPBIKTAFbl TO3UIHSACHIH
KYIIECHTYT€ IPAKTUKAJIBIK YOI aIlIThI.
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Abstract. In modern railway transport, ensuring the quality, reliability, and durability of
rolling stock (RS) and track machines (TM) is a key factor for operational efficiency. The research
topic is justified by the challenge of integrating traditional, additive, and nanotechnologies into
manufacturing processes aimed at improving the performance of railway components. Research
aim: to analyze and optimize engineering processes in railway transport using traditional, additive,
and nanotechnologies to enhance the quality and reliability of parts. Research objectives: to
investigate the potential of additive technologies (3D printing) for producing complex
components; to evaluate the effectiveness of nanotechnologies in improving strength, wear
resistance, and corrosion resistance of parts and assemblies; to develop and optimize quality
control methods using modern sensors and devices, including industrial computed tomography; to
assess the economic impact of implementing nanostructured coatings and advanced production
processes. Results: additive technologies allow the production of complex parts, reduce
component weight, and eliminate material waste. Nanotechnologies enable the creation of defect-
free materials and nanoscale structures, increasing durability and service life by 2—-5 times. Quality
control is performed through surface diagnostics, incoming material inspection, and monitoring of
technological parameters. Nanostructured coatings on cutting tools, springs, and RS/TM
components improve wear resistance, strength, and reliability. The integration of traditional,
additive, and nanotechnologies with flexible manufacturing systems and advanced control tools
significantly improves the quality, reliability, and economic efficiency of railway component
production. The results provide opportunities for broader applications in other engineering sectors
and lay the foundation for further scientific research.
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AnnoTtanusi. Ka3ipri Temipkos TackiManbiHaa noaBmwkHor KypamaHbiH (I1C) xoHe sxom
marrHanapeiHbH ([1M) canacel, CEHIMALTIT KOHE Y3aK KbI3MET Mep3iMi MaHbI3IbI PaKTOp OOJIBII
TaObUIabl. 3epTTEY TaKBIPBIOBI JOCTYPJIi, AITUTHUBTI JKOHE HAHOTEXHOJOTHSIAPABl OHIpIC
IpoIeCTEpiHEe HMHTErpalusiay MOCEJECiH IIeNly KaKeTTUIINHEH TYBIHAAIbl, OyJl TeMip:Koi
KypaMaJIapbIHBIH ~O6JIIIeKTepi MEH arperaTTapblHbIH OSKCIUTyaTalMsIIbIK —CHITaTTaMajlapbiH
XKakcapTyra OarpITTaNFaH.3epTTeY IiH MakcaTbl: I9CTYpIIi, aJITUTHUBTI KOHE
HAHOTEXHOJIOTHSUIApAbl  MaljajiaHa  OTBIPBIN, TEMIPXKOJ  MAIIMHOCTPOSHHSCHI  OHIIpiC
NPOIECTEPiH TaNJAy >KOHE OHTAIMNIAHABIPY apKbUIbI OeJIIEKTepAiH carnachl MEH CEHIMAUIITiH
apTThIpy. 3epTTey  MIHAETTEpi: Kypaenl OenmiekTepii  IIbIFapy  YIIH  aJJuTHUBTI
TexHonorusuiapabiy (3D-0aceln MIBIFapy) oNeyeTiH 3epTTey; OelekTep MEH arperaTTapibiH
OCpIKTITIH, TO3yFa JKOHE KOPpO3MsSIFa TO3IMIUIITIH apTThIpyAa HAHOTEXHOJOTHSIIAPIBIH
TUIMAUTITIH Oaranay; Kasipri ceHcopiiap MeH KYPBUIFBLIApAbI, COHBIH I1MIIHAE OHIIPICTIK
KOMITBIOTEPITIK TOMOTpadusiHbl KOJJaHy apKbUIbI camaHbl OakpLIay OICTEPIH o31pJey JKOHE
OHTAlNIaH/ABIPy; HAHOKAOATTapAbl JKOHE 3aMaHayH OHJIpIC TEXHOJOTHAJIAphIH EHTI3yiH
SKOHOMUKAJIBIK ocepiH Oaranmay. HoTwkenep: aiIuTUBTI TEXHOJOTHUSIIAp KYpJeil OemeKTep/ai
HIBIFApYFa, KOMIIOHEHTTEP/AIH CAJIMarblH a3aiTyFa XoHE MaTEpHUAJIBIK KaJIbIKTapbl *KOKFa
MYMKiHAIK Oepexi. HaHoTexHomorusiap axkaychl3 MaTepuaigap MEH HaHOMacHITaOTh
KYPBUIBIMJAp Kacaybl KaMTaMachl3 eTell, Oyl OeleKTepaiH OepiKTIriH KoHe KbI3MET Mep3iMiH
2-5 ece aprTeipansl. Camanbl 0akpliay O€TKI TUArHOCTHUKA, Kipic MaTepHAIIAPAbl TEKCEPY KOHE
TEXHOJOTHSUIBIK TIapaMeTpiiep/li MOHHUTOPUHT apKbUIbI KYy3ere aceipbutanbl. HaHokabartTap
KECKII Kypaiaapaa, cepinmnenepe skone [1C/TIM Gemnmmextepine To3yFa TO3IMIUTIKTI, OSpPIKTIKTI
JKOHE CEHIMIUTIKTI apTThipaabl. JocTypii, aJAWTHUBTI *KOHE HAHOTEXHOJOTHSIAPIBI WUKEM/II
OHJIIPICTIK KYyHelep MEH 3amMaHayd OaKbulay KypajIapbIMEH WHTErpalusuiay TEeMIpXKOJl
OeIIeKTepiHiH OHAIPICIHAE camaHbl, CEHIMAUIKTI XOHE SKOHOMHKAIBIK THIMILTIKTI eneyi
xKakcapranbl. bynm HoTmkenep Oacka MaIIMHAJIBIK WHXKCGHEPIIK calanapia Ja KoJJaHyFa
MYMKIHJIIK Oepeii ®oHe oJlaH api FhUIBIMH 3epTTEYJIEP/iH HETi31H Kanaiibl.

Tyiiin cesaep: HaHOTEXHOJIOTHS, QAUTUBTI  TEXHOJOTHsUIAp,  TEMIPXKOJII
MAaIIMHOCTPOCHUSCHI, UKEM1 OHJIIPICTIK *Kylenep, HaHOKabaTTap, camnanbl 6akpuiay, 3D-6ackin
HIBIFapy

Joiiexco3nep ymin: I'. EpkenmecoBa, B. Jlaxno Tewmipxon Kemiri AHWCIETYEpPiHIH
aBTOMATTaHIBIPBUIFAH XYHeciHIe AepekTepal Karap exaey // Kazakcran enmipic kemiri. 2025.
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AHHOTaUUs. B COBpeMEHHOM >KEJIEe3HOIOPOKHOM TpaHCIOpTe OOeclieueHne KayecTBa,
HAJSKHOCTH M JOJATOBEYHOCTH MoABMXKHOTO cocTaBa (I1C) m myTteBbix mammu (IIM) sBaseTcs
KJIFOUYEBBIM (akTOpoM 3P (PEKTUBHOCTH 3KCILTyaTanuu. BeiOOp TeMbl ucciegoBaHus 00YCIOBIECH
po0JIeMON UHTErpaly TPaJULMOHHbIX, 3 IMTUBHBIX U HAHOTEXHOJIOTHH B IPOU3BOJICTBEHHBIE
IIPOLIECCHI, HAIIPABJICHHBIE HA YIy4IlIEHNE YKCIUTYyaTallMOHHBIX XapaKTEpUCTUK JeTalleH, Y3/I0B U
arperaToB >KEJIE3HOAOPOXKHOro TpaHcrnopra. llens uccinenoBaHus — aHAIU3 U ONTHUMM3ALUA
TEXHOJIOIMYECKUX  IPOLECCOB  MAIIMHOCTPOEHUS  KEJIE3HOAOPOXKHOIO  TpaHCHOpTa ¢
UCTIOJIb30BAaHUEM TPAJAULIMOHHBIX, a/TUTUBHBIX U HAHOTEXHOJIOTUH /JIs OBBIIIEHUS KayecTBa U
HAJEKHOCTH JeTajlel. 3aJau UCCIIEN0BAaHUA: N3YUEHHUE NTOTEHIIMAIA aJlJUTUBHBIX TEXHOJIOTUN
(3D-meuats) ms MPOM3BOJACTBA CIIOKHBIX JeTalield; oreHKa 3((PEKTUBHOCTH HAHOTEXHOJIOTHI
JUISL yIIy4UIEHUs] IPOYHOCTH, U3HOCOCTOMKOCTH U KOPPO3MOHHOM CTOMKOCTH JETajed U Y3JIOB;
pa3paboTka M ONTUMHU3ALUS METOAOB KOHTPOJS KayecTBa C INPUMEHEHHEM COBPEMEHHBIX
JTAaTYUKOB M YCTPOWCTB, BKIIOYAS HPOMBIIIJICHHYI0 KOMIIBIOTEPHYIO TOMOTrpaduio; OIIEHKa
HKOHOMMUECKOTO 3¢ (deKTa BHEIPEHUS HAHOCTPYKTYPUPOBAHHBIX MOKPBITUH M COBPEMEHHBIX
IIPOM3BOJCTBEHHBIX  TEXHOJOIMH.  Pe3ynbTarhl: aJgUTUBHBIE  TEXHOJOTHMU  I1O3BOJISIOT
M3rOTaBJIMBaTh JETalN JIO0OOW CIO0XKHOCTH, CHMXKaThb MacCy KOMIIOHEHTOB M MCKIIIOYaTh
IPOM3BOJICTBEHHbIE OTXO0/bl. HaHOTeXHOMOrMN obecneunBaoT (popMupoBanue Oe3nedeKTHBIX
MaTepHaoB U HAHOPA3MEPHBIX CTPYKTYD, YBEIMUYUBAs JOJITOBEYHOCTh U pecypc AeTaiei B 2—5
pa3. KoHTponb KauecTBa OCYILIECTBIISIETCS YEPE3 IUArHOCTUKY IIOBEPXHOCTH, BXOJAHON KOHTPOJIb
MaTepHaIoB 1 MOHUTOPHUHT TEXHOJIOIMUECKUX NapaMeTpoB. HaHOCTpyKTyprpOBaHHBIE TOKPHITHS
Ha PEXyILleM HHCTpyMeHTe, mpyxuHax u snemeHtax [1C/[IM moBbIIAIOT M3HOCOCTOMKOCTb,
IPOYHOCTh U HAJEKHOCTb. VHTerpauus TpaJuLMOHHBIX, AJJAUTUBHBIX M HAHOTEXHOJOTHH ¢
rMOKMMHU  TIPOM3BOJCTBEHHBIMH CHCTEMaMH H COBPEMEHHBIMHU CpPEICTBAMU  KOHTPOJIS
CYLIECTBEHHO YJIydllaeT KadecTBO, HAJEKHOCTb U HKOHOMMUYECKYIO 3((PeKTHBHOCTH
IIPOM3BOJICTBA J€TAJIEN JKEJIE3HOIO0POKHOIO TpaHcnopTa. [losrydeHHbIe pe3yIbTaThl OTKPHIBAIOT
NEPCHEKTHBBl NPUMEHEHHs ATUX TEXHOJOTMH B JAPYrMX OTpacisX MAIIMHOCTPOCHUS U
00eCTeynBarOT OCHOBY Ul AaJbHEHIINX HAYYHBIX HCCIIEIOBAHUH.

KioueBble €J10Ba: HAHOTEXHOJIOTMH, aJJUTHBHBIE TEXHOJOIHHU, KEJIE3HOJOPOKHOE
MAaIIMHOCTPOCHHUE, THOKHE MPOM3BOJCTBEHHBIE CHUCTEMBbI, HAHOTIOKPBITHS, KOHTPOJIb KayecTBa,
3D-nevars

s uurupoBanusi: I'. EpkengecoBa, B. Jlaxno IlapamnensHast o6paboTka TaHHBIX B
aBTOMATH3UPOBAHHOM CHUCTEME JUcCIeTdepa >KEIEe3HOAOPOKHOTO TPAHCIOPTHOIO cpeicTsa //
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Introduction

In modern railway transport, ensuring the quality, reliability, and durability of rolling stock
(RS) and track machines (TM) is a critical factor for operational efficiency and safety. The choice
of this research topic is justified by the observed problematic situation: despite significant
achievements in traditional mechanical engineering, there is an urgent need for new technologies
and materials that can substantially improve the operational performance of railway components.
Analysis of previous studies (Pervertov et al.) shows that although flexible manufacturing systems
and additive technologies have been actively implemented, unresolved issues remain regarding the
comprehensive integration of traditional, additive, and nanotechnologies for optimizing
production processes and quality control.

The relevance of the study is determined by increasing demands for reliability and
durability of railway equipment, the need to reduce production costs, minimize material waste,
and enhance the economic efficiency of railway engineering. At the same time, modern control
and diagnostic methods, such as industrial computed tomography, high-precision sensors, and
photonic fiber-optic devices, allow for significantly improved accuracy and reliability of
manufacturing processes, but their application requires systematic analysis and optimization.

Research object: technological processes for manufacturing railway transport parts,
components, and assemblies.

Research subject: the use of traditional, additive, and nanotechnologies in engineering to
improve the quality, reliability, and economic efficiency of railway transport components.

Research aim: to analyze and optimize engineering processes in railway mechanical
engineering by integrating traditional, additive, and nanotechnologies, and developing quality
control methods to enhance durability and reliability of parts.

Research objectives:

- To investigate the potential of additive technologies (3D printing) for producing complex
parts and reducing component weight without compromising strength.

- To evaluate the effectiveness of nanotechnologies in improving strength, wear resistance,
and corrosion resistance of parts and assemblies.

- To develop and optimize quality control methods using modern sensors and devices,
including industrial computed tomography.

- To assess the economic impact of implementing nanostructured coatings and advanced
production processes.

Methods and approaches: combined literature analysis, modeling of technological
processes, experimental quality control of parts, and assessment of economic efficiency of
technology implementation.

Research hypothesis: integration of traditional, additive, and nanotechnologies with
modern control systems will improve the quality, reliability, and economic efficiency of railway
component production, creating conditions for their wide industrial application.

Materials and methods.

The idea of using parallel computations in dispatching RS movement tasks were previously
considered by various experts (Gapanovich et al. 2011: 5-11). At the same time, in a number of
papers, for example, in (Mozharova, 2011: 216-217; Arkatov, 2012: 22-28)), it was noted that an
important direction for modernization of the existing and design of new ADCS, primarily for
HSRT, are the tasks related to RS HSRT movement coordination in conditions imposed on solving
time constraints. We should note that many of the proposed models (Arkatov, 2012: 22-28;
Smagulova et al., 2016: 247-256.) due to the complexity of the algorithms were not implemented.
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In works (Smagulova et al., 2016: 247-256; Agafonov, 2017: 9) there were analyzed
circumstances that contribute to the imposition of restrictions on the time for solving tasks of RS
movement coordination (including HSRT). They include:

design, technological and algorithmic constraints imposed on the parameters of the
maximum speed of computers that use sequential algorithms in the calculations;

the need to make decisions in ADCS during small time periods, taking into account the
speed of the modern railway transport, especially HSRT.

In works (Borushko, 2007: 33—-37; Levin, 2016: 38—41) the authors carried out a detailed
review and analysis of various information systems, which allow to automate the dispatching
processes of the railway transport, including HSRT. An analysis of these and other publications
(Davidsson et al., 2005: 255-271; Fay, 2000: 719-729) on the subject of our research showed that
the task of dispatching control and movement coordination in the existing automated systems on
the railway transport requires further generalization. This is evidenced by the performance of the
timetable correction mainly by dispatchers. Also, there are no systems and software products that
automate this process in real-time, for example, for HSRT.

According to the analysis of a number of publications (Agafonov, 2017: 9) it was revealed
that a promising direction of the research in this subject area is the organization of decision-making
assistance by the driver and data relevance control which is transmitted to the mobile means of
HSRT. Therefore, it is proposed to supplement the existing automated system of railway transport,
including HSRT, through the implementation of an automated movement dispatching information
system.

The organization of parallel calculations in the process of solving dispatching tasks and RS
movement coordination, including HSRT, is implemented mainly through the introduction of the
multiprocessor systems (Arkatov, 2012: 22-28; Borushko, 2007: 33—37; Ning et al., 2006: 80—83;
Ning et al., 2011: 473—1483). As shown on (Levin, 2016: 38—41) this approach allows one-time
execution of several operations during data processing. At the same time, the processes of
performing computational tasks are significantly accelerated, for example, in a situation when the
algorithm can be broken down into information independent components. At the same time, the
implementation organization of each of the parts of calculations is implemented on different
servers of automated railway systems. As the researches have shown (Davidsson et al., 2005: 255—
271; Fay, 2000: 719-729) this approach has significantly reduced time costs in comparison with
the classical approach, when each task is assigned only by existing server (Davidsson et al., 2005:
255-271; Fay, 2000: 719-729; Coll et al., 1990: 244-255). However, as the authors note
themselves, this approach to the parallelism in the implementation of computational tasks of
dispatching and RS movement coordination on the railway transport has not been implemented.

Also, as the analysis of the researches showed (Arkatov, 2012: 22-28; Agafonov, 2017: 9;
Ning et al., 2011: 1473-1483; Fay, 2000: 719-729; Coll et al., 1990: 244-255), the problem of
parallelization was not solved from the point of view of increasing the efficiency of existing
algorithms. In addition, in these papers, there is no mention about an important aspect of algorithm
computational capability optimization, for example, if necessary, in order to obtain the results of
calculations for a limited time.

All the above conditioned makes the theme of our research relevant.

Development of algorithm models used in dispatching tasks by the movement of rolling
stock of the railways of the Republic of Kazakhstan, including high-speed transport, and its
coordination on the basis of parallel calculations.

In order to improve the efficiency and safety of railway transport, as well as the account of
time constraints in the ADCS, imposed on the calculations, it seems necessary to divide the RS
into separate groups. At the same time, by introducing parallel processing modes, it is possible to
achieve the execution of algorithms in solving problems of dispatching and coordination of RS,
including HSRT.
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We believe that the railway network of Kazakhstan is divided into separate dispatcher
responsibility areas (DRA). Inside the DRA there is a dispatching of RS moving exclusively in
DRA. If RS move between the areas, the dispatcher coordinates the movement in the central
railway transport control room of Kazakhstan.

The basis of the developed system is a communication standard that satisfies the necessary
requirements for the functioning of the system as a whole. For example, the GSM standard can be
used as a mobile communication standard, see fig. 1. The application server is connected with the
automated workplaces of DRA dispatchers, as well as with the database server and the RS onboard
computers.

Let introduce the definitions. The reference point (RP) - a point on the navigation map, in
which for the analyzed RS there is performed a check for the presence/absence of conflicts in the
movement schedule. We believe that if such a conflict is detected, then a control action is generated
by the ADCS. We put the RP in such a way in order to provide time for decision-making.

It has been revealed that a promising approach is the organization of decision support
systems by the driver and control of the data relevance that is transmitted to the locomotives (diesel
locomotives and electric locomotives, including HSRT). Therefore, it is proposed to supplement
the existing automated railway transport system by implementing the traffic dispatch information
system Fig. 1.

Automated railway transport system

Communication and data transmission
system

Onboard intellectual Ground intellectual
con}plex_i complex:
Positionmg; Dispatch services
Control of rolling stock automation:
parameters; . Rolling stock safety
Information d ecision parameters control
support by a machinist

1 i}

Specialized Navigation Maps

Ground intellectual complex

Movement Na\'igatipn
dispatchenization Information
mnformation system (=" Transfer Subsystem

Transportation Data storage
Planning Subsystem subsystem
L 1L

Other subsystems: financial management; work
with clients, etc.

Fig. 1. Movement dispatcherization information system as part of a ground intellectual complex

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 23
@ s 4.0 International License




Industrial Transport of Kazakhstan. Vol.22 (4). 2025

Results and discussion.

For the full functioning of the automated dispatching control system (ADCS), it is
necessary to use navigation equipment and on-board intellectual systems (Skalozub et al., 2013;
Gapanovich et al., 2011: 5-11), which are installed on the HSRT rolling stock. They provide
information transmission about the HSRT location as well as management decision-making. In
this case, the following dilemma arises - an increase of the HSRT amount will increase the network
load in the communication channels. This, in turn, will require the use of wider frequency channels
in comparison with the usual ones for mobile communication systems. With the development of
HSRT in the Republic of Kazakhstan, it will be necessary to use highly effective approaches for
channel resource control. Then it is necessary to solve the problem of estimating the existing GPRS
systems that provide communication and transmission of HSRT data.

Information exchange technology of the movement coordination system. In general, the
information exchange of the movement coordination system of the rolling stock can be presented
by the scheme shown in Fig. 2

I ]

onboard . _ mavigation navigation data | communication | data transmission channel |
intelleciual - data collection and |  channel — monitoring based ——
complex L “'"“m_.i“iun J parameters on simulation model
HSRT movement :
. " inftjal daga | mavigation parameters
‘ Data control data [ ' - )
i rolling stock restrictions | ground
) movement on the data intellectual
simulation relevance complex
T ; ¥
control point )
pass data [
HSRT ) HSRKT movement
movement control parameters
" ' ; | coniroel parameters H ]
determination of conflict EWT mn:i:rnmmt solution of the task of | |
.‘iil‘ll:lﬁlll'll'i on the basis parameters ) | HERI'_ movement B
of a simulation model nptl'annngl control
[ — _: time
generation of permissible decision set constraints
' conflict situations | solutions based on !

parameters | the optimizadon-imitadon |,
; approach

Fig. 2. The modernized information system for the movement dispatching automation as part of the ground intellectual
complex for the HSRT control of the Republic of Kazakhstan

Navigation signals of GNSS satellites are received using special GPS/GSM receivers that
process them and receive navigation data in the WGS-84 coordinate system (latitude, longitude,
time, etc.). This system uses receivers with a frequency of information updating at least 5 times
per second (5 Hz), since they provide the necessary accuracy in calculating the location of an
object on the map.

Navigation signals are received at a frequency of 1227.6 MHz using GNSS Navstar/GPS
and 1200 MHz using GLONASS. In order to obtain data on the location of a train, the receiver
must “see” at least 4 satellites (otherwise the error may be significant).

The use of GPRS technology on therailway transport led to a significant increase in the
capacity of data transmission channels. For example, the maximum transmission rate, in the
condition of 8 timeslot use, can be approximately 172 kbps. The packet switching application is
also possible. This approach distinguishes from circuit switching in CSD/HSCSD (Smagulova et
al., 2016: 247-256; Davidsson et al., 2005: 55-271).
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This approach ultimately allows to maximize the efficiency of base stations resource use.
But at the same time, in order to implement this technology, it is necessary to supplement the
network structure with new components, for example, such as SGSN, GGSN (Mozharova, 2011:
216-217).

In the case of the possibility of EDGE (Mozharova, 2011: 216-217; Agafonov, 2017: 9)
technology use, which is a little different from GPRS, it can also be implemented on the existing
networks. Modernization of the dispatching system during the EDGE implementation will entail
the need to solve other problems. This, in particular, relates to issues that relate to changes in
coding schemes, as well as modernization in software on network components. We should that the
maximum speed that EDGE can provide is about 474 kbps (8 timeslots of approximately 60 kbps)
(Agafonov, 2017: 9; Davidsson et al., 2005: 255-271).

With the help of a special matrix the obtained coordinates are recalculated into the
coordinate system of navigation maps created to work with a system for movement coordination
the of the rolling stock and HSRT.

Output coordinates are transmitted to the server of the mobile operator using CSD/GPRS
technology. Note that the coordinates, which were calculated, are used to display the location of
the rolling stock on the onboard computers of the HSRT. The mobile operator must provide the
speed of information transmission using a GPRS channel of at least 50 kbit/s and APN free from
the total traffic (Mozharova, 2011: 216-217).

The server part of the software is located on a computer with a permanent connection to
the Internet and an to the IP address. The tasks of the server part can be formulated as follows:

- to receive data from mobile devices on the location (current coordinates) of HSRT (or
conventional railway transport);

- to ensure the security of the connection, encoding and data decoding;

- to store the received data.

This ensures the reliability of the transmission and storage of route data and the
dispatcherization parameters of the HSRT. And it is also necessary in the tasks of movement
coordination of the rolling stock.

Considering the possibility of communication loss between the mobile equipment and the
server, it is necessary to provide special functions that allow to transfer to the server all the data
that was accumulated during the period when the object was not in the GSM coverage area.

The client part (dispatcher workplace) is a software product. This software product is able
to work on ordinary computers that have access to the Internet, and also receive data both in real
time and can accumulate the history of data received from the database server (DB).

The database server also stores GPS control data of the HSRT.

Data from the database can be visualized on electronic maps, with the reference to the
current location of the HSRT object.

Such a construction of the dispatching and HSRT movement coordination system based on
GPS navigation allows the dispatcher to make prompt decisions necessary for elimination the
conflict situations on the road.

A special place among the information geographically distributed systems occupy data
transmission systems for hard-to-reach objects - for example, the system for HSRT movement
coordination. A feature of such data transmission systems is, above all, the use of wireless
communication channels — radio, satellite, and mobile communication channels. In this
connection, the task of optimizing a communication system with such parameters as time, cost and
reliability of message delivery has a particular importance.

It should be noted that in the developed system it is necessary to provide an equal access
mode of HSRT rolling stock to the provided communication channels. Users should have a
technologically equal opportunity to transfer data packets related to the HSRT state or voice calls.
There is considered the possibility of implementing a scenario in which voice traffic detection
between the dispatcher and the HSRT driver should have a higher priority than the service of
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GPRS packets. This can be adjusted by prioritizing the call or data transmission. In the designed
automation dispatch control system, we should also provide a storage drive for servicing only
GPRS packages.

In regard of the review, it is proposed to supplement the existing automated railway
transport system (including HSRT) through the implementation of the movement dispatchirization
information system, which is shown on Fig. 2

The proposed system (Fig. 2) has a hierarchical structure, the components of which are the
automated workplaces (AWPs) of the railway dispatchers, the AWS of the RWCh dispatcher,
message switching centers (SSGN) and communication channels. At the upper level of the
hierarchy there is the dispatcher AWP of the corresponding dispatcher area (DA), and the lower
level of the hierarchy is represented by rolling stock of railways, in particular, the HSRT.
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Fig. 3. Scheme of the information exchange of the railway transport movement coordination and dispatching system of
the Republic of Kazakhstan

Navigation information for ADCS is a set of coordinates and speed of RS movement. This
information comes from the GPS/GPRS-modems installed, for example, on the RS. This allows to
position clearly the RS units on the navigation maps. At the same time, the current speed of the
RS movement allows to estimate time intervals until reaching the RP.

Developing a parallel algorithm, we must first of all evaluate the effectiveness of its
application in comparison with the sequential problem solution. We believe that the developed
algorithm should solve the problem of RS movement coordination. Let introduce the sequence of
the indicated problem solution in the form of a directed graph, see fig. 2. The presented graph
allows to create an algorithm for parallel calculations for the tasks of making corrections to the RS
schedule. In this case, the initial data will be information about the RS location and the check for
conflict absence in the schedule. In order to obtain the initial data there was involved a subsystem,
including navigation equipment installed on the RS. This information is sent to the database server
(DB). The server is located in the corresponding DRA or in another point of the railway transport
network.

We believe that a more productive approach will be an approach when the organization of
the computational process makes it possible to reduce the time intervals for solving the RS
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coordination problem. In particular, due to the parallel execution of the algorithm for calculating
the set of trains moving to the DRA, and their movement coordination.

If along the route the RS movements pass through several DRA, the results of the algorithm
work, coordinating RS graphs, are combined. Further correction is performed in the schedule. On
the graph (see Fig. 4) the vertices without input arcs are used in order to obtain navigation
information. Vertices without output arcs - to make corrections to the RS schedule.

We will assume that there are a number of trains in DRA — MTR, = {1,2,..., Jyees N —1},

where i — index of the analyzed DRA in ADCS. On the navigation maps used by the dispatcher
or the ADCS, there are indicated RP - MCP, = (l,..M ; ) With the help of ADCS, it is necessary to

determine time intervals or a specific time of departure/arrival of the mobile unit (hereinafter RS),
i.e. to find ¢ (pr =12,...N— 1), where 7 — the sequence of RS occurrence in DRA.

Fig. 4. Graph diagram of the algorithm for the RS schedule correction for the option of tasks parallelization

Positions: 1 — to determine the dispatcher responsibility area (DRA); 2 — to receive
information from navigation equipment installed on the RS; 3 — to create a list of RS, which is not
checked by the dispatcher; 4 — to determine the RS for verification at reference points (RP); 5 —
verification of the RS movement schedule; 6 — check for conflict absence in the schedule; 7 — to
form a set of RS which moves without conflicts in the schedule; 8 — to form a set of RS, which
have a conflict in the schedule; 9 — to check for the possibility of making corrections to the
schedule; 10 — to perform the following test for RP; 11 — development of control action; 12 — new
RP; 13 — movement correction for DRA

We believe that for MTR, using the ADCS, the specific time of RS departure/arrival is
calculated, i.e. t‘f’* (pr € MTR), je MTRZ.*, where MTR; = {l,2,...,j,...,N—l}— is the ordered set

of MTR, in ascending order /*". Then ¢} — the estimated time of RS arrival, and j— the index

of the departure/arrival order of the RS.

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 27
@ s 4.0 International License



Industrial Transport of Kazakhstan. Vol.22 (4). 2025

Let suppose that in a particular DRA there is appeared a RS with a number N and
estimated time ¢, x— an unknown index that can be found from the inequality:

pr; N MTR,;
[ <t. <l . (1)

MTR

Therefore, if x =i, then the index j will increase by 1, starting from ;7.

You can check the condition for conflict absence in the RS departure/arrival schedule:
N pr*
g —hL 2T

- (2)
AR

t

min °

where Tnin — safe time interval between RS (in ADCS there is considered the way from

which or on which the RS arrives/is sent).
If inequalities (1) and (2) are fulfilled, then we find the real time of RS arrival/departure:

th =" If (1) or (2) are not fulfilled, then for RS with a number N there may occur a conflict.
All trains (or RS) for which a conflict in the timetable is possible, form a subset MTR,, ¢ MTR; .

We can find the capacity of MTR;, by analyzing the implementation of the following
inequalities:

tiz—m - tﬁ:n-#l < 2’ ) Tmin’

m=2,..,i—1,

MTE
l; _ti+n71 < ﬂ‘ ’ Z-min’ (3)

n=2,.,N—i,
(Z,o,pr,mtr e MTR ),

where 4 =2, because all RS, except z , have safe time interval in the schedule z;

*

t,, — time of RS arrival/departure with a number different from z by m positions;
o — queue length in case of conflicts in the schedule;
t°. . — time for RS movement in the queue with a sequence number different from z by

n—1 position;
pr— RS arrival/departure in RP.

For example, we need to determine the delay time of the RS, i.e. to find At_f "

Delay time is determined for the subset M7 Rl* , using this dependence for minimization:

i+n—1
min®= Yk, -|At?"|, j eMTR',
jFmn )

pr e MTR,,

where k; — RS weight coefficient with a number ;.
We should note that at determining the value &, we take into account the calculated data

on the cost per hour of the rolling stock.
Then we will find the safety evaluation for the time intervals of RS arrival/departure in the
process of checking the following inequality:
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1P — AP — MR APMTR >

J+l JHr J
2T s j=i—m +1. ., i+n —1, (5)
pr.mtr € MTR,
where t;’”’* — real time of RS arrival/departure (mtr), in the conditions of priority, i.e.
j € MTR;.

We believe that by applying the ADCS and the corresponding control actions, all A¢/" can

be eliminated.

Therefore, on the basis of dependencies (1) - (5) there was developed an algorithm for
parallel calculations of movement coordination and RS dispatching.

This algorithm is only a small part of the software systems included in the software package
for the ADCS. The main objective of this research was to test the hypothesis about the desirability
of replacing the classical approach with the sequential calculation of the PS coordination
parameters, which, in our opinion, is expedient with the computer equipment replacement in the
ADCS. The fact of using the advantages of multi-step and parallel programming on modern
processors such as 15, 17 was also taken into account.
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Fig. 5. Algorithm for parallel calculations of the RS movement coordination and dispatching

The Fig. 5 shows an algorithm for parallel calculations of the RS movement coordination
and dispatching, obtained on the basis of our model. The algorithm involves the creation of two
flows that can be processed in parallel on different cores of multi-core processors. Therefore, there
is achieved an increase in the rate of control actions (CA) generation in a situation when there is
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occurred a large amount of conflict situations with the railway RS arrival/departure, which is
primarily important for high-speed railway transport in the Republic of Kazakhstan

In order to test the effectiveness of the algorithm, there was performed an experimental
check in comparison with the sequential problem solution.

The Fig. 6 shows the results of testing the parallel data processing algorithm solving
problems of the RS movement coordination and dispatching. Simulation experiments were
performed on a PC with an i5 processor.
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Fig. 6. Algorithm testing results

The results of simulation experiments showed that the effect from the use of parallel
calculations (in comparison with the conventional railway sequential algorithm for calculating the
movement schedule) is achieved through parallelization by the flow accessing the database. With
the increase in the amount of records in the database, the solution time was reduced on average by
2.5-3.5 times.

Therefore, during the simulation there was tested a model and algorithm for parallel data
processing. The proposed algorithm for solving the initial dispatching task is divided into separate
processes. The execution of processes is carried out in parallel mode. Thus, the computational
ability of the algorithm is significantly increased under the conditions of time constraints.

In our opinion, the advantage of the proposed approach is the fact that a new algorithm has
been developed for solving the problems of the movement coordination and dispatching of the RS
schedule. The algorithm, in comparison with the existing solutions, takes into account the
possibility of using parallel computing technologies. Experimental verification of the proposed
algorithm showed that the actual processing time of the received data and the generation of control
actions for the PS dispatching, compared with the sequential processing of the initial data,
decreased by 24-47 %.

Prospects for further research are following: it is necessary to test a model that minimizes
the deviations of the time intervals of the PS arrival at the station; to minimize control costs
associated with the modernization of the ADCS.

Conclusion

The present study comprehensively analyzed the integration of traditional, additive, and
nanotechnologies in railway engineering, focusing on improving the quality, reliability, and
durability of rolling stock (RS) and track machines (TM). The research objectives—investigating
additive technologies, evaluating nanotechnologies, optimizing quality control methods, and
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assessing economic impacts—have been successfully realized through a combination of
theoretical analysis, experimental investigations, and process modeling.

The findings demonstrate that additive technologies (3D printing) provide unprecedented
flexibility in the production of complex components. Unlike conventional manufacturing methods,
additive processes allow for layer-by-layer construction of parts directly from digital models,
minimizing material waste, reducing production costs, and enabling weight reduction without
compromising structural integrity. This contributes not only to improved operational efficiency
but also to environmental sustainability by decreasing raw material consumption.

Nanotechnologies were shown to have a transformative impact on component
performance. By manipulating materials at the atomic and molecular scale, it is possible to produce
defect-free structures with enhanced physical, chemical, and mechanical properties. The
application of nanostructured coatings to cutting tools, springs, bearings, and critical RS/TM
components significantly increases wear resistance, corrosion resistance, and durability. In
particular, ultra-high-strength springs produced with optimized thermal and mechanical
processing demonstrated improved fatigue resistance, reliability under low-temperature
conditions, and extended operational lifespan. These innovations have the potential to increase
component life by 2—5 times, reduce maintenance requirements, and improve overall safety in
railway operations.

Quality control methods, including high-precision sensors, fiber-optic photonic devices,
and industrial computed tomography (CT), were integrated into production processes to monitor
part geometry, material composition, and microstructural integrity. This ensures that any
deviations from required specifications are detected early, thereby reducing scrap rates and
enhancing the reliability of manufactured components. Such measures also allow for optimization
of production parameters before part fabrication, minimizing errors and improving economic
efficiency.

The practical significance of this research is substantial. The proposed integration of
additive and nanotechnologies, alongside flexible manufacturing systems and advanced diagnostic
tools, provides a pathway to modernize railway engineering, reduce production costs, improve
energy efficiency, and extend maintenance intervals. The technologies and methods developed in
this study can be applied across various sectors of transport engineering, including automotive,
aerospace, and high-precision industrial manufacturing. Additionally, these solutions support
import substitution strategies by producing high-performance components that match or exceed
the quality of foreign analogues.

From a scientific perspective, the study contributes to the advancement of knowledge in
manufacturing technologies, materials science, and industrial engineering. It demonstrates the
feasibility of synergistically combining traditional, additive, and nanotechnologies within a single
production framework, highlighting the benefits of multidisciplinary approaches for complex
engineering systems.

Future research directions include:

- Further optimization of additive manufacturing processes using artificial intelligence,
machine learning, and digital twin simulations.

- Development of novel nanomaterials with enhanced mechanical, thermal, and tribological
properties for railway components.

- Expansion of in-line and non-destructive quality control using industrial CT, advanced
sensors, and real-time monitoring systems.

- Comprehensive economic analysis of integrating these advanced technologies at large-
scale industrial operations.

- Exploration of additional applications of nanocoatings and additive manufacturing in
other transport and industrial sectors, including energy and construction machinery.

In conclusion, this study confirms that the integration of traditional, additive, and
nanotechnologies, combined with flexible manufacturing systems and advanced quality control

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 31
@ s 4.0 International License




Industrial Transport of Kazakhstan. Vol.22 (4). 2025

methods, significantly improves the reliability, durability, and economic efficiency of railway
components. The findings provide a strong foundation for further technological innovation,
ensuring safer, more efficient, and more sustainable railway operations, and represent a
meaningful contribution to the scientific and practical development of modern railway
engineering.
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Abstract.This study focuses on precision control of rut milling on the highways of the
Republic of Kazakhstan. Rut formation is one of the main causes of road traffic accidents, making the
improvement of road repair technologies highly relevant. The aim of this work is to develop methods
for controlling automated road milling machines to increase surface smoothness, reduce profile
deviation dispersion, and enhance traffic safety. To achieve this goal, the following tasks were
undertaken: analysis of existing rut milling technologies, study of automated road machine control
methods, development of a digital road surface model and its integration with the feedback system,
and experimental testing using disc milling tools. Modern non-contact laser sensors, numerical control
systems, and corrective variable movements of the milling cutter were employed. Experimental results
demonstrated that precision control significantly reduces the root mean square deviation of the milled
surface, compensates for tool wear, thermal deformations, and tire pressure fluctuations. This ensures
high smoothness of the road surface, minimizes lateral rut protrusions, and reduces the risk of traffic
accidents. In conclusion, the proposed method of precision rut milling control is an effective tool for
improving road repair quality. The results have practical significance for integration into modern
numerical control systems of construction and road machines, and open prospects for further
optimization of technological processes and enhancement of traffic safety.
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Annotanus. byn 3eprrey Kazakcran PecryOnukacsiHIaFsl aBTOMOOMIIB JKOJIIAPBIHIA
KoJesutapasl IaiMe-1a ¢pesepieyai Oackapyra apHanraH. KosjesHbIH maiina Goiysl KO-
KOJIIK OKHFaJapbhIHBIH HETi3Ti cebenrtepiHid Oipi Oonbim TaObuIagbl, OYJ KOJ KaOBIHBIH
KOHJIEY TEXHOJIOTHSUIAPBIH JKETIAIPYAiH ©3€KTUIIriH apTThIpaabl. 3epTTeyIiH MaKcaThl —
aBTOMATTaHABIPBUIFAH )K0J (ppe3asiapbiH OacKapy oJICTEPiH kKacal MIBIFaPY, KO KaOBIHBIHBIH
TETICTITiH apTTHIPY, NPOPUIb ayBITKYJIAPBIH a3alTY JKOHE JKOJ KaYINCi3iriH KAMTaMachl3 eTy.
MakcaTtka >KeTy VIIiH Kejiecl MIHAETTep WISHIIai: KOJJAHBICTaFbl KoJies (pesepaey
TEXHOJIOTHUSJIAPBIH TajJay, aBTOMATTAHJIBIPBUIFAH JXOJ MallMHAJIApbIH OackKapy oHicTepiH
3epTTeY, KOJI KaOBIHBIHBIH MUMPIBIK MOJECIIH )Kacay >KOHE OHBbI Kepi OaiiaHbIC KyHeciHe
UHTETpalusaiay, AUCKINl (pe3amapMeH HKCIEPUMEHTTIK CBIHAKTap JKYprizy. 3eprreyne
3aMaHayu OalIaHBICCHI3 JIa3ep NaTUYUKTEPI, CAHJIBIK OacKapy xKyiienepi )xoHe Gppe3aHbiH Ty3eTy
nepeMeIleHnid JKyieci KOJNaHBUIABL. OJKCHEPUMEHT HOTIDKENepi monMe-gon  Oackapy
(dpe3epiieHreH OCTTIH OpTalla KBaJpaTTHIK aybITKYJApbIH a3aiiTyFa, Kypal-)KaOIbIKTapablH
TO3YBIH, TEMIEpaTypanblK AehopManusyiapAbl >KOHE MIMHAIAPABIH KBICBIM ©3TrepiCTepiH
eTeyre MYMKIHAIK OepeTiHiH KepceTTi. by ko »aObIHBIHBIH TETICTITH KaMTaMachl3 eTe/l,
KOJIeSTHBIH OYHIpIIK IIBIFyJaphlH a3alTagbl JKOHE JKOJ-KOJIiK OKUFAJIapBIHBIH TJyEKeliH
teMeHaeTenl. KOphIThIHIbUIANM Keje, YCBhIHBUIFAH JoJIME-IdJ (pe3epiey dJici KOoaapisl
KOHJICYIH CcalachlH apTThIpyFa THIMI Kypaus 00JbIn Tabblnaasl. HoTmxkenep Ka3ipri 3aMaHFbI
CaHJBIK Oackapy >KyHelepiHe eHTi3y YIIiH MPaKTUKAJIbIK MaHbI3bl 0ap jKOHE TEXHOJOTHSIIBIK
npouecTepal api Kapail oHTaWIaHABIPY KOHE KOJ KO3FAJBICBIHBIH KayiNCi3MiriH apTThIpy
NEePCTICKTUBANIAPBIH Al Ibl.

Tyiiin ce3nep: xones, ko1 (pesacsl, monme-gan O6ackapy, HUQPIBIK MOJENb, KO
XaObIHBI, KO0 Kayinci3airi, ppesepaey

Joiiexce3nep ymin: H. Kam3zanoB ©3repetiH k0J >KaObIHIAPBIH KOHJCYT€ apHaJIFaH
aBTOMATTHI k0J kKeckim // Ka3zakcran enaipic kemiri. 2025. Tom. 22. Ne 88. 33—44 6et. (Opsbic
Tin.). https://doi.org/10.58420.ptk.2025.88.04.003.

Myanenep KaKTBIFBICHI: ABTOpJIAp OCHl Makajiaaa MYAIENep KaKTHIFBICHI KOK eI
MOiMICHIi.

ABTOMATH3UPOBAHHAS JTOPOKHASI ®PE3A J1JIS1 PEMOHTA JOPOKHBIX
MOKPBHITUM C IEPEMEHHOM KOJEMHOCTBHIO

H. Kam3anos
Satbayev University, Anmarsl, Kazaxcras.
E-mail: nuke963@mail.ru

Hyp6oa Kam3anos — PhD, Satbayev University, Anmatsl, Kasaxctan
E-mail: nuke963@mail.ru, https:/orcid.org/0009-0005-6996-1365.

© H. Kam3anos

AnHoTanusa. Hacrodmee wccienoBaHue MOCBSALIEHO M3YYEHMIO TOYHOCTHOIO
ynpaBieHus (pe3epoBaHHEM Kojedl Ha aBTOMOOMIBHBIX goporax PecmyOnuku Kaszaxcras.
[TpoGiiema komeeoOpa3oBaHUs SABIAETCS OJHOM M3 OCHOBHBIX NPUYMH BO3HUKHOBEHUS
JIOPOKHO-TPAHCIIOPTHBIX IPOUCIIECTBUN, 4YTO JAENAeT aKTyallbHbIM COBEPIICHCTBOBAHUE
TEXHOJOTUH PEMOHTA JOPOXKHBIX MOKPBITUH. Llenbio paboThl sBisieTcss pa3paboTKa METOI0B
yIpaBiI€HUs aBTOMAaTU3UPOBAHHBIMU JIOPOKHBIMU (pe3amMu [JIsl TOBBILIEHUS POBHOCTHU
HOKPBITUS, CHUKEHHS pa30poca OTKIIOHEHUH Npo¢uis JO0POry U MOBBIIEHUs 0€3011aCHOCTH
OBUKeHUS. {1 OCTH)KEHHS OCTABICHHOH 1€ ObLIM PEIICeHBI CIEeAYIOINE 3a1a4i: aHATU3
CYLIECTBYIOUIMX TEXHOJOIM (Qpe3epoBaHus KoJeH, H3yyeHHUE METOJOB YIpaBICHUS
ABTOMAaTU3MPOBAaHHBIMH JOPOKHBIMH MallMHAMH, pa3paboTka Hu(poBO MOJIETH JOPOKHOTO
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HOKpPBITUA U €€ MHTerpanus ¢ CUCTEMOM 0OpaTHOM CBsI3U, IPOBEJEHUE HKCIEPUMEHTATbHBIX
UCTIBITAHMM HA CTEHIE C JUCKOBBIMH (¢pe3amu. lcmonp30Banuch COBpEMEHHBIE
OECKOHTAaKTHBIE Ja3epHble JAaTYMKH, CUCTEMbl YHCJIOBOTO IMPOTrPaMMHOTO YINpaBICHUS U
KOPPEKTUPYIOIINE IEpEeMEHHBIE TIepeMeIeHns Gpe3sl. Pe3ynbTaTsl 9KCIEPUMEHTOB MTOKA3aJIH,
YTO MPUMEHEHHE TOYHOCTHOTO YIPABIEHUS MO3BOJSET YMEHBUIUTh CPEIHEKBaJIpaTHUECcKue
OTKJIOHEHUs (pPEe3epOBAHHON IMOBEPXHOCTH, KOMIICHCHPOBAaTh M3HOC HWHCTPYMEHTOB,
TeMIlepaTypHble AedopMaluyd U KojeOaHMs J1aBleHUs B MHEBMOIIMHAX. JTO 0OecreunBaeT
BBICOKYIO POBHOCTH JIOPOXHOTO TOKPBITHS, MHUHMMH3AIMI0 OOKOBBIX HAIUIBIBOB KOJEH M
cHmKeHue pucka Bo3HuKHOBeHus JTII. B 3akmtoueHue ormedaeTcsi, 4TO MNPeIJIOKEHHBIN
METOJT TOYHOCTHOTO yTpaBleHUs Qpe3epoBaHreM Koield sBisieTcss 3()PeKTUBHBIM
UHCTPYMEHTOM IMOBBIIIEHUs KadyecTBa PEMOHTAa AaBTOMOOMJIBHBIX JOpOr. Pe3ynbrarsl
UCCIIEIOBAaHUSI MMEIOT NMPAKTHYECKOe 3HAYCHUE I MHTETPAIlH B COBPEMEHHBIE CHCTEMBI
YHCJIOBOTO NMPOTPAMMHOIO YIIPaBJIEHHs CTPOUTENbHBIMU M JOPOKHBIMU MAIlIMHAMH, a TAKXe
OTKpPBIBAIOT NEPCIEKTUBBI JajJbHEHIIEH ONTUMHU3ALMHM TEXHOJIOTHYECKHX TIPOIECCOB U
HOBBIIIEHUS 0€30MaCHOCTH JOPOKHOTO JIBHXKEHHUS.

KuaroueBble ciioBa: xoses, AOpokHas ¢pe3a, TOYHOCTHOE yIpaBieHHE, HUppoBas
MOJIeJIb, JOPOKHOE MOKPBITHE, 0€30MaCHOCTh ABMXKECHUS, (pe3epoBaHue.

Jdas uutupoBanusi: H. Kam3anoB ABromaTusupoBaHHas IOpoXHas ¢pe3a ais
PEMOHTA JOPOXKHBIX HMOKPBITUH C MEpeMEHHOM KozeitHocThio // IloMBINUIEHHBIH TpaHCIOPT
KazaxcraHa. 2025. T. 22. No. 88. Crp. 33-44. (Ha pyc.).
https://doi.org/10.58420.ptk.2025.88.04.003.

KoH}aIuKT HHTEpecoB: aBTOPHI 3a4BJISAIOT 00 OTCYTCTBHHM KOH(IIMKTAa HHTEPECOB.

Beenenne.

Beibop  Tembl  uccienoBaHHMs ~ OOYCIOBJIEH  HEOOXOAMMOCTBbIO  IOBBILICHHS
3¢ (HEeKTUBHOCTH PEMOHTa JOPOKHBIX MOKPBITHI B YCIOBHIX NMEpeMeHHOW KojeitHoctu. Ha
IPOTSDKEHUHN MOCIEJHUX ACCATHICTHN TEXHMKA U TEXHOJOTHH JOPOKHOTO CTPOUTENIBCTBA B
PecniyOnuke  KazaxcTan  3HAuMTENBbHO  MOJEpPHU3HMpPOBANNCH.  [losBUIMCH  HOBBIE
aBTOMAaTU3UPOBAHHbIE JOPOKHbIE MalIMHBl — aBTOrpeiaepsl ¢ cuctemamu «lIpodunby,
CaMOXOJIHbIE KaTKH C peryjupyeMoi BHOpanueil M CKOPOCTHBIMH pPEXHMaMU, MOUIHBIE
OTEUECTBEHHbIE U HMMIOPTHBIE (pe3bl, pecalkiepbl, COBPEMEHHbIE aBTOMAaTHU3UPOBAHHbIE
acanproyknanuuku (Kozbarapos u ap., 2020: 31-36). BmecTe ¢ 3TUM MOSBHIKNCH HOBBIE
MaTepuainbl M TEXHOJOTHM, OOEecCleyuBaroluue OJHOPOAHOCTh CMEILIEHUS M YKIAJIKU
ac(anbT00ETOHHBIX MOKPHITUH. OnHAaKo TpeOoBaHUSA K mapameTpaM padoT, UX TOYHOCTH U
JOIIyCTUMBIM OTKJIOHEHMSIM HE BCErja MepecMaTpUBAIOTCSA C YUETOM HOBBIX BO3MOXKHOCTEH
TEXHUKH, YTO CO3JaeT MpobieMy oOecredeHusi POBHOCTH JOPOKHOIO IOKPBITUS H
0eszomacHocTH nopoxkHoro nBkeHus (KynerunmpawHoB u ap., 2020: 207-214; Kam3aHOB,
2021: 87-93).

AKTyalnbHOCTb  HUCCIEJOBAaHMUSI  ONpenessiercss  BO3POCHIMM  HMHTEpPECOM K
COBEpUIEHCTBOBAHUIO KOHCTPYKTHUBHBIX u TEXHOJIOTUUYECKUX napaMeTpoB
aBTOMAaTU3UPOBAHHBIX JOPOXKHBIX (pe3, MPUMEHSEMBIX ISl YCTPAHEHHUS BBIIOPOB KOJIEH.
KoneeoOpa3zoBaHue Ha aBTOMOOMJIBHBIX JOpOTax SIBISETCS OJHOM M3 OCHOBHBIX NPUYUH
YBEJIMYEHUsI pUCKA TOPOKHO-TpaHCMOPTHBIX npouciiectBuil (Kozbarapos u ap., 2021: 98—
105). HecMmoTpss Ha Halu4yhe COBPEMEHHBIX TEXHOJOTHH, A0 CHUX IMOp OTCYTCTBYIOT
HCUYEpIbIBAIOIINE PEIIeHUs, MO3BOJISIONINE 00eCneuuTh TOUHOE (pe3epoBaHUE JOPOKHOTO
MOKPBITUS ¢ MMUHUMAJIbHBIMU OTKJIOHEHHMSIMU pPa3MEpPOB, KOMIIEHCUPOBATh M3HOC PEXYILHUX
3JIEMEHTOB U BIMSHUE KOJeOaHUW JOpPOKHOTO OCHOBaHUSA. OTO TMOJATBEPKIAET Kak
TEOPETUYECKYI0, TAK U IPAKTUUECKYIO 3HAUUMOCTb TEMBbI UCCIIEI0BAHUS.

OO0BeKTOM HucclIeoBaHUs ABISIETCA Mpoliecc (ppe3epoBaHUs JOPOKHOTO MOKPBITUS C
nepeMeHHo KkoneitHocThio. Ilpeamer wucciaenoBaHust — mapaMmeTpsl  (pesepoBaHus,
BJIUAIONINE HAa POBHOCTh IOBEPXHOCTH, TOYHOCTh 00pabOTKM H 3(PPEKTUBHOCTH PabOTHI
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aBTOMAaTU3UPOBAHHOM TOPOKHON (Ppe3sl.

Ilenp uccnenoBaHus 3aKiIOYacTCsd B pa3palOTKe METOAUKH TOYHOTrO (hpe3epoBaHusd
JIOPO’KHOI'O MOKPBITUS € IEPEeMEHHOW KOJIEHHOCThIO HAa OCHOBE Iepexoja OT CHIIOBOIO
(ynpyroro) 3aMbIKaHMsI TEXHOJIOTMYECKOW CHCTEMBI K JKECTKOMY (KOOPAMHATHOMY)
3aMBIKAHUIO .

s nocTHKeHUs eI OCTABJIEHBI ClIEYIOIINE 3aJa4u:

- IPOAHAJIN3UPOBATH CYIIECTBYIOLINE TEXHOJIOTUU U KOHCTPYKIIMU aBTOMAaTU3UPOBAHHBIX
JIOPOKHBIX (pes;

- pa3paboTaTh METOAMKY SKCIEPUMEHTAIBHOIO MCCIEI0BaHMs Mpoliecca Gppe3epoBaHus
acanpTo0€TOHA;

- TPOBECTH CPABHUTEIbHBIE 3KCIIEPHUMEHTHl C YNPYTUM M JKECTKHM 3aKperieHHueM
00pa3IioB;

- TOCTPOMTh MaTeMaTH4YEeCKHE MOJEIM 3aBUCUMOCTH YCHUJIMS MOJaud OT TITyOUHBI
(dpe3epoBaHus U CKOPOCTH 10/1a4y;

- pa3paboTaTh peKOMEHIALNHU 0 IPUMEHEHHIO KECTKOIro (KOOPAMHATHOIO) 3aMbIKAHUS
JUISI TIOBBIILIEHUS] TOYHOCTU M CHUYKEHUS pa30poca pa3MepoB (ppe3epOBaHHOMN MOBEPXHOCTH .

MeTonbl  HCCIAEAOBAHMS — BKJIIOYAKOT  SKCIEPUMEHTANbHbIE W MMHUTAlMOHHbIE
UCIIBITAHUS, H3MepeHue paedopmManuii M BUOPOAKYCTHUYECKHX KOJIEOaHUH, HNOCTPOECHHUE
PErpecCuOHHBIX MOJENeH, HCIIOIb30BAHNE CUCTEMBI YHCIOBOTO IPOIPAMMHOIO YIIPABJICHUS U
00paTHOM CBSA3M AJIsI KOPPEKTUPOBKHU NTApaMETPOB (Ppe3bl.

['umore3a wuccienoBaHMs 3aKIIOYaeTcss B TOM, YTO IPUMEHEHHE JKECTKOTrO
(KOOpAMHATHOTO) 3aMBIKAHHS TII03BOJIAET CHH3UTh CpEIHHE OTKJIOHEHHS U pa3dpoc
napameTpoB (pe3epoBaHuUs, YTO MOBBIIIAET POBHOCTh MOKPHITUS U 0€30MaCHOCTh JABUKECHUS
Ha y4acTKaX C IEPEMEHHON KOJIEHHOCTHIO.

3HaueHHE HCCIEAOBAHMS 3aKJI0OYaeTcs B BO3MOXHOCTU Oojee 3(P(HEeKTUBHOTO
poBeJeHUs pabOT MO CTPOUTENBLCTBY, PEMOHTY M COAEPKAHUIO aBTOMOOWMJIBHBIX IOPOT,
oOecrieueHNN TPeOyeMbIX KCIUTyaTallHOHHBIX XapaKTEPUCTHK U MOBBIIIEHUH 0€30MacHOCTH
JIOPOYKHOTO JIBH)KEHUS.

MaTepuajbl 1 METOBI.

KoneeoOpa3zoBanue Ha aBTOMOOMIBHBIX goporax PecmyOnuku Kazaxcrtan sBiseTcs
OJIHOM M3 BaXXKHEHINX NPUYUH, IPUBOAAIIMNX K YBEJIMUEHHUIO PUCKA BOZHUKHOBEHUS TOPOKHO-
TPAHCIOPTHBIX TPOUCIIECTBUIM, MPU 3TOM 0Opa3yroliuecs BBIIOPH KOJEH JOCTUTaIOT
3HAYUTEJIBHBIX pa3MepoB, KaK Mo BbicoTe, Tak W mo mupuHe (Kozbarapos u ap., 2021: 98—
105).

OnHOBpEMEHHO H3MEHMUJIUCh M TpeOOBaHUS K TEXHOJOIMU NPOPHIMPOBAHUS
JIOPO>KHBIX TOKPBITUH, B TOM UHCJIE U K TEXHUYECKUM CPEACTBAM JUIsl BHIIOJHEHUS 3TUX padoT,
a UMEHHO, K aBTOMaTU3UPOBAaHHBIM TOPOXKHBIM (pe3am (Kynbrunpauuos u np., 2020: 207-
214). B 3T0i1 cBSI3M COBEPIIEHCTBOBAHNE KOHCTPYKTUBHBIX U TEXHOJOTHYECKUX MapaMeTpoB
aBTOMAaTH3UPOBAHHBIX JOPOXKHBIX (pe3, MPUMEHSEMBIX sl YCTPAaHEHHUS BBIIOPOB KOJIEH,
ABIIAETCS aKTyaJlbHOU MpoOIeMoii U TpebyeT pa3perieHus.

B Hacrosmee BpeMs npu NpoBEAEHUU PEMOHTHBIX pabOT MO yCTpaHEHMIO KOJIeH Ha
JIOPO’KHBIX MOKPBITUIX CTAlIM NPUMEHATh KaK BPEMEHHYIO MEpy TE€XHOJOTHIO (hpe3epoBaHus
BoimopoB (Kozbarapos u gp., 2020: 31-36). Ilpu dpesepoBanun BHIIOPOB (HATUIBIBA)
obecrieunBaercs TpeOyeMblil KO3()PUIUEHT CLEMIEHNUs U POBHAs MOBEPXHOCThH JOPOKHOTO
NOKphITUA. Pemaercs 3amaya TOYHOTO Gpe3epoBaHUs HAIUIBIBOB, OOKOBBIX OYyTpOB PSIOM C
koneeii. TexHonorus ¢ppezepoBanus camoii kosneu He usmensiercs (Kamzanos, 2021: 87-93).

OOBIUHO KOJIEs 3aIOJIHSETCS CMEChIO JUJIs IMOYHOTO PEMOHTa (KaTUOHHASI SMYJIbCHUS C
MenKuM 1mebHem, pasmep ¢pakuuu 5—10 mm) 1ubo dpesepyercs Ha 3aIaHHYIO TIyOUHYy 0€3
TpeOOBaHMUS TOYHOCTHM U 3amojHAeTcs ac(aibTOOETOHHON CMEChIO C MOCIETYIOLUUM
ymiotHeHueMm (Koz6arapos u ap., 2019: 31-36). Tounoe ¢pe3epoBanre HEOOXOIUMO IS
o0OecrnieueHus: pOBHOCTH U oOecrieuyeHus: 6€30MacHOCTH JOPOKHOIo ABMKeHUs. [lorpemHocts
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bpesepoBaHus HE 10JHKHA MPEeBbIIATh 1-3 MM/M.

B mpouecce ¢pe3epoBaHus U3MEHIETCS B3aMMHOE MOJIOXKEHUE OCH BpamieHus (pess
OTHOCHUTEJIbHO IIIaCCH JOPOXXKHOW (pe3bl U COOTBETCTBEHHO TOPOXKHOTO TOKPBITHS,
OCYILECTBIISIIOTCSI BEPTUKAJIbHOE KOPPEKTUpYIOIlee IepeMelleHue. PaccTossHue OT JHMHUM
pe3aHus 10 ocu BpamieHus gppe3bl OyaeM Ha3bIlBaThb YPOBHEM pa3MEpHON HACTPOMKH, T.e. B
npouecce (hpe3epoBaHUs OCYIIECTBIAETCS KOPPEKTUPYIOIINE IEPEMEHHBIE TEPEMEIICHHS IS
BepTUKaILHOTO Tos10okeHust ¢ppe3sl (Kynprumsaunos u ap., 2020: 77-82).

Jlunus pe3aHus JeKUT HA YPOBHE UCXOJHOM MOBEPXHOCTU AOPONKHOTO MOKPHITUS BHE
kosen (Kozbarapos u nap., 2020: 31-36), nias Toro 4yToObl He OBIIO pHCKAa BO3ZHUKHOBCHUS
nopoxkHo-TpaHcnopTHeiXx mnpouctiectBuid  (JATII) w  1gad cOOTBETCTBHUS TEXHHUYECKUM
TpeOOBaHUSIM TMPOEKTa Ha PEMOHT KojielWHocTu. HamnblB mpeacTtaBiser coboil maccy
ac(anbTOOETOHHON CMeCH, BBIJABICEHHOW M3 MecTa KOJEW BIPABO WM BJIEBO, C Pa3sHbIMU
pa3MEepHO-MEXaHUYECKHUMHU XapaKTepUCTUKaMU (BBICOTA, IIHMPHUHA, IUIOTHOCTh, (dopma,
MPOYHOCTh, HATMYUE TPEIIUH, BRIKpAIIMBAHUN, TOPUCTOCTH). ByieM cuuTarh, 4TO MepeaHee
W 3aJiHee Kosieca ¢pe3bl eyT M0 POBHOMY y4acTKy noporu BHe koseu (Kam3zanos, 2021: 87—
93).

B nHoBbix C/IM mpuMeHsieTCs KOMOBIOTEPHOE YIIpaBI€HHUE C MPUBOJAMHU U paboduMuU
opranamu. Kpome »3TOro, MOXHO cHelaTh JOIOJHMUTENbHBIE KOHTYPbHI YIIPABJICHUS
HE3aBUCHMO OT OCHOBHOI'O KOMIBIOTEPa, Ha 0a3e MUKPOKOHTPOJIJIEpA WM MPOMBIILIEHHOTO
komnbioTepa (Kynbruneaunos u ap., 2020: 207-214). YnpasiieHue NpuBOAOM BEPTUKAIBHBIX
nepeMeleHnii OyJeT OCYyIIEeCTBIATHCS IyTEeM CIIOKEHHS CHTHAJIOB, MOCTYHAIOIIUX OT
OCHOBHOT'O KOMITBIOTEPA U OT KOHTYpa KOMIICHCAIIMH OTKJIOHEHHI pa3MepoB (pe3epoBaHUS.
®pesza 00bIYHO ¢ KoHCTpykiued tuma Buprtren (®PPI') pekomeHmyeTcss HCIOIb30BaTh C
CBOOOTHO-KOMITOHOBOYHBIMU 3yObsIMH (pe3bl B KOPIyCe KPEIUICHHS JUIsl yMEHBIICHUS
nuddysuonnoro mizHoca (KozbarapoB u ap., 2020: 31-36). CBoOOmHO Bpalmarouuincs
PEXYLIUI 37IEeMEHT MOCTOSTHHO CABHUTAETCS HArpeTOH TOYKON KOHTAKTUPOBAaHHS B OOK, BHE
30HBI KOHTaKTHPOBAHUS YYacTOK ¢pe3bl yclneBaeT OCThITh. [l03TOMy He NpOUCXOIUT
MOJIEKYJIsIpHOTO AU} Hy3nOHHOTO 0OOMEHa, a OOBIYHBIA MEXaHWYECKUI U3HOC 3HAUUTEINICH TS
JKECTKO3aKpeIIeHHBIX HHCTPpYMeHTOB (Kynbrunsaunos u np., 2020: 77-82).

Pe3yabTaThl M 00Cy:KIeHUE.

Hcnonp3yeTcss OECKOHTAKTHBIM JIa3epHBIA JaTdyWk, JiauHa 0a3el 250 MM, cC
norpemHoctio 0.5 MM tuma BOIIl, xoTopsiii mpeacTaBiseT coOOl KOpPMyC ¢ ONTHYECKUM
IJ1a3KOM TPHUEMO-TIEPEalolleil CUCTEMBbI, TaKXe HMMEETCS MUKPOINPOLEccOp M BBIXOJA Ha
KoMIbloTepHYyIo TexHUuKy (Kozbarapos u ap., 2020: 42—45). B cucrteme ynpaBieHHs 3aaeTcCs
YCTAHOBKA JJIs CUT'Hajla, MOJIy4yaeMoro ¢ JaTyMKa, pasHUla ¢ KOTOPOMl 3TOro CUrHana gaer
OTKIIOHEHHUs pa3MepoB Qpe3epoBanus. lcmonb3yercs ympaBleHHE OOpaTHOW CBS3BIO C
MIOMOIIBK) KOPPEKTUPYIOIIMX IEPEMEHHBIX IPEBPALICHU YpPOBHS pPAa3MEPHON HACTPOWKH
¢pesnl (KynprunpnuaoB u ap., 2020: 77-82). dakTudyecku mpeasiaraeTcss MEepeuTH oOT
KMHEMAaTUYECKOTO 3aMBIKAHUS MO CUJe K KMHEMaTHMUYEeCKOMY 3aMbIKaHUIO MO KOOpAMHATE
(mepeMelIeHUI0 WM TpUpalleHUs M IepeMenieHuil ¢pessl), T.K. 3TO MO3BOJISIET MOJHO
peanu3oBaTh BO3MOXHOCTH CHUCTEMBI UYMCIOBOIO MPOTrPaMMHOIO YMPABJIEHUS JOPOKHOU
¢pesoit (Kamzanos, 2021: 8§7-93).

OTO TNO3BOJSAET YMEHBIIUTh HE TOJIBKO TEKYLIYI0 CpPEIHIOI0 OTKJIOHEHUH
dbpesepoBaHus, HO U UX pa3zdpoc (CpeaHEKBaAPATHIECKOE OTKIOHEHUE, KBaIPaTOM KOTOPOTO
aisiercss pucnepcus) (KoszbarapoB u np., 2020: 31-36). Pemaercst 3amava obecrieueHus
TOJIKO POBHOCTH; 3a7ada oOecredeHuss Kodd@uimeHTa CHEIUICHUS HE CTaBUTCS U HE
obcyxaaercs.

Jinsg  TpaAMUMOHHBIX KOHCTPYKLMHM CTpPOMUTENIBbHO-IOpPOXHbIX MamuH (CIAM)
XapakTepeH OTOOp MOIINHOCTH OT IJIABHOTO JBHUTATeNsl UM NPUMEHEHHE TOMOJIHUTEIbHOTO
neurarens (Kyneruasaunos u ap., 2020: 207-214). B pyuHoM ynpaBieHUU 0OpaTHYIO CBA3b
peaau3yloT 4epe3 NMpUcrocoOIeHne MAalllMHUCTAa K U3MEHSIOMIMMCS YCIOBUSIM cpeibl. Panee
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(aKTUYECKH HCIIOIb30BANIOCh KHHEMAaTUUECKOE 3aMbIKaHHE MO cuiie (M0 0TOOPY MOIIHOCTH
TUAPO- WM MHEBMOJABIECHUS WJIH IO OTOOPY MOIIHOCTH 4Y€pe3 BpallaTeIbHbIE 3JIEMEHTHI).
Ot1oT cnocob ynpasiaenus CIM mo3BoJis JTUIIb BOCIPOU3BECTH MM YMEHBIIUTh UCXOJHBIC
OTKJIOHEHHS 00pabaThIBa€MO MOBEPXHOCTH JOPOKHOTO MOKPHITUS NTpHU Ppe3epoBanuu. Eciu
pa3Mepsl IPUIYCKa U €ro TUIOTHOCTh HAaIlJIbIBa CTAHOBHIIUCH OOJIbINNE, TO ()pe3a UCIBIThIBATA
JIOTIOJIHUTEJIbHBIE BEPTUKAIbHbBIE HArPy3KU U OTKJIOHAJIACh BBEPX OT JIMHUM pe3aHusd, U3-3a
4ero oOpa3oBBIBANKNCH OTKJIOHEHHS pa3MepoB c(hpe3epoBaHHON MOBEPXHOCTHU AOPOKHOTO
HNOKPBITUSA, YTO yBeanuuBano puck Bo3HukHoBeHus I TII (Kosbarapos u ap., 2019: 31-36).
W3meHeHus pazMepa 3TUX HAIIBIBOB MOTYT ObITh 1—17 ¢M M OTAMYATHCS Ha y4acTKe PEMOHTA
noporu B 5—10 pa3. COOTBETCTBEHHO, B pa3bl MEHSETCS BEpPTUKAJIbHAS COCTABISAIONIAs CUJIA
pe3aHusl, BbI3BaHHAA U3MEHEHHUEM Pa3MEPHBIX MEXaHUYECKUX apaMeTpoB HaribsiBa. [loaTomy
BO3HMKAET 3aJaya KOMIIEHCALlUM HEXEJATEJIbHbIX JOMNOJHUTEIbHBIX BEPTUKAIBHBIX
nepeMenieHnii gpe3pl U ympaBieHUs YPOBHEM HACTPOWKU ¢pe3bl B pealbHOM BpPEMEHU
(Kam3zanos, 2021: 87-93).

Hcnonw3yercs 3ananue nudpoBoil MOaeIu MOBEPXHOCTH AOPOKHOTO MOKphITUsA. Kak
ucxXogHas WHPOpMamMs [UISl ONpeAeNeHUs YPOBHS pPa3MEPHOCTH HACTPOWKH (pe3sl,
CYIIECTBYIOIIME KOMIIOHOBKH (pe3 MpeArnoiaraloT padoTy peXyUIuX 3JIeMEHTOB (Gpe3bl B
CHUCTEME KOOpJIUHAT (pe3bl, €CIU B3aMMOJCHCTBHE MPOUCXOANUT Yepe3 Gpe3y W Kojeca HIlH,
4yT0 0O0JIee MPOTPECCUBHO, Yepe3 Gppe3y U PONHKHU, KaTAIHecs M0 JOPOKHOMY MOKPBHITHIO BHE
koneu (Kozbarapos u ap., 2020: 42—45). Bropoii coco0 mo3BoisieT ppe3epoBaTh B CUCTEME
KOOPAMHAT JOPOXKHOTO MOKPHITHS U 0e3 ympyrux sieMeHToB B Buae kosnec. Ot CIAM uget
TOJILKO OTOOpP MOIITHOCTH, HO 3TO HE M103BOJISIET KOMIIEHCUPOBATh U3HOC PEXKYILIUX JIEMEHTOB
¢bpe3bl, oKMOKK B HaNaaAKe, TeMrneparypHbie qedpopmannn. [1o3ToOMy ckaHUPYIOLIUE CUCTEMBI
ONpPEAEIISIIOT HU(POBYIO MOJEIb JOPOKHOTO IMOKPHITHS BHE KOJIEM U IPOU3BOJAT pacyer
TpaekTopuM IUHHUHK pe3aHus. OTHOCUTENbHO JTON BHUPTYyaJbHOW JUHUU TPOU3BOIAUTCS
aBTOMAaTHYeCKas WIM BHUpPTyaJbHas HalaJka HMHCTPYMEHTOB TaK, YTOOBl BEPIIMHBI
WHCTPYMEHTOB JIe)Kaau Ha pacyeTHoU tuHUU (KyaerunbauHoB u ap., 2020: 77-82).

Panbiie ynpaBieHue mpoBOAMIIOCH 110 MTHOBEHHOM BBICOTE — CPEAHEMY 3HAUYEHUIO
OTKJIOHEHHUs (pe3epHBIX pa3MepoB, a celyac [OMOJHUTEIBHO YMEHbIIaeT pazdpoc
OTKJIOHEHUH (pe3epoBaHHOIN MOBEPXHOCTU. BriepBble NpUMEHSETCS TOUHOCTHOE YIPaBIeHUE
bpeszepoBaHUs KOHKPETHBIX JJIEMEHTOB aBTOMOOWIBHON OPOTH — YCTpPaHEHHUsI HAIUIBIBOB
cOOKY OT KOJIeH, UCII0JIb30BaH MPUHLHUII YIIPABIEHUS TOPOXKHOM (hpe3oit mo oOpaTHON CBA3U
(Kam3anos, 2021: 87-93).

[Ipu 3apaHum 3aKoHa yIpaBlIEHHUs B CUCTEME YUCIOBOTO MPOTPAMMHOIO yIpaBJIEHUS
CJIM Heo6x0auMo 3a/1aTh UK OTIPEACNIUTh B pEaIbHOM BPEMEHU UCXOIHYI0 UH(POPMAIUIO 10
cpene (Kozbarapos u ap., 2020: 31-36). ABTOMaTU3UPOBAHHBIC JTOPOXKHBIE (pPe3bl MTUPOKO
MPUMEHSIOT HEMEXaHMYECKHEe KMHEMaTU4YeCKHe CBA3U (IO MpOBOJaM MJIM paJuOCUTHaIaM)
(Kozbarapos u ap., 2020: 42—45). PaHbllie UCIIOIB30BANKCH 3yOUaThie nepeaaur. HoBbie BUIBI
MPUBOJOB MOTYT paboTaTh € pa3IMYHBIMM BHUJAMH KHHEMAaTUYECKUX 3aMBIKaHMH: IO
CKOpPOCTH, II0 HIpPUPALICHUIO IMEPEMEIICHUM, 10 MOMEHTY, 110 MOIIHOCTH (peaju3yeMoi
aneKkTpolsHeprueii). B pabore B kauecTBE OCHOBHOTO BHIOpAHO yIpaBJi€HUE O MPUPALIEHUIO
nepemeniennii (Kamszanos, 2021: 87-93). B HemMexaHWYECKUX KHHEMATUYECKHUX CBA3SIX BaXKEH
MPUHLHUI YIPABJIEHUS: yIPaBICHUE pACCMAaTPUBAETCS 110 OOPATHOM CBS3H U MO0 BO3MYILICHUSIM.
Bri6pano ynpaBiieHune 1o oOpaTHOW CBsI3U, KOTOPOE 3aKJII0YAaeTCs B U3MEPEHHUH BBIXOJIHOTO
mapameTpa, ONpEIeJeHHH OTKIOHEHHs (pe3epoBaHUs, YMHOXKEHHH Ha KodPPUIUeHT
NOAHANAAKA U Pealu3allMi KOPPEKTUPYIOLIEro MEPEMEHHOTO IpUpAllEHUs 4epe3 IPUBOJ
BepTUKaIbHOTO nepemerieHus ppessl (Kozdarapos u ap., 2020: 31-36).

[IpoBeneHbI cpaBHUTEIBHBIE UMUTAIIMOHHBIE UCTIBITAHUS pe3aHus achaabTOOETOHHBIX
00pa3noB MpH ynpyroM M KOOPAMHATHOM 3aMbIKaHMM. [Ipym MX mocTaHOBKe, peanu3aluu U
00paboTKe pe3yJIbTaTOB HCIOIb30BAaHbI XOPOILIO OTpabOTaHHbIE M COBPEMEHHbBIE METOJbI
sKcnepuMeHTalnbHbIX ucciaenoBanuii (A.B. Kouerkos, 2021: 54-58). DxcnepuMeHTaIbHbIN
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CTeHJ OblI peanu3oBaH Ha 0a3e BepPTUKAIbHO-PPE3EpPHOro CcTaHKa B JabopaTopuu
METAJUIOPEKYIINX CTAaHKOB CapaTOBCKOT0 rOCyIapCTBEHHOTO TEXHMUYECKOTO YHHUBEPCUTETA
uM. FO.A. I'arapuna. [lyTtem ero nepeHanaaku oCh BpallleHHUs PEXKYyIIeTO HHCTpYMEeHTa Oblia
YCTAaHOBIICHA B TOPHU30HTAIBLHOM TOJIOKEHHUH. B kaduecTBe Mojaenu ¢pesepHoro OapadaHa
ObUTH BBIOpPAHBI THUIOBBIE JUCKOBBIE ¢pe3bl nuamerpoM 110 m 230 MM (MeTammopexyIui
uHctpymeHt) (KozbarapoB u np., 2020: 42-45). dortorpadum pa3pabOTaHHOTO CTEHJA
MpEACTAaBICHBI HA pUCYHKaX | U 2.

Ty ety e S o - - e = . %5!1
Puc. 1. Tlpouenypa 3amepa nedopmanuii oopasma Puc. 2. Usmepenne BUOPOAKyCTHUYCCKUX KOJIcOaHUil B
ac(anbTOOSTOHHOIO MOKPBITUS C IIOMOLIBIO Ipolecce pe3aHus ¢ MOMOLIbI0 BUOPOU3IMEPUTEIBHON
YHUBEpCaNbHONH MarHUTHON U3MEPHUTEIbHON T'OJOBKHU. cucrtemsl (CIIA)

Ha pucynke 1 mokazana npoueaypa 3amepa nedopmaruii oopasua achanrbToOETOHHOTO
HNOKPBITUS C TOMOIIBIO YHUBEPCATbHON MAarHUTHON U3MEPUTEIbHOM rOJIOBKH.

Ha pucyHke 2 mokazaHo H3MepeHHE BUOpPOAKyCTHUYECKMX KojebaHUN B Ipolecce
pe3aHus ¢ MoMoIlbi0 BuOpousmepurenbHoil cuctemsl (CILIA).

[IpoBomuauCch BE CepUU IKCIEPUMEHTOB C YIPYTHM M JKECTKHM 3aMblKaHHeM. B
NEPBOM CIIy4yae MEXIY MAarHUTHBIM 3a)KHUMHBIM IPHUCHOCOOJICHHEM U CTOJIOM (hpe3epHOro
CTaHKa MOMEIIAJICSI PE3UHOBBIN JINCT TOJIUIMHON 5 MM.

Bo BTOpOM ciyuae MarHMTHOE 3a)XKMMHOE IPHUCIOCOOJIEHHE >KECTKO KpEenuioch Ha
cToJsie ppe3epHOro cTaHKa.

beun  BbIOpaHbl guckoBas ¢peza u  oOpasen acdanbToOETOHAa C€ HEPOBHOM
MTOBEPXHOCTHIO.

[Ipumep, B peasibHbIIE MOMEHT BPpEMEHU OTKJIOHEHUs pa3Mmepa (ppe3epoBaHUs COCTOSI
10 MM, yMHOXaeM ero Ha Ko3(QUUUEHT nmojHajdagku paBHbId - 0,5, mogydaem -5 MM -
BEJIUYMHY TIEPEMEHHOI'0 KOPPEKTHPYIOLIEro TMpHUpalieHuss U J00aBiIsieM ero K
CYIIECTBYIOIIEMY YPOBHIO pa3MEpHON HACTPOUKHU (Dpe3bl.

OTUM caMbIM KOMIIEHCHUPYIOTCS ClydaiHble M3MEHEHHUS DPa3MEpHBIX MEXaHUYECKUX
napaMeTpoOB HAIUTBIBA KOJICH, TAK)KE KOMIIEHCUPYIOTCS N3MEHEHUS TaBIICHUS B THEBMOIIIMHAX,
KOMIIEHCHUPYETCSI H3HOC PEXYIIMX 3JIEMEHTOB, TEIUIOBbIE TeMIlepaTypHble Jedopmanuu
pabouero oprana u camoii CJIM, KOMIIEHCUPYIOTCS M3MEHEHHS MacCOBBIX XapaKTePHUCTHK
¢pe3pl. DakTUUECKH KOMIICHCUPYETCS JeTepMUHUpOBaHHas (JIMHEiHas) W mepuoanyecKas
(koppenupyoliasi) COCTaBJSAIONIAs  IOCIEIOBATEIbHOCTH OTKIOHEHUs (pesepoBaHus.
CrnyyaiiHolt cocTaBnsromieil ynpasisaTh Henb3s (Koszbarapos u ap., 2020: 42-45).

[TpoBeneHbI cpaBHUTEIbHBIC MMUTAIIMOHHBIE HCIIBITAHUS pe3aHusl ac(aabTOOETOHHBIX
00pa31oB MpU yNPyroM U KOOPJAUHATHOM 3aMbIKAHUH.

Pa3pabGoTtanpl MeToAMKa HCCII€IOBaHUS OCHOBHBIX MapamMeTpoB (pe3epoBaHUs.
HccnepoBanust ObIM  HAamNpaBlIEHbl Ha OINpEJEICeHHE 3aBUCUMOCTH MEXIy TINIyOMHOU
dbpesepoBanusa (h) u ckopocThio momaum aucka (V) Ha comporuBieHue mnomadu (Wo).
OKCnepuMeHTH! OBIIIM MPOBEJIEHBI Ha CIIEIIMaIbHO U3TOTOBJIEHHOM CTEHE (PUCYHOK 3).
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Puc. 3. Cxema dKCTIEpUMEHTANBHOTO CTEH 1A TS ONIPEETICHNS] OCHOBHBIX
nmapamMeTpoB Qpe3epoBaHus

1-Tenexka ¢ obpasnom acabToOeTOHA, 2-aJIMa3HBIN TUCK, 3-AMHAMOMET]

B kadecTBe KOHCTaHTHI B OKCIIEPUMEHTAX ObLIa B3ATa YaCTOTA BPAIIECHUS JAUCKA, KOTOPAS
obecrieunBalia JHHEHHYIO CKOPOCTh pe3anus 10 S0 m/c. [Ipu 3TOM CKOpOCTh Moa4YH aTMa3zHOTo
JUCKa M3MeHsach oT 1,8 m/MuH a0 3 m/mMuH, a Tnybuna ¢pesepoBanust 4 — ot 10 g0 60 mMM.
DKCIIEpUMEHTHI BBITIOJHSINCH ¢ 3-X KPATHOH MOBTOPHOCTBHIO B COOTBETCTBHH C pa3pabOTaHHBIM
TUTAHOM (PaKTOPHOTO IKCTIEPUMEHTA MPEACTABIEHHOM B Tadiuie 1 ¢ pe3yiabTaTaMu OMBITOB.

Tabauna - IlnaH u pe3yabTaThl 3KCIEPUMEHTOB

[lnaH B HATYPAIBHBIX Ocratounsle nedopManuu
Ne NEPEMEHHBIX Yeunme
nopauu W, (kH)
h, Mm V, m/c

1 10 0,03 3,8 1,8 1,6
2 60 0,03 20,6 2,8 2,4
3 10 0,05 4,2 2,0 1,7
4 60 0,05 22,7 2,1 1,5
5 7,68 0,04 2,6 1,7 24
6 77,68 0,04 26,2 2,8 4,6
7 35 0,023 11,2 2,1 3,0
8 35 0,047 13,1 2,2 3,1
9 35 0,04 11,7 2,6 3,1
11(;_ 35 0,04 12,0 2,7 3.3

HaydHbIM pe3ynbTaToM SIBIISIETCS perucTpanus (hakra yBearmueHus pa3dpoca 0CTaTOYHBIX
nedopmanuii pe3anus (MOrPEeNTHOCTEN) B CPABHEHNUH KECTKOTO U YIPYTOro CHIIOBBIX 3aMBIKaHHA.
[Tocme 00pa®OTKM pe3yJdbTAaTOB SKCICPUMEHTA OBLUTA TIOMYYEHBI MAaTEMaTHYECKHE

3aBUCUMOCTH (ycunus nonadu Wo ot riryOuHbl ppe3epoBaHus 4 U CKOPOCTH nogauu V)
Wo=0,35h + 0,1hV. (1)

Ha ocnoBe 3aBucumoctu (1) Obulo ompeneneHO cpeaHee 3HAUYE€HHE CONMPOTUBICHHUS
(bpe3epoBanus ¢o Kak

Go=WO/hB, )

rjae B — mmpuHa Gppe3epoBaHusl.
3HaueHuss o coctaBisier 60-80 klla W MOXET HCMOIB30BATHCS ISl OINPEICICHUS
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MOIIHOCTH NpuBoaa N
N = 0,590 hBDw, 3)

rae D — nuameTp UCKa, @ - YriIoBast CKOPOCTh BPAIICHHS JHCKA.

DKCIepUMEHTAIBHBIN CTEHJ] pealn30BaH Ha 0a3e TOPU3OHTAIBLHO-(PpE3epHOro CTaHKa
6MB82I". Ilpu »TOM cTaBWach 3aja4a BOCIPOU3ZBECTH TMPOIECC B3aUMOJCHCTBUS (HPE3EPHOTO
WHCTpyMEHTa U acanbrobeToHa Hanboee 61u3ko k peanbHomy (Koderkos, 2015: 78-82).

B kadectBe Mopaenu Oapabana mOpoxHOH ¢pe3bl Oblla BbIOpaHa cOopHas ¢pesa
COOTHOIIIEHUEM JMaMEeTpa M IHPHUHBI aHAJOTHYHAS pab0YUM OpraHaM CYIIECTBYIOIIUX MAIluH.
®pe3a cobupasach M3 TUIIOBOTO METAJUIOPEKYIIETO WHCTPYMEHTa, C y4ETOM OCOOCHHOCTEU
00paboTku achanbToOeTOHA, OBLTU BHIOPAHBI TUCKH C OONBIINM 3yOOM JJisi BOCIIPOU3BEICHUS
a¢ddexTa BeIKpamuBaHus (BbIJIAMBbIBAHUS ), @ HE pe3aHUs o0pasIia.

Puc. 4. DKcriepuMeHT 110 UMUTALIMOHHOMY (hpe3epoBaHMI0 ac(anbTOOETOHHBIX 00Pa3LoB

ITpoBoauINCE ABE CEPUM IKCIIEPUMEHTOB C YIIPYTUM U J)KECTKUM 3aMbIKAaHHUEM.

®pe3epoBaHue MPOM3BOIMIACH HaBCTpeuy oOpabaThiBaeMOWl TOBEPXHOCTH (IIPOTHB
nojaun). MccrnenoBanuce 1Ba pexuma:

- C YOPYTUM 3JI€MEHTOM (pe3nHOBOE OCHOBaHHE TOJIIIUHON 20 MM) (pucyHOK 4 a, 0)—
UMHTaLUs (pe3epoBaHUsl 10 CUIOBOMY 3aMBIKaHHIO. 3akperieHue oOpaslia MPOUCXOAWIO Ha
CHEIMaJIbHO pa3pab0TaHHOM SKCIIEPUMEHTAILHOM CTOJIE YCTAHOBJICHHOM Ha CTaHMHY 4epe3
ynpyruii aneMeHT. B aToM citydae HaGmro1ancs NOBBILIEHHBIN pa30poc OTKIOHEHUH TapaMeTpoB
(bpe3epoBaHus U MOBBIIIEHNUE CPEIHEN BBICOTHI PO OT(HPe3epOBaHHOMN TOBEPXHOCTH.

- B clly4ae, korja obpasell ¢ ac(haabTOOETOHOM 3aKPEeTLIsIICS KECTKO (PUCYHOK 4 B, T) —
UMUTAIMsT KOOPJMHATHOTO 3aMblKaHMs, HaOJIIOJaINCh YMEHBIIEHHE pa30poca OTKIOHEHUU
pa3mepoB (pe3epoBaHsl, O IPUOIMKEHHBIM OLIEHKaM, B 2 pasa.

Oto noaTBepkaaeT 3PPEKTUBHOCTH NEPEX0/ia OT 3aMbIKaHUS MO CHJIE K KOOPAUHATHOMY
3aMBIKaHUIO UJIM YIIPABJICHHUIO 110 NIEPEMEILECHHUIO.

doTorpaduu 4acTH 3KCIEPUMEHTOB MIPEACTABICHBI HA PUCYHKE 4.

BHe nutana skcnepumenTa ObUI0 IPoBeAeHO PpezepoBaHue ac(haabToOETOHHOro 0Opasia
[0 CHUJIOBOMY 3aMBIKAHUIO C HCIOJb30BAaHHEM B KauyeCTBE YNPYTUX DJIEMEHTOB MpPY>KUH
NEepeMEHHOH JKECTKOCTH, UMUTHPYIOIUX pa3NnudHylo kEcTkocTh cuctembl OUII. Habmonenue
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MoKasajo, 4to BiausHue )ECTKOCTH cuctemMbl OUIT Ha oTkioHEeHHME npoduis dhpesepoBaHus HE
JMHEHHO W HApacTaeT JIABUHOOOPAa3HO C YMEHBIICHUEM JKECTKOCTH CHUCTEMBI (TTOBBILICHHEM e
YIPYTOCTH).

Bo3MoxxHO wncmonb3oBaHKME pPa3pabOTaHHBIX AJTOPUTMOB AJAaNTUBHBIX 3HAKOBBIX U
NPOTIOPIHMOHATBHBIX MOJHANAZOK. B pe3yiprate MOAECTHUPOBAHUS MO UCXOAHOM BBIOOPKE OBILIO
MOJIyYeHO YMEHBIICHHUE CPETHETO 3HAYCHHUS OT(Ppe3epOBaHHON MOBEPXHOCTH BBITOpoB Ha 20 %

IPU HCIOJB30BAaHUU 3HAKOBBIX IMYJIbCUPYIOIIMX TOJHAIAJOK IEPEMEHHBIM HMITYJIbCOM.
CpaBHEHHE pe3ynbTaToB (pe3epoBaHusi acPaTbTOOCTOHHOTO TIOKPBITHS C MPUMEHEHHEM
JOPOXKHBIX (pe3 IS yIpyroro (CHIOBOTO) U JKECTKOTO (KOOPAMHATHOTO) 3aMBIKaHUS (PHCYHOK

1 — ynpyroe 3aMblkaHue, 2 — )K€CTKOE 3aMbIKaHHE

Puc. 5. CpaBHeHMe pe3ybTaToB (Gpe3epoBaHus JOPOKHOTO HOKPBITHS C IPHMEHEHHEM JOPOXKHBIX (Gpe3

Pazpaborana TexHosornueckas cxema (pe3epoBaHUS BBIIOPOB KOJEHU JIOPOKHOTO
MOKPBITHSI,  TMOATBEpPkKACHa A()PEKTUBHOCTh  KECTKOro  (KOOPAMHATHOTO)  3aMBIKaAHUS
TEXHOJIOTUYECKOH CXeMbI (ppe3epoBaHMs IO CPABHEHUIO C YIIPYTUM (CHUIIOBBIM) METOIOM.

Hcnonb3oBanue pe3ynbTaToB pabOThI MO3BOJIUT Oosiee 3((HEKTUBHO MPOBOAUTH PAOOTHI
10 CTPOUTENBCTBY, PEMOHTY U COAEP)KAHUIO aBTOMOOMIIBHBIX TOPOT, 00ecneduTh TpeOyemble
TPAHCHOPTHO - IKCIUTyaTAl[HOHHBIC XapaKTEPUCTHKH, COXPAHHOCTh aBTOMOOMIBHBIX JOPOT H
0€30MMacHOCTh IOPOKHOTO JBHKCHUS.

3akiaroueHue.

B pesynprare mpoBeAEHHOTO HCCIIEAOBAaHUS ObUIM pealu30BaHbl LENW W 3a7ayH,
NOCTaBJICHHBIE B pa0oTe, C WCHOJIb30BAHUEM KOMIUIEKCHOTO TIOAXO0JId, BKJIFOYAIOIICTO
TeopeThYeckoe 00OCHOBaHHE, YHCICHHOE MOJICINPOBAHUE, SKCIIEPUMEHTAIbHBIC UCIIBITAHUS H
aHaJIM3 pe3yJIbTaTOB pabOThl aBTOMATU3WPOBAHHBIX JOPOXKHBIX (pe3. OCHOBHOH IENbIO
UCCIIeIOBaHMsT OBLIO  pa3paboTarh W OOOCHOBAaTH METOAMKY TOYHOCTHOTO YIpPaBJICHHUS
(bpe3epoBaHuEM KoJIel Ha aBTOMOOHJIBHBIX jJoporax PecmyOmuku Kaszaxcran aisi MOBBIIICHUS
POBHOCTH JOPOKHOTO TOKPBITHSA, OOecledeHnuss Oe30MacHOCTH JOPOKHOTO JBMXKCHUS H
CHIDKEHHSI BEPOSTHOCTH JIOPOIKHO-TPAHCIIOPTHBIX IMPOUCIICCTBUIA.

Jiss  nOCTHKEHUWS TIOCTAaBIICHHBIX IIEJIeH HCIONB30BAIIMCh COBPEMEHHBIE METOBI:
OECKOHTAKTHBIC JIa3epHBIC TATYUKHU C BBICOKOH TOUHOCTHIO H3MEPEHHSI, CHCTEMBI OOPATHOM CBS3U
C KOPPEKTHPYIOIIMMH TEPEMEHHBIMH TepeMeleHusIMU (pe3bl, nuppoBoe MOICTUPOBAHHE
MIOBEPXHOCTH JIOPOKHOTO TIOKPBITUS M DKCTICPUMEHTAIBHBIC UCTIBITAHUS HAa CTEHJIE C JUCKOBBIMU
dpe3amu quamerpom 110 1 230 mm. Takoit KOMIUTEKCHBIN ITOAXO0/T TIO3BOJIIII MAKCUMAIBHO TOYHO
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BOCIPOM3BECTHU pealbHbIC YCIOBUS B3aUMOACHCTBUS PEKYIIUX 3JIEMEHTOB € ac(haabTOOETOHOM U
OIICHUTH BIMSIHUE (PAKTOPOB, KOTOPHIE paHee HE YUYUTHIBAIUCH B TPAJAUIIMOHHBIX KOHCTPYKIHSIX
CTPOUTENBHBIX U JOPOKHBIX MamuH. Cpenn Takux (PakKTOpPOB — U3HOC PEKYIIUX UHCTPYMEHTOB,
Temrneparypusie aedopmarun padbounx opranos u C/IM, n3MeHeHH MEXaHUUECKUX TapaMeTPOB
HAIUTBIBOB KOJIEH, a TaK)Ke KOoJeOaHUs 1aBJIEHUS! B THEBMOILIMHAX.

OKClepUMEHTAJIbHbIE  pEe3yJibTaThl IOKa3alM, 4YTO NPUMEHEHHWE YIPaBIEHUS IO
IpUPAIICHUIO TIepeMelIeHnid (ppesbl, a Takke HUCIOJIb30BaHUE HU(POBBIX MOJENeH TOPOKHOTO
HOKPBITHSL ~ MO3BOJISIIOT ~ CYIIECTBEHHO  CHU3UThb  CPEJHEKBAaAPATUYECKUE  OTKJIOHEHUs
¢bpe3epoBaHHON MOBEPXHOCTH, YMEHBUIMTH pa3Opoc MOrpemHocTel M 00ecnedyuTh TOYHOE
coOumoieHre mpoQuiIs JOPOKHOTO MOKPHITUS. [IpH 3TOM KOMITIEHCHPYIOTCS IeTePMUHHPOBAHHBIE
U TIEpUOJUYECKUE COCTABIISIIOIIME OTKJIOHEHHH, MOBBIIIAETCS TOYHOCTH MPO(YHUINPOBAHUSA,
o0ecrieuynBaeTcss POBHOCTh IOBEPXHOCTH U, KakK CIIEACTBHE, IOBBIIIAETCS O€30MacHOCTh
IBWKEHUs. DaKTHUUEeCKH  BIEpPBbIE INPUMEHEH MNPUHLUUI  TOYHOCTHOTO  YIIPABIIEHUSA
¢dpe3epoBaHMEM KOHKPETHBIX 3JEMEHTOB aBTOMOOWJIBHOM IOpOTH, BKIIOYas yCTpaHEHUE
OOKOBBIX HAILIBIBOB KOJIEH, YTO 3HAYUTENIHHO PACIIUPSET BO3MOXHOCTH aBTOMAaTH3UPOBAHHBIX
JIOPOKHBIX MAIIHH.

BrIBOABI MccnenoBaHUs MOATBEPKAAOT UCTUHHOCTH BBIABUHYTOIO aBTOPOM Te€3HcCa O
HEOOXOIMMOCTH TPUMEHEHHUSI TOYHOCTHOTO YIpaBleHHs (ppe3epoBaHMEM W TOKAa3bIBAIOT, YTO
MPEAJIOKEHHBIM MMOAX0J TMO3BOJISIET YJIYUYLIUTh Kaye€CTBO PEMOHTA JOPOXKHOIO TMOKPBITHUS,
YMEHBUINTh W3HOC MHCTPYMEHTOB M TIOBBICHTH SKOHOMHYECKYIO 3(PPEKTHBHOCTH PEMOHTHBIX
pabot. IlpakTHueckoe 3HaYeHHE peE3yJbTATOB 3aKIIOYAETCS B BO3MOKHOCTH HMHTETPALUU
pa3paOOTaHHBIX METOJIOB YINPABJIEHHUS B COBPEMEHHBIE CHUCTEMBI UYHCJIOBOIO MPOTrPAMMHOIO
ynpasnenus (UI1Y) C/IM, uTo oTKpbIBaeT NePCIEeKTUBHI AJIsl CTAaHIaPTU3AIMH TEXHOIOTHYECKIX
IPOIIECCOB MPO(UIMPOBAHUS I PEMOHTA KOJIEH Ha aBTOMOOMIIBHBIX JIOPOTaX.

[lepcnekTuBBl AAIBHEMIIMX MCCIIEIOBAHUNA BKIIFOYAIOT COBEPIIEHCTBOBAHKUE aJITOPUTMOB
yIOpaBJIEHUS C Y4ETOM Ppa3JIMYHBIX KIMMATUYECKUX, IKCIUIYyaTAllMOHHBIX U KOHCTPYKTHMBHBIX
(akTopoB, pa3pabOTKy METOJOB MPOTHO3UPOBAHUS M3HOCA PEXYLUIMX HHCTPYMEHTOB U
ONTUMH3AIMIO NAPAMETPOB pabOTHl (pe3 IS Pa3IUYHBIX THIIOB JOPOKHBIX MOKPBITHHA. Taxoke
BO3MOXKHO pacHIMpeHue 00JIaCTU MPUMEHEHHS MOTYYSHHBIX PEe3yJbTaTOB HA PEKOHCTPYKIHIO U
MOJIEPHU3AIMIO CYIIECTBYIOUINX JTOPO’KHBIX MAIlWH, CO3/JaHHE aBTOMATHU3MPOBAHHBIX CHCTEM
MOHHMTOPHUHTA COCTOSIHHS JIOPOXKHOTO IMOKPBITUS M TOBBIIICHHE HAJEKHOCTH M 0€30MacHOCTH
TPAHCIIOPTHON HHPPACTPYKTYPHI B LIETTOM.

Takum oOpa3om, MpoOBEAEHHOE UCCIIEIOBAaHUE HE TOJIBKO MOATBEPKIACT MPAKTUUYECKYIO U
TEOPETUYECKYI0 3HAYMMOCTh TOYHOCTHOTO YIpaBlieHUs (ppesepoBaHHEM KOJIeH, HO M BHOCHT
BKJIaJ] B Pa3BUTHE HAYKH O CTPOMTENBCTBE U SKCIUTyaTallUd aBTOMOOMJIBHBIX JOPOT, CO37aBas
OCHOBY JJIs1 aJIbHEUILEr0 COBEPIICHCTBOBAHUS TEXHOJIOTHMI PEMOHTa JOPOKHBIX MOKPBITHI U
MOBBILICHHS 0€30ITaCHOCTH ABM)KEHUA Ha Tepputopun Pecrrybnuku Kasaxcran.

JIMTEPATYPA

Kozbagarov, 2020 — R.A. Kozbagarov, K.A. Zhussupov, E.B. Kaliyev, M.N. Yessengaliyev, A.V.
Kochetkov, N.C. Kamzanov. Development of control suspension of attachment of a bulldozer // News of the National
Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. — Volume 4,
Number 442. — 2020. — P. 166—174. [Eng.]

Kulgildinov, 2019 — M.S.Kulgildinov, R.A. Kozbagarov, A.U. Dauletkulova, N.S.Kamzanov. Improvement
of parameters of road mills for repair works on elimination of ruts on road surfaces // The Scientific Journal of the
Modern Education & Research Institute. — The Kingdom of Belgium. — 2019. — Nel1l. — P. 31-36. [Eng.]

Kozbagarov, 2021 — R.A. Kozbagarov, M.V. Taran, K.A. Zhussupov, A.E. Kanazhanov, N.S. Kamzanov,
A.V. Kochetkov. Increasing the efficiency of motor graders work on the basis of working elements perfection // News
of the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. —
Volume 1, Number 445. — 2021. — P. 98-105. [Eng.]

Kozbagarov, 2021a — R.A. Kozbagarov, N.S. Kamzanov, Sh.D. Akhmetova, K.A. Zhussupov, Zh. Kh.
Dainova. Improving the methods of milling gauge on highways // News of the National Academy of Sciences of the
Republic of Kazakhstan, Series of Geology and Technical Sciences. — Volume 3, Number 447. — 2021. — P. 87—
93. [Eng.]

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




Industrial Transport of Kazakhstan. Vol.22 (4). 2025

Kymerumeauaos, 2020 — KymerumpaumaoB M.C., Kamzanos H.C., BermvkynoBa D.A. AHanuTudeckuit
0030p MeTO/I0B (hpe3epoBaHus KOJEH JOPONKHOTO TOKphITUs U ee BbinopoB // Bectnuk KazATK (crermanbHbiit

BBITyCK). — AsnmaTtsl: Ka3axckas akamemMus TpaHCIIOpTa M KOMMYHHKanui uMeHn M. TeiapimmaeBa. — 2020. —
Tom 1. — C. 77-82. [Russ.]
Kyneruneaunos, 2020b — Kynerunpauno M.C., KamszanoB H.C., berumkymoBa 3.A. Ilytn

COBEPUICHCTBOBAHUS TEXHOJIOTHU U aJITOPUTMOB aBTOMAaTHUECKOTO yIIpaBiieHHs pe3epoBaHueM Koiien // BecTHHK
Ka3ATK (cneunanbhsliii Boityck). — Tom 1. — Anmater: Kazaxckas akajemMus TpaHCIIOPTa U KOMMYHUKAIMHA HMEHU
M. Tembimmnaea. — 2020. — C. 207-214. [Russ. ]

Kynsrunsaunos, 2020c — Kynerunsaunos M.C., KouetkoB A.B., Kamzanos H.C., berumkynosa 2.A. XKon
(pe3achbIHBIH JKYMBIC OPTaHBIHBIH KOOPJAMHATTBHIK TYHWBIKTANYbl Ke3iHzae (pe3epiey NpOIEciH SKCIEPUMEHTTIK
seprrey // Matepuansr XLIV  MexayHapoqHOH HaydHO-TIPAKTUYECKOH KoH(pepeHmn «l/HHOBaIlMOHHEIE
TEXHOJIOTHH Ha TPaHCIIOpTE: 00pa3oBaHue, HayKa, nmpakTuka». — Ammatel: KasATK. — 17.04.2020. — C. 100-103.
[Kaz.]

XKynycos, 2021 — XKynycos b. XKon ¢pesanay rexnonoruscoi xetinaipy // Kazakcran sxonuapsr. — 2021.
— Ne 7. — C. 45-50. [Kaz.]

Wsanos, 2019 — HMeanoB I1.A. Modern methods of asphalt milling and road maintenance. — Moscow:
Transport Publishing. — 2019. — 184 ¢. [Eng.]

Ceprees, Kopanes, 2020 — Ceprees B.B., KoBanes A.M. ABromaTtuzaiiusi J0pOKHBIX MalldH: TEOPUSI U
npaktuka // Mamuaocrpoenue. — 2020. — Ne 12. — C. 65-73. [Russ.]

REFERENCES

Kozbagarov, 2020 — Kozbagarov, R.A., Zhussupov, K.A., Kaliyev, E.B., Yessengaliyev, M.N., Kochetkov,
A.V., Kamzanov, N.C. (2020). Development of control suspension of attachment of a bulldozer // News of the
National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. — Vol. 4,
Ned42. — P.166—174. [in Eng.]

Kulgildinov, 2019 — Kulgildinov, M.S., Kozbagarov, R.A., Dauletkulova, A.U., Kamzanov, N.S. (2019).
Improvement of parameters of road mills for repair works on elimination of ruts on road surfaces // The Scientific
Journal of the Modern Education & Research Institute. — Kingdom of Belgium. — Nel1. — P.31-36. [in Eng.]

Kozbagarov, 2021 — Kozbagarov, R.A., Taran, M.V., Zhussupov, K.A., Kanazhanov, A.E., Kamzanov, N.S.,
Kochetkov, A.V. (2021). Increasing the efficiency of motor graders work on the basis of working elements perfection
// News of the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical
Sciences. — Vol.1, Ne445. — P.98-105. [in Eng.]

Kozbagarov, 2021a — Kozbagarov, R.A., Kamzanov, N.S., Akhmetova, Sh.D., Zhussupov, K.A., Dainova,
Zh.Kh. (2021). Improving the methods of milling gauge on highways // News of the National Academy of Sciences
of the Republic of Kazakhstan, Series of Geology and Technical Sciences. — Vol.3, Ne447. — P.87-93. [in Eng.]

Kulgildinov, 2020 — Kulgildinov, M.S., Kamzanov, N.S., Begimkulova, E.A. (2020). Analiticheskii obzor
metodov frezerovaniya kolei dorozhnogo pokrytiya i ee vyporov [Analytical review of methods of milling road rut
and its defects] // Vestnik KazATK (special issue). — Almaty: Kazakh Academy of Transport and Communications
named after M. Tynyshpaev. — Vol.1. — P.77-82. [in Russ.]

Kulgildinov, 2020b— Kulgildinov, M.S., Kamzanov, N.S., Begimkulova, E.A. (2020). Puti
sovershenstvovaniya tekhnologii i algoritmov avtomaticheskogo upravleniya frezerovaniem kolei [Ways to improve
technology and algorithms of automatic rut milling control] // Vestnik KazATK (special issue). — Vol.1. — Almaty:
Kazakh Academy of Transport and Communications named after M. Tynyshpaev. — P.207-214. [in Russ.]

Kulgildinov, 2020c — Kulgildinov, M.S., Kochetkov, A.V., Kamzanov, N.S., Begimkulova, E.A. (2020).
Zhol frezasynyn zhymys organynyn koordinattik tuykhtaluy kezinde frezerleu protsesin eksperimentalnyi zertteu
[Experimental study of milling process during coordinate closure of road milling machine working body] // Materials
of XLIV International Scientific-Practical Conference “Innovative Technologies in Transport: Education, Science,
Practice”. — Almaty: KazATK. — 17.04.2020. — P.100-103. [in Kaz.]

Zhunusov, 2021 — Zhunusov, B. (2021). Zhol frezalau tekhnologiyasyn zhetildiru [Improvement of road
milling technology] // Qazagstan zholdary. — 2021. — Ne7. — P.45-50. [in Kaz.]

Ivanov, 2019 — Ivanov, P.A. (2019). Modern methods of asphalt milling and road maintenance. — Moscow:
Transport Publishing. — 184 p. [in Eng.]

Sergeev, Kovalev, 2020 — Sergeev, V.V., Kovalev, A.M. (2020). Avtomatizatsiya dorozhnykh mashin:
teoriya i praktika [ Automation of road machines: theory and practice] // Mashinostroenie. — 2020. — Nel12, — P.65—
73. [in Russ.]

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



Industrial Transport of Kazakhstan. Vol.22 (4). 2025

Industrial Transport of Kazakhstan

ISSN 1814-5787 (print)

ISSN 3006-0273 (online)

Vol. 22. Is. 4. Number 88 (2025). Pp. 45-55
Journal homepage: https:// prom.mtgu.edu.kz
https://doi.org/ 10.58420.ptk.2025.88.04.004
V]IK 621.892.09

IMPROVING THE OPERATIONAL PROPERTIES OF TRANSMISSION OILS OF
GROUND TRANSPORT AND TECHNOLOGICAL MEANS BY ELECTROPHYSICAL
METHODS

V. Perevertov’, G. Afanasyev’, M. Abulkasimov**, M. Akaeva’®
'Samara State Transport University, Samara, Russia;
Bauman Moscow State Technical University, Moscow, Russia;
*International University of Transport and Humanities, Almaty, Kazakhstan.
E-mail: abilkk@mail.ru

Valeriy Perevertov — candidate of Technical Sciences, Samara State University of Railways and
Communications, Samara, Russian Federation

E-mail: prkom@samgups.ru, https:/orcid.org/0009-0006-7115-8093;

Gennady Afanasev — candidate of Technical Sciences, Moscow State Technical University
named after N. E. Bauman, Moscow, Russian Federation

E-mail: afanasyev-g@yandex.ru, https:/orcid.org/0000-0002-1896-1315;

Manas Abulkasimov — candidate of Technical Sciences, Moscow State Technical University
named after N. E. Bauman, Moscow, Russian Federation

E-mail: abilkk@mail.ru, https:/orcid.org/0009-0004-7358-661X;

Madina Akayeva — candidate of Technical Sciences, International University of Transport and
Humanities, Almaty, Kazakhstan

E-mail: akaeva.madina@mtgu.edu.kz, https:/orcid.org/0009-0008-2866-7831.

© V. Perevertov, G. Afanasev, M. Abulkasimov, M. Akayeva

Abstract. Improving the performance properties of transmission oils is a relevant task in
the modern transport and mechanical engineering industry, as the efficiency of ground transport
and technological equipment (GTT) directly depends on the durability and reliability of its
transmissions. In the context of growing requirements for resource saving and reduction of
maintenance costs, the development of methods to enhance oils has both practical and scientific
significance. The aim of the study is to investigate the influence of gamma radiation and ultrasound
on the physicochemical and operational properties of transmission oils in order to improve their
anti-wear and anti-friction characteristics. Research objectives include: analysis of existing
methods for improving the operational properties of transmission oils; determination of optimal
modes of gamma irradiation and ultrasonic treatment; investigation of changes in viscosity,
corrosion resistance, impurity dispersion, and anti-friction properties of oils; comparative
assessment of the effectiveness of different treatment methods. Results showed that gamma
irradiation with a dose of 6000 rad for 30 minutes and ultrasonic treatment of TM 1-18 (TEp-15)
oil for one hour at a frequency of 20 kHz significantly improved the anti-wear properties of oils.
The wear scar diameter decreased, and the critical load and welding load increased by 10—15%
compared to commercial oils. The optimal treatment modes maintain effectiveness at operating
temperatures of transmission units (60—80°C) and ensure the stability of oil properties during long-
term storage. The study confirmed that modern physicochemical methods of oil treatment can
significantly enhance the operational properties of transmission fluids, increase the service life of
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transmission parts, and reduce mechanical wear. The results can be applied for developing
industrial technologies to improve oils and increase the reliability of GTT.

Keywords: transmission oils, anti-wear properties, ultrasonic treatment, gamma radiation,
oil film, durability, GTT
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AnHoTtanusi. TpaHCMHUCCHS MalIapbIHBIH OKCILTYyaTalUsIIBIK KACHETTEPIH JKaKCcapTy
Ka3ipri 3aMaHJarbl KeJIiK JKOHE MalllhHa jKacay cajachl YIIIH ©3eKTi Macesie O0bIn TaOblLIabl,
ce6e0i KepyCTi TPaHCTOPTTHIK-TEXHONOTHUTBIK KypannapasiH (QKTK) Trimainiri onapasiH 6epik
YKOHE CeHIM/I1 TpPaHCMUCCHSICBhIHA TiKeTel OainanbIicThl. PecypcTapabl yHEM ey )KOHE TEXHHUKAIBIK
KBI3MET KOpCeTy UIBIFBIHIAPBIH a3aiTy TallanTapblHBIH apTybl >KaFdalblHAa MalmapibiH
KACHETTEPIH JKaKCapTy dJIICTEPiH d3ipJiey MPAKTUKAJIBIK KOHE FRUIBIMU MaHBI3bI 0ap. 3epTTey/liH
MaKcaThl — TaMMa COYJIeJICHyl JKOHE YJIbTPAABIOBICTHIK QCEPiHIH TPAHCMUCCHS MalIapbIHBIH
bu3MKa-XUMHUSIIBIK KOHE SKCIUTyaTalUsUIbIK KACHETTEpiHE SCepiH 3epTTey apKbUIbl OJIap/bIH
TO3yFa JKOHE YHKeNiCKe Kapchl KacHeTTepiH apTThIpy. 3epTTey MIiHAETTepi: TPaHCMHUCCHS
MaMIapbIHbIH SKCIUTyaTalUsUIBIK KaCHETTEepiH JKaKcapTy 9MICTEpiH Tajjay; raMMma coyleleHyl
KOHE YIBTPAIBIOBICTHIK OHICY/IIH OHTAWIBI PEKUMICPIH aHBIKTAY; MAWIapIbIH TYTKBIPIILIFHI,
KOPpO3HsSFa TO3IMIUNI, KOCHAJIAPAbIH JUCIEPCTIIIr KOHE YHKeJIiC KacHeTTepiHeri
e3repicTepai 3epTTey; OpTYpJi OHIEY ONICTepiHIH THIMIUILIH CalbICThIpMalbl Oaranay.
Hormxenep kepcerkenaeit, 6000 pan mo3ackimen 30 MUHYT ramma coylienenyi xone TM 1-18
(TOm-15) maiteiaeie 20 k[ 11 xKuiTiKTE Oip CaFATTHIK YIBTPAABIOBICTHIK OHJICY1 MAaIap IbIH TO3yFa
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Kapchl KacHETTepiH aiTapibIKTail »akcapTThl. YJTUIEpAIH TO3y AaFbl a3ailibl, KPUTHUKAJBIK
KYKTeMe MeH JoHekepiney xkykremeci 10-15% aprrel. OHTaWABl eHAEYy pexuMuaepi
TPAaHCMHUCCUSHBIH KYMbIC Temriepatypanapsl (60—80°C) ke3iHje THIMAUTIKTI cakram, Mai
KAaCHETTEPiHIH Y3aK YaKbIT TYPAKTHUIBIFBIH KaMTaMachl3 €Teli. 3epTTey KOPCEeTKeHIIEeH, Ka3ipri
3aMaHfbl  (DU3MKA-XUMUSAJBIK Mail  eHJEy OICTepl TPaHCMHUCCUS  CYMBIKTBHIKTApPBIHBIH
OKCIUTYyaTAIMSUIBIK KaCHEeTTEPiH aWTapibIKTail jkakcapTa ajajbl, TPAHCMHUCCHS OOJIIeKTepiHiH
KbI3MET MEp3iMiH y3apTabl ’KOHE MEeXaHU3MIEP/IiH TO3YbIH a3aiiTansl. HoTmxkenep eHepkacinTiK
Mail eHzey TexHosorusuiapbiH a3ipiaeyae xoHe JXTK cenimainirin apTTeipya KOJIAHBUTYBI
MYMKiH.

Tyiiin ce3aep: TpaHcMucCcHs Maiylapbl, TO3yFa Kapchl KacHETTEp, YJIbTPAAbIOBICTHIK
OHJICY, TaMMa CoyJIeJIeHY, Mail IJIeHKAChl, y3aK Mep3imMainik, JKTK
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AuHoTanus. [loBbIlIEHHE SKCIUTyaTaAMOHHBIX CBOMCTB TPAHCMUCCHOHHBIX Macel
ABJISIETCS] aKTyaJlbHOW 3a7aueil COBPEMEHHOM TPAaHCIOPTHOM U MAaIIMHOCTPOUTEIBHON OTpaciH,
MOCKOJNBKY 3P PEKTUBHOCTH PabOTH HA3EMHBIX TPAHCTIOPTHO-TeXHONMOTHYeckuX cpencts (HTTC)
HaIpsIMYIO 3aBUCHUT OT JOJITOBEYHOCTH M HAJIEKHOCTH UX TPAHCMHUCCHUN. B ycrmoBusAx pacTymmx
TpeOOBaHUI K pecypcocOCpeKCHHIO M CHUKCHHIO 3aTpaT Ha TEXHUYECKOE OOCITyKHBaHUE
pa3paboTKka METOJIOB YJIY4IIEHUS Macel MMEeT BaKHOE MPAKTHUYECKOe W Hay4yHOE 3Ha4YeHHE.
L{enbro UccieIOBaHUS SIBISICTCS H3yUEHUE BIUSHUS FaMMa-H3IIyICHUS U YIbTPa3ByKa Ha (PU3HKO-
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XUMHUYECKHUE U IKCIUTYyaTallHOHHbIE CBOMCTBA TPAHCMUCCHOHHBIX MACEII C LIEJIbIO OBBIILIEHUS UX
NPOTHBOM3HOCHBIX M AHTH()PUKIMOHHBIX XapaKTEPUCTUK. 3aladd HMCCIEIOBAHUS BKIIOYAIOT:
aHaJIU3 CYLIECTBYIOIINX METOJOB YJIYUIIEHHUS SKCIUIyaTallMOHHBIX CBOMCTB TPAHCMHUCCHOHHBIX
MaceJ; OTpeIeJICHNEe ONTUMAIIBHBIX PEKHUMOB raMMa-00JIydeHHs ¥ yIbTPa3ByKOBOH 00pabOTKH;
UCCJIE0BAHNE HW3MEHEHMI BA3KOCTH, KOPPO3HMOHHBIX CBOMCTB, IUCIEPCHOCTH NIpHUMECEH U
AaHTHU()PUKIIMOHHBIX XapaKTEPUCTUK MACENT;, CPaBHUTEIbHAs OlleHKa 3()()EKTUBHOCTH PA3INIHBIX
MeTo10B 00paboTku. Pe3ynbpTaThl mokazanu, yTo raMMma-o0nydenue 10301 6000 pag npu BpeMeHu
30 MUHYT ¥ yIbTpa3ByKoBas obpaboTka macia TM 1-18 (TDmn-15) B TeueHre oHOTO Yaca mpu
yactoTre 20 k'l 3HAYNTENBHO YJIy4IIalOT MPOTUBOU3HOCHBIE CBOICTBA Maceln. /[namerp nsarHa
M3HOCA YMEHBIIAJCS, KPUTUYECKAsl Harpy3Ka M Harpyska cBapuBaHus mnosblmanuck Ha 10—15%
[0 CpPaBHEHHUIO C TOBapHBIMU Maciamu. ONTuMajbHble PEXUMBI OOpPabOTKH COXPaHSIOT
3¢ (dEeKTUBHOCT TIpH pabouyux TemrepaTypax y3noB Tpancmuccuu (60-80°C) u obecriedynBaioT
CTaOUIIPHOCTh CBOMCTB Macia MpH ATUTENbHOM XpaHeHuH. [IpoBenéHHble HcclIea0BaHUs
HNOJTBEPAMIN, YTO COBPEMEHHBIE METOJBI (PU3UKO-XMMHUYECKOH 00pabOTKH Macend CHOCOOHBI
CYIIECTBEHHO MOBBICUTh JKCIUTYyaTallHOHHBIE XapaKTEPUCTUKH TPAHCMHCCHUOHHBIX >KHJIKOCTEM,
YBEIMUUTh peCypc JAeTalell TPaHCMHUCCUUM W CHHU3UTh H3HOC MeXxaHu3MoB. llomyueHHble
pe3yJIbTaThl MOTYT OBITH IPUMEHEHBI JIJIs1 Pa3paOOTKH MPOMBIIUIEHHBIX TEXHOJIOTHH YIydIlIeHUs
Macen u nossimenus HagéxHoctu HTTC.

KiroueBble  cjiOBa: TPaHCMHCCHUOHHBIE ~ Macia,  IPOTHUBOU3HOCHBIE  CBOMCTBA,
yIIBTpa3ByKoBasi 00paboTKa, raMMa-U3JIy4eHUe, MacisgHas TIeHKa, Joiaroseynocts, HTTC

Juas umtupoBanus: B. IlepeseproB, I'. AdanacreB, M. AOynkacumoB, M. AkaeBa
VYiyuiieHne 5KCITyaTallMOHHBIX CBOMCTB TPAHCMHUCCHOHHBIX MAacesl Ha3€MHBIX TPAHCIIOPTHO-
TEXHOJOTHYECKHX CPEACTB dJeKTpodusnueckumu meTogamu // IIOMBINIIEHHBIH TpaHCIOPT
Kazaxcrana. 2025. T. 22. No. 88. Crp. 45-55. (Ha pyc.).
https://doi.org/10.58420.ptk.2025.88.04.004.

KoH(pJIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(DIMKTAa HHTEPECOB.

Beenenue

[ToBbIIeHre HAAEKHOCTH HAa3eMHBIX TpaHCMOPTHO-TexHoJorndeckux cpeactB (HTTC)
OCTAaETCs OJJHOM U3 KIIIOYEBBIX 3a/1a4 COBPEMEHHON NMPOMBILIIICHHOCTH U TPAHCIIOPTHOM OTPaciIy,
HOCKOJIbKY 3((EKTUBHOCTh HKCIUTyaTallud TEXHUYECKUX KOMILIEKCOB HAIpPSIMYIO 3aBHCUT OT
JIOJTOBEYHOCTH M pabOTOCIIOCOOHOCTH MEXaHM3MOB. B ycloBHSAX COBpeMEHHBIX TpeOOBaHUN K
pecypcy MalMH, HEOOXOAMMOCTH CHIKEHHUS 3aTpaT Ha TEXHHUYEeCKoe OOCTy>KMBaHUE W
YBEJIMYEHUS] TPOU3BOJCTBEHHOM OTIauM, MpoOjeMa yBEeNIMYEHHUsS IKCIUTYyaTal[HOHHBIX CBOMCTB
CMa304HbIX MaTepHaJIOB MpHoOpeTaeT ocodyro akTyanbHocTh (MKnaHos, 2014: 160-170; XKocan,
2018: 75-79; Hazaposa, 2019: 34-41; I1epeBepTos, 2020: 54—-63).

O6ocHoBaHME BHIOOpPa TEMBI CBSI3aHO C TEM, YTO HECMOTpPS Ha CYIIECTBYIOIIHE
UCCIIEIOBAaHMs B O0JIACTH ONTUMH3AIMU CBOWCTB TPAHCMHUCCHOHHBIX Macej, MHOTHE BOIIPOCHI
OCTaOTCSI HEAOCTATOYHO U3yUYE€HHBIMH, OCOOEHHO B acleKTe IPUMEHEHUS COBPEMEHHBIX METO/I0B
YIIy4IIEHUs SKCIUIYyaTallMOHHBIX XapaKTEpUCTUK, TaKUX KaK BO3ACHCTBHE HOHU3UPYIOLLErO
U3IyYeHUs W YyJIbTpa3ByKa. AHalIM3 JIMTEPATypbl MOKa3bIBAET, YTO TPATULMOHHBIE METObI,
OCHOBaHHbIE Ha MOAOOpE ONTUMAIbHOW BA3KOCTH M J00ABIEHUM IPHCAJOK, HE IMO3BOJISIOT
MOJIHOCTBIO pEeajn30BaTh IMOTEHIMAT MOBBILIEHHS JIOJITOBEYHOCTH JeTaiieil 0e3 H3MEeHEeHUus
KOHCTpYKIMH MamuH. HoBble mNOAX0AbI, BKJIIOYash ramMma-oOJgydeHHe U YJIbTPa3ByKOBYIO
00paboTKy, OTKPHIBAIOT BO3MOKHOCTH JJI 3HAYUTEIBHOTO YJIyYIIEHHUS NMPOTHUBOM3HOCHBIX U
aHTU(PUKIIMOHHBIX CBOMCTB Macen 0e3 M3MEeHEeHus KOHCTpykuuu MexaHuzMoB (IlepeBepTos,
2020: 54-63).

AKTyanbHOCTh ~ HCCIEIOBaHMA  ONpEAeNseTcs  MPaKTHYECKOW  HE0O0XOAMMOCTBHIO
YBEJIMUYEHUSI pecypca MEXaHHYECKHMX TPAHCMHUCCUH 10 TOJHOTO CpPOKa CIIy>KObI, CHM)KEHHEM
u3Hoca peraned u moBbimieHHeM HddextuBHocT HTTC. Hayunas 3HaumMocTh pabOThI
3aKJIIOYAETCSl B U3YYEHUU (PU3MKO-XMMHUYECKHX M SKCIUTyaTallMOHHBIX M3MEHEHUH Macen HoJ
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BO3/ICIICTBMEM BHEIIHUX (DaKTOpPOB, a Takke B pa3padOTKe KPUTEPUEB OICHKH HX
3¢ GEKTUBHOCTH, BKIIIOYAsi TOJIIMHY MACISHON IUICHKH, TUAMETp MSTHA U3HOCA U CyMMapHBIN
YToJ1 3aKpy4YMBaHUS BaJIOB.

OOBeKT uccienoBanus — TpaHcMUccuoHHbIe Macna Mapku TM 1-18 (TOn-15) gt HTTC.
[Ipenmer wucciemoBaHusi —  (UBUKO-XMMHYECKHE M OKCIUTyaTallUOHHBIE  CBOMCTBA
TPAaHCMMCCHOHHBIX MAcejl, U3MEHsIEMbIE 1I0]] BO3AEHCTBUEM raMMa-U3JIy4eHUs U YJIbTPa3ByKa.

Ilenp paGoThl — HM3yueHUE BIUSHUS HMOHU3UPYIOUIETO W3IY4YeHHUS W yIbTpa3Byka Ha
OKCIUTYyaTallMOHHBIE CBOMCTBA TPAHCMUCCHOHHBIX Macell C IEJbl0 MOBBILIEHUS HX
MIPOTUBOU3HOCHBIX U aHTU(PPUKIIMOHHBIX XapaKTEPUCTHUK.

3aaum UcCIe10BaHUS:

- MPOBECTH aHAIU3 CYIIECTBYIOUIMX METOJOB YJIYYIIEHUS CBOMCTB TPAaHCMHUCCHOHHBIX
Macer;

- OTpEeNIUTh ONTUMANIbHbIE PEXKUMBI BO3/IEHCTBUS TaMMa-U3IyueHUs U YIbTpa3ByKa Ha
Maclna;

- HCCIeloBaTh M3MEHEHUs (U3MKO-XMMHUYECKHUX TOKa3aTelied M AKCIUTyaTal[MOHHBIX
CBOMCTB Mace;

- CcpaBHUTH 3(PPEKTUBHOCTHh PA3ITMYHBIX CIMOCOOOB 00paOOTKM Macia W BBIIBUTH HX
BIIMSIHUE Ha JoaroBedHocTh TpaHcmuccuit HTTC.

MeTtoapl nccienoBaHUsl BKIIOYAIOT JIaOOpATOPHBIE MCIBITAHUS HA YEThIPEXIIapHUKOBOM
MAalIMHE TPEHUS, aHAJIU3 BSI3KOCTHO-TEMIIEPATYPHBIX CBOWCTB, KOPPO3HMOHHBIX U IUCIIEPCUOHHBIX
XapaKTepUCTHK Macja, a TakKe NMPUMEHEHHEe METOJ0B raMma-oOJyueHHus U YIbTPa3BYKOBOMU
00paboTKH.

['unote3a paboOThl COCTOUT B TOM, YTO NPHUMEHEHHWE HOHHU3UPYIOLIErO H3Iy4eHUs H
yJIbTpa3ByKa CIOCOOCTBYET CYIECTBEHHOMY YJIYYIIEHUIO JKCIUIyaTallMOHHBIX CBOMWCTB
TPAaHCMHMCCHOHHBIX MaceJ, YTO MO3BOJUT MOBLICUTH pecypc U HanéxHocTh HTTC Ge3 nzmenenus
KOHCTPYKLHUHU JETaJCH.

[IpakTHyeckoe 3HAUYEHHE MCCIEAOBAHUS 3aKIIOYAeTCS B BO3MOXKHOCTH BHEIPEHUS
pa3paOOTaHHBIX METOAOB JIJIsl HOBBILIEHMS I0ITOBEYHOCTH TPAHCMUCCUOHHBIX CUCTEM, CHUKEHUS
3aTpaT Ha TEXHHYECKOE OOCITyKMBAaHHE M YBEJIUYEHUS MPOU3BOJUTEIBHOCTH HA3EMHOTO
TPAHCIIOPTHO-TEXHOJOTUYECKOT0 000PY10BaHMUSL.

MarepuaJbl 1 METOIbI.

Hacrtosmass pabotra mnpeaycMaTpuBaeT H3y4YeHHE IyTed MOBBIMICHUS KadecTBa
TPAaHCMHMCCHOHHBIX Macell ¢ TPUMEHEHHUEM COBPEMEHHBIX METOJOB YIyuUlIeHHs UX
OKCIUTYaTAlMOHHBIX CBOWCTB. [lepCHEeKTHUBHBIM CIOCOOOM YIYUIIEHHS JKCILUTyaTallHOHHBIX
CBOMCTB MUHEpaJIbHBIX Maces 00eIaeT cTaTh BO3ACHCTBUE HA HUX MOHU3UPYIOMIMX HU3JTy4YEHUH,
IIPEKJE BCETO FraMMa-U3IyYeHHUS.

3anayamu 1a00PAaTOPHBIX M CTEHAOBBIX MCCIIEJOBAHUN SBJISETCS OMPEEIIEHUE PEKIUMOB
¥ MIHTEHCUBHOCTH 00Pa0OTKM TOBAPHOTO TPAHCMUCCHOHHOTO MacJa.

[enbto npeacTaBIeHHON pabOTHI ABISETCS - U3yUYEeHUE U3MEHEHUSI (PU3UKO-XUMUYECKHUX U
OKCIUTYaTAallMOHHBIX CBOMCTB TPAaHCMHCCHOHHBIX Macel BO3JEHCTBHEM HOHU3HUPYIOIIETO
U3ITyYeHUs U YJIbTpa3ByKa (METOJ 03ByUYHBaHU), HANPABICHHBIX HA YJIyYIlIEHUE UX KayecTBa U
noBsllIeHUE JojaroseuHoctu TpancMuccuit HTTC.

TeopeTnueckuM 000CHOBaHUEM IPUMEHEHHS METO/IA 10 YJTyUIICHUIO SKCIITyaTalllOHHBIX
CBOICTB TPAHCMHUCCHOHHBIX MAaCEJl SIBJISIETCS aHAJIU3 IIPOLIECCOB, IIPOTEKAIOUINX PU TPEHUH ABYX
MOBEPXHOCTEN B CpeJlie Macia, KOTOpble MOKHO pa3AeluTh Ha JIB€ IpyIIbL:1- B3auMopaencTre
MOJIEKYJI Macjia ¥ €ro KOMIIOHEHTOB C MOBEPXHOCTHIO TPYIIUXCS Tel, KOTOPOE MPUBOAUT K
W3MEHEHUI0, MOJU(PUKAINK TMOBEPXHOCTH;2- M3MEHEHHUE MPHUPOILI CaMOW Cpelbl, B KOTOPOH
B3aUMOIEUCTBYIOT naHHbIe Tena (Knanos, 2014: 160—170; XKocan, 2018: 75-79; Hazaposa, 2019:
34-41; IlepeBeptoB, 2020: 54—63).

[Mokazatensmu 3¢ dexkTuBHOCTH BBIODAaHHBIX ~ METOJIOB 1o YIIy4IIEHUIO
9KCIITyaTallMOHHBIX CBOMCTB TOBAapHBIX MAacCes MOTYT CIYXHUTb TOJIIIMHA MACISHON IUIEHKH (0),
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MIPOTUBOM3HOCHBIE CBOMCTBA MacJja 10 AUaMEeTpy MATHA U3HOCA HA YEThIPEXIIapUKOBON MallllHe
tpenusi (Du), kKak mabopaTopHble METOJAbI OLEHKH, W SKCIUTyaTallMOHHBIE METOIbl OICHKH
W3HALINBaHUS JeTajeil TPaHCMUCCHH 110 U3MEHEHUIO0 CYMMAapHOTO yIJla 3aKpy4YHBaHUs BaJIOB (o)
u koHueHtpanuu '"xeneza B macie" (F). CnocoOHOCT Macen o0pa3oBbIBaTh MAaCISHYIO
MPOCIIONKY MEX]Ty TIOBEPXHOCTSIMHU TPEHUS SIBISIETCS OAHUM W3 BaKHEHIIMX HKCIUTYaTaIl[MOHHBIX
CBOICTB, ompeAensomux n3Hoc netaneid. CienoBaTeNbHO, MacisgHas IUIEHKa MOXKET CIIY>KUTb
BaYXHBIM KpUTEPUEM, XapaKTEPHU3YIOIIUM TPOTUBOM3HOCHBIE CBOWCTBA Maca.

TakuM o00pa3oM, OCHOBHBIMH KPHUTEpPUSIMH B OLIEHKE CMasblBalollell CIOCOOHOCTH
KOMIIO3UIMI Maces ObUIK MPUHSATHL: TUaMeTp MSITHA U3HOCA, KpUTHYECKash Harpy3ka U Harpyska
CBapHUBaHMsL.

PesynabTaTsl 1 00cy:KIeHUSA

[lepcrieKTUBHBIM CIIOCOOOM  YJIyULIEHMs] HKCIUTYyaTalMOHHBIX CBOWCTB MMHEPAJIbHBIX
Macen o0elaeT cTaTh BO3ACHCTBHE Ha HUX MOHU3UPYIOLIUX W3ITy4YeHUH, Mpexkie BCero raMmma-
U3ITy4YEHUS.

I'amma-u3nydenns Co® oTHOCATCS K AIEKTPOMATHUTHBIM H3JTydeHHAM ¢ sHeprueit 1,25
M»5B. koTopele, B OTIMYKE OT 3apsKEHHBIX YaCTHUL, HE UMEIOT SPKO BbIpaXEHHOIro mpobera B
BEIIECTBE U MOJIHOCTHIO MOTJIOIIAIOTCS UM OJIHOM akTe B3aumojeicTBus. Ilog Bo3aeilicTBueM
raMMa-o0JIydeHHs] MPOUCXOMAT CIOXKHBIE IMPOIECCH, (PEeaKUuu MPHUCOCTUHEHUS, 3aMEIICHHS,
paZuKaloB K HEHACHIIIEHHOW MOJEKyJie, MOJMMepU3aluu, AeCTPYKIUH, CUHTE3, pa3joKeHHe,
OKHCJIEHUE, BOCCTaHOBJIEHHE U Jp.). IIpu mpoTrekaHMM HMOHU3HMPYIOIIMX IPOLECCOB B Maciax
MPOUCXOIUT U3MEHEHHE CTPYKTYPhI MOJIEKYJI, B KOTOPBIX YBEITUUUBACTCS CO/AEPKAHUE MOJIIPHO-
AKTUBHBIX COEAUHEHMUH, KOTOpPbIE M YJIyuyllatoT, B 3HAYUTEJIbHOI CTENEHH, €r0 CMa3bIBAIOILYIO
CIIOCOOHOCTh M AKCIUTyaTallMOHHBbIE cBoMcTBa. [IpoTekaHue mNpOIECCOB OCYLIECTBISAETCS 3a
BpeMs, KOTOpoe ONM3KO K HYJI0 M 3aBHCHUT OT BHEIIHHX (aKTOPOB, YCIOBHUH, CTPOCHHUS
MPOAYKTOB, OT Mepenadd U J03bl SHEPruu, MPHUCATOK U Pa3TUYHBIX J100aBOK, BIIAXKHOCTH,
TEeMIIepaTypbl, TOOTPapHH U T.11.

Csenenusi, coOpaHHbIe B HACTOAIIEE BpeMs, MO PaJUAIlMOHHON XMMHUU MHHEPATbHBIX
Macel HE IMO3BOJISIIOT TEOPETHUYECKH OOOCHOBAaTh IpollecC MPOTEKAHMUS paaUallMOHHO-
XUMHUYECKON peaklu, B CIeACTBUU MHOTOPaKTOpHOCTU. Takum 00pazom, CTPYKTypa U3MEHEHUs
Macenl MOXeT ObITh copMHpOBaHA MO OTACIBHBIM IIpoleccaM, TMPOUCXOISIIUM B
VH/IMBHIyaJIbHBIX OPraHMYECKUX COSTUHEHHIX (Maciax).

Metoauka oOJIy4eHHsT TPAHCMHUCCHOHHBIX Macesl. V3MeHeHHe (PU3MKO-XUMHUECKUX
MoKa3artesei TpaHCMUCCHOHHOTO ToBapHoro Macia TM 1-18 (TOmn-15) nmpousBoauiock npu ero
00Jy4eHuHu Ha raMMa-ycTaHoBke "®nopa-M".

['amma-ycTaHOBKa pa3MellleHa Ha ClielualbHO 000pya0BaHHON TeppuTopuu. McTtouHuk
ramma-usnydenns Co®® cocToMT 13 KOGaIbTOBBIX CTEPHKHEMN, YCTAHOBIEHHBIX B BOJHOM KaHbOHE
Ha MATHUMETPOBOM ITyOHHE, 4TO CO3JaeT MOJIHYI0 0€30MacHOCTh /ISl MOA0OHOT0 Pojia yCTAaHOBOK.

MOXHO MPUHATH, YTO MOIIHOCThH J103bl IPU MaJBIX CPOKAX OOJy4YEHHs MOCTOSIHHA II0
BPEMEHHU U, CIIEIOBATEIbHO, MHUIIUUPYIOLIAs /1032 COCTABISAET

D=P(t2 — t1),

T2 - BpeMs OKOHUaHUS OOIyUYEeHHUS,;

T1 - Bpems Hauana oOIy4eHuUs;

P - MOmHOCTH 103BL.

Ob6nyuenue Macia nmpousBoaunock no3amu 0,5; 1,0; 1,5; 2,0; 2,5; 3,0; 5,0; 10,0; 102; 103
u 104 xpan. Jlo3sl raMmma-usnydenus 6onee 10%kpan. He IPUMEHAIMCh, TaK Kak IMOBBILIEHHOE
0o0nyueHue OKa3bIBaeT HE3HAYUTENHHO BIUSHUE Ha BSI3KOCTh Macna (3).

OO0pa3upl TPaHCMUCCHOHHOTO Macia 3ajlUBAJUCh B CTEKJISIHHbIE OAHKH C NMPUTEPTHIMU
npobkamu eMkocTbio 0,5 nm3. CrekisHHbIE OAHKHM MOMELAINCh B CTAJBHYIO T€PMETHYECKU
3aKpbIBAIOLIYIOCS Kamepy, KOTopas OIlycKajach B TIoje OOJydYyeHUs TIaMMa-yCTaHOBKHU.
Temmneparypa B 30He 00sryueHus cocrapisuia 291...293°K.
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['amMa-u3nydyeHne B yKa3aHHBIX J03ax oOecreyuBaeT TOJHYIO Oe3BpeIHOCTb
00JyuyeHHOro Macia Juid OKpyXarollero nepcoHaia. Macio mocne oOayuyeHUs: MOXKET ObITh
MCIIOJIb30BaHO HETIOCPEICTBEHHO MO0 CBOEMY MPSMOMY Ha3HAYEHHUIO.

OnHOBpEMEHHO ObUIM MPOBEACHBI UCCIIEI0BAHUS PA3IMYHbBIX KOMIIO3ULIUNA O0Iy4EeHHOTO
Macjia TOBapHOTO TpaHCMHUcCHOHHOTO Macia TM 1-18 (TDmn-15). Macno o6iy4anock g03aMu B
unrepsaie ot 1000 1o 107 pan, Bpems 001yueHHs H3MEHAIH B IMANIa30He OT 5,5 MUH. 110 4 CYTOK.

HccnenoBanus moka3aiu, 4TO ONTUMAIbHOE BpeMsi 001y4yeHus coctapiusieT 30 MuH., a 103a
obmyuenus - 6000 pan. Ilpu stom guamerp uszHoca mapukoB cauzmwics ¢ 0,290 go 0,280 mm
(Temneparypa maciia 60°C). AnanorundHbie JaHHBIC MOTy4YeHbl 1 pu Temneparype 80°C. OceBas
Harpy3ka BO Bpems uctbiTanus cocraBisuia 150H, mponomkurensHocTs ucneitanus 20 mun. C
YBEJIMYEHUEM OCEBOM HArpy3Kku HabII0JaI0Ch MPONOPIMOHATBHOE YBETUUYECHNE N3HOCA [IIAPUKOB
IIPU BCEX KOMITO3ULMAX 00yueHHoro Macia. Kputuueckas Harpy3ka PK u Harpyska cBapuBanus
PC Bo3pacTatoT y 001yueHHBIX Macell 0 CPaBHEHHIO C TOBAapHBIM. [Ipu 3TOM cienyer OTMEeTUTb,
YTO C MEPeX0J0M K Harpy3KaM BBIIIE KPUTHYECKUX dPPEeKT oOmydeHus cHIpKaercs. PasHuia
MeXJy Harpy3kaMu cBapuBaHUs 0OJydeHHOro W ToBapHoro macen coctaBwia 300H. Urak, B
00J1aCTH YMEPEHHBIX HAarpy30K 00JIyYeHHbIE MACa CyIIECTBEHHO MOBBIIIAIOT IPOTHBOM3HOCHBIE
CBOICTBa 10 CPaBHEHHUIO C TOBAPHBIMH MacjIaMH.

Hcnonp3oBaHue yabTpa3ByKOBBIX (Y3) TEXHOJOTWH SBISETCS OJHUM M3 IMOJAXOJOB IO
pEIICHUI0 TPAAUIMOHHBIX W pealli3allid HOBBIX IMPOIECCOB B JKUIKHUX U KUAKOJIUCIEPCHBIX
cpenax. CymHOCTh YIBTPAa3BYKOBOW OOpaOOTKM >KMIKOCTEM 3aKJIIO4aeTcsi B TOM, 4YTO B
pe3ysbTaTe HEMOCPEICTBEHHOTO BBEACHHS B HHUX 3BYKOBBIX KOJIEOAHMI TMOSBISIOTCS
KaBUTALIMOHHBIE MTy3bIPbKH, KOTOPHIE HAKAIUIMBAIOT YHEPIUIO MIPU PACHIMPEHUU U B3PbIBAIOTCS
(cxJIOMBIBAIOTCS) TIPU MEpexojie B 00JIacTh BHICOKOTO JAaBiieHus. [Ipy 7TOM BO3HHKAIOT MOIIHbBIE
TUIPOJMHAMUYECKHE BO3MYIIEHUS B BHJE€ MUKPOYJApHbIX BOJH, MMKPOIOTOKOB U
KOMMYJIATUBHBIX CTPYH, KOTOpPBIE MCIONB3YIOT JJIs MOJYYEHUS MEIKOIMCIEPCHBIX 3MYJIbCHIA,
HECMEIINBAIOIINXCS )KUIKOCTEHN, BO30YXK/IECHUS, yCKOPEHUSI XMMUUECKUX peakiuil. Ha mpaktuke
VY3 TexHonoruu (pacTBOpeHUE, IKCTParupoBaHUe, TUCIEPTUPOBAHUE, SMYIBIUPOBAHUE HAILIN
OoJbIIOe TPUMEHEHHE B MAJIOBSI3KUX, C MaJIbIM COJIEpKaHUEM TBEpIbIX (hpakiuii cpenax (Boaa,
OpraHHYecKHe PacTBOPUTEIHMH T.N.), TaK KaK IMPOLECCHl B TaKUX CpeJax MPOTEKaIOT C MajbIM
3aTyXaHHeM KoJeOaHUi U MO3BOJISIIOT CO3AaTh PAa3BUTYIO KaBUTALIMHM IPU MUHUMAJIbHBIX 3aTpaTax
SHEPTHH.

B nocnennue roxapl Bce Ooiblee 3HAU€HHE MPUOOPETAlOT Y3 TEXHOJOTMM B KUAKHX
cpenax, KoTopble 001a/1al0T aHOMaJIbHO BBICOKUM 3aTyXaHUEM KoJIeOaHUH U BBICOKOH BSI3KOCTBIO
(rnumepuH, Macia, Kpacku), B JHCIEPCHBIX CHUCTEMaxX (SMYJIbCHUH, CYCHCH3UH) U
BBICOKOMOJIEKYJISIPHBIX Cpefiax (CMOJIbl, OJMMeEphl, HeTH U uX npou3BoaHbIe). Buenpenue Y3
TEXHOJIOTHI B BBIIICNIEPEUUCICHHBIX CpeJaxX MPOUCXOTUT HEAOCTaTO4YHO 3()h(HEeKTUBHO, TaK Kak
OTCYTCTBYET TEOPETHYECKOE U HKCIHEPUMEHTalIbHOE OOOCHOBAaHUE IPUMEHEHHE PEXKUMOB
pa3BUTON KaBUTAIMM B Pa3HOOOPA3HBIX BSA3KUX U JHUCHEPCHBIX KHUAKUX cpelax. 3agada
NOBBILICHUST  3(PPEKTUBHOCTH  NPOLECCOB  XUMHUYECKMX TEXHOJOTMH B  BA3KUX U
BBICOKOJIMCIIEPCHBIX JKUIKUX CPE/Iax 3a CUeT YJIbTPa3ByKOBOIO BO3JCHCTBUS Oy/IeT 3aBUCETh OT
MHOTHUX ()aKTOPOB, KaK ¥ IpUramma - 00Jly4eHUH, U OCHOBBIBATHCS HA PE3YJIbTaTax MPOBEIECHHBIX
WCIIBITAHUM.

MeTtoauka 03By4nBaHusl TPAHCMUCCHOHHBIX Maces. O0paboTka TpaHCMUCCHOHHBIX Mace
TM 1-18 ynbTpa3BykoM BbINOJHsIAch Ha ycraHoBke Y3I['-10Y B nabGoparopuu. B BanHy
3a1uBajIock mo 3am° Macia. IIpoJoKUTeNnbHOCT YIbTPa3sByKoBoil 06paboTku cocransiia 20,
40, 60, 100 u 120 mMuHyT TpH YacToTe M3mydaeMmbix konebanmii 20x[ 1. IlpenBapurenvHbIi
MOJIOTPEB Macja He pou3Boauiics. B mporecce 00paboTku TemnepaTypa Maciia NojiepKuBajiach
353...363°K. O3ByueHHOE MAaCJIO CIMBAIOCH B CTEKJISIHHBIE OAHKU C IPUTEPTHIMHU ITPOOKAMH.

OueHka BIUSHUS yJIbTpa3Byka Ha BS3KOCTHO-TEMIIEpaTypHblE CBOWCTBAa Macell
MIPOU3BOAMIACH 110 U3MEHEHUIO KuHeMaTtuueckon Ba3koctu npu 100 u 50°C, a Takxke 1o HHAEKCY
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Bsaskoctu (VB), KOTOpBI ompeaensyicss MO CHEHUAIbHBIM TaOlMlaM HHJIEKca BS3KOCTU
CMa304YHbIXMACeIL.

Koppo3uonnsie cBoiictBa Macen mocie 00pabOTKH yIbTPa3ByKOM OILIEHUBAIUCH
CTaHJAPTHBIMU METOAAMHU 1O CIAEAYIOIMIMM MOKa3aTeIsM:

1- Koppo3uoHHOCTH Ha MIacTuHKax u3 ceuHIa 1o ['OCT 3778-98;

2- kucaotHoe yucio 1mo 'OCT 11362-96;

3- menounocts mo I'OCT 11362-96;

4- BogopoAHbIN TOKa3aTesb pH.

Bnusinue ynpTpasByka Ha (pU3MUECKyl0 CTaOMJIBHOCTh IMPHUCATOK B MAacje OLIEHUBAJIOChH
cieayoomuM obpazoM. Macia 3anuBanuch B CTEKJISIHHBIC HUIMHAPHI C MPUTEPTHIMU KPBIIITKAMU
U JUIUTEIbHOE BPEMSI XPaHWINCh NMPU OOBIUHBIX MOTOAHBIX YCIOBUAX (BHE momemneHus). Cpok
XpaHEeHHUsI MCCIEYEMBIX Macell cocTaBisul 9 mecsneB. [IpoOsl oTOMpamich U3 BEPXHUX CIIOEB
yepes kaxple 3 Mecsia. OnpeneneHue GU3NIecKoi CTaOMIBHOCTH CEPOCOAEePIKALIUX TPUCATOK
B HICCIIEAYEMBIX MacliaX IPOBOAUIIOCH ITyTEM IIEHTPUPYTUpOBaHUs Mpob Maciia Ha 1abopaTOpHOU
nentpudyre LIJIH-2. [Tocne okonyanus neHTpudyrupoBaHus MUNETKON Opatuch mpoObl Macia B
kosmgectse 0,5 r. B 0ToOpaHHBIX Mpo0ax HUCXOAHOM Maciie ONPEAeIsIOCh COAEPKaHUE CEPhI IO
I'OCT 1431- 85.

JList IpOBEPKH BO3IEUCTBUS YIbTpa3ByKa Ha JUCIIEPITUPOBAHUE MEXAaHUYECKUX IIPUMECEN
OpPraHUYECKOr0 U HEOPraHMYECKOTo MPOUCXOKICHUS COACPKAIIUXCS B Macje, ONpeAessyics ux
JUCHEpCHBIM cocTaB. OmnpeneneHue AUCIEPCHOCTH INpUMEced MNPOM3BOAMIOCH O M IOCIIE
yJIBTPa3ByKOBOI 00pabOTKH, a TaKXke B Mpoliiecce paboThl Macell B y3/1ax TPEHUsl.

W3BecTHO, 4TO Ul ONpEAENeHUs] JUCIEPCHOCTH 3arpsi3HEHUN CYIIECTBYIOT pa3jiMyHbIE
METOJIbl: ONTHUYECKOW W JJIEKTPOHHOM MHUKPOCKOINHUHU, MHUKpodoTorpapuu, ceguMeHTAlHH,
¢upTpanuu yepe3 MemOpaHHble GMIBTPHI U Ap. OZHAKO BCE 3TH METOABI UMEIOT Cephe3HbIC
HEJOCTaTKU: OHU CIIOXKHBI, TPYJOEMKH, TPEOYIOT CIIOKHOM anmapaTyphbl, WK JalOT pe3yJIbTaThl,
UCKKCHHBbIC (U3MYECKUMU ¥ XUMHUYECKUMH TMPOIecCaMd B TIEPUOJ WX HCIOJIB30BAHHUS.
JucniepcHOCTh 3arpsi3HeHui onpenensiiack npudopom ITKXK-902.

Pesynbrarel ucCHBITaHMM [MOKa3add, 4YTO O3BYUYEHHOE MAacjio HUMeEeT JIy4llue
MIPOTUBOM3HOCHBIE CBOMCTBA MO CPaBHEHHIO C TOBapHBIM MacioM TOmn-15 u cyuiecTBeHHO
MU3MEHSIOTCS B 3aBUCUMOCTH OT BpEMEHU 03By4YMBaHus (puc. 1).
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Puc. 1. 3aBucumocTs MIPOTHUBOU3HOCHBIX CBOWCTB Macjia OT BpPEMCHHU T 'OSBy'«II/IBaHI/ISI

Po= 150H = const — oceBas Harpy3ka; T = 20 MUH. — IPOJIOJ>KUTEIILHOCTD OMbITA

[IpuMeHUTENBHO K YKa3aHHOMY Macily ONTHMAaJbHbIM BPEMEHEM O3BYUYMBAHHUS CIIEIyET
CUUTATh OJIMH Yac MPHU HHTEHCUBHOCTH 03ByuHMBaHHs 20 kI'l. YMEHbIICHHE W YBEIWYEHHE
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BpPEMEHH 03BYUHBaHUs (03ByYHBAaHHE Macia MPOBOAMIOCH B IMana3oHe oT 15 MUHyT 10 4 4acoB)
IIPUBOJUT K HEKOTOPOMY YXYIIECHUIO €0 IPOTUBOU3HOCHBIX CBOMCTB.

VYCTaHOBIIEHO TakXe, YTO TeMIlepaTypa O3BYYEHHOI'O0 Macjia OKa3bIBaeT BIIMSHUE Ha
BEJIMUNHY U3HOca. Tak, Ipu NOBBILIEHUH TemnepaTypsl Macia oT 60 1o 80°C nuameTp u3Hoca
HIKHUX I1apukoB yBennuyuBaetrca ¢ 0,280 no 0,290 MM ¥ MOYTH HE 3aBUCHUT OT BPEMEHHU
03ByuMBaHuA B Auanasone ot 0,5 10 2 yacos.

O3ByueHHoe Maciio TOn-15 mo cpaBHEHHIO C TOBapHBIM HMEET 0oJiee BBICOKYIO
Harpy3Ky cBapuBaHus. Hampumep, y 03By4eHHOro Macjia € ONTUMAJIbHBIM BpPEMEHEM
03BYUYMBAaHUs Harpy3ka cBapuBanus Bo3pociu ¢ 2700 no 2900H.

3akiaouenue

B nacrosimieit pabote mpoBeAeHO KOMIIEKCHOE UCCIeJOBAHNE BIUSHUS COBPEMEHHBIX
METO/I0B 00pabOTKM TPAaHCMHUCCHOHHBIX Maced — raMMa-o0JydeHHs M YIbTpa3ByKa — Ha HX
bU3UKO-XUMHUYECKHE U DJKCIUTyaTallMOHHBbIe cBoMcTBa. OCHOBHas IeJb HCCIEIO0BaHMUS,
3aKJIOYaBIIasiCd B H3YUYEHMM  BO3MOXHOCTEH  IOBBIIIEHHWS  IMPOTUBOU3HOCHBIX U
AHTU(QPUKLIHUOHHBIX XapaKTEPUCTUK Macesd AN Ha3eMHBIX TPAaHCHOPTHO-TEXHOJOTHUYECKUX
cpeacts (HTTC), Obuta MOTHOCTRIO peann30BaHa Yepe3 CepUI0 Ta0OPATOPHBIX M CTCHIOBBIX
HCIIBITAHUH.

PesynbraThl McciegoBaHUi MOKas3aid, 4TO ramMMa-o0iaydeHue macea mMapok TM 1-18
(TOm-15) mozoit 6000 pan nmpu BpemeHu ob6padoTku 30 MUHYT MPUBOJMUT K CYIIECTBEHHBIM
M3MEHEHUSM B CTPYKTYpE MOJIEKYJI Macia, B TOM YHCIIE K YBEJIMUEHHUIO COAEPKaHMs MOJISPHO-
aKTUBHBIX COEIMHEHUH. DT U3MEHEHUs] CHOCOOCTBYIOT YJYUYIIEHHIO CMa3bIBaIOIIEH
CIIOCOOHOCTH Macia, pOpMHPOBAHUIO CTaOUJIBHOW MAaciSHOW IJIEHKUM M CHUXXEHHUIO H3HOCA
neraneid  TpaHCMHUCCUU. BiusHue  ynbTpasByka MpOSIBUIOCH 4epe3  oOpa3oBaHUE
KaBUTAlMOHHBIX MY3bIPbKOB M MHUKPOYJAPHBIX BOJIH, 4YTO OOECHEUWIO YIIydllleHue
JIUCIIEpPTUPOBAHUS TIpUMeceil u crabunnzanuio GU3NYecKuX U XUMHUYECKHX CBOMCTB Macia.
OntumanbHOE BpeMs 03BYYMBaHMS COCTABHJIO OAMH Yac npu yactore 20 k1.

CpaBHUTENbHBIH aHaNMU3 TMOKa3aj, 4YTO MPHU YMEPEHHBIX U BBICOKHX Harpyskax
yJIy4dlIE€HHbIE Macja JAEMOHCTPUPYIOT IOBBIIIEHHE KPUTUYECKOM HArpy3ku MU Harpysku
ceapuBanusd Ha 10-15% mno cpaBHeHur0 ¢ ToOBapHbBIMHM. J[MaMeTp MsATHa HM3HOcAa Ha
YETRIPEXIIAPUKOBOM MAIIMHE TPEHUS YMEHbBINANCS, a AaHTU(QPUKIMOHHBIE CBOWCTBA
yIy4dlaauch, 4YTO MOATBEpkAaeT 3()PEeKTUBHOCTh MpENI0KEHHBIX MeTonoB. Kpome Toro,
UCCIIeIOBaHU [TOKA3aJIM, YTO ONITUMAJIbHBIE PEKUMBI 00paOOTKU COXPaHSIOT MOJ0XKHUTEIbHOE
BIMSIHAE Macesa mpu pabouux Temmeparypax yznoB TpaHcmuccuu HTTC (60-80°C) u B
TEUEHHUE JINTEIBHOI0 BPEMEHHU JKCILTyaTalliH.

BaxxnpiM pe3ynbTaTroM paboOThl SIBIASETCS BBISIBJIEHHE 3aKOHOMEPHOCTEH H3MEHEHUS
GU3UYECKUX M XUMHUYECKHX CBONCTB Macel B 3aBUCHMOCTH OT J03bl TaMMa-OOIydeHUs H
MPOJOKUTEIBHOCTH YJIBTPa3BYKOBOM 00pabOTKU. DTO MO3BOJISIET PEKOMEH0BAaTh TOYHBIE
TEXHOJIOTUYECKHE  MapaMeTpbl  JUIsl  NPOMBINUICHHBIX  YCIOBUH, oOecrneuyuBaoue
MaKCHUMaJIbHOE yJIy4llleHHE MPOTUBOU3HOCHBIX XapaKTEPUCTUK U CTaOUIBHOCTh Macia.

[TpakTHueckas 3HaUUMOCTb MCCIEJOBAaHMS 3aKJIIOYAETCS B BO3MOXKHOCTH BHEAPEHUS
JAHHBIX METOJOB /IS IMOBBIIIEHUS JOJTOBEYHOCTH TPAHCMHUCCHOHHBIX CHCTEM, CHM)KEHUS
W3HOCA JeTalled W COKpalleHWs 3aTpaT Ha TexXxHu4Yeckoe obOciyxkuBaHue. llomydeHHbIe
pe3yiabTaTbl MOTYT OBITh MCIHOJIb30BAHBl Ha MPEAUPUATHUSIX TPAHCIOPTHON oOTpaciu,
MAaIIMHOCTPOUTENbHBIX U PEMOHTHBIX MPEANPUATHUSIX I YIYyUIIEHUS SKCIUTyaTalMOHHBIX
XapakTepUCTUK 000pyJ0BaHUs 0€3 U3MEHEHHS! KOHCTPYKIUU JeTajel.

Kpome TOro, wucciegoBaHue paclIMpseT HayyHOE IIOHMMAaHHE IPOLIECCOB,
NPOUCXOJAIIMX B MacjiaX IOJ BO3JEMCTBUEM HOHM3UPYIOLIEro M3JIy4YeHUS U yJIbTpa3ByKa.
[ToyyeHHBIE JaHHBIE MOTYT CIIYXHTh OCHOBOW ISl JaJIbHEHIINX HCCIIETOBaHUNA B 00JIacTH
paJualMOHHOW M aKyCTUYeCKOM XHMMHHM Maceld, a Takxke pa3pabOTKM HOBBIX METOJ0B
MOAM(UKALUA CMAa30YHBIX MAaTepHUAOB C y4ETOM HMX XUMHUYECKOW CTPYKTYpPHI M COCTaBa
IpHUCATOK.
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[TepcniekTuBBI HabHEHIIIEH PaOOTHI BKIIOYAIOT:

- pa3paboTKy KOMOMHHPOBAHHBIX PEKUMOB 00paOOTKM Macell C UCIOJIb30BAaHHEM raMMa-
0o0nyueHus: M yJbTPa3ByKa, YTO MO3BOJIUT MOBBICUTH 3(P(HEKTUBHOCTh M PACIIUPUTH CIIEKTP
AKCILTyaTaIlMOHHBIX XapAKTEPUCTHUK;

- W3y4Y€HUE BIIMSHUS METOJIOB Ha Macila pa3IMYHbIX MAapOK M COCTABOB, a TAKXe Ha
TPAHCMHUCCHUOHHBIC JKUJIKOCTHU ISl CIICIIUATBHBIX YCIIOBUM SKCILTyaTallUu;

- aHaJlM3 JIOJTOBPEMEHHOM CTaOWIBHOCTH YIYYIIEHHBIX Macell B PeajbHBbIX YCIOBHUSIX
skcrryaranuu HTTC, Bkintodas BbICOKME HAarpy3KH, KOJeOaHus TEMIEPATyp U 3arpsA3HEHMUS;

pa3paboTKy METOAMYECKUX PEKOMEHAAIMNA W MPOMBIIUICHHBIX TEXHOJOTHH BHEIPEHUS
JTAHHBIX METOJIOB Ha MPENPHUATUAX TPAHCTIOPTHON M MAIIMHOCTPOUTETBLHON OTpaCIIH.

TakuMm 00pa3oM, MPoBeIEHHOE UCCIEOBAHKIE TOITBEPKIAET CIIPABEATUBOCTD THIIOTE3bI
O TOM, 4YTO COBpPEMEHHbIE (UIUKO-XUMHYECKHE MeTOoAbl 00paboTKM Maced CHoCOOHBI
CYIIECTBEHHO YJIYYIIMTh HMX JKCIUTyaTallMOHHBIE CBOICTBa. Pe3ynbraTel paboOThl HE TOJBKO
pacuupsoT HaydyHOe 3HaHue B oOjacTu moBblmieHus: HaaéxHoctu Tpancmuccuit HTTC, o u
CO3JAl0T TMPAaKTHUYECKHWE TMPEANOCHUIKA [UIsi BHEApPEHUs pa3paOOTaHHBIX TEXHOJOTUH B
IPOMBIIIIEHHOCTH, OOecreunBas 3KOHOMHUIO PECYpPCOB, YBEJIWYEHHE CpOKa  CIy>KOBbI
000py0BaHUS U TIOBBIIIEHUE TPOU3BOIUTEIILHOCTH.

B 3aknroueHme, MOKHO OTMETHTh, YTO COYETAHHWE PATUALUOHHO-XUMHUUYECKUX U
yJIBTPa3BYKOBBIX METO/I0B 00pabOTKU Maces MpeaCTaBisieT coO0H MepCrneKTUBHOE HAMIPaBICHHE
UCCIIEIOBaHUM, CIOCOOHOE CTaThb OCHOBOM Ul CO3/1aHUsl «YyMHBIX» TPAHCMHCCHOHHBIX
YKUIKOCTEH HOBOIO IOKOJIEHHS, OO€CIeYMBAIOIIMX A0AroBeyHOCTs W HanéxkHocth HTTC Ha
KauyeCTBEHHO HOBOM YpPOBHE.
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Abstract. Security Information and Event Management (SIEM) systems require intelligent
detection methods to identify advanced threats and subtle indicators during real-time monitoring
in modern cybersecurity environments. Conventional supervised machine-learning models
demonstrate limited recognition of rare or novel attacks, often resulting in numerous false
positives. This study proposes a hybrid machine-learning framework for SIEM-based
cybersecurity systems to enhance detection precision and reduce false alarms. The proposed
approach combines supervised XGBoost classification with an unsupervised Autoencoder model
for identifying anomalies in event log data. XGBoost is trained on labeled attack traffic to classify
events, while the Autoencoder learns from normal samples to detect deviations via reconstruction
error analysis. The research utilized the Cybersecurity Threat and Awareness Program Dataset
(2018-2024) from Kaggle, comprising multi-source real-world security logs. Experimental results
show that the hybrid ensemble model achieves threefold higher recall compared to standalone
XGBoost while maintaining acceptable precision. The ensemble’s confirmation-and-fallback rule,
coupled with threshold optimization at the 95th percentile, ensures balanced detection
performance. The findings demonstrate that hybrid systems hold strong potential for enhancing
the resilience and accuracy of SIEM threat detection. Future research should explore adaptive
thresholding and real-time deployment in streaming architectures.

Keywords: anomaly detection, machine learning ensemble, cybersecurity, SIEM systems,
hybrid model, threat detection
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© A. AnteiHOexoB, [ Anna

Annoramusi. Kubepkayincizaikke apHanraH kKayincizmik Typansl Akmapar xKoHe
Oxwranapasl backapy (SIEM) xyifenepi Kasipri Kayimnci3mik >KarJaiibIHIA HAKTHl YaKbIT
pexuMiHae Oakpuiay Ke3iHAE O3bIK KayilTep MEH oJICi3 CHUTHAIIAPbl aHBIKTAWTHIH aKbLIJIbI
aHBIKTAY O/IICTEPiH KaKeT eTe/li. bakplmaHaThIH MAaITMHAIBIK OKBITYIBIH KyaTThl YITLIEpi CHpEK
KE37IECETIH HeMece J>KaHa KayimncCi3ik NIa0ybUIIapblHBIH TOMEH TaHBUTYBIH KepceTeli, Oy
KONTEreH >KaJiFaH aHBIKTay HoTIkenepiHe okeneni. SIEM  Herizingeri kuOepkayirncizaik
JKYHeNepiHe apHajdfaH THOPHATI MAIIMHAJIBIK OKBITY OMICi JKaJlFaH TO3WTUBTEPIl KOKOFa
OaFbpITTaNFaH IIENIM apKbUIbl MIA0YBUIIAPABI aHBIKTAY JQJIITIH apTThIpyFa OarbITTalFad. by
3epTTeyAiH HETi3ri OarbIThl OAKbUIAHATHIH KoHE OaKbUTAHOAMTHIH OKBITY TOCUIIEPIH OipiKTIpETiH
OipiKTipiITeH CTpaTerusiHBI Kypy MEH Oaranayabl KaMTUIbl. by 3eprrey xgboost ararmrapbiHbIH
KJIacCU(PUKAMUIACHIH OKHUFajap JKypHAJIbl >KYHelepiHaeri KuOepKayimnci3mik ImadybsuiaapbiH
AHBIKTayFa apHaJFaH ABTOSHKOAEPIiH OakpLIaHOAMTHIH yiriiepiMeH Oipikripeni. Xgboost-Thl
OKBITY 11a0ybUT Tpaduri MEH JKIKTey MaKcaTTapblH aHBIKTAy YIIIH KYPBUIBIMABIK TaHOAIaHFaH
JepeKTepai KaxkeT eteni, An Autoencoder kociOM KbI3METiI TEK KaJBINTHl YITLIEPAE >KYMBIC
icTeimi, TeKk KadWTa Kypy KaTelepiH Tajmay apKbUIBl  ayBITKyJapJsl  aHBIKTAy
Mmakcateiaaa. 3eprreyiep 2018 xpuinan 2024 kpUTFa JSHIHTI Ke3eHII KaMTUTBIH HAKTHI QJIeM
OOMBIHIIIA KOT JEPEKKO3/ll KAYINCI3IiK KypHAIIapblH KamTamacki3 eteTin Kaggle apkpiasr Ko
xerimai Kubepkayincizaik Kartepnepi men XaGapmapneirbiH ApTThIpy barnapiamachIHBIH
Hepexrep JKuHarblH naifanaHa OTBIPBIN Kyprizinmi. ['mOpuari aHcamOb MOJeN YChIHBIIFaH
JIepeKTep >KUBIHTHIFBIH OarajayFa HETI3JIENreH KeKe MOJeNbJepre KaparaHaa [madybuIibl
aHBIKTAY/Ibl €CKE TYCIPYIiH J>XaKChl KepceTkimTepiH kepcerti. CoHrbl Kyhene xgboost-ka
KaparaHJa ecke Tycipydl 3 ece apTTeIpy YUIiH 95-m1i MpONeHTHIBAECTI ABTOYHKOJEP MICTiH
OHTAIIAaHIBIPYMEH Oipre pacTay kKoHE Pe3epBTIK KOIlIipy aHcaMOJIiHIH epekeci KOITaHbLILIbI, OYIT
JKaJIFaH TIO3UTUBTEPAIH MIaMaibl ecyine akenai. [ ubpunri xyienep SIEM kayintepin aHbIKTay
KYHENepiHIH TYPAKTBUIBIFBIH apTTHIPYABIH THIMII WICHIIMAEP] PETIHAE ONEeYeTTI KOpPCETei.
3epTreyminep OediMIeNeTiH MEKTI XaTTaMmanap/Isl 331pIiey skoHe KayinTep/ii OHaiiH Tanjay Y-
aFBIHJIBIK ADXUTEKTYPAHBI €HI13y Ke31H/e KayinTep i aHbIKTay dICTEPiH/Ie KayiTepAiH KONTereH
TYPJIEPiH 3epTTeyi KepeK.

Tyiiin ce31ep: aHOMAMSAHBI aHBIKTAY, MAITUHAIBIK OKBITY aHCcaMOJIi, KHOEpKayINCi3IiK,
SIEM xyiienepi, rHOpUATI MOETH, KayiNTep/1i aHBIKTAY
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AnHoTauus. Cucremsl ynpasieHust nHpopmanuei o 6ezonacHoctu u coosrtusimu (SIEM)
JUTs o0ecrieueHrs KubepOe30macHOCTH HYKJAI0TCS B MHTEIUIEKTYaJIbHbIX METOIaX OOHAPYKEHHUS,
KOTOPBIC TIO3BOJISIOT BEISBIIATH CIOKHBIC YTPO3BI M CIa0ble CUTHAIBI BO BPeMsl MOHUTOPHHTA B
pEeXHMMe pearbHOro BpeMEHHU B COBPEMEHHOM cpejie 0e3onacHoCTH. MoliHbIe MOIeNI MAllTUHHOTO
00y4YeHHsI C KOHTPOJIMPYEMBIM YIIPAaBICHHEM JIEMOHCTPUPYIOT HU3KYIO CTEIIEHb PACIIO3HABAHUS
HEOOBIUHBIX WJIM HOBBIX aTaKk Ha cUCTeMy 0€30MacHOCTH, YTO MPUBOAUT K MHOTOUHCICHHBIM
OIMOOYHBIM pe3yJibTaTaM OOHapykeHus. [ HOPUIHBIN METO MAITUHHOTO OOYYCHHUS JJISI CHCTEM
kubepOe3onacHocTy Ha 6a3ze SIEM HampaBiieH Ha MOBBIIIEHHE TOYHOCTH OOHApY’>KEHHUS aTak ¢
MOMOIIBIO PELICHHS, KOTOPOE YCTPAHSIET YaCTOTY JIOKHBIX cpadarbiBaHuii. OCHOBHOE BHUMaHHE
B 9TOM HCCIIEZIOBAHUU YAEINSETCS CO3AaHMUIO M OLIEHKE KOMOWHUPOBAHHOM CTpaTeruu, KOoTopas
00BbeIMHAET KOHTPOJIUPYEMBI U HEKOHTPOIMPYEMBIH IOX0AbI K 00yUeHHI0. ITO UCCIIETOBaHHE
o0veauHsieT JpeBoBHIHYIO Kiaccupukauuio XGBoost ¢ MozensMu aBTOMaTHYECKOTO
KOAMPOBaHUS 0€3 KOHTPOJA JUIsi OOHAapyXXEeHHs aTak Ha KuOepOe30MmacHOCTh B CHCTEMax
peructpauuu coOsiTuid. [{nst o6yuenus XGBoost TpeOyroTcs CTpyKTYpUpOBaHHBIE TTOMEUEHHbBIE
JMaHHbIEe JUIA WACHTU(QUKAMHM aTakyromero Tpaduka ¢ meied kimaccudukanuu, a
npodeccuoHalibHas ciy0a Autoencoder paboTaeT TOJBKO C OOBIYHBIMH BBIOOPKAMH C IIENBIO
oOHapy>KeHHs] aHOMaJIM{ IyTeM aHallu3a OMMOOK peKoHCTpyKimu.MccnenoBanue mpoBOAMIOCH
C HCIoNIb30BaHMEeM Habopa naHHbBIX [IporpamMmbl MOBBIIMIEHHS OCBEJOMIIEHHOCTH 00 yrposax
KnOepOe30macHOCTH, JocTymHoro yepe3 Kaggle, KoTopelid MpeaocTaBiIsyi MHOTOMCTOYHUKOBBIE
KYpHaJIbl peasbHOM Oe30macHOCTH, oxBaThiBatonue nepuos ¢ 2018 mo 2024 rox. ['mbpuaHas
aHcaMOJieBasi MOJieNb TOKa3aja JIydiryo 3((heKTUBHOCTh OOHApy>KEHUs aTak, YeM OTIENIbHBIC
MOJIeTIM, OCHOBAHHbIE HA OIIEHKE MPEJCTaBIEHHOTr0 Ha0opa JaHHBIX. B OKOHUATENbHON Bepcuu
CHCTEMBI HCIIOJIb30BATIOCH KOMIUIEKCHOE TIPABUIIO TMOATBEPKIACHUS M PE3EPBHOTO KOITMPOBAHUS B
COYETaHHUH C ONTHUMH3AIUEH TOpOra aBTOPHKOEpa Ha YPOBHE 95-T0 MPOLIEHTUIIS, YTO MTO3BOIHIIO
YBEJIIMYHUTH KOJMYECTBO OT3BIBOB B 3 pa3a no cpaBHeHHIO ¢ XGBoost, 4To mpuBeno K mpuemMieMo
HEOOJBIIOMY  YBEIMYEHHIO 4YHCIa JIOKHBIX  cpabaThiBaHud. ['MOpugHBIE  CHUCTEMBI
JEMOHCTPHUPYIOT MOTSHIINAI B KaueCcTBE YPPEKTUBHBIX PEIICHHUH /IS TOBBIIICHHS yCTOWIHMBOCTH
cucteMm oOHapyxeHus yrpo3 SIEM. HccnenoBatenu JOMKHBI U3YYUTh PA3TUYHbBIE THIIBI yTPO3 B
CBOMX MeETOAax OOHapyKEeHHUs, OJHOBPEMEHHO pa3pabaThiBasg aJalNTHPYEMbIe ITPOTOKOJIBI
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OTpezieNieHUs] MOPOrOBBIX 3HAYEHUH W peanu3aliio MOTOKOBOW apXHUTEKTYphl AJsl OHJIAMH-
aHaJM3a yrpos.

KaloueBble ciioBa: oOHapy)XeHHE aHOMaiuii, aHcaMOJib MalIMHHOTO OOYy4YeHHs,
kubepoe3zonacHocTh, SIEM-cuctemsl, THOpuHAs MO/CIb, 0OHAPYKEHUE YTPO3

Juas uutupoBaHusi: A. AnteiHOekoB, I'. AnuH ['mOpuaHBI MOIXO0M K MAaIIMHHOMY
o0ydeHHI0 st OOHapy>KeHUsT aHOMaluid B oOsactd WHOOPMAIMOHHOW Oe30macHOCTH U
yrpasieHus coositusmu // Industrial Transport of Kazakhstan. 2025. T. 22. No. 88. Ctp. 56-68.
(Ha pycc.). https://doi.org/ 10.58420.ptk.2025.88.04.005.

KonduaukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBHH KOH(DIUKTAa HHTEPECOB.

Introduction.

In today's interconnected world, organizations face increasingly sophisticated and frequent
cybersecurity threats. Traditional security tools struggle to detect such complex attacks with
accuracy and speed. Security Information and Event Management (SIEM) systems have thus
become essential for monitoring and analyzing security events. SIEM platforms aggregate log data
from endpoints, network components, and applications to identify abnormal behavior (Ayu, 2023:
798-807; Nurusheva, 2024: 6-17). However, their reliance on static rules and signatures limits
their ability to detect unknown or evolving threats.

To overcome these limitations, researchers have introduced machine learning (ML)
techniques to enhance SIEM effectiveness. Supervised models such as decision trees and gradient
boosting detect known attack patterns (Gupta, 2024: 565-573), but their performance declines on
novel threats or imbalanced datasets, often generating high false-positive rates (Awad, 2023: 1-8;
Dhande, 2023: 721-734).

Hybrid approaches, combining supervised and unsupervised models, offer a promising
solution. These models detect both known patterns and subtle behavioral anomalies. Early works
by Anil and Remya (2013) and Aziz et al. (2014) combined classifiers with self-organizing maps
and neural networks. More recent studies by Harwahyu et al. (2024) and Berbiche and el Alami
(2023) developed ensemble-based systems achieving higher detection accuracy. Unsupervised
models such as Autoencoders and clustering techniques further enhance anomaly detection
without requiring extensive labeled data (Kale, 2022: 137-142).

This research proposes a hybrid machine learning framework integrating XGBoost with an
Autoencoder to improve SIEM-based anomaly detection. The goal is to assess whether this
ensemble approach outperforms individual models in detecting cyberattacks. The study also
evaluates the impact of ensemble logic and threshold tuning on performance.

This paper is structured as follows: Section 2 presents the methodology, including data
sources, preprocessing, model design, and evaluation strategy. Section 3 discusses empirical
results and related literature. Section 4 examines the implications of the findings and acknowledges
limitations. Section 5 concludes the paper and outlines future directions, such as real-time
deployment, adaptive thresholding, and multi-class threat detection frameworks.

Materials and Methods.

Extensive research has shown that hybrid machine learning (ML) systems significantly
enhance the accuracy and adaptability of cybersecurity intrusion and anomaly detection. Hybrid
models provide exceptional value in high-dimensional, real-time data environments where single
algorithms often struggle. For example, Anil and Remya (2013) combined genetic algorithms, self-
organizing feature maps (SOFM), and support vector machines (SVM), achieving improved
accuracy through advanced feature mapping of complex network patterns. Similarly, Zhu et al.
(2011) developed a framework integrating Hidden Markov Models and SVMs for robust temporal
anomaly detection.

Aziz et al. (2014) introduced a multi-level framework combining diverse classifiers,
enabling accurate detection of layered anomalies. More recent advancements further improve
depth and scalability. Kale et al. (2022) merged CNN and RNN layers for superior temporal-spatial
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learning, while Maheswari et al. (2024) combined autoencoder-based feature extraction with
Random Forest Neural Networks, producing strong outlier detection. Gupta et al. (2024)
confirmed that hybrid models improve both recall and robustness. Harwahyu et al. (2024)
developed a three-layer hybrid system that reduced false positives while maintaining high recall,
and Devi et al. (2023) demonstrated how decentralized hybrid IDSs enhance resilience across
distributed environments.

Other notable works include Dhande et al. (2023), who introduced the HMCMA ensemble
optimized for malicious activity detection, and Iwabuchi and Nakamura (2024), who integrated
heuristic logic with ML to create adaptive, context-aware IDSs. In parallel, STEM-specific research
highlights the growing role of ML in improving detection capabilities. Ayu et al. (2023)
demonstrated how ML integration lowers risk from advanced persistent threats, while Nurusheva
et al. (2024) showed that ML enhances SIEM detection precision and operational efficiency.
Pulyala (2024) proposed an Al-based SIEM capable of predictive threat modeling.

Berbiche and el Alami (2023) combined feature selection with Bayesian optimization to
improve detection while preventing overfitting. Dobkacz et al. (2023) improved hybrid model
sensitivity using weighted aggregation with endpoint-specific parameters while maintaining
computational efficiency. Similarly, Awad et al. (2023) applied ML-based anomaly detection to
administrative information systems, and Mohite and Ouarbya (2024) integrated rule-based logic
with interpretable ML for enhanced decision visibility.

Rani et al. (2024) achieved state-of-the-art intrusion detection by combining Random
Forest, Deep Neural Networks (DNN), and Artificial Neural Networks (ANN), illustrating how
diverse models can enhance multi-threat detection. Sharath and Muthukumaravel (2024) further
optimized SIEM efficiency using data engineering techniques to reduce noise and computational
costs.

Collectively, this body of work demonstrates that hybrid ML models—by combining
supervised and unsupervised learning—consistently outperform standalone models, particularly
in complex, evolving SIEM environments. Their scalability and robustness make hybrid designs
well-suited for production deployment.

Building on these insights, the present study tests an ensemble of XGBoost and
Autoencoder, targeting key literature-identified challenges such as false-positive reduction and
improved generalization. The innovative confirmation-and-fallback logic with threshold
optimization offers an advanced contribution to modern hybrid cybersecurity analytics.

The research adopts a quantitative experimental method that uses hybrid machine learning
techniques to assess supervised and unsupervised learning integration for anomaly detection in
SIEM environments. The system design unites classification methods with anomaly detection
models for identifying known attacks and discovering previously unknown behavioral
abnormalities. Security analysts benefit from a hybrid model structure because it uses a combined
approach to resolve two main system weaknesses: the ability to identify infrequent attacks and the
reduction of unjust alert signals. The research investigation uses model comparison between
XGBoost, Autoencoder and a collaborative ensemble model set.

This research utilizes the publicly accessible Cybersecurity Threat and Awareness Program
Dataset (2018-2024) obtained from Kaggle website. The database consists of more than 54,000
records which derive directly from cybersecurity log information in Texas corporate networks
across the USA. The record set consists of network traffic details alongside device metadata and
system resource reports as well as detection reports with ground truth severity indicators for each
incident type. This study converted the dataset into a two-class problem by defining normal
activity as zero while attack stood as one.

The dataset was randomly split into 80% training and 20% testing subsets to ensure a robust
evaluation of the model’s generalization capabilities. All model fitting, threshold tuning, and
oversampling techniques were applied only to the training set to prevent data leakage.

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



Industrial Transport of Kazakhstan. Vol.22 (4). 2025

Dataset

|
! l

Training Testing
80% 20%

Fig. 1. Selection of articles

The evaluation process included different phases. The preprocessing steps involved null
value deletion and outlier substitution as well as the replacement of infinite numbers. All features
received numerical encoding before MinMaxScaler normalized them. Feature engineering
processed available variables consisting of flow duration and packet size with port usage and both
CPU and memory usage together with IDS alerts for retention. The training process required the
Synthetic Minority Over-sampling Technique (SMOTE) since the classes were imbalanced.
XGBoost classifier trained with binary classified data served as the supervised part of modeling
while normal traffic Autoencoder functioned in an unsupervised fashion to detect deviations from
baseline behavior. The Figure 2 depicts the architecture of the proposed hybrid anomaly detection
model.

Preprocesssing Stage ’

T

XGBoost Classifier Autoencoder Model
(Supervisied) (Unsupervised)

S

‘ Ensemble Decision

Logic

Detection Output 1

Fig. 2. Hybrid Machine Learning Architecture for Anomaly Detection

The ensemble rule based on model confirmation and fallback decision making united the
model outputs. The evaluation process utilized precision, recall, F1-score alongside confusion
matrix and model-specific detection visualizations. Autoencoder thresholds ranging from 95th to
98th percentiles were examined to optimize detector sensitivity and multiple ensemble logic
systems (AND, OR, fallback) were implemented for testing.

The study used publicly available, anonymized data. No personally identifiable
information (PII) was present in the dataset, and all experiments were conducted offline in a secure
research environment. The use of synthetic oversampling (SMOTE) did not create any new privacy
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risks. The research adheres to open data and reproducible computing standards, and the dataset's
terms of use were fully respected.

This combined approach was picked for handling the two main cybersecurity system
hurdles which consists of attack detection for the untypical along with decreasing the number of
false alarms. Supervised models deliver quick threat classifications until they encounter previously
unknown data points. Unsupervised systems detect unusual behavior yet fail to establish helpful
connections between observations. Through the ensemble methodology the model achieves high
pattern accuracy from XGBoost along with behavior-specific detection from Autoencoder thereby
creating a superior framework for SIEM applications. The presented design structure directly
fulfills the study's main purpose of analyzing how hybrid models perform for security threat
detection within realistic digital information.

Results and discussion.

This part evaluates a complete hybrid machine learning model used in this research. The
evaluation framework contains three essential sections about parameter evaluation alongside
performance metrics and a comparative analysis versus existing studies as well as strength
assessment via visual analytics.

The proposed architecture uses XGBoost for supervised pattern detection of structured
anomalies yet implements an unsupervised Autoencoder to detect unique or uncommon behaviors.
Both models provide confirmation using AND logic when they agree on a prediction yet OR logic
activates when one model detects an anomaly alone. The ensemble methodology aimed to enhance
recall detection by controlling false positive outcomes which represent common risks during cyber
security examinations.

The attack/not attack binary classification dataset was prepared through preprocessing
steps ahead of SMOTE imbalance treatment. The Autoencoder threshold values between the
90th to 98th percentile percentiles served as the basis for determining the best precision-recall
tradeoff. The analysis indicated that increasing recall rate through lower threshold values led to
unacceptable numbers of false positives. The prediction output became more prudent while
detection sensitivity decreased when threshold levels increased.

Precision-Recall Trade-off Across Thresholds

0.18 1 ._’____*\/\/

0.16 -

0.08 -

—&— Precision
0.06 1 —m— Recall

T T T T T T T T

920 91 92 93 94 95 96 97 98
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Fig 3. Precision-Recall Trade-off Across Thresholds
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The selected 95th percentile threshold struck the best balance according to the analysis
results. The ensemble obtained 0.17 precision and 0.09 recall and 0.11 Fl-score for attack
predictions through this threshold level as the classification report demonstrates.

Table 1. Final Evaluation Classification Report (Threshold 95)

Precision Recall Fl-score support

0 0.86 0.93 0.89 9266

1 0.17 0.09 0.11 1582
accuracy 0.80 10848
macro avg 0.51 0.51 0.50 10848
weighted avg 0.76 0.80 0.78 10848

The implemented model reached 80% accuracy through its performance measures that
included 0.50 macro-average Fl-score and 0.78 weighted-average Fl-score. Based on the
confusion matrix data it is shown that the combined model performs better than both single

approaches in detecting minority instances while keeping a healthy distribution of correct positive
versus invalid classification outcomes.

Confusion Matrix (Hybrid Rule, Threshold 95)
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Fig. 4. Confusion Matrix for Ensemble Strategy

Each model's role in detecting attacks is described in detail through the detection source
analysis. The Autoencoder detects new unknown attack methods alongside XGBoost which
detects recurring patterns in attacks. The overlap represents high-confidence matches.
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The analysis of model-based true positive and false positive detection numbers strengthens
the ensemble's benefit structure. The defense mechanism of XGBoost functions slowly which
produces low retrieval scores but does not produce many false detection results. The aggressive
model Autoencoder generates many detection signals but creates additional non-real anomalies
compared to its detection numbers. The combined method produces three times higher recall than
XGBoost algorithms with comparable precision results.

Attack Detections: True Positives vs False Positives
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Fig. 6: TP/FP Contribution by Model
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Table 2. Precision, Recall, and F1-score by Model
Precision Recall F1-Score

XGBoost 0.173 0.030 0.051
Autoencoder 0.162 0.057 0.084
Ensemble 0.166 0.085 0.113

XGBoost Confusion Matrix Autoencoder Confusion Matrix Ensemble Confusion Matrix

True label
True label
True label

0 1 0 1
Predicted label Predicted label Predicted label

Fig. 8. Comparative Confusion Matrices (XGBoost vs Autoencoder vs Ensemble)

This performance improvement reaches significant levels when measured according to
established hybrid systems. Anil and Remya (2013) succeeded in enhancing detection accuracy
through their SVMs with genetic algorithms yet they did not possess dynamic abilities to adjust
against evolving threats. Research by Gupta et al. (2024) addressed precision enhancement in their
Al-based hybrid system yet the system exhibited poor recall capabilities. Our model provides
double the recall performance of XGBoost-based solutions while showing equivalent precision
levels which creates a superior option for SIEM system implementations.

Harwahyu et al. (2024) and Maheswari et al. (2024) used deep learning hybrids primarily
for outlier detection in their research without implementing real-time feedback elements. Our
ensemble methodology integrates a confirmation-and-fallback procedure to reflect analyst
decision making during uncertain scenarios which bridges detection precision with operational
readability. The merging of CNN and RNN with Kale et al. (2022) provides successful layered
detection while needing high computational resources beyond what our design delivers along with
clear interpretability benefits.
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Our method can attain equivalent endpoint-weighted aggregation performance as Dobkacz
et al. (2023) by specifically modeling reconstruction error in addition to implementing rule-based
contextual validation. Our anomaly detection system provides origin transparency because it
combines Aziz et al.'s (2014) multi-layered system design which adapts well to classification
requirements.

Berbiche and el Alami (2023) incorporated Bayesian optimization as a performance
refinement tool but their approach functions through extensive hyperparameter adjustment
requirements. The threshold adjustment and expert-based logic integration in our framework
delivers direct control for balance without needing excessive parameter adjustment. The research
by Devi et al. (2023) focused on decentralization to enhance resilience and combines with our
work because our model easily supports distributed SIEM deployments.

The research findings presented by Mohite and Ouarbya (2024) advocate for more
interpretable anomaly detection systems which require real-time operational support. The
ensemble system provides these capabilities by using a hybrid rule logic that generates detectable
visual signals and separate detection elements which enhance forensic investigations and SIEM
operations. Predictive hunting using Al from Pulyala (2024) lacks explainability yet our approach
implements anomalous behavioral detection with full explainability capabilities needed in incident
response systems.

The hybrid architecture performs at a superior level than single-model systems while
outperforming various state-of-the-art hybrid approaches. The study offers a flexible solution for
evolving cybersecurity operations through purposeful threshold adjustment along with ensemble
logic framework development and extensive validation procedures.

This section interprets the results of the proposed hybrid machine learning model, assesses
its alignment with prior research, and discusses implications, limitations, and future directions.

The core objective was to determine whether combining XGBoost with an Autoencoder
could enhance SIEM anomaly detection. Testing confirmed that the hybrid ensemble significantly
improved recall—from 3% with XGBoost alone to 9% with the ensemble—without sacrificing
precision. This result highlights the Autoencoder’s ability to detect novel attack behaviors beyond
the scope of traditional classifiers.

The hybrid system maintained an overall accuracy of 80%, with an attack-class F1-score
of 0.11, macro-average of 0.50, and weighted average of 0.78. These metrics demonstrate a strong
balance between minimizing false positives and improving true positive rates. The confusion
matrix shows improved true positive rates with controlled false positives.

Literature widely supports hybrid models as superior to single-model approaches. Similar
to Gupta et al. (2024) and Harwahyu et al. (2024), our findings validate that merging models
enhances robustness and recall. However, our approach advances beyond these works through its
operational confirmation-and-fallback logic, which improves interpretability for real-world
deployments.

Unlike Gupta et al. (2024), which prioritized precision, our model focuses on boosting
recall while maintaining acceptable precision. Compared to Maheswari et al. (2024) and Devi et
al. (2023), our ensemble preserves operational transparency through clear rule-based logic.
Whereas Berbiche and el Alami (2023) employed complex Bayesian optimization, our simpler
percentile-based tuning offers replicable and practical threshold setting.

Theoretically, our study advances ensemble design by demonstrating how AND-OR logic
can mitigate the limitations of individual models, blending classification strength with anomaly
detection. Practically, our solution integrates easily with existing SIEMs, offers interpretable
outputs, and supports real-time detection. Visualization of detection sources and precision-recall
trade-offs further enhance analyst trust, addressing concerns highlighted by Kale et al. (2022).

Nonetheless, limitations remain. The study relied on static CTDAPD data; adapting the
model for streaming data and dynamic thresholds is an area for future work. Current ensemble
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logic is binary; extending to multi-class detection is needed. Additionally, incorporating
explainability tools like SHAP or LIME could enhance transparency and forensic capabilities.

Distributed deployment also warrants further exploration. While aligned with the
decentralized approach of Devi et al. (2023), additional work is required to optimize performance
across distributed SIEMs. Moreover, domain expert feedback could improve rule logic and
diagnostic accuracy.

Finally, future research should validate this model across diverse datasets and operational
contexts. Benchmarks such as Anil and Remya (2013) and Dobkacz et al. (2023) would test
generalizability and performance robustness beyond CTDAPD’s scope.

In summary, this research meaningfully contributes to hybrid ML for cybersecurity,
offering a model that combines improved detection sensitivity with interpretability and operational
readiness. Its adaptable architecture and validated performance position it as a strong candidate
for next-generation SIEM anomaly detection.

Conclusion.

The research established a dual machine learning system combining supervised XGBoost
classifiers and unsupervised Autoencoders to boost security detection in SIEM-based systems. The
proposed ensemble logic verifies alerts through multiple detection layers to achieve high detection
rates while maintaining an acceptable false positive ratio which resolves the main challenge in
intrusion detection systems.

The hybrid model delivered superior recall performance which grew three times higher
than standalone XGBoost while maintaining comparable precision standards compared to various
documented hybrid models in literature. The ensemble approach outperformed Gupta et al. (2024)
and Berbiche and el Alami (2023) since it provided better interpretability and deployment
capabilities alongside precision-recall balance. Through an integration of threshold-tuned
Autoencoder anomaly detection with XGBoost’s classification accuracy users gained a resilient
threat detection system that identified previously undiscovered security risks.

This operational model functions within large-scale SIEM systems to boost threat exposure
while creating decision pathways for analysts through understandable logic and display elements
that enable visualization. The research demonstrates a theoretical value for ensemble design
through implementation of rule-based hybridization methods to exploit different learning
strategies.

Subsequent research should maintain this work through adaptive threshold development
for real-time operations along with multi-class attack detection model expansion and explainability
tool implementation such as SHAP or LIME with benchmark testing across enterprise datasets.
Proper guidelines established today will guarantee hybrid anomaly detection maintains its central
role as a fundamental cybersecurity infrastructure component.
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Abstract. This article addresses one of the most serious environmental challenges in the
world — greenhouse gas emissions. The logistics sector is among the main sources of these
emissions and, given its critical importance to the operation of any enterprise, the environmental
issue remains extremely urgent. Technological progress brings new opportunities, one of which is
analyzed in this article: the use of artificial intelligence to optimize transportation processes and
reduce harmful emissions into the atmosphere. The purpose of this study is to explore and assess
the potential of machine learning algorithms and neural networks for the development and
adaptation of freight transport chains, taking into account the increasing traffic intensity and the
growing number of vehicles, especially in large urban areas, as well as factors such as weather
conditions, delivery deadlines, and unexpected restrictions on heavy transport. The research
objectives include developing a method for evaluating the sustainability of logistics processes
using indicators such as fuel consumption, CO- emissions, and idle mileage, as well as conducting
a comparative analysis of traditional and intelligent route planning. A practical test was carried
out through urban transport simulation. Route optimization using Al resulted in a 15% reduction
in kilometers traveled and a 10-12% decrease in CO: emissions. The results confirm that
intelligent algorithms can serve as an effective tool for implementing green logistics principles
and integrating environmental criteria into transportation sector strategies.
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AnHoTamusi. byn makana onmemzeri €H ©3€KTiI DKOJOTHSJIBIK MacenenepaiH Oipi —
NapHUKTIK ~ Tra3fgapAblH  IIbIFapbIHABUIApbIHA  apHanFaH.  JlormcTMka — camackl  OCHI
IIBIFAPBIHBUIAPABIH  HETI3r  Ke3JAepiHiH Oipi Oonblll  TaOBLIAABl KOHE OJ Ke3 KeJreH
KOCIMOPBIHHBIH KBI3METIH/IE MaHBI3/IBl PO ATKAPATHIH/IBIKTAaH, KOPIIaFaH OPTAHBIH YKaFJaibl oIl
Jie aca ©3eKTi Macene 0oibl Kayna. TexXHONOTHSIBIK Mporpecc »aHa LIelIiMAep YChIHAIbI,
oylapablH Oipl OChl MakajlaJa KapacTbIPbUIFAH: KOJIK IPOLECTEPIH OHTAMIaHIBIpy >KOHE
aTMocdepara 3USHABI IIbIFAPbIHABUIAPALl a3alTy VIIIH jKacaHIbl MHTEJUICKTIHI Hainanany.
3epTTey/IiH MaKcaThl — JKYK TachIMasljay TI30€KTEpiH AAMBITY 'koHE OeHiMey YIIiH MallMHAJIBIK
OKBITY aJITOPUTMJEPI MEH HEHPOHJBIK JKEIUIEP/iH dJeyeTiH 3epTTey koHe Oaranay. byn perre
KOJIIK KO3FaJIbICBIHBIH KAPKbIHABUIBIFBI MEH KOJIIK KypaJlJapblHbIH CaHBIHBIH ©CYl, acipece ipi
KajajnapJa, COHIal-aK aya paibl jkKarnailylapbl, JK€TKI3y Mep3iMzepl jKOHE ayblp KeJIKTEepHAiH
KO3FaJIbIChIHA KOMBUIATHIH IIEKTEYJIEp CHUSIKTHI (pakTopiap eckepuieal. 3epTTey MiHJETTepiHe
OTbIH HIbIFbIHBI, CO:2 MIBIFapbIHABLIAPEI KOHE OOC JKYpIC CHAKTBI KOpCETKIIITepAl naiaanaHa
OTBIPBIT, JIOTUCTUKAJBIK MPOIECTEPIiH TYPaKTBUIBIFBIH Oarajay oJiCiH d3ipiey, COHIai-ak
JIOCTYPIIl )KOHE MHTEJUIEKTYalAbl MapHIPYTTHIK >KOCIApJIay IbIH CalbICTHIPMAIbI TaJAaybl Kipeai.
Kananplk Kedik MOJENiH maijanaHa OTBIPBIN, MPAKTUKAIBIK ChIHAK KYprizinmi. JKacanmsl
MHTEJUIEKT KOMETIMEH MapUIpyTThl OHTAWIAHJBIPY KYPUIr€H KaIbIKTHIKTBI 15%-ra sxoHe CO-
mbFapeiHabapbiH 10-12%-ra  azaiityra MyMKiHAik Oepai. HoTmxenep HHTEIIEKTyas bl
ITOPUTMIEPIH KachbUl JIOTUCTHKA KaFUAATTApbIH €HI13y JKOHE KOJIIK CEKTOPbI CTPATerusChIHA
HKOJIOTHSUIBIK KpUTEPUIIEp i MHTErpalysiiay YIIiH THIMAL Kypaj 0oJia ajJaTbIHBIH JoJIeN eIl

Tyiiin ce3aep: jxacaH[bl MHTEIUIEKT, MALIMHAJIBIK OKBITY, JKAaChlI JIOTUCTUKA, TYPAKTHI
JamMy, MapIpyTTap sl OHTAMIAHABIPY, SKOJOTHUSITBIK THIMILTIK

Jaiiexco3 ymin: A. borpantok TypakTel (kachll) JJOTUCTHUKAJa >KacaHbl MHTEJUIEKTiHI
konnany // Industrial Transport of Kazakhstan. 2025. T. 22. Ne 88. 69-80 6. (Opsic
timiaae). https://doi.org/10.58420.ptk.2025.88.04.006.
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AHHOTALMA. OTa CTaThi ITOCBJAIICHA OJHOM M3 CaMBIX CCPBE3HBIX JKOJIOTMYCCKHUX
HpO6J1€M B MHPC — BBI6POCaM IIapHUKOBBIX I'a30B. Jloructuueckas 0Tpaciib ABJIACTCA OJHUM U3
OCHOBHBIX HUCTOYHHKOB 3THX BBI6pOCOB, H, IOCKOJIBKY 3Ta OTpacC/Ib UMCCT BAXXKHOC 3HAUYCHUC JJIA
JACATCIIBHOCTHU JI000ro0 MNpCaANpusATUd, npoGHeMa COCTOSAHHUA Oprxcanmeﬁ CpcAbl MO-IPCIKHEMY
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OCTaeTCsl YPE3BbIYANHO Cepbe3HOMU. TEeXHOIOrMYeCKUi MPOrpecc MPUBOAMT K MOSBICHUIO HOBBIX
pelleHni, OAHO M3 KOTOPBIX OyJIeT NpOAHAIU3UPOBAHO B JIAHHOM CTaThe: MHCIIOJIb30BAHUE
HCKYCCTBEHHOI'O HHTEJUIEKTa Ui ONTHUMH3AIMU TPAHCHOPTHBIX MPOIECCOB U COKpAllleHUs
BpEIHBIX BEIOpOCOB B atMoctepy. Llenb 3Toif cTaThl — HCCIe0BaTh U OUEHUTh BO3MOXKHOCTH
WCIIONIb30BAaHUSl AJITOPUTMOB MAIIMHHOTO OOY4YeHHS M HEWPOHHBIX CeTel UIsl pa3BUTUA U
ajlanTaluy LENouYeK TIpPY30BbIX IMEPEBO30K, YUWUTHIBAas, YTO HHTEHCUBHOCTb JBUXKEHMS U
KOJIMYECTBO TPAHCIIOPTHBIX CPEICTB €XKEAHEBHO YBEIWYHBAIOTCS, OCOOEHHO B KPYIHBIX
TOPOJICKHX pallOHaX, a TAaKXKe Takue (PaKTOPhI, KaK MOTOJHBIC YCIOBUS, CPOKU M HEOXKHIAHHBIC
OTpaHMYEHUS! JIBW)KEHHUS KPYIHBIX TPAHCHOPTHBIX CPEACTB. 3ajJaud BKIIOYAIOT pa3paboOTKy
METOJIa OLEHKM YCTOWYMBOCTU JIOTUCTUYECKHX IPOLIECCOB C MCIOIb30BAaHUEM IIOKa3aTesen
pacxona TomiauBa, BeIOpocoB CO: M XOJOCTBIX MPOOEroB, a TakXKe CPAaBHUTENbHBIN aHAIU3
TPAAUIMOHHOTO W  MHTEIUIEKTyaJlbHOTO IUIAHUPOBAHUS MapuIpyToB. bbul  mpoBejeH
MPaKTUYECKUI TECT ¢ MOJEIMPOBAHMEM TOPOJACKOro TpaHcmoprta. OnTuMuzanus Mapupyra ¢
nomo1isio MM no3Bosmia COKpaTUTh KOJIMYECTBO MPOHAEHHBIX KHJIOMETPOB Ha 15 % 1 BEIOpOCH
CO:2 Ha 10-12 %. Pe3ynbTaThl MIOATBEPKAAIOT, YTO UHTEIIEKTYaJIbHbIE aITOPUTMBI MOTYT OBITH
3¢ (HEeKTUBHBIM HHCTPYMEHTOM JJIsSi PUMEHEHUS IPUHIIUIIOB 3€JI€HON JTOTUCTUKU U MHTETPAIUU
9KOJIOTMYECKUX KPUTEPHUEB B CTPATETHIO TPAHCIIOPTHOT'O CEKTOPA.

KiioueBble c¢j10Ba: WCKYCCTBEHHBIM WHTEIUIEKT, MAIlIMHHOE OOyuYeHue, 3ey€Hast
JIOTUCTHKA, YCTOMYUBOE pa3BUTHE, ONITUMU3ALINS MapIIPYTOB, dKoJorudeckas 3 PpexTHBHOCTH

Jus nurupoBanms: A. borpanrok IIpuMeHeHHME HCKyCCTBEHHOI'O MHTEIUIEKTA JJIA
ycTorumnBoii (3enéHoit) noructuku//Industrial Transport of Kazakhstan. 2025. T. 22. No. 88.
Ctp. 69-80. (Ha pycc.). https://doi.org/ 10.58420.ptk.2025.88.04.006.

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

BBenenue.

JlorucTvka WrpaeTr KJIIOYEBYIO POJb B OOECIEUEHUU YCTOMUMBOIO DPAa3BUTHS, OIHAKO
WMEHHO TPAHCIIOPTHBIC IEPEBO3KH OCTAIOTCS OJHUM W3 OCHOBHBIX HMCTOYHHUKOB BBIOPOCOB
MAapHUKOBBIX Ta30B. MeXIyHapOAHOE SHEPTETUUECKOE areHTCTBO OTMEYAET, UTO Oojiee YeTBepTH
r100anbHBIX BBIOpOCcOB CO: MpUXOAMTCS HA TPAHCHOPT, YTO JENaeT 3aJady CHUXKCHUS

YIJIEpOaHOTO crena ocobenno akryanbHoi (International Energy Agency, 2021: 162). Onnako
YIIepOa — HE €IMHCTBEHHBIN 3arpsI3HUTENb: TPAHCIIOPTHBIE CPEICTBA TAKKE BBIJEIIAIOT OKCUIBI
azota (NOy), Makpouactuisl (PMz.s 1 PMio) 1 caxy, KOTOpble HampsSMYIO BIHUSIOT HA Ka4€CTBO
BO3/yXa M 3/10poBbe HaceieHus. 1103ToMy B aHanmm3e yUUTBIBAETCS COBOKYIIHOE BO3JIEHCTBUE
NEePEeYUCICHHBIX (akTopoB. [Ipy 3TOM pPOCT 37IEKTPOHHOM KOMMEPLHMH U INI00anu3anus BeAyT K
YBEIUYEHHUIO TPAHCTIOPTHBIX TOTOKOB, YTO YCHJIMBAET HArpy3Ky Ha HHOPACTPYKTYpY U MOBBIIIACT
9KOJIOTUYECKUE PUCKH.

B Kazaxcrane nenau mo COKpalleHHIO BbIOPOCOB YIJIEKMCIIOTO Ta3a M IEpexoay K
HSKOHOMHUKE C HU3KMM YPOBHEM BBIOPOCOB YTJIEKHCIIOTO ra3a CUCTEMaTHUECKU UHTETPUPOBAHEI B
CTpaTervio, HalpaBJICHHYIO Ha JIOCTH)KEHHUE YIriepoaHoil HeWrtpanbHocTH K 2060 rony (Yka3
ITpesunenta Ne 121 ot 2 depans 2023 r.). B aToit paboTe onpeneneHbl MPUOPUTETHBIE 00J1aCTH
JUISL COKpPALLEHUSI BBIOPOCOB BO BCEX CEKTOpaX, BKJIIOYas TPAHCIOPT U JIOTUCTHKY, a TaKXKe
HEOOXOJUMOCTh BHEJPEHUS UU(GPOBBIX U HUHTEIJIEKTYalbHBIX pELICHUN IS ITOCTHXKEHUS
xknuMarruecknx uenei (Ykas Ipesunenta PK, 2023). Kazaxcran 3 (heKTUBHO MPoIBUraeTcs K
JOCTIDKEHUIO TI00anbHbIX neieit Opranuzammu O0beanHeHHbIX Haruil B 06macT ycToiiunBoro
pa3BUTHUS, yHAeNsAs MPUOPUTETHOE BHUMAaHHE COKPAIICHHIO BHIOPOCOB YTJIEKUCIOrO rasa u
UQpoBU3aIMM B TpaHCIOpPTHOM cekrtope. Llenp B oGmactu ycroitumBoro passutus SDG 9
KacaeTcsi TMOBbIMIEHUS dS()PEKTUBHOCTH CEKTOpa 3a CUeT WHHOBAI[MOHHOTO pPAa3BUTHUS
UHQPACTPYKTypsl u mpuMeHeHHst TexHonoruii. SDG 11 cocpemoToyeHa Ha yCTOHYHMBOCTH
rOpOJIOB M Ka4yecTBE >KU3HH, YTO OCOOEHHO Ba)KHO B METAIoJUCaX, I/Ie TPAHCIOPTHBIN CEKTOp
OCTaeTcss OJAHMM U3 OCHOBHBIX MCTOYHHUKOB 3arpsi3HeHus Bosayxa. SDG 13 nmopuepkuaer
HEOOXOJUMOCTb MPHUHSITHS MPOAKTUBHBIX MEP JJIsi CMSATUYEHUS MOCIEACTBUM U3MEHEHHS KJIMMaTa
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(United Nations, 2015; United Nations, 2023). [Tnan Ka3axcrana mo TOCTHKEHHUIO yTIEPOIHON
HelTpanbHOCTH K 2060 roly 1€MOHCTPUPYET CTPATETMIO HA HAIIMOHAIBLHOM YpoBHE. [lepexon k
«3EJICHON JIOTUCTHKE» CTAJl HE TOJHKO HAYYHBIM M TEXHOJIOTUYECKHUM BBI30BOM, HO U YACTHIO
CTpaTeruy yCTOMYMBOIO Pa3BUTHS CTpaHbl. TpaJulIMOHHBIE METOABI ONTUMHU3AIMU MAPIIPYTOB,
OCHOBaHHBIC Ha KIIACCUYECKHX MOJIETSAX, IMO3BOJISIIOT CHIDKATh 3aTpaThl U BPEMs JIOCTABKH,
OJIHAKO UX BO3MO>KHOCTH OTPaHHUYEHBI PU HEOOXOAUMOCTH YUUTHIBATh AMHAMUYECKUE (PAKTOPHI,
TaKhe Kak JIOPOXKHBIC 3aTOPHI, MOTOJHBIC YCIOBUS W BpPEMEHHBIE OKHA. B 3THUX yCIOBHSX
BO3pacTaeT MHTEpeC K MPUMEHEHHUI0 HCKYCCTBEHHOTO HMHTEIUIEKTa, CIMOCOOHOIO aJanTHBHO
aQHATM3MPOBATH OOJIBIITUE MACCHUBBI JAHHBIX U ()OPMUPOBATH 0OJIEE YCTOWYUBBIC PEIICHUS.

OOBEeKTOM  HCCIIEJOBaHMS  SIBIAIOTCS  TPAHCHOPTHO-JIOTHCTUYECKUE CHCTEMBI, a
NpEeIMETOM — HCIOJb30BaHWE WHTEIUICKTYaJbHBIX AalTOPUTMOB IS TOBBIIICHUS WX
9KOJIOTHUYECKOH pe3ybTaTUBHOCTU. L{enh paboThl 3aKiI04aeTcsi B TOM, YTOOBI OMPEICIUTh, KAKUM
00pa3oM METOJbl MAIIUHHOTO OOYYeHHS W HEHPOHHBIE CETH MOTYT OBITh HMPHUMEHEHBI s
ONTUMHU3AIMH MapIIPYTOB U COKPAICHUS YTIEPOIHOTO U SKOJIOTUYECKOTO CIIE/Ia MEPEBO30K.

HoBusHa wccnenoBaHuss COCTOMT B TOM, YTO HMHTEJUICKTYAIbHBIE —AITOPUTMBI
paccMaTpuBalOTCs HE TOJIBKO KaK CPEACTBO MOBBIMIEHUSI SKOHOMUYECKOH 3(h(PeKTUBHOCTH, HO U
KaK WHCTPYMEHT JOCTH)KCHHS dKOJOTHYECKUX Ieliel. B ornmune oT GonbIIMHCTBA padoT, THe
HKOJIOTMYECKUN acCIleKT OCTa€Tcsi BTOPOCTENEHHBIM, B JaHHOM CTaThe MPUOPUTET OTHaH
cokpaieHuto BIOpocoB COz, NOy, PMa.s, CHUXKEHHMIO YPOBHS MyCTBIX IPOOETOB U MOBBIILIEHUIO
TOTUTUBHOM 3 ()EKTUBHOCTH.

JI1st TOCTHKEHUS 1IeJIM PEIICHbI CIIeIYIONUe 3aaui: MPOBEAEH aHaIN3 CYIIECTBYIOIINX
npo0iieM OTpaciu, paCCMOTPEHBI COBPEMEHHbIE METO/Abl MAIUIMHHOTO OOYYEHHS U MPOTHO3HOMN
AQHAJIMTUKU, pa3pabOTaHbl MOKA3aTeNn ISl OLEHKH JKOJIOTMYECKOW YCTOMYMBOCTH, MOCTPOCHA
MOJIeTTb  ONTUMH3AlMU  MapUIpyTOB W  TMPOBEACHO CpPaBHEHHWE TPAAUIMOHHOTO U
WHTEIICKTYaJIbHOTO MOIX010B. MEeTO0I0THsI OCHOBaHA HA TIPUMEHEHUH aIrOPUTMOB 00paboTKH
JAHHBIX ¥ MOJEIMPOBAHMS TPAHCIOPTHBIX MPOIIECCOB C UCIIOJI30BAHUEM ITOKa3arteseil mpobera,
pacxo/a TOIMBa U 00bEMa BHIOPOCOB BPEIHBIX BEIIIECTB.

3HauyuMOCTh Pa0OTHI oOmpenensieTcss € TEOPEeTUYECKUM M MPAKTHUYECKHM BKIJIAJIOM.
Teopernueckass HEHHOCTh 3aKJIKOYAETCS B PAa3sBUTHUM INpencrasieHui o poiu MU B «3enéHon
JIOTUCTHKE», a MpaKTU4ecKas 3aKII04YaeTcsl B TOM, YTO MPENJIOKEHHBIA MOAXO0J MOXKET OBITh
UCIIOJb30BaH KOMIAHMIMHE JIsl MHTErpainu ESG-cTaHIapTOB M CHUKEHHSI YTIIEPOJHOTO Ciena
pu coxpaHeHuH 3P PEeKTUBHOCTH EPEBO3OK.

MarepuaJibl 1 METObI

MeTtononorndyeckass OCHOBa JAaHHOTO HCCIEJOBAHHS 3aK/IIOYaeTcs B  aHalu3e
JIOTUCTUYECKUX MPOLECCOB C TOYKHA 3PEHHUS 3KOJIOTMYECKOM YCTOWYMBOCTH. B orinnume oOT
TPaAWLMOHHBIX MOJIENIe, OPUEHTUPOBAHHBIX Ha COKpallleHHWe 3aTpaT M CPOKOB JOCTaBKH, B
JAHHOM HWCCIICJIOBAHUU TPUOPUTETHBIMHU SIBISIOTCS MHWHUMU3AIMS YIJIEPOIHOTO Cliea |
noBbllieHre 3(G(HEeKTUBHOCTH MOTpedieHus. Mcnoap30BaHHE HHTEUIEKTYalIbHBIX aIrOpPUTMOB
MO3BOJISICT MEPEUTH OT CTATUYECKUX CXEM K aJalTHBHBIM CHCTEMaM YIPABIICHUS, CIIOCOOHBIM
YYUTHIBaTh BHEIIHHUE NTEPEMEHHbIE, TAKHE KaK MPOOKH, TOTOAHbBIC YCIOBHS M KOJIeOaHHsl cripoca.
DTOT MOAXOJ COOTBETCTBYET COBPEMEHHBIM HCCIICIOBAHUSAM, B KOTOPBIX JIETACTCS aKICHT Ha
MCIIOJIb30BaHUN ABTOMATHYECKOTO OOy4YeHHs W MPOTHO3HOW AHAIUTUKHU JUISl ONTUMHU3ALUN
TpaHcopTHEIX MoToKOB (Carbonneau, 2008: 1140—-1154; Nazari, 2018: 9839-9849; Kool, 2019:
1-9; International Energy Agency, 2021: 80-92; Biesinger, 2021: 1-18; Ghosh, 2022: 130750—
130760). B kauecTBe OCHOBHBIX MHCTPYMEHTOB MOJEIUPOBAaHUS OBbLIM BbIOpAHBI aIrOPUTMbI
MaIIMHHOTO OOYYEeHHs U TEXHOJOTMH HEHpOHHBIX ceTeill. MamuHHoe o0ydeHHe HCIONb3yeTcs
JUTSI IPOTHO3UPOBAHMSI TPAHCIIOPTHBIX MOTPEOHOCTEH WM 3arpy3KH TPAHCHOPTHBIX CPENICTB, YTO
MO3BOJIIET COKPATUTh KOJIMYECTBO HEHYXKHBIX Moe3nok. [y pemieHus: mpodiieM, CBsI3aHHBIX C
BBHIOOPOM ONTHUMAIILHOTO MapuipyTa, ObLJIO HCIOJIB30BAaHO YCHIIMBAIOIIEE OOydeHHUE, KOTOpOe
MO3BOJIICT MOJICNIA AJJaITHPOBATHCS K MCHSIONIMMCS YCIOBUSM Ha JIOPOTaXx U BPEMEHHBIM
orpannueHusiMm (Carbonneau, 2008: 1140-1154; Nazari, 2018: 9839-9849). B kauecTBe
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apXUTEKTYpPhI MIyOOKOro 00y4YeHHsI UCTIONIb30BalICs MHOTOCIIONHBIN nepuentpon (MLP) ¢ tpems
CKpeITBIMH ~ ciosimu  (128-64-32  HeWpoHOB), aKTUBANMOHHBIMH QyHKIUsSMU RelLU wu
ONTUMU3ANMOHHBIM anroputMoM Adam (ckopocte o0yuenus 0,001). Kpome Toro, s
MPOTHO3MPOBAHUS METPUKHU MPOTHO3UPOBAHUS ObLT Mcnoib3oBaH anroput™M XGBoost gradient-
boosting (500 nmepeBbeB, TayOmHa 6, ckKopocTth oOydenms 0,05, subsampling=0,8,
colsample bytree=0,8). ns 3amaun TUTaHUPOBAHHMS MapuIpyTa ObUT HCIONB30BAaH AITOPHUTM
Proximal Policy Optimisation (PPO) u3 ombnuotexu Stable-Baselines3. DT1o uccrnemoBanue
coyeTtaeT B ceOe HMHTEIUICKTYaIbHYI0 MOJENb, OOYYCHHYI0 Ha CHMYJSIHOHHBIX IAHHBIX H
CIOCOOHYIO alaTUPOBATHCS K M3MEHEHHSIM BO BHEIIHEH cpejie, ¢ KIACCUYECKUMH TeXHUKaMU
VRP.

KonuuecTBeHHass oOlleHKa BKJIOYAeT TPH KIIOUEBBIX IOKAa3aTels: pacxoi, TOIUIMBA,
BBIOPOCHI YTIIEKHCIIOTO ra3a M MPOLEHT XOJIOCTHIX Mpoderos. Pacxon TommuBa oTpaxaer oOIIyio
3¢ (HeKTUBHOCTH UCTIOIB30BAHUS TPAHCIIOPTA M PACCUUTHIBAETCS 10 hopMyJie:

F=LxC/100, (1)

rae L — mpober, km; C — ynenbHbI pacxox torusa, /100 kM. Ha ocHoBe 3TOTro
3HAYEHHUS ONpeesieTcs: 00bEM BEIOPOCOB YTIEKHUCIIOTO ra3a:

E(CO2)=Fxk , (2)

rae k=2,68 kr/n — ko3ddunment smuccun IS au3enpHOro torumBa (International
Energy Agency, 2021: 162; Sarkis, 2019: 184; Dekker et al., 2012: 671-679; Mangano et al., 2019:
183-209; World Economic Forum, 2020: 36; Biesinger et al., 2021: 1-18; Kovacs et al., 2017:
115-126; Ghosh S. et al., 2022: 130750; European Environment Agency, 2021: 54 ). [lannas
MOJIeTTb YYUTHIBACT U APYTHE BUIBI 3arPSI3HEHUN, XapaKTepHbIE ISl TPAHCTIOPTHBIX cpeacTB. Jliis
OLICHKY BIIMSTHUSI UCTIOJIB30BAJIMCh pacyeTHbIe KOA(PGUIIMEHTHI BHIOPOCcOB okcuaoB a3ota (NOy),
TBepabiX yacTull (PMa.s) u uepnoro yriepoma(BC). PacueTsl mpoBOAWINUCH 1O CIEAYIOIICH

dbopmyie:
Ei=Lx ei, 3)

rae Ei — BwIOpoCHI i-T0 BemecTsa (T), L — Konn4ecTBO KUIOMETPOB, € — KO3 PHUIHEHT
BBEIOPOCOB B 3aBUCUMOCTH OT KJlacca JIBUTATEIIS U yCIIOBUH ABW)KCHUS. B TaHHOM HMCCIIeIOBaHUA
MCIIONBF30BAJINCh CPEHNE 3HAUSHUS TS ABUraTenei cranaapra EBpo-5: enox = 0,18r/km, epm,.s =
0,0051/xm, u€pHBIi yriepoa cocTaBiseT B cpeaHem 15-25 % ot maccsl PM, cienoBarensHO eBc
= 0,00075-0,00125 r/km (European Environment Agency, 2021: 54; Intergovernmental Panel on
Climate Change, 2019; European Environment Agency, 2019). OTu naHHble MO3BOJISIOT CAEIATh
aHaAJIM3 BIUSHUS HA OKPYKAIOIIYIO CPely TPAHCTIOPTHBIX MapIIPyTOB OoJiee NETaIbHO.

Koaddumument mycTsix npoOeros 3aqa€Tcsi Kak OTHOIIEHUE PACCTOSIHHUM 0€3 3arpy3Kd K
obmemy mpobery:

Kempt y= Lempty /Litotarx 100%. (4)
I[J'IH KOMIIJICKCHOT'O aHaJIn3a IMPUMCHACTCA I/IHTeraJIBHHﬁ IIOKa3aTcCJib yCTOfI‘-IPIBOCTPII
S=a- 1/F+B 1/Eco. +y: 1/Kempty 5 (5)
rac (X,B,'Y — BCCOBBIC KOB(I)(l)I/H_[I/IeHTH, ONpeaACIsICMbIC B 3aBUCUMOCTU OT MPHUOPUTCTOB
aHaiau3a. JTta (bOpMy.]'Ia ObLIa IMPUMCHCHA Ha SA3BIKC PythOIl C UCIIOJIb30BAHUEM TaKHUX (bYHKHHfI,

kak calc fuel(), calc_co2() u calc_empty share pct(). ta mporpamMmma MOCTOSSHHO BBIYHCIISET
MOKa3aTeJ B COOTBETCTBUH C 3a/IaHHOI (OpPMYJION U 3alUChIBaeT pe3ysbTathl B popmate CSV
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JUIsl JanbHedinedl Busyanuzanuu. [Iporpamma ucmosnb3yeT OTKpbIThie Oubnuorexku Python
(XGBoost, Scikit-learn, OR-Tools) 6e3 pa3paboTku COOCTBEHHBIX AITOPUTMOB. YUHTHIBAS LETh
UCCJIETOBaHMsI, aKIIeHT OBbLI CAeNlaH Ha TOYHOCTH PacyeToB, MHTEPIIPETAlUU JAaHHBIX U OLECHKE
BO3JICUCTBUS HAa OKPYXKAIOILIyI0 cpeAy. BXoaHbie JaHHbIE MOJETUPOBAHUS OBLIM ONpEIEICHBI
YHUCIIOBBIMH IOCJIEIOBATENFHOCTAMHU, OTpaKaloIllke MOBEICHNE TPAHCIIOPTHOM CeTH B AJIMAaTHI.
Kaxxnoe coenuHenne OblI0 ONPEIEIEHO C IOMOIIBIO CIEAYIOUINX TapaMeTPOB:

- Paccrosinue mexny y3namu cetu (5—30 KUI0OMETpOB)

- Cpennsst ckopocTh JBUkeHHS (25—-60 KHUIOMETpOB B 4Yac, B 3aBHCHUMOCTH OT
YCIIOBUM ABM>KEHUSA)

- Pacxox tormBa (26—30 nutpoB Ha 100 KuIOMETPOB)

- Tpancnoprthas Harpyska (0,7-0,9)

- Koaddumuent padotsr Ha xomoctom xoay (0,15-0,25)

- Jliist Bcex MapuipyToB ObUTH pacCUMTAHBI 3HAUCHUS PACCTOSHUS MPOE3/Ia, pacxoaa
TOIJIMBA, BBIOPOCOB BBIXJOMHBIX Ta30B U KoddduuueHTa pabOThl Ha XOJIOCTOM XOIy.
CUMYJIALIMOHHBIN aNrOPUTM TEHEPUPYET CllydailHble W3MEHEHHS BpPEMEHHM W BPEMEHHBIX
dakTopoB (HampuMep, yTPEHHUE U BeUEepHHUE Yachl MMUK), YTOOBI CIIeHapUi ObLT peaTuCTUYHBIM.
[Toydyennsie pe3ynbraThl coxpasstorcss B gopmare CSV m ucnonbs3syrorcs mjiss oOydeHUs
BBHIIICYIIOMSHYTBIX Mojesied MamuHHOoro oOydenus (XGBoost m MLP). bnaromapst stoit
CUMYJISIIIUU MOKHO OIICHHUTDH BIIMSIHUE aJAITUBHBIX AITOPUTMOB Ha 3((HEKTHBHOCTH MapIIPyTOB
Y BBIOPOCHI BBIXJIOITHBIX ra30B 0€3 HE0OXOAMMOCTH UCIIOJIB30BaHNUS peabHBIX OPraHU3aIlHOHHBIX
naHHbIX. MccnenoBanue 0XBaTbIBaeT CeTh U3 12 MyHKTOB JIOCTAaBKU. bbUIM MPUHATHI CIEAYIOIINE
JOTIYIICHUS: TPY30BUK I'PY30MOIBbEMHOCTBIO 5 TOHH, CpEAHMI pacxo/l ToruuBa 28 nutpos Ha 100
KHJIOMETPOB, TPy30I0AbEMHOCTh 4,2 TOHHBI (84 % Tpy30MOABEMHOCTH) U MOKA3aTeb MyCTHIX
peiicoB 18 %. bbum cpaBHeHBl [Ba TOAXOJa. B TpaguIIMOHHOM TMOAXOAE MAapUIPyTh
TeHEPUPOBAJIICH C UCIONIb30BaHUeM Kiaccuueckunx moneneit VRP u TSP (Dantzig, 1959: 80-91;
Toth, 2014: 93-86). B wmHTEIEKTyaJbHOM TIOJIXOJI€ HMCIOJIB30BAIMCh METOJbIl MAIIMHHOTO
oOyueHust 1 00yUeHHs C MOJKPEIUICHHEM JUIsl yueTa auHamuueckux QaxtopoB (Nazari, 2018:
9839-9849; Kool, 2019: 3-10).

[Ipumep pacuéra HEKOTOPBIX MMOKa3aTesei, a UMEHHO OOIIMIA PAacX0/] TOIUIMBA:

F=215%28/100=60,217. (6)
CoOTBETCTBYIOIINE BBIOPOCHI YTIIEKUCIIOTO Ta3a OMPEAeISIOTCS KaKk
Ec02=60,2x2,68=161,3 kr. (7)
Pe3ynbTatel cpaBHEHUS MIPEICTaBICHBI B Ta0wIe 1.

Tabmuua 1. CpaBHeHHe MOKa3aTesel 0 U Mociie ONTHMH3ALUU MapIIPYTOB

[TokazaTenn Jlo onTuMu3anumn Hocze N3menenue (%)
ONITUMHU3AINH
[IpoGer, kM 215 182 -15,3%
Pacxon Torummsa, i 60,2 51,0 -15,3 %
Bri6pocst CO2, kT 161,3 136,7 -15,2 %
Brei6pocst NOx, T 38,7 32,8 -15,4 %
Teépnpie yactuupl (PMz.s), r 1,075 0,910 -15,4 %
Uépnsrii yrnepox (BC), ¢ 0,215 0,182 -15,4 %
[Tycteie mpoberu, kM 39 21 —46,2 %
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[TpuMmeHeHre MHTEIIEKTYaJIbHOM ONTUMHU3AIMU MO3BOJIUIO COKPATUTh MPOOEr U pacxon
ToruBa Oojnee yem Ha 15 %, a BeIOpockl CO: cam3uth Ha 15,2 %. HanbGonbimuit 3¢pdexr Obit
JOCTUTHYT B COKpAIICHUU MYCTHIX MPOOETOB, A0S KOTOPBIX YMEHBIIWIACH MMOYTH BJABOE. DTU
PEe3yIbTATHI MOATBEPKIAAIOT MPAKTHYECKYIO IIEHHOCTh MHTEIUIEKTYyalIbHBIX aJlTOPUTMOB B 3a/1a4e
dbopMupOBaHUS yCTOWYUBON JTOTUCTHKH.

Pe3yabTaThl u AMCKycCHUs.

Hoctrnxenuss B 00macT UUGPOBBIX TEXHOJOTHH, HCKYCCTBEHHOIO HWHTEIJIEKTA H
AQHATUTHKK OOJIBIIMX JaHHBIX HE TOJBKO TO3BOJIAIOT ONTHMU3MPOBATH MAapUIPyTHl, HO H
00JieryaloT OLEHKY BO3/JCWCTBUSA JIOTUCTHMUECKHUX pEHICHHH Ha OKPYKAIOLIyI Cpemdy.
UccnenoBanus Carbonno et al. mokaszanu, 4TO HCIOJIB30BAHWE MAIIMHHOTO OOYYEHUS IS
MIPOTHO3UPOBAHMUS CIIPOCa MPUBOIUT K COKPAILLIEHUIO HEHYKHBIX IIEPEBO30K, YTO B HAILIEM ClTydae
BBIPA)KAETCsI B MEHBIIEM KOJIMYECTBE KHJIOMETPOB U MEHBIIEM pacxoje TorumBa. Nazar et al. ¢
MOMOIIbI0 YCHJIGHHOTO 00y4eHHs Takke Habmoganu Oosiee KOPOTKHE MapLIPYThl M OOJBIIYIO
riuOKocTh B TuHaMu4aHO# cpene. MccnenoBanus Kula (2024), Carbonneau (2008), Nazari (2018),
Kool (2019) moka3siBatroT, 4TO MeXaHU3Mbl BHHUMAaHMS TOBBIIIAIOT KAueCTBO IJIAHUPOBAHUS
MapUIpyTOB B CIIOXKHBIX CETSIX, YTO COBIAIAET C HAIIUMHU pe3ylibTaTaMu. HenaBHue rcciaenoBanus
MOKAa3bIBAIOT, YTO HCIOJb30BaHUE IU(PPOBBIX TEXHOJOTUH B JIOTUCTHKE MOMKET CHU3UTH
AHEpronoTpedneHre U 00ecneyuTh MOHMTOPUHI BBIOPOCOB yrIiepoia B PEXHUME PEalbHOIO
BpeMenu (Biesinger, 2021: 1-18). B mocnennue roasr HaOMIOAAETCS POCT YHCIIA UCCIICTOBAHHM,
MOCBAILICHHBIX OICHKE OOIIEero BO3ACHCTBHS Ha OKpyXkawouryto cpexay. OaHa u3 Takux pador,
Zhang (2024) cmonenupoBanu BeiOpockl NOx 1 PMa.s, oO6pasyroiuecs: B pe3yabTaTe ropoJICKOro
TPAHCIOPTA, M MOKA3aJIM, YTO WHTETPaLUs MOJeNei MPOrHO3UPOBAHUS B CUCTEMBI YIIPABICHHS
MapuIpyTaMy TMOBBIIIAET TOYHOCTh IPOTHO30B BO3JEHCTBUS Ha OKpyXKarollyko cpeay. B
uccnenoBannn  Fernandez (2024) Obim1  mpeUio’KeH  MHOTOLEJIEBOM — alTOPUTM IS
OJIHOBPEMEHHOTO MHUHUMU3HPOBaHUS BbHIOPOCOB CO2, NOy u PMio, 4TO MO3BOJIUIO JTOCTHYB
OanmaHca MEXJy CKOPOCTBbIO TPAaHCIOPTAa U YPOBHEM 3arpsi3HEHUs. AHaJOTMYHbIE KOHLEMIUU
opn uccienoBanbl Kula (2024) m Nazar (2023) B paborax, TOCBSIICHHBIX aTalTHBHON
ONTUMH3AIMHA MapHIPYTOB B PEATbHOM BPEMEHH C HCIIOJIb30BAaHHEM OOYYArOIIUXCS areHTOB
(Zhang, 2024: 105688—-105698; Fernandez, 2024: 99—117; Carbonno, 2024: 3559-3569; Nazar,
2023: 101-118; Kula, 2024: 91-110). HecMoTps Ha pa3BUTHE HAYYHBIX MTOIX0I0B, OOJIBIINHCTBO
Mojeneil Bce emie orpannuuBaroTcs yuyetoM CO:, Torga kak jokaibHble 3arps3Hutenu (NOy,
PM:.s, 4epHbIil yriepos) yYUThIBAIOTCS HE MOJHOCTHIO.

[IpakTuueckue uccieqOBaHMUsI MOKAa3bIBAlOT, 4YTO HHTEJUIEKTyaJbHOE IUIAHUPOBAHHE
MapuUIpyTOB 3HAUYUTENIBHO YJIyUlIaeT KaKk SKOJIOTHYECKHE, TaK U HKCIUTyaTallMOHHbIE TOKA3aTeH .
Korpma paccrosiuue moe3aku Obuto cokpaimieHo ¢ 215 go 182 xkumomeTpoB, obiiee nmoTpebdieHne
TorMBa cHU3MWIOCh ¢ 60,2 o 51,0 nuTpoB, a BEIOpOCH! yraekuciaoro raza — ¢ 161,3 no 136,7
kwiorpaMmoB (tabs. 1). B pesynprare onTuMuzaiusi MapuipyTa oOecnedmsia CHUKEHUE B
cpenneM Ha 15 %. HaumbGonee 3HauuTenbHbI 3G ¢GeKT ObLT JOCTUTHYT 3a CUET COKpPALICHHUS
pPacCTOSIHUSL XOJIOCTOrO XOJa: OHO COKpatuioch ¢ 39 no 21 KuioMerpa, 4TO COOTBETCTBYET
yayuwenuto noutu Ha 50 %. Kak BuaHo Ha PucyHnke 1 u PucyHnke 2, Bce OCHOBHBIE TIOKa3aTeNN
JEMOHCTPUPYIOT TEHACHIUIO K CHIDKEHUIO B PA3JIMYHBIX TOPOJICKHUX YCIIOBHUSX, @ PUCYHOK 2
HATJISTHO MTOKA3bIBAET TMHAMUYECKOE COKPAIIEHHE PACCTOSHUS XOJIOCTOT0 X0 1a.

B uactHOoCTHM, cleyeT OTMETHTb, 4YTO CHHXKEHHE BBIOPOCOB YIJIEKHCIIOIO rasa
IPOMOPLHUOHATIBLHO PKOHOMHMHM TOIIMBA, KaK yKa3aHO Ha PucyHke 3, 4TO MOATBEPXKAAET, UTO
sKoyornueckasi 3(pQEeKTUBHOCTh SBISIETCS TAaKUM K€ BaKHBIM ITOKAa3aTelIeM TPAaHCIOPTHBIX
CHCTEM, KaK M pe3yibTaThl onTUMM3auuu. Hambonbliee BIMSHHE HA 3TOT Pe3yjbTaT OKa3ajo
COKpallleHue paloThl JBUTaTedsl HAa XOJOCTOM XOAY, MOCKOJBKY 3TO HAaINpsIMyIO CBS3aHO C
Ype3MEepHBIM PAcXOJIOM TOIUIMBA U Teperpy3koi MHPpacTpykTypsl. CoKpalleHue paccTOSHUN
MOE3/10K U BPEMEHHU MPOCTOSI MOMOTaeT CHU3UTh M BBIOPOCHI OKCHJAa a30Ta, MEJIKHX YacTHIl,
KOTOpbIE HamNpsAMYIO BIMSIOT Ha Ka4eCTBO BO3AyXa. AHAIM3UPYS PE3yJIbTaThl MOKHO C/AEIaTh
BBIBOJI, YTO HCITOJIb30BAaHUE MHTEIUICKTYAIbHBIX METOAOB IUTAHUPOBAHMS MapIIPYTOB HE TOIBKO
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MIPUHOCUT SKOHOMHUYECKYIO BBITOAY, HO U OJIarOTBOPHO BJIMSIET HA OKPYKAIOIIYIO Cpelly, CHUXKas
Harpy3Ky Ha ropo.

[Cymma MpoBer, km n Gymma BoiBpock! CO-, kr no Ycrnosua u Moaxoa
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300 380

Cymma Mpofer, ki
g

300

Cymma BbIEEOCbI CO:z 1T

280

Mwk cesoHa, Yac nuwk, NpobKm CANBHBIA 4oX a0 Jopoxtbie paboTel,  OBbiMHbIH BYIHMA BhixOgHbIE, HUSKWIA
EhICOKMI CpoC obbe3s BeHb cnpoc
L Yenosus g
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Puc. 2. CpaBHCHHS{ TOKa3aTeen npo6era 1 XOJIOCTOI'0 X0Ja 10 U MOCJIC BHEAPCHUS 141483 Pa3HbIX YCIOBUAX

HecMmoTpss Ha 3TH MOJOXKUTENbHBIE pE3YyJbTAaThl, HCCIEAOBAaHHE HMEET HEKOTOphIe
orpaHuveHusi. Bo-TiepBBIX, HCIONB30BaHHME TAHHBIX MOCITUPOBAHHS JIMIIb MPUOIUIUTECIHHO
OTpa’kaeT peajbHble CIIEHApUU TOPOJICKOM JIOTUCTHKH. Bo-BTOpBIX, NpuMeHeHne Meto1oB RL n
rIyO0OKOTO 00yUueHus TpeOyeT 3HaYNTEIFHOTO 00beMa TAHHBIX U BBIYUCITUTEIIBHBIX PECYPCOB, UTO
MOJKET OIpaHMYMBATh MX MUCIOJb30BaHME. Pacuersl BEIOpOCcOB okcunoB a3zora (NOy), TBepAbIX
yactull (PM) u gepnoro yrinepona (BC) ocHoBaHBI Ha cpeHMX 3HAYEHUSAX cTaHmapta Euro 5,
MO3TOMY  pe3yJbTaThbl IOKa3bIBAIOT OOILIMe T[OKa3zaTelu. B-TpeTbux, 3KoJOrHyeckKas
3¢ (EeKTUBHOCTh OLIEHMBAlTach B OCHOBHOM Ha OCHOBE IOTPEOJICHHS TOIJIMBA M BHIOPOCOB

YTJIEKUCIIOTO Ta3a. XOTs TH MOKa3aTen cuuTaroTcs ocHoBHbIMU (International Energy Agency,
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2021: 100-152; European Environment Agency, 2021: 24-34), oHH HE OXBaTBHIBAIOT TaKUE
(bakTOopbl, KaK IIyMOBOE 3arpsi3HEHUE UM U3HOC JJOPOT.

< Hasaa x oTuety CYMMA BbIEPOCHI CO:, KI' ¥ CYMMA TONNWMBC, N NO NoOXO4 U YCNOBWUA

@ Cymma Buibpoces CO;, kr @Cymma Tonaweo,

BBIXOAHLIE. HU3KHI Cnpoc [lopoiKHBIE patoTsl, 0GBk

Cymma BoIBpochl COz K M Cy.

OO6kLIYHBIA GYOHWA AeHE TTHK CE30Ha, BLICOKHIA CpoC

Cynma BelBpock! COz kI W Cy..

Al-Optimized Traditional Al-Optimized Traditional

Mogxopn, Moaxon
Puc. 3. CpaBHeHus moka3areseil BHIOPOCOB YTIIEKHCIIOT0 ra3a U UCIOIb30BaHHs TOILTUBA

[TpakTHdeckoe 3HAYCHHE PE3yJbTATOB 3aKIIOYACTCI B WX MPUMEHEHHH B TPAaHCIOPTHBIX
KOMIIAHUSX M TOopoAckux cucrteMax. CokxpaiieHue mpobera M pacxoAa TOIUIMBA CHHKAeT
TPaHCIOPTHBIE PACXO/IbI, @ OJHOBPEMEHHOE cOKpatieHne BHIOpocoB CO2, NOy U TBEPBIX YaCTHII,
OCOOCHHO C y4eToM pacTyieil BaxkHOCTH cTaHaapToB ESG, yKkpemiseT mMoioXuTeabHble
TEHJICHIIUU B 00J1aCTH OXpaHbl OKpyskarorieit cpess (Sarkis, 2019: 100-104; Dekker, 2012: 671—
679). DTu mpeuMyIIecTBa MOTYT OBITH eI1le 00JIee 3aMETHBI B TOPOJCKUX palioHAX C HHTCHCUBHBIM
JIBUKEHHEM, MOCKOJIbKY COKpAIEHHE MYCThIX KUJIOMETPOB YMEHBIIUT MEPerpy3Ky AOPOKHOM
CeTM M OTrPAaHUYUT €€ BO3JACHCTBHE Ha OKpyxaromyto cpexy. Hms Kasaxcrama um crpan
LlenTpanpHOii A3MM 3TOT TOIXOJ OOECHeYMBaeT JAOMOJHUTENbHBIE KOHKYpPEHTHBIC
MIPEUMYIIIECTBA, OBBIIIAS YCTOMUYNBOCTh €BPA3HIICKOTO TPAHCIIOPTHOTO KOPUIOpa.

Takum 06pa3oM, UCTIOIB30BaHHE HHTEIIEKTYyaIbHBIX aIFTOPUTMOB MOKHO pacCcMaTpuBaTh
KaK 3(pPEeKTUBHBI WHCTPYMEHT ISl ONTUMH3AIMHU JIOTUCTUIECKONM IKOCUCTEMBI. B oTiimuue ot
OOJNBIIMHCTBA MPEABIAYIIUX HCCIEJOBaHMW, B JaHHOW CTaTbe YyJensieTcs BHUMaHUE
IKOJIOTHYECKUM aCIEKTaM, YTO IMO3BOJISICT PACIIUPHUTH 3HAHUS HAYYHOTO COOOIIECTBA O POJIU
HCKYCCTBEHHOT'O MHTEJJIEKTa B 00ECIIEYEHUN YCTOMYUBOCTH TPAHCHIOPTHBIX CUCTEM.

3akJiroueHue.

B xonme mnpoBenéHHOro wucciaenoBaHus OBLIM BCECTOPOHHE HU3YYEHBI BO3MOKHOCTH
IPUMEHEHNS METOJO0B MCKYCCTBEHHOIO MHTEJJIEKTa B O0JAacTH YCTOMYMBOM (3€N1EHOI)
norucTtuku. L{eas paboTsl — BBISIBUTH, KAKUM 00pa30M HHTEIUIEKTYaIbHbBIE aITOPUTMBI, BKIIIOUYast
METOJIbIl MAITUHHOTO OOYYEeHHS W HEHPOHHBIC CETH, MOTYT CIOCOOCTBOBATH ONTHMHU3AINU
TPAHCIIOPTHBIX MAapIIPyTOB U CHIDKEHHIO SKOJOTHYECKOro cjiela — Obla IMOJTHOCTHIO
peanm3oBana. [|Jiss 3TOT0 UCTIOIB30BAIMCH COBPEMEHHBIE HHCTPYMEHTHI TPOTHO3HOW aHATMTHKH,
anropuTMsI Tiryookoro ooyuenus (MLP) u o6yuenue ¢ nogkperienuem (PPO), uyTo mo3Bomiaumio
aJalNTHBHO YYHUTHIBATh JUHAMHYECKHE YCJIOBHSI TOPOJCKOM JIOTHCTHKH, TaKUe KaK MPOOKH,
MOTO/IHbIE KOJICOaHUs U BPEMEHHbIE OKHA TOCTABKH.

Mertononornyeckas 0a3a wucciemoBaHus oOecneumsna Mepexox OT TPaaUuIHOHHOTO
IUTAHUPOBAHMSI MAPIIPYTOB K UHTEIUIEKTYaJIbHOW ONTUMHU3ALMHU C DKOJIOTHUYECKUM MPUOPUTETOM.
B ornmume OT KJIACCUYECKUX MOIXOMAOB, TJ€ TJABHBIMH KPUTEPUSMU SIBISIFOTCS MUHUMH3AIUS
3aTpaTr ¥ BpeMEHH, JaHHBIN MTOAXO0/] aKIIEHTHPOBAJI BHUMaHUE Ha CHUKEHUHU BEIOPOCOB COz2, NOy,
PM..5s 1 4epHOTO yTiepoaa, a TakKe Ha COKPAIICHUH ITyCTHIX MTPOOETOB U TOBBIIIICHUH TOTUTHBHON
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spdexTuBHOCTH. bbutn  pa3paboTaHbl W MCIOJIB30BaHbl  IIOKA3aTENM  KOJOIMUYECKOH
YCTOMUMBOCTH, HHTErpAJIbHAS METPUKA S, YUUTHIBAIOIIAsl BECOBbIE KO3(PULIMEHTHI A1 pacxoaa
TOIJIMBA, BEIOPOCOB yriiepoJa U A0JIH IyCThIX peiicoB.

Pe3ynbpTarel  uMcciieoBaHMsI  MOKa3bIBAIOT MPAKTUYECKYH) LEHHOCTb  BHEIPEHMUS
MHTEJUIEKTYaJIbHBIX aIrOpUTMOB. Tak, IpUMEHEeHHEe METOA0B MAlIMHHOIO 00y4YeHUs U 00yUYeHUs
C MOJKpEIJIEHHEM MO3BOJWIO CHU3UTH mpoder Ha 15,3 %, pacxox torummBa — Ha 15,3 %,
BbIOpockl CO2 — Ha 15,2 %, a BbiOpockl NOy, PMa.s u yepHoro yriepoma — Ha 154 %.
HauOonpmmit 5pPexT ObL1 JOCTUTHYT B COKPAILIEHHH MYCTHIX IPOOETOB, YTO MOATBEPKIAET, YTO
aJlallTUBHOE IUIAHUPOBAHHME MapIIPYTOB MOKET 3HAYUTENBHO YJIyYIIUTh HKCIUIyaTallUOHHBIE U
HKOJIOTHYECKUE TMoKa3aTenu. [lomydyeHHble JaHHbIE IEMOHCTPUPYIOT, YTO COKpAIlleHHe padOThI
JIBUTaTelll Ha XOJOCTOM XOJy HalpsMYH0 CHMKAeT BbIOPOCHI BPEAHBIX BELIECTB, MOBBIIIAET
HKOHOMHYECKYIO 3()(hEeKTUBHOCTH MEPEBO30K U CIIOCOOCTBYET YIIyULICHHIO KayecTBa BO3AyXa B
TOPOJCKHX paliOHaX.

Hayuynas HOBU3HA WHCCIEIOBaHMSA 3aKIIOYACTCI B CHCTEMATUYECKOM OOBEIMHEHHU
HDKOHOMHUYECKUX U IKOJIOIMYECKHX AaCHEKTOB JIOTUCTUKU C IPUMEHEHUEM HHTEJUIEKTYaJIbHBIX
TexHojoruil. B orimumne ot OosbmmHCTBa padot, rae UM paccMmarpuBaeTcst Kak MHCTPYMEHT
ONTUMM3ALMM 3aTpPaT MJIM CKOPOCTH JIOCTaBKM, B JAaHHOM paldoTe NpUOPUTET OTAAH
HKOJIOTHUECKUM LeNsAM. Takoi MoAX0 1 pacIupsieT NpeCTaBIeHU HAyqHOT0 COOOIIECTBA O POJIU
MCKYCCTBEHHOI'O MHTEJIJIEKTA B PeaIu3allii KOHLENINH «3€JIEHON JIOTUCTUKM» U (POPMUPOBAHUU
YCTOWYMBBIX TPAHCIOPTHBIX CUCTEM.

ITpakTHyeckast 3HaYUMOCTb MCCIIEA0BAHUS MPOSIBISIETCA B BO3MOXHOCTH HUCIIOJIB30BAHUS
IPEJIOKEHHOW METOAOJIOIMM TPAaHCIOPTHBIMM M JIOTMCTUYECKUMHU KOMIIAHUSMHU, a TaKKe
TOpPOACKMMHU ciayxkOamu. HHTerpanuss HMHTEIEKTYaJbHBIX aJITOPUTMOB B IUIAHUPOBAHME
MapIIpyTOB IO3BOJIAET OAHOBPEMEHHO COKpalllaTh TPAHCIOPTHHIE pPACXOIbl M CHHXKATh
HKOJIOTHUECKYI0 Harpysky, 4To cooTBeTrcTByeT npuHuunam ESG u coBpeMeHHBIM TpeOOBaHUAM
KOPIIOPATHBHOM U TOCYAapCTBEHHOW MOJIMTUKU B 00JACTH YCTOWYMBOTO pa3BUTHs. B ycioBusx
MHTEHCUBHOI'O JIBXKEHHMsS B MeEramnojucax JaHHbBIH IOAXOJ CIIOCOOCTBYET YMEHBIIECHUIO
HIEPETPY3KHU T0POKHON CETH, CHUKEHHUIO BBIOPOCOB U MOBBILLIEHUIO KaYECTBA T'OPOICKON CPEJIbI.

[TepcnexTuBb! JanbHeHed paboThl BKIIOYAIOT CEIYyIONUE HamnpaBieHus. Bo-nepBbIx,
IIEPEX0/l OT MOJEIHMPYEMBbIX AAHHBIX K MCIOJIb30BAHUIO PEAIbHBIX JAHHBIX TPAHCIOPTHBIX
KOMIIAaHUH TI03BOJIMT IOBBICUTH TOYHOCTH IIPOTHO3MPOBAHMS M OLICHKY OKOJIOIMYECKOIO
BO3JEHCTBUA. BO-BTOpBIX, MHTErpanus WHTEIUIEKTYAJIbHBIX alrOpUTMOB ¢ cucreMamu loT u
1M (GpPOBBIMU JIBOMHUKAMU JIOTUCTUYECKUX CETEH CO37acT yCIOBUS JIIsl MOHUTOPHHTA B pealbHOM
BPEMEHM M JMHAMHUYECKOM ajanTalud MaplIpyTOB K HM3MEHSIOIIMMCS YCIOBHUSM. B-TpeTbux,
paciirpeHue Mojesnei ¢ y4éToM HIyMOBOTO 3arpsi3HEHUs, U3HOCA 10POKHON HHPPACTPYKTYPHI U
JIPYTUX JIOKAJBHBIX (AKTOPOB MO3BOJIUT (OpMUpOBaTH Oosiee KOMIUIEKCHBIE MOKa3aTeau
YCTOMYUBOCTH.

Takum o00pa3om, TNpoBeIEHHOE HCCIEAOBAaHME IMOATBEPXKIAECT, 4YTO MpPHUMEHEHHE
HCKYCCTBEHHOI'O MHTEJUIEKTa sBJseTCs 3(()EKTUBHBIM MHCTPYMEHTOM Ui JOCTHOKEHHUS Iiesei
YCTOWYMBOTIO Pa3BUTHUS B TPAHCIIOPTHOM JOrMCTUKE. VIHTEIEKTyaIbHbIE METO/IbI INIAHUPOBAHUS
MapIIpyTOB HE TOJBKO MOBBIIIAIOT SKOHOMHUYECKYIO 3((EKTUBHOCThH MEPEBO30K, HO M CO3JAIOT
OLYTUMBIN TOJOXKUTENbHBIM SKOJNOrH4YecKuid 3PQeKT, cokparias BbIOPOCH HNApHUKOBBIX HU
JIOKQJIbHBIX 3arpsi3HuTeseil. BHeapeHue NpensoKeHHBIX PEIIeHUH MOXET CTaTh KIHYEBBIM
JJIEMEHTOM CTpaTeruu «3eJ€HOM JorucTukyw» B KaszaxcraHe W Jpyrux CTpaHax, Ize
TPAHCIIOPTHBII CEKTOP SIBIISIETCSA 3HAYUTEIIbHBIM HCTOYHUKOM SKOJIOTMUECKON HArpys3Ku.

B wmenom, pabora JAE€MOHCTpPHUPYET, UTO COuYeTaHHE LUQPPOBBIX TEXHOJIOTHIH,
HCKYCCTBEHHOI'O MHTEJJIEKTa U aHAJUTHKU OOJBIIMUX JAHHBIX OTKPBHIBAET HOBBIE BO3MOXKHOCTHU
JUIsl yCTOMYMBOIO DPAa3BUTHUS JIOTUCTUYECKUX CHUCTEM, CO3/aBas yCJIOBUS IJIsl HMHTErpaluu
HKOHOMUYECKUX, SKOJIOIMYECKMX U COLHUAIbHBIX LeJied, YTO COOTBETCTBYET COBPEMEHHBIM
MEXIYHAapOAHbIM CTaHJapTaM M CTPAaTerMYecKHMM HAIMOHAJBHBIM 3ajjayaM B 00JacTu
KJINMAaTHYECKOU U 9KOJIOTUYECKOMN MTOJIUTHKHU.
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Abstract. The research topic is dedicated to planning technical support, developing
automated control systems (ACS), and improving modeling methods for railway stations (RS)
technological processes. Modern design engineers require a holistic and systematic understanding
of models representing the research object. These models should reflect all operational aspects of
future technical systems, including the structure and main processes of the object. The aim of the
study is to improve the methodology for formalizing technological processes (TP) of railway
stations based on the visual programming paradigm. Objectives include creating use case diagrams
(UCD), state diagrams (DIS), and activity diagrams (DIA) in UML to visually represent TPs;
describing each object, its executors, and works; formalizing the sequence of technological
operations. The results show that using UML allows visualizing the interaction of RS objects and
executors, parallel and synchronized processes, and the execution stages of each operation. DIS
and DIA diagrams help determine the states of individual objects and the phases of operations.
Automated modeling enhances TP efficiency and ensures mutual understanding between designers
and operators. Furthermore, graphical-analytical models developed in Rational Rose and
AutoCAD facilitate automation of TP planning and calculation of key performance indicators. In
conclusion, the proposed methodology enables efficient design, documentation, formalization, and
visualization of RS TPs, simplifying technical decision-making and improving the quality of ACS
and IS development for railway stations.
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AHHOTaANUA. 3eprTey TaKbIPHIOBI TEXHUKAJIBIK KOJIAayabl )Kocnapiay,
aBTOMaTTaHIBIpBUIFaH Oackapy xyienepid (ABX) kypy »kone Temipxoin cranuusuapsiHbiH (TC)
TEXHOJOTHSUIBIK TIPOIECTEPIH MOJENBACY OMICTEPiH KeTuiaipyre apHamrad. Kasipri 3amanma
x)obanay WHXXEHepJepl 3epTTeNIeTiH OOBbEKTIHIH MOJEIH TOJBIK JKOHE JKYHel TYCIHyl KaKerT.
Mopnenbaep Oomnamrak TEXHHUKAIBIK S>KYHENEpAiH >KYMBICHIH TOJBIK CHIATTal, OOBEKTIHIH
KYPBUIBIMBI MEH HETI3T1 MPOIECTepIH KOpceTyl THIC. 3epTTEeyIiH MaKCcaThl — TEMIpPXKOJI
CTaHIMSUIAPBIHBIH TeXHOMOTUSIBIK Tporiectepid (TII) Busyanasl Oarmapiiamanay mnapaaurMachl
Heri3iHae hopManbaeHIIpy diciH keTuinipy. Mingerrepi: UML TininAe KoigaHy Karmanaapsl
nuarpammanapbeiH (UCD), kyit quarpammanapeid (DIS) xone opeker auarpammanapsin (DIA)
xacay apkpuibl TII-HbI TpadUKaNIBbIK KOPCETY; Op OOBEKTIHI KBI3MET KOPCETETIH OPBIHAAYIIIBLIAD
MEH >KyMmbIcTap OoWbiHmA cumarray; TII opeiamay TopTiOiH dopmansaeHnipy. Hotmxkenep
kepcetkeHner, UML Ttimin kommany apkbutbl TC 0OBEKTIIEpI MEH OJapAblH KbI3MET
KOpCeTyNIUIEpiHiH o3apa opekerrecyiH, TII-HBIH mapaiienbai KoHe CHHXPOHABI MPOIECTePiH
BU3yalijlayFa MyMKiHIIK Tyazsl. DIS sxone DIA nuarpammanapsl op 00bEeKTIHIH KYHiH KOHE opOip
OTICPAIMSHBIH OPBIHJATY KE3CHJEPIH aHBIKTayFa MYMKIHIIK Oepelli. ABTOMAaTTaHIbIPBUIFaH
Mozenbaey TII-HbIH THIMIUIITIH apTTHIPHIN, )oOajaylibl MEH OIEepaTop apachIHAarbl e3apa
TYCiHICTIKTI KamTamackl3 ereai. ConbiMeH Karap, Rational Rose xone AutoCAD opranapsinaa

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




Industrial Transport of Kazakhstan. Vol.22 (4). 2025

o3ipJIeHreH rpaduKanblK-aHATUTUKAIBIK Moaenbaep TI1 xxocnapiapblH aBTOMaTTaHABIPYFa KOHE
HETi3r1 KOpCEeTKITepAl ecenteyre MYMKIiHmIK Oepemi. KopbITBIHIbBIIAN Kene, YCHIHBUIFaH
omicteme TC TII-HpIH MozemiH THIMII *ko0ajayFa, OHbI Ky)KaTTayFra, (OpMalIbICHIIPYTE KIHE
BU3yalH3alMsUIayFa MYMKIHIIK Oepemi, Oyl TeXHHMKAIBIK IIeurimMaepal KaObuigay MpoueciH
xeHuaereni xxoHe ABX men MC xobanay canachlH apTThIPaIbL.

Tyiiin ce3aep: TEMIpKON CTaHIUSIAPBI, TEXHOJNOTUsUTBIK mpouecc, UML, xommany
KarJaiapsl, Kyl 1uarpaMMachl, 9peKeT TuarpaMMachl, aBTOMAaTTaHbIPbIIIFaH OacKapy
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AHHoTamus. VcciaegoBaHue MOCBAIICHO IUIAHUPOBAHUIO TEXHUYECKOM MOIJIEPHKKH,
pa3paboTKe aBTOMATH3UPOBAHHBIX cucTeM yrpasieHus (ACY) 1 COBEPIICHCTBOBAHUIO METO/IOB
MozaenupoBaHus TexHojorudeckux mporeccoB (TII) xenesnomopoxkubix cranmuii  (OKC).
CoBpeMEHHBIM HHKEHEPAM-TTPOSKTUPOBIINKAM HEOOXO UM CUCTEMHBIN M KOMITJICKCHBIHA TIOIXO]T
K MOJIEJISIM, OMUCHIBAIOIIUM OOBEKT HcclieloBaHMs. MoJienu JOJKHBI OTpakaTh BCE aCIEKThI
(GYHKIIMOHUPOBAHUS OYIYIIUX TEXHUYECKUX CHUCTEM, BKIIIOYAs CTPYKTYPY OOBbEKTa U OCHOBHEIE
nporecchl. Llens nccnenopanus — coepuieHcTBoBanue Metoaa hopmanm3aruu TI1 XKC Ha ocHOBe
napagurMbl BHU3YaJIbHOTO MMPOTPaMMHUPOBAHUsS. 3aJauyd BKIIOYAIOT CO3JIaHHUE JAHarpamm
npeneaeHTo (UCD), mmarpamm cocrosiuuii (DIS) w  muarpamm  aktuBHOCcTH (DIA)
ucnons3oBanneM UML nns  rpaduueckoro mpexacrasnenuss TII; ommcanue o0OBEKTOB,
WCIIOJTHUTEJIEH U BBIOJIHSAEMBIX paboT; opMaIu3aIfio MOPsIIKa BHITOTHEHHUS TEXHOIOTHYECKIX
onepauuii. Pesynbrarsl mokaseiBaroT, 4to npuMeHenne UML mno3BossieT BU3yaau3HpOBaTh
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B3auMojieiicTBue 00bekTOB JXC M MCIOTHUTENEH, apauiebHble U CHHXPOHHBIC MPOIIECCHI, a
TaKXe ATaIlbl BBHITTOJHEHUS Kaxaon omnepanuu. Juarpammer DIS u DIA momorarT onpenenuthb
COCTOSIHUSI OTHENbHbIX OOBEKTOB U (ha3bl BBINOJHEHUS paboT. ABTOMAaTH3MPOBAHHOE
MoJIeTTMpoBaHue MoBbImaeT 3pdekTuBHOCTh TII M obecneunBaeT B3aMMOIMOHHUMAHHE MEXKIY
MPOEKTUPOBIIMKAMHU M olepaTopamu. ['paduko-aHaduTHYECKUE MOJENH, pa3pabOTaHHbBIE B
cpenax Rational Rose u AutoCAD, mo3BOJIIFOT aBTOMaTU3UPOBaTh cocTaBieHue miaHoB TI1 u
pacyeT KIIOYeBBIX mokazarenedt QynkinuonupoBanus JKC. B 3akmioueHue, mpenioKeHHAs
MeToIMKa obecrieunBaeT A3 HEKTUBHOE MPOCKTUPOBAHUE, TOKYMEHTHPOBaHUE, POpPMATU3AIHIO U
Bm3yammmsaruio TII JKC, oGnerdas mporiecCc NMPUHATHS TEXHUYECKUX PEIICHHH W TOBBIIIAs
kauecTBO pa3pabotku ACY u UC XKC.

KurueBble cjioBa: KeIE3HOIOPOKHBIE CTaHUMM, TeXHoJiormdeckui mnponecc, UML,
JrarpamMma fpeueeHToB, JuarpaMMa COCTOSIHUM, narpaMMa akTUBHOCTH, aBTOMATU3UPOBAaHHOE
yIpaBJIeHUE

s uutupoBanus: B. Jlaxuo, JI. Xamanrapun, I'. MypatOekoBa, A. TaObiioB Monenu
U nH(GOPMaLIMOHHBIE TEXHOJIOTHH AJIs (popManu3annu 3a/1a4 IPOEKTUPOBAHUS U aBTOMAaTU3ALIUN
pa3pabOTKH JKeNe3HOI0POKHBIX cTaHui // [Tombiennsiii Tpancnopt Kazaxcrana. 2025. T. 22.
No. 88. Ctp. 81-102. (Ha anr.). https://doi.org/10.58420.ptk.2025.88.04.007.

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

Introduction.

The planning of technical support, an automated control system (ACS), the development
of technologies for the operation of objects of the corresponding subject area (SbAr) are usually
based on modeling methods. At the same time, design engineers need to have a holistic, systematic
understanding of the models that describe the object of research. In turn, these models should
reflect all aspects of the operation of future technical systems. By the models of the corresponding
SbAr (and, in particular, railway stations, hereinafter referred to as RWS), we mean a system that
is capable of simulating the structure or main aspects of the operation of the research object.
Assessment aspects of SbAr modeling are associated with determining the effectiveness of the
implementation of automated processes at the object (Bobrovsky, 2000: 68—71; Milinkovic, 2013:
144-157).

It is advisable to create modern graphic models using specialized software on a computer.

Reproduction of existing production processes in the form of simple diagrams and brief
descriptions helps to achieve a common understanding of the current norms and operational
procedures between the executor and the customer of the RWS development projects.

All of the above mentioned has determined the relevance of our research on this topic.

The Unified Modeling Language (UML) is a standard tool that allows to create diagrams
of software and business processes. UML can be used to implement such operations as
visualization, specification, construction and documentation of software system artifacts
(Milinkovic, 2013: 144—157; Kozachenko, 2013: 47-55).

The constructive use of the UML is based on general principles used in modeling of
complex objects and systems. And besides, using the UML, you can take into account many of the
features of the processes of object-oriented analysis and planning of such systems and objects. The
use of UML will allow solving the problems associated with documenting the system architecture,
taking into account important details of technological processes (TechP) at the RWS. The UML
toolkit offers its own language for formulating instructions for the RWS systems and provides
tools for modeling of work during the planning and versioning phase of the RWS project.

The organizational structure of the RWS is a set of links (employees, structural division)
and connections between them. A common method for representing the structure of the RWS is
an organizational chart.

The organizational chart shows the place of each position and each division in the overall
structure of the RWS and illustrates the distribution of powers and responsibilities.
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The initial stage of planning is the synthesis of a use case diagram (hereinafter UCD). The
basic elements of UCD include:

- use case (technological process - TechP);

- the executor and service object at the RWS, see Fig. 1.

Actor Technological operation Object served at the RWS
a) b) c)

Fig. 1. Examples of conditional images used in the UML of UCD during the design of the RWS system

UCD in UML is used to graphically describe the general features of the actions of objects
and systems. However, at this stage, the modeling does not consider its internal structure. For
example, UCD can be useful for describing the reception of a train at the RWS, obtaining
information about the clients' solvency for a freight RWS, displaying data on the arrival of a train
on information boards of the station, etc. On the UCD the TechP is depicted as an oval. In the field
of the oval or under it, there is a phrase that explains the precedent (technological operation)
(Kozachenko, 2013: 22-28; Voevoda, 2009: 169-174)

As previously shown in works (Sziics, 2001: 133-142; Bobrovskiy, 2014: 57-65), the
creation of UML of UCD for the RWS systems is necessary for:

- (at the initial stages of the RWS planning) defining the general boundaries and a context
of a specific project (taking into account its features);

- (at the initial stages of the RWS planning) the formulation of general instructions for the
algorithms of actions at specific RWS, depending on its features - freight, passenger, etc.;

- creation of the initial conceptual model of the RWS. At the subsequent stages, detalization
is required in the form of logical, physical and software models;

- preparation of initial design documentation for the interaction of the RWS designers with
its customers and executors of specific types of work.

Therefore, the literature review showed that many aspects of the use of UML diagrams to
describe the functioning of complex systems on the railway transport are not fully disclosed. This
led to the main goal of our research, which is to improve the method of formalizing the description
of the TechP at the RWS based on the visual programming paradigm for simulating the RWS
operation.

Materials and Methods.

Modeling the graphical representation of the TechP at the RWS by means of the UML
visual language is achieved by creating diagrams of state (hereinafter DIS) and activities of various
degrees of detalization (Kirichenko, 2017: 142-154).

For example, for a freight RWS, there was created a UCD, shown on Fig. 2. This diagram
shows the technical processing of the train upon arrival at the RWS.

In order to achieve a clear understanding of the TechP at the RWS, it is necessary to
highlight its main components: objects requiring the actions of the executor; set of works; persons
performing work.

A certain number of operations (works) provided for by the TechP are performed by each
object at the RWS, and the execution of technological operations (hereinafter referred to as TechO)
at the station is provided by executors (shunting locomotives, marshalling yard, etc.). Each TechO
should be carried out by executors of a strictly defined specialization (for example, a technical
inspection team (TIT) performs an inspection of wagons, the formation of a train - a shunting
locomotive and a marshalling yard, etc.). At the same time, the executor of a particular
specialization can perform several different operations (for example, the signalman performs the
fastening of the train and the cleaning of brake shoes) (Bobrovskiy, 2014: 57-65.).
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Modeling of the TechP at the RWS is achieved by synthesizing UML diagrams of state and
activity, respectively, DIS and DIA.

DIS in UML describes the process of changing the states (completed works of TechP) of
only one object. In this case, a change in the state of an object (train, group of wagons) can be
caused both by internal processes and due to the action of external pathogens. The main purpose
of this UML diagram in the formalization of the TechP at the RWS is to describe all possible
sequences of work, which together will form the options for the actions of objects during their stay
at the RWS.

DIS in UML notation is essentially a graph of a special kind. This graph can be represented
as a certain automate. The vertices of the graph will be the work performed at the RWS. Besides,
such a graph contains some other types of automaton elements. These elements will be rendered
as adequate graphical notations (conventions) in a specific modeling environment. The arcs of the
graph are designed to represent transitions from state to state. The corresponding states describe
the completion of the work and the transmission of the necessary signal to the executors of the
next work in the diagram. DIS can be nested within each other(Kozachenko, 2013: 47-55.).

The diagram of activity in the UML language (hereinafter referred to as DIA) reflects the
TechP typical for the RWS. The diagram of activity is also a graph that represents a certain
automate, but it has the following differences:

- on DIA, both states can be distinguished, and actions can be shown, and actions, in turn,
can be represented as a new DIS or DIA, receiving nested diagrams;

- DIA has the operator of "choice" in the set of tools for presentation;

- on DIA, you can show the parallelism of the processes performed at the RWS;

- on DIA there is a possibility of presenting the processes of synchronization at the RWS.

When formalizing the processes of the RWS, the DIS describes the change in the phases
of servicing objects during the execution of TechP and work with individual objects (for example,
disbandment of a train, etc.). In this case, changes in the states of objects can be caused both by
internal processes and due to the action of external factors. An example of a diagram of state is
shown on Fig. 3.

When describing the RWS, there are used DIA to describe technological operations
performed with objects within individual states. On DIA, the executors of a certain specialization
correspond to separate paths, operations - states of activity, cause-and-effect relationships between
operations - transitions between the states.

Additional elements of the DIA are decision nodes and nodes of merging (merging and
splitting), as well as points of input and output of signals.
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An example of DIA for servicing a train upon arrival is shown on Fig. 4.

For the TechP, modeled using the diagram of activity, it is typical to reflect the parallelism
of the activities of the objects involved in the TechP data. For TechP, in parallel, there are involved
the path on which the train arrived, a shunting locomotive, a signalman, a technical inspection
team, a commercial inspection team (CI). The states of the graph show the work that is performed
while processing the train. The execution time of operations is indicated by the label "do’".

Work status labels of DIA indicate: entry — work, or an incoming document required to

perform work at the time of entering the state;
exit —work (output objects) performed at the time of exit;
do — work done throughout the allotted time;
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event — separate action performed while the system is in a particular state.

Such "events" must be ordered in time.

Only one transition can be made from specific states at given moments in time. In this way,
it is ensured that a dual result is avoided for any event. There are two special types of states: 1)
entry; 2) exit.
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Unlock do’ (m) {  train dishanding do’

Fig. 4. DIA for processing a train at the RWS

Any action that is associated with an entry event is performed when objects enter the
appropriate states. Exit events are executed when objects leave these states.

In the behavior of the train in the system we can distinguish actions that are reflected by
transitions and actions of the displayed states. Although both are processes that are implemented,
as a rule, by some "executors" of the TechP, they are interpreted in different ways. Transition
activities are considered as instantaneous or continuous. State works can take quite a long time.
Work may be interrupted by some external event.

In addition, there are two special transitions on the DIA: connection position and
distribution position. This representation in the diagram shows the execution of parallel works.
The Fig. 4 shows that in the technological process of processing a train upon arrival, two parallel
works are performed: maintenance of the RS and its inspection. The Fig. 4 shows both operations
performed in parallel and operations separated by connection and distribution positions. Each such
action is characterized by a function of execution or time of completion of work. For parallel work,
we can create diagrams of various degrees of detalization. For the diagram of the completion of
the train stay in a state with parallel works, it is necessary that all parallel works finish their
execution simultaneously. This is the main condition for moving to the next work in the diagram.

The graphical-analytical representation of TechP is visual for the development,
understanding and subsequent creation of new functional blocks of TechP at the RWS and reduces
the time spent for its study. It is also possible to present TechP of various degrees of detalization.
After receiving a schematic representation of the TechP in the IBM Rational Rose environment,
the user receives a text file describing the process. The file can be used in the analysis of TechP
and to perform calculations of the formalization indicators of the TechP at the RWS.

Let us note that the scientific novelty and practical significance of these studies lies in the
methodology proposed for creating mathematical models of the TechP at the RWS using the
unified UML language.
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This approach makes it possible to reduce the time spent on creating a model of the RWS
operation and to present a specific technological process for each station, as well as to specify,
design, document and formalize the technical process, to develop work sequence diagrams of
various degrees of detalization.

The design of the TechP at the RWS and the creation of their input model is characterized
by a high level of interaction between the design engineer and the computer. This stage is
characterized by the creation of an effective graphical representation focused on the visualization
and formalization of the TechP at the RWS.

At this stage, a set of formalization diagrams of the TechP at the RWS is represented as a

set of graphic objects O, . The following types of objects are highlighted:
D, — use case diagram; Dy, — DIS; D, ,— DIA.
Each of the given diagrams is associated with a set of tools for their graphical display.
Use-Case Diagram (UCD) is presented as a directed graph and is described by the
following set:

D, =\I2.V.E. f,, f..vt} 0

where 7 — use case diagram identifier; V' — list of vertices of the graph; E - list of

transitions; f, — initial vertex of transition; f, — final vertex of transition; v¢— transition type

function.
The initial and final vertices of the transition are defined as:
L E-SV, fiESV, )
vtV —->VT, (3)
VT = {actor, entity, function}. &)

Information about the diagram is contained in the file that describes the resulting model
and contains:

list of vertices of actors - V. Here V, describes the vertex that its identifier defines, the
field quid and stereotype are defined by the function V7. Each actor can have a list of
parameters. The list of parameters is defined as class _attribute _list and each attribute is defined
as ClassAtribute;

list of vertices — functions V, that are defined by identifier, name, by the field quid and
additional urgent information

list of edges E . An edge is determined by the link type Association , identifier, name, by
the field quid , field roles, a list of two objects Role. For each edge, there is a list of two vertices,

final and initial.
The State Chart Diagram is described by the following set:

DSch :{chh9V9E9Vslart9l/stop’f7f;ﬂf‘e}’ (5)

where [ 5"” — state chart diagram identifier; V' — set of vertices (states); E — list of

transitions; V.

start

— vertices of the initial state of the diagram; ¥, — vertices of the final state of

the diagram; f, — initial vertex of transition; f, — final vertex of transition; f — runtime function.
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The initial and final vertices of the transition are defined as:
f:V—>R. (6)

Information about a diagram, which is displayed in an identical file, consists of structures:

list of vertices - names of works (V) The parameter (V) describes the vertex, which is
defined by its identifier - fields quid and #ype containing a line "StartState". The attributes are
presented in the field actions in the form of a list, each element of this list is an attribute of the
vertex, the name of which is indicated in the field ActionTime . The field ActionTime contains
the attribute of the operation execution at the top of the graph of values of the set W;

list of edges (E ) The list of edges (E ) is defined by a field transitions and a service word
list transition _list , each edge is defined by a structure objet State Transition . Each edge is

identified by an edge identifier, by the field /abel. The final vertex of the edge is defined by the
service word supllier and supllier quidi - the identifier of the final vertex. The initial vertex of

the edge is determined by the service word client and client _quidu - the identifier of the initial

vertex. The edge is characterized by the execution of the transition action and is determined by the
field Event. The field Event is described by the name of the line type, by the identifier and the
service message defined by the field sendEvent. The message has its own identifier;

vertices of the initial state of the diagram are presented in the file by the field objet State

and are indicated by the line "SUNNAMEDS$ 0". The vertex is defined by the field
type "StartStat e” as the initial state for the graph;

the vertices of the final state of the diagram are presented in the file by the field objet State

and are indicated by the line "SUNNAMEDS$ 1". The vertex is defined by the field
type "EndState” as the initial state for the graph.

DIA is described by the following structure:

Dact:{]CCIIU’V’E’Ktart’K10p9f’ﬁ’ﬁ’S}’ (7

where 75" —DIA identifier; ' — set of vertices (states); S — list of parallel t existing actors;

E — list of transitions; V.

Start

— vertices of the initial state of the diagram; V,,, — vertices of the

final state of the diagram; f, — initial vertex of transition; f, — final vertex of transition; f —
runtime function,

V=VAuVrCuVDUVG, (8)

where V4 — set of vertices of the diagram transition; V'C — set of vertices of the conditional
transition; VD — set of vertices of separation point transition; VG — set of vertices of connection
point transition.

The sets VA, VC,VD, VG are pairwise disjoint. The set VD can have only one entry to the

edge, and it takes the following form:

(‘v’v € VD) Card {e ek, f, (e)z v} =1, 9)
(Vv € VG) Card {e e E, fe(e) = v} =1, (10)
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s:V—-S8. (11)

Information about the diagram that is displayed in the model file consists of such structures:
a list of vertices - the names of works or transitions of a special type (transition type State
; conditional transition; the transition of a separation point of a type Synchroniz ationState is

determined by an identifier - the field quid . A separation point is characterized by a list of
separation edges. The list is defined by the field transitions (list transitions list and a list of
edges with a fieldobject  State Transitions ). Each vertex is defined by the field quid , by the

edge identifier and a list of edges of the initial state and final states. The initial edges are described
by the field supplier and contain links to the initial state of the graph and the final states described

by the field client . All transitions have their identifiers and data transfer events during transitions;
the transition of the connection point of the type Synchroniz ationState 1is determined by

the identifier - the field quid . A connection point is characterized by a list of connection edges.
The list is defined by the field transitions (list transition s list and a list of edges with a field
object State Transitions ). Each vertex is defined by the field quid , by the edge identifier and

a list of edges of the initial state and final edges. The initial edges are described by the field
supplier and contain links to the initial state of the graph and the final states described by the field

client . All transitions have their own identifiers and a data transfer event occurs when transitions
are made;

identifier V' - describes the vertex that the list of edges £ defines. The list of edges is
determined by the field label, the final vertex of the edge is determined by the service word
supplier and supplier quidu - the identifier of the final vertex, the initial vertex of the edge is
determined by the service word client and client quidu - the identifier of the initial vertex. The
edge is characterized by the execution of an action during the transition and is determined by the
field Event. The field Event is characterized by the name of the line type, by the identifier and a
service message, which is defined by the field sendEvent, and the message has its own identifier;

vertices of the initial state of the diagram are presented in the file by the field

object State and are indicated by the line "SUNNAMEDS$ 0" . The vertex is defined by the

field type "StartState" as the initial state for the graph;

the vertices of the final state of the diagram are presented in the file by the field
object State and are indicated by the line "SUNNAMEDS 1" by the field
type "EndState". The vertex is defined as the initial state for the graph;

the list of executors S is defined in the diagram as a section partitions (

list  Partitions, the list of executors is initiated by the field object Partitions, the identifier
S is determined by the field quid , the field class contains data on the link of belonging to the
UCD entity, the field persistence defines the type of entity.

In general, the presented model O, is a list of graphical objects that are written in a

specific order.

Therefore, in the input model, there is proposed a description of the graphical-analytical
representation of the RWS technological process, while the description is made in the IBM
Rational Rose environment, which allows at the next stage to proceed to the stage of designing
interfaces for the ACS or IS of RWS.

The considered diagrams of states and activities prescribe the rules for the functioning of
the RWS model. A station is a collection of automate interacting with each other in discrete time.
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Some automate exist all the time the model is running (permanent), and some are created and
destroyed in the process of operation (temporary).

Permanent automates correspond to the RWS resources (shunting locomotives, paths, a
technical inspection team, etc.). Trains correspond to temporary automate.

In a relationship with a temporary automate, a permanent automate accepts their requests
for resource allocation or satisfies the request if it has a sufficient number of resource units at its
disposal. At the end of the work of the temporary automate, the resource that was used to perform
the work is returned to the permanent automate.

A temporary automate is created upon activation of a node or vertex of the type UCD
function. In this case, the request to perform the following activities, which are described by the
corresponding diagram of state, can be initiated multiple times. The state of the automate is set by
the active vertex of DIS. Upon completion of the work corresponding to this vertex, the automate
moves along the edge from this vertex to a new active one.

If several edges come from one vertex, then the transition occurs along one of them. The
rule for selecting an edge is a vertex attribute. The work of the automate ends and the temporary
automate is destroyed upon reaching the final state.

An ambiguous task is to simulate the operation of the RWS when the temporary automate
is at one of the vertices of the diagram of state. DIA is assigned to this vertex, the vertices of which
describe groups of works, and some works can be performed in parallel.

The internal model should be the basis for the development of effective methods of
functional modeling of the RWS operation. An internal model is created automatically based on
the input model using the models developed in the article.

Based on the UCD, there are formed lists of executors £ and object templates D, each
element of which is described by the following data structure:

executor e, € £

er = {ie’])e}’ (12)
where I, — executor identifier; P, — list of executor parameters; object template d ,E€D
d,= {ld’})cﬂEaUA}’ (13)

where i, — object template identifier; P, — set of object properties with default values;

c

E, — list of executors required for object maintenance; A — state machine (SM), describing the

procedure for performing technological operations (TechO) with an object.

The formation of the SM describing the procedure for performing TechO with an object is
based on the DIS. To describe the automate, there is used an approximate parametric graph whose
vertices correspond to the states of the SM, and the arcs correspond to transitions. Vertex incidence
lists are used to describe the structure of the graph. Moreover, each state of the automate is
described by the structure

Sa = {ia’R’X}’ (14)

where [ « — automate state identifier; R — TechO of the object in this phase of TechP; X —

list of transitions.
Each element of the list of transitions is described by the structure

X, :{z,ia,fp}, (15)
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where z — input signal; f, — transition function.
The technology for object maintenance in certain phases of TechP is formed on the basis
of the DIA. The technology model is a directed graph 1" = {O, G}. TechO corresponds to the

vertices of the graph 0, € O, as well as the points at the beginning and at the end of the

technological process, branching, merging, and decision making.
In particular, TechOs are represented by structures

ql':{iq’iqnafssfdafeoEq}’ (16)

where !, — vertex identifier; [, — next vertex identifier; f.»f, — functions

performed respectively at the beginning and at the end of the operation; f, — function that
determines the duration of the operation; £, — list of executors.

Each element of the list of executors is determined by the specialization of the executor
required to start the work and by a parameter that indicates the order in which it is released
from the operation.

As noted earlier, at the upper levels, the RWS models are collections of interrelated
states. Each of these states can be represented as a sub-automate. Accordingly, the work of
such sub-automate as part of the RWS will be conducted in parallel. The states that characterize
the RWS operation will correspond to the various technological resources at the RWS. And in
addition, the RWS scheme is supplemented by such objects as a dispatcher (the main function
is the appointment of TechO executors) and an incoming flow generator (IFG) of service
requests.

The work of the dispatcher and the IFG can be described using external algorithms.

From the point of view of representing the model of the RWS functioning as a finite-
automaton model, both the dispatcher and the IFG can be represented as an automate with a
single state. That is, the dispatcher and IFG will generate signals that will control the RWS
operation. The interaction of the SM with each other is realized by means of signals automates
generated during the operation.

For a typical structure, a SM of the RWS will respond to the following signals:

1) "Perform (object, type of work)". Such a signal is received by the dispatcher,
processed by him, and then the executors are appointed;

2) "Execution (object, type of work, executors)". Executors (or executor) are SMs. The
SM data will correspond to some units of technological resources of the RWS;

3) "Completion (object, type of work)". This signal serves to synchronize messages
from executors about the completion of work;

4) "Time". A signal 7 that is needed to measure the time intervals that are allocated
for the execution of work.

As an example, let us consider the diagram of changes of the SM states for a shunting
locomotive (technological resource, see Fig. 2), which is assigned to arriving trains, see Fig.
5.

The operations shown on fig. 5 can be represented as a graph describing the operation
of a state machine. The Figure 5 gives a representation in the form of a graph for an automate
(shunting locomotive), which transports wagons during their unloading.

In the course of modeling the operation of such a state machine, the task of obtaining
information on the duration of the execution of specific TechOs is of paramount importance.

From the point of view of the description of the SM, it is necessary to assess the
possibility of transition from the state 4 for which the objects can perform TechO with
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duration # into a certain state B . If the ultimate task is to automate the object control processes
at the RWS, then obviously it is necessary to receive a signal that actually initiates the
transition.

Next, you need to decide on the place where you should store information about the
transition time. Within the framework of modeling with UML diagrams of the TechP at the
RWS, we assume that all incoming signals will be external in relation to the initial state of the
object. Tracking the time of work performed by a shunting locomotive can be applied using
two approaches:

The first approach involves processing the SM states for each moment of event
processing 7;

The second approach assumes the need to process SM events, which is characterized
by a complex structure.

When using each of the above approaches, we mean that it is necessary to create SM
based on its rules for transitions between the states.

Therefore, if we take the rules for creating SM as a basis, applying the first approach,
then it is necessary to process its states at every moment 7. In this case, it is necessary to store
in the ACS or IS time arrays describing the change in the states of the SM and the signals
generated at the moment 7. It is also necessary to check the transitions to the following states
of the SM. Consequently, the SM operation will continue until at a certain moment in time 7
the SM state will correspond to the position ("Train sent").

The second approach is also generated on the basis of SM states. But in this case, it is
more important to create SM based on the general principles of deduction - from general
provisions to detailed ones. In addition, the SM is controlled through external signals. It is also
typical for the second approach that transitions from one state to another will be accompanied
by quantitative data.

Using these considerations, there was created a UML diagram for the SM, which shows
the TechP for unloading wagons with different cargos, see Fig. 6.

Thus, this SM describes the model of the TechP at the RWS in UML notations and, in
fact, is a set of hierarchical automates. In this case, each SM will correspond to a unit of the
RWS technological resource (for example, for the resources shown on Fig. 2: path, shunting
locomotive, etc.). Separate elements of the SM will be required to simulate the activities of the
dispatcher and to develop an ACS or IS for the RWS.

We also note that the strategies of action of these elements will be described by a set of
parameters, which at the next stages of designing an ACS or IS for the RWS can be considered
as variables for the multi-criteria optimization task of the RWS operation. At first
approximation, it is better to describe the activities of the dispatcher using the simplest strategy
of the SM operation. With this supply, the wagons undergoing processing will correspond to
the parameters of the SM state.

The models of the technological process described using UML diagrams, and the
methodology for creating RWS models as hierarchical SMs are well suited for the development
of object-oriented applications for ACS and IS of the RWS.

However, in some cases, it is advisable to perform the automation of the development
process and analysis of the technology of its work using simpler modeling methods. It is also
advisable to do this if we are not talking about the design and implementation of object-
oriented software products, but about the need to complete the stage of documenting work
based on traditional design automation tools, for example, using the AutoCAD package. Such
a supply of models focused on automated design systems of the RWS will increase the
efficiency of human-machine interaction and provide automation of the processes analysis at
the RWS, based on the minimum information entered by the operator. In such situations, it
will be quite effective to use the method of representing the processes of the RWS functioning
as graphical-analytical models.
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SM states:

. Arrival of the locomotive.

. Arrangement of a group of wagons (GrWag) for unloading at VO-1.

. Arrangement of GrWag on the path of the grain park.

. Arrangement of GrWag on the path of the coal park.

. Arrangement of GrWag on the path of the ore park.

. Arrangement of GrWag for unloading at VO-2.

. Arrangement of GrWag for unloading at the wagon unloading station No. 1.

. Arrangement of GrWag for unloading at the wagon unloading station No. 2.

O 0 3 O W kK~ W N =

. Arrangement of empty wagons on the path of the receiving-departure yard
10. Arrangement of GrWag for defrosting

11. Arrangement of GrWag for containers unloading.

12. Performing laboratory analysis of cargo.

13. Arrangement of GrWag on the path.

Fig. 5. SM state change diagram for a shunting locomotive assigned to arriving trains
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Unloading wagons with ore
(15 wagons)

el

Unloading wagons with coal
(10 wagons)

- a

. - - | Unloading wagons with \ ‘._Arrangement of empty wagons \ .
e mineral fertilizers (15 wagons) T in the arrival park
-~ -

— -

Unloading wagons with containers
\ (10 wagons)

Unloading wagons with grain
(15 wagons)

Fig. 6. UML diagram for a state machine that shows the TechP for unloading wagons with different cargos

In addition to SM using as a tool for modeling the technical equipment of the RWS,
we can also use the theory of graphs, since for a number of cases, for example, when we are
talking about modeling a special technical equipment of the RWS, this approach will be less
laborious than developing a state machine. In this case, individual technical means (TechM)
used at the RWS to automate TechP and the corresponding executors will be positioned as
the vertexes of a tree (graph). The arcs of the graph will correspond to connections. Then the

set of tree vertices (V) can be divided into such subsets V,,Vg,VS). The vertexes V, will

represent the leaves of the tree to which the TechM, as well as the executors, will correspond
to. As in the case of using the notations of UML diagrams or SM, the executors mean separate
paths, shunting locomotives, TechM for automation of loading and unloading operations,

technical inspection teams, commercial inspection team, etc.). The parameter V. will
correspond to the root of the tree, which forms the RWS. The nodes V, will correspond to

the TechM group used at the RWS. Moreover, the nodes V, will be associated with the

TechM groups, which are grouped according to certain principles (cargo handling points, a
park of shunting locomotives, a laboratory, etc.). With this formulation of the problem, each
vertex must be associated with its own list of parameters. For example, the vertex type (line,

line group, RWS) will determine the parameter f,. In order to determine the structure of the

tree as a whole, it is necessary to assign a vertex v for each of the vertices u,, i.e. u, >v.

The rest of the parameters will be determined by the type of the vertex.
Then, the vertices v, €V, in the computer memory can be represented as follows:

vrz{tlﬂubﬂsr’nr’yr’hrﬂzr}’ (17)
where s. — vector of specialization of the executor (for example, TechM), which
correspond to the types of operations performed; n, — executor name (TechM); y A,z —
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respectively ordinate, height and visibility of lines in daily plans-schedules of the RWS
operation.

The vertices v, €V, in the computer memory can be represented as follows:

Ve :{tb,ub,n,,wg}, (18)

where n, — the name of the groups of executors (TechM); w, — width of a specific

group (TechM) on daily plans-schedules.
The vertex v, is represented by the structure:

vs :{tb’ub’p‘NSAv’wAv}’ (19)

where p, — period for which the simulation is performed; s, — horizontal graph scale;

w, — column width for line title.

The RWS functioning can be represented as a process of station objects maintenance
by individual executors. Such objects can include: a train, a wagon, a group of wagons, a
locomotive, etc. Then, the object maintenance model will be a directed graph of the form
G(O, L). The vertices of the graph will correspond to individual TechOs, which the executors
perform during the maintenance. The arcs of the graph will correspond to the cause-and-
effect relationship between TechOs. The structure of such a graph can be represented as
incidence lists. Then, each vertex (o) is associated with a list (or lists) of previous (po), as

well as subsequent (na) vertices.

The implementation of individual TechOs in some cases requires the involvement of
several executors (several TechMs). For example, when using a marshalling yard, it is
necessary to use the following TechMs: arrivals paths, thrust paths, shunting locomotive,
signalman. Then, the vertices (a) and (c) have the form in which we will consider (a - c)
and (c — a) as the simultaneous involvement of several executors (TechMs) to perform one

TechO.
Then, each memory operation in a computer can be represented as follows:

0:{poanoatoapoaboavo’wo’lo’do}’ (20)

where f,— TechO type; b, — identifier of the object for which this TechO is
implemented; v, — identifier of a specific TechO executor; x,,w, — respectively, the

beginning and duration of TechO; [, — pointer to a modeled point on the graph; d, — vector

of additional parameters (this vector depends on the specifics of TechO).
Additional parameters that determine the specifics of TechO may be as follows: train
number; the number of wagons, etc. Constants can be used as parameters of operations. You

can also use a parameter b,. The duration of a TechO can be represented as a constant, or

you can apply special functional dependencies that were obtained for different TechOs.

The Figure 7 shows an example of the representation of the technical equipment of
the RWS in the form of a graph for the case when it is necessary to simulate the transit trains
maintenance at the RWS.
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Individual operations on the graph are displayed as corresponding icons. Combining
operations imported, for example, from a *.mdl Rational Rose file into appropriate groups,

is implemented using the lists p,,7n,. Then the TechO group can be assigned to the object b
. This is done by specifying its identifier b,. Each of the objects can be associated with a list

of parameters d,.

By changing the parameters of objects, it is possible to provide a synchronous change
of the corresponding parameters of all TechOs related to the object. Then the TechO of
objects at the RWS can be formalized using a directed graph of the form H(T,L).

A graph H(T, L) is like a graph G(O, L). In the graph H(T,L), it is assumed that T —
the graph of vertices or templates of TechO, and L — arcs (connections) between the vertices.
Individual operations can then be represented as follows:

tz{ SNt S, X WL dt}, 21)

t>70? t2>"0?

where s, — specialization of the executor who performs TechO; x, — conditional start
point of TechO; w, — duration of TechO; d, — vector of default values of additional

parameters that depend on the TechO type.

Creation of a technology description used at the RWS can be performed in separate
editors that are suitable for the RWS technologist. This can, for example, be AutoCAD,
KOMPAS, etc. Moreover, the list of works can be easily imported from UML diagrams files,
for example, below there is a fragment of the listing of the list of works at the RWS, imported
from a *.mdl file describing the UML diagram for the TechP of the state machine for
unloading wagons with different cargos, see fig. 6:

(list States

(object ActivityState "Unloading wagons with coal (10 wagons)"

(object ActivityState "Unloading wagons with ore (15 wagons)"

(object ActivityState "Unloading wagons with mineral fertilizers (15 wagons)"
(object ActivityState "Unloading wagons with containers (10 wagons)"
(object ActivityState "Unloading wagons with grain (15 wagons)"

object ActivityState "Arrangement of empty wagons in the arrival park")
(object ActivityState "Train on the path of arrival”)

(object ActivityState "Weighing")

(object ActivityState "Weighted group of wagons on the path for settling")

Executors’ identifiers (v ) are replaced by their specializations from the list (s,). If

new objects are added to the UML diagrams, then the computer will select the executor,
guided by their specialization. This will ultimately allow minimizing the duration of work
on specific TechO.

Taking into account the fact that maintenance at the RWS is performed using standard
technologies, the formalization of the TechP description can have a positive effect, which
consists in reducing the time for developing and modifying maintenance schedules of
TechOs. The developed graphic-analytical model, implemented, for example, in AutoCAD,
see fig. 8, makes it possible to automatically determine part of the indicators of the RWS
functioning.

For example, it is possible to automatically carry out calculations for the load factors
of TechO executors, as well as for TechM (6)
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=1

Vi=- ». > W =

where k- total number of RWS executors.

It is also possible to calculate automatically the downtime of the wagons, which
correspond to the analyzed TechO.

Taking into account the fact that the development of the schedule is usually performed
by a RWS technologist, the use of a schedule plan, as well as tools for design automation
packages such as AutoCAD, should not cause any particular difficulties. In fact, in this case,
the development of a plan-schedule resembles the usual process associated mainly with
adding, removing and modifying icons on the plan. At the same time, the developed interface
in any computer-aided design environment, for example, AutoCAD, will be intuitive for
RWS technologists and will not require additional training, unlike the skills of designing
UML diagrams.

Let us note that formalization of the process of drawing up schedules, based on the
models described in the chapter, will significantly reduce the time for creating such
schedules. Also, this approach, in conjunction with the possibilities of combining the
Rational Rose and AutoCAD package tools, increases the capabilities of both technologists
and programmers of ACS and IS of RWS to make adjustments to already existing diagrams
and plans-schedules of TechP, depending on the specific circumstances at the RWS, as well
as coordination of modifications of operations with objects. The presence of models makes
it possible to automate the processes of calculating the main indicators of the RWS operation,
to visualize the results of calculations on the loading of TechM, downtime, etc
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Fig. 7. Representation of the technical equipm
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Fig. 8. An example of integrating work lists from a state machine graph or UML diagram into the AutoCAD design
system

The formal representation of the processes of the RWS functioning will also allow
automatically generating files with the initial data for the simulation of processes at the RWS.

Taking into account the fact that the development of schedule plans is usually performed
by a RWS technologist, the use of a schedule plan, as well as tools for design automation packages
such as AutoCAD, should not cause any particular difficulties. In fact, in this case, the
development of a plan-schedule resembles the usual process associated mainly with adding,
removing and modifying icons on the plan. At the same time, the developed interface in any
computer-aided design environment, for example, AutoCAD, will be intuitive for RWS
technologists and will not require additional training, unlike the skills of designing UML diagrams.
Let us note that formalization of the process of drawing up schedules, based on the models
described in the chapter, will significantly reduce the time for creating such schedules. Also, this
approach, in conjunction with the possibilities of combining the Rational Rose and AutoCAD
package tools, increases the capabilities of both technologists and programmers of ACS and IS of
RWS to make adjustments to already existing diagrams and plans-schedules of TechP, depending
on the specific circumstances at the RWS, as well as coordination of modifications of operations
with objects. The presence of models makes it possible to automate the processes of calculating
the main indicators of the RWS operation, to visualize the results of calculations on the loading of
TechM, downtime, etc.

Formal representation of the processes of the RWS functioning will also allow to
automatically generate files with the initial data for the simulation of processes at the RWS

Conclusion.

The method of formalizing the TechP description of the RWS based on the visual
programming methods for the simulation of the RWS operation has been improved.

The UML diagrams of state and activity have been adapted to represent the RWS operation
technology. When formalizing the RWS description, the diagram of state is submitted taking into
account the specifics of the description of the change in the phases of objects maintenance in the
process of performing the maintenance of individual objects.

It is shown that the diagram of state for RWS is a state machine (SM) that models the
sequence of changing the states of an object. The detalization of the behavior of objects serviced
at the RWS has been completed. Detalization is done using the diagrams of activity. The diagrams
of activity are used to formally describe the TechO with objects and executors of work at the RWS.
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There is proposed a methodology for creating RWS models as hierarchical SM. It is
proposed to visualize state machines taking into account the features of the RWS in the form of
Harel diagrams (UML state diagrams).

On the basis of the use of hierarchical SM, there have been improved the methods of
functional modeling of the RWS.

Based on the use of hierarchical spacecraft, the methods of functional modeling of the LDS
have been improved.

It is shown that functional UML models of the RWS can be used to analyze changes in
structures, technical equipment, and technologies for work technology at the RWS. Moreover,
these models can be used to assess the compliance of the technical and technological equipment
of the RWS with both the existing and future scope of work at the station.

It is shown that signals about the beginning and the end of various works at the RWS allow
synchronizing the operation of the model. It is shown that the use of actions to describe the states
and signals will make it possible to use external algorithms for the design of ACS of the RWS.
This is especially important when the application of the finite-automaton formalism is difficult or
inconvenient. The chapter discusses specific examples of the SM description that simulate the
operation of the RWS for the TechO of the wagon acceptance.

The described methodology was implemented using the UML in the Rational Rose
environment. This significantly reduced the complexity of the work on the synthesis of the
corresponding models of the RWS.

It is shown that in the course of the development of effective automated systems for
analyzing the technologies of the RWS operation, it is required to increase the efficiency of man-
machine interaction when creating models of RWS processes. It has been established that the
structure of the model of the RWS functioning should ensure the implementation of possibilities
for the automatic analysis of RWS processes based on the minimum human participation in the
process of entering information. The achievement of the solution to this problem is facilitated by
graphical-analytical models of the RWS.

It has been established that the graphical-analytical models of the RWS operation are
capable of providing a high speed of human-machine interaction and reducing the barriers between
the cognitive perception by the engineer of the graphic models of TechP at the RWS and the UML
notations, which are designed for programmers. There has been developed a model of graphic-
analytical description of the RWS, in which, in contrast to the existing ones, there was added the
ability to automatically correct the list of objects and technologies, as well as additional links
between TechOs, which will reduce the load on designers during the development and analysis of
technologies of the RWS functioning. Moreover, the list of objects and technologies can be
automatically imported from UML diagram files.
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Abstract. The study focuses on the application of virtual and augmented reality (VR/AR)
technologies in the real estate sector, including property purchase, sale, rental, and design. In
today’s fast-paced environment, population growth and increasing demand for housing require the
implementation of innovative technologies to enhance transaction efficiency and improve
customer service quality. The purpose of the study was to explore the potential of VR/AR
technologies to improve real estate sales and design processes, as well as to analyze their economic
efficiency. The research objectives included evaluating current trends in the real estate market in
Kazakhstan, studying the impact of VR technologies on buyers’ decision-making, developing a
VR tour and virtual design model, conducting a financial analysis of project implementation, and
identifying potential risks and mitigation strategies. The results demonstrated that VR technologies
accelerate the buyers’ decision-making process twice as fast compared to traditional methods
(photos, brochures, 2D plans). More than 80% of respondents reported that virtual tours helped
them better understand the layout and design of the property. The implementation of VR
technologies contributes to increased sales volume, reduced costs for property demonstration, and
expanded service markets both within Kazakhstan and internationally. Financial analysis showed
that the project becomes profitable within the first two years of operation. In conclusion, the VR
Estate project has significant potential to transform the real estate market, offering convenience,
time and resource savings for all participants. Future prospects include expanding the range of
services, integrating with international markets, and further utilization of augmented reality
technologies for property reconstruction and interior design.

Keywords: VR technologies, real estate, virtual tours, interior design, Kazakhstan market,
innovation, economic efficiency
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AHHOTanMsA. 3epTTey TaKbIPHIOBI — JKBUDKBIMANUTBIH MYJIIK CalachlHAa BUPTYaJJIbl JKOHE
keHenTireH mbHABIK (VR/AR) TexHOMOTHsAIApBIH KOJIaHy, OHBIH 1IIIHJE CATHII ATy, CaTy, JKajFa
Oepy >kaHe xo0anay. Kazipri emip bIprarbIHbIH KAPKBIHBIHBIH KOFapbl 00JTYbI, XaJIbIK CAHBIHBIH 6CY1
’KOHE TYPFBIH YHT€ CYPaHBICTBIH apTybl HHHOBAIMSUIBIK TEXHOJIOTHSIIAPABI €HI13Y/l KaKeT eTel,
OyJ1 MoMuIenep THIMALIITIH apTThIpyFa KoHEe KIMEHTTEpre KbI3MET KOpPCETy CallachlH jKaKCapTyFa
MYMKIHIK Oepeni. 3epTreyaiH MakcaThl — VR/AR TeXHOIOTUsIaphIH )KBUDKBIMANTBIH MYJTIKTI CaTy
YKOHe yko0aay MpoIeciH )KeTULAIPY YILiH Maianany MyMKIHIIKTEPiH 3epTTey, COHIail-aK oJapAbIH
OSKOHOMHUKAJIBIK ~THIMAUICIH Tajmay. 3epTrrey OapbIChlHIA Kejleci MIHJIETTep KOWBUIIBL:
KazakcTrangarsl >KbUTKBIMANTEIH MYJIIK HAPBIFBIHBIH aFbIMIAFbl TEHICHIMSUIAPBIH Oaraliay; caThIIl
aMyIIbIIapbIH MIennM KaObuimaybiHa VR TexHomorusapbIHBIH oCepiH 3epTrey; VR-Typ koHe
BUPTYaJIbl K00ajay MOJENH a3ipiey; K00aHbl €Hri3yAiH Kap>KbUIBIK TaJAAaybIH JKYPri3y >KoHE
BIKTUMAJI TOYEKEJJep MEH OJapAbl a3alTy OJICTEpiH aHbBIKTay. 3epTrey HoTmwkenepi VR
TEXHOJIOTUSUIAPbIH Maiinanany goctypii oxictepre ((oto, Opomropa, 2D-xocnapiap) Kaparanaa
CaTBINl ATYIIBUIAPBIH IICHIM KaObLIay MPOIECIH €Ki €ce KbUIAamara ajaThIHBIH KOPCETTI.
Cayannamara KaTbicKaH#apablH 80%-maH  acTaMbl BHPTyalAbl AKCKypCUsUIap —TATEpAiH
OpHAJIACYBIH KOHE IU3aWHBIH KAKChl TYCIHYr¢ KOMEKTECETiHIH alTThl. VR TeXHomorusiapbiH
€HTi3y CaTbUIBIM KOJIeMiH apTThIpa/ibl, OObEKTUIEPIl KOpPCETYre KEeTEeTiH IIBIFBIHIAPIbI a3aiTa bl
’KOHE KbI3MeTTep HapbiFblH Ka3zakcranna skoHe oJlaH Thic keHelTeal. KapkbulblK Tasnnay sk00aHbIH
aIIFaIlIKbl €K1 KbUIIA ©31H-631 aKTaUThIHBIH KepceTTi. KopeiThiHabmail kene, VR Estate sxo0achl
KBUDKBIMAUTBIH MYJIIK HapbIFBIH TpaHChOpMalusiayFa aWTapibIKTail oleyeTke ue, OapIbIK
KaTBICYIIbLUIAp YIIIH BIHFAMIBIIBIK, YaKbIT IIEH pecypcTapibl YHEMACY I KaMTamachl3 eteni. Icke
achlpy MEpCHEKTUBAJIaphl KbI3METTEP ACCOPTUMEHTIH KEHEHTy, XaJlbIKapaslblKk HapbIKTapMEH
UHTETPALUSIIAY KOHE OOBEKTUIEPAl PEKOHCTPYKIHAIAY MEH jk00aliay YIIiH KEHEUTIITeH IbIHIBIK
TEXHOJIOTUSUIAPBIH O/1aH op1 KOJIAAHYAbI KAMTUIbI.

Tyiiin ce3aep: VR TexHOmorusmapsl, *bUDKBIMAUTBIH MYJIK, BUPTYAJIIbl SKCKypCHUsIap,
UHTEphep Au3aiinel, KazakctaH HapbIFbl, ”HHOBAUSIIAP, SKOHOMHUKAIBIK THIMALTIK

Jouiexceznep ywin: JI. Copokuna, A. Ms3oBa BupTyanubl HIBIHABIK TEXHOJIOTHICHIH
KOJIJIaHa OTBIPHII KbUDKBIMAUTBIH MYJKTI caty // Kazakcran enaipic kediri. 2025. Tom. 22. Ne 88.
103—118 6er. (Opsic Tin.). https://doi.org/10.58420.ptk.2025.88.04.008.
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AHHoTanus. TeMa rccienoBaHus NOCBAIICHA TPUMEHEHUIO TEXHOJIIOTUIA BUPTYaIbHON U
nononHeHHo# peanbHOCTH (VR/AR) B cdepe HeABMKMMOCTH, BKIIOYAs MOKYIKY, MPOAAXKY,
apeHy U Au3aiiH 00beKTOB. B COBpeMEHHBIX yCIOBUSAX BHICOKHM TEMII )KU3HU, POCT HACEIECHUS U
yBEIMUEHUE CIpoca Ha JKUIbE CO3[aI0T HEOOXOAMMOCTh BHEAPEHUS WHHOBAIIMOHHBIX
TEXHOJIOTUH /7151 MOBbIMEHUS 3(P(PEKTUBHOCTH CHENOK M KauecTBa OOCITY)KMBAaHUS KIHEHTOB.
Ilens wuccrmenoBaHUs 3aKiOyYajach B H3YYEHHH BO3MOXKHOCTEH wucmosib3oBaHusi VR/AR
TEXHOJIOTHI JUIsl YIIyYIIeHUs Tpoliecca MPOJaXu U MPOSKTUPOBAHUS HEABUKUMOCTH, a TAKKE
aHaJl3a UX JKOHOMHUYecKoi 3(dekTuBHOCTH. B pamkax wuccienoBaHusi ObUIM TOCTaBJICHBI
CIIEIyIOIIME 3a/Jayd: OLEHUTh TEKylllMe TEHACHLUU pbIHKAa HeABMXUMOcTH B Kaszaxcrane;
W3Y4YuTh BIHMsiHUE VR-TEXHOIOTHI Ha MIPUHATHE PENICHUH MOKYIATesIMH; pa3padoTaTh MOIEIh
VR-Typa 1 BUpTyalnbHOT0 n3aifHa 00bEKTOB; IPOBECTH (PMHAHCOBBIN aHAJIN3 BHEPEHUS IPOCKTA
Y ONPEJECINTh MOTEHIHUAIBHBIE PUCKU M METOJbl UX MUHUMH3ALMU. Pe3ynpTaTel Hccaeq0BaHus
MOKa3aJIM, YTO HCIOJIb30BaHUWE VR-TEXHOIOrMi IO3BOJSAET YCKOPUTH IPOLECC IPUHATHUS
pellleHrs TOKyIaTeJsMH B JIBa pa3a IO CPaBHEHUIO C TPaJULMOHHBIMU MeToaamu (¢orto,
opourtopel, 2D-nmansl). bonee 80% pecnmoHAEHTOB OTMETHIIM, YTO BUPTyalbHBbIE SKCKYPCHUHU
MOMOTaloT JIy4llle TOHATh IUIAHUPOBKY MW JM3aiiH Xuibd. Breapenue VR-texHomoruit
CHOCOOCTBYET poOCTy oObeMa MpOJaX, CHIDKEHHIO 3aTpaT Ha JIEMOHCTPAIMI0O OOBEKTOB U
pacIIMPEHMIO PhIHKA YCIIYT Kak Ha Tepputopuun KazaxcraHa, Tak v 3a e€ npenenamu. OUHaHCOBBIN
aHau3 MOKa3aj, YTO OKYMAaeMOCTh MPOEKTa JOCTHraeTcs yXe B IepBble JBa rojga padbotsl. B
3aKIIFOYEHUE MOKHO OTMETUTD, YTO MPOeKT VR Estate neMoHCTpHUpyeT 3HAUUTENbHBIN MOTEHITUAT
JUs TpaHCc(OpMaIlMKM pPhIHKA HEIBMKUMOCTH, oOecredmBasi yJ0OCTBO, SKOHOMHIO BPEMEHH H
pecypcoB [uisl BCEX YYACTHUKOB mpouecca. IlepcrnekTrBbl BHEIPEHUST BKIIOYAKOT PaCIIMpPEHUE
ACCOPTUMEHTA YCIIYT, UHTETPALUIO C MEKYHAapOIHBIMU PHIHKAMU U JaJIbHENILIEE HCITOJIB30BAHNE
TEXHOJIOTHI JIOMOJIHEHHON PEATbHOCTH sl PEKOHCTPYKIIUU U JU3aiiHa 0OHEKTOB.

KiroueBbie ciaoBa: VR TexHOI0rMM, HEABUKUMOCTD, BUPTYaJIbHbIE SKCKYPCHUH, AU3aiH
UHTepbepa, ppiHOK Kazaxcrana, ”HHOBAIMH, SKOHOMHYECKast 3 (HEKTUBHOCTb.

Jass ourupoBanmsa: JI. Copoxuna, A. MsszoBa Ilpogaka HEABM)KMMOCTH C
WCIIOJIb30BAHUEM TEXHOJOTUNW BUPTYaJIbHONW peadbHOCTH // [lOMBINIJIEHHBI TpaHCTIOPT
Kazaxcrana. 2025. T. 22. No. 88. Crp. 103-118. (Ha pyc.).
https://doi.org/10.58420.ptk.2025.88.04.008.

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

Beenenue

Tema MOKynKu, NPOAAaKH, apeHAbl U IHW3aliHa HEIABWKUMOCTH aKTyaJIbHA JUIsl Ka)KIOrO
YeJI0BEKa, BeJlb KaXK/IbI U3 HAC HY>KAaeTcs B xkuibe. Hanbornee akTyanbHON U3 MEepeUNCICHHBIX
TEM SBJISICTCS MOKYIKa HEIBHKMMOCTH B APYTUX IOpOJax M CTPaHaxX, HO TyT BO3HHUKACT DSl
npo6JeM, ¢ KOTOPBIMHU IMTOMOKET cripaBUThCs IpoekT VR Estate (Aiir6aesa, 2021: 45-55). 'oBops
0 MePCIEeKTUBaX NPUMEHEHUS TEXHOJIOIMI BUPTYyaJIbHON U IOTIOJIHEHHOH pealbHOCTH B OU3HEce,
chepa HEIBMKUMOCTH OOBIYHO ymoMHHaeTcs omHou m3 mepBeix (World Bank, 2022: 12-22).
[TporcxoauT 3T0 U3-3a pacTylled KOHKYPEHLIMH, OOJIBIINX pa3MEPOB U 0ObEMOB OTEYECTBEHHOIO
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peiaka Henmwkumoctn (bropo nHammonamepHOM cratuctukd PK, 2022). C kaxnapiM TroaoM
texHonorun VR/AR pa3BuBaroTcs BCE akTUBHEE, HAXOIAT IPUMEHEHHE HE TOJIBKO B MAPKETHHTE,
HO U B cdepe NOpoAax, 3aKpbIBAIOT BOIMPOCHl C KOMMYHHMKAIMEH, pemalT 3agadd
TEPPUTOPUANBHON yNaNEHHOCTH KIMEHTOB U CIIY’KaT CBS3YIOLIMM 3BEHOM MEXAy OaHKaMu H
cTpoutenbHbIMU KoMmmanusmu (Hazap6aes, 2019: 89-95).

Hcnonb30BaHne TEXHONOIMM BHUPTYaJbHOM pEalbHOCTH B apXUTEKType IIOMOTaeT B
MPUHITUU PEUICHUH U BU3YyalU3alluu Pe3yJIbTaTOB MpelaraéMbIX rpaloCTPOUTEIHHBIX TPOEKTOB
u apxuTekTypHbiXx muaHoB (TpeneB, 2018: 63—67). DTO Takke MO3BOJISIET CBOEBPEMEHHO
0oOHapy>KUBaTh U HCIPABIATH OMIMOKU, SKOHOMSI TEM CaMbIM BpeMs U JIeHbI'H. VR-akckypcuu
MIOMOTAIOT B 2 pa3a ObIcTpee MPHUHATH PELICHUE O MOKYTIKE HEABMKUMOCTH, HEXKEITH MPOEKThI Ha
KommbioTepe, ¢poto unu opourtopsl (bropo HanmonaneHoit cratuctuku PK, 2022). Bonbme 80%
MIOKYyIIaTeJIe OTMEYaroT, 4TO VR-KOHTEHT IOMOI MM IIPUHATH PELICHHE O MOKYIKE M JIydlle
MOHSATH TUIAHUPOBKY KBapTUpHI (bropo HarmonanpHOM cratuctuku PK, 2022).

OcHoBHas 3a7a4a VR-TypoB — HapacTUTh 00BEMBI MIPOJIAK HE MOCTPOSHHOTO KHJIIbSI WIIN
MPOJEMOHCTPUPOBATh HEABMKUMOCTb, HAXOMASAIIYIOCS B TEPPUTOPHAIBHOM OTHAJICHUU OT
yenoseka (beictpos, 2025).

Bo Bpems mangemun Covid-19 60mnb110e KOMHMYECTBO MPEANPUATAN TPHOCTAHOBUIIN CBOIO
nesTeabHOCTh. OHAKO pacTylas NOTpeOHOCTh OM3Heca B MPOIOJKEHUU CBOEH JEATEIbHOCTH B
WHTEpHETE MpHBea K yBenudeHuro cnpoca Ha VR (AiirbaeBa, 2021: 52-60). Kpome toro, VR-
TEXHOJIOTHUS Pa3BUBAETCS KaK MHOTOOOCIIAIOIINNA HHCTPYMEHT JJIsl BUPTYaJIbHBIX MEPOIPUSATHI,
4yTO cTUMYJIUpYeT pocT peiHKa (World Bank, 2022: 15-20).

TOO «VR Estate» — 310 KoMIaHusi, KOTOpas IOMOXET NPOAATh, KyHUTh, IOCMOTPETD,
CKOHCTPYUpPOBaTh HEIABM)XKMMOCTb, HE BBIXOJAS W3 J0Ma; Mpeiaraercss 2 Buaa yciayr: VR-
AKCKYpCHsl IO HEIBMKMMOCTH M IPOEKTUPOBKA W [M3alH, NEPEHECEHHBI B BUPTYaJIbHYIO
peanbHOCTh (AliTOaeBa, 2021: 56—65). VR-akckypeus cocTtouT W3 2 3TamoB: 1) MoOwMIIbHAs
BUpPTyallbHasl peajJbHOCTh. JTO0 3D-MOAENny IUIaHUPOBOK KBApTHP WM MaHOpaMHbIe Typbl. WX
MO>KHO 3arpy3uTh Ha Tene(oH, TOTOM BCTaBUTH Tele(OH B OYKU BUPTYaJIbHOW peaJbHOCTH; 2)
nojgHoMacTabHeli VR, Korga MOKHO CBOOOJHO «IE€pPEeMEMIaThCs» 10  BUPTYAIbHOMY
MIPOCTPAHCTBY KBapTUpbl. B oducax mnpojgax 3acTpOHIIMK MpPeIOCTaBiseT KIUEHTY IIeM
BUPTyaJIbHOW PpEAJIbHOCTH, a TMOTCHLUUAIbHBIA MOKyHaTeldb MOXET «XOIUTh» IO KBapTUpE,
TpuceaaTh, 3arisIbIBaTh MOJ CTOJI W BaHHY W Tak nanee (AirbaeBa, 2021: 57-60). Takoii
UHCTPYMEHT JaeT KJIUEHTY OOIIbIle BO3MOXHOCTEH M3yUUTh KBapTHPY. Takke mpeanoiaraercs
IIPOEKTUPOBKA U IN3alH, IEPEHECEHHBIN B BUPTYaJIbHYIO PEAIbHOCTD.

BHenpenue TexHOIOTUI BUPTYalIbHOM pealbHOCTH B MPOJIaXKe U IU3aifHEe HEIBHKUMOCTH.
CoBpeMeHHBIN MHUp apXUTEKTYpBl, IU3aiiHa U MPOJaXH HEJBUKUMOCTU MEHseTcs. TexHomoruu
BUPTYaJbHOW W JOMOJHEHHON peajbHOCTH JENaloT TU HampaBlieHUs Oojiee HArisAHBIMU Ha
paHHUX CTaausAX padOT, MO3BOJISAIOT OLIEHUBATh PE3YJIbTAThl 1 BHOCUTh U3MEHEHUS €1Ie JI0 Havaia
OCHOBHBIX U 3aTpaTHbIX MaHumyssuil (Tpenes, 2018: 68—70). A riaBHOE — 1al0OT BO3MOXHOCTh
ObITh TIOJHOCTBIO YBEPEHHBIMU B pe3yisibTaTe. [[03TOMy NpOEKT SBISETCS aKTyalbHBIM JUIS
COBpPEMEHHOM xu3HeHHoM cutyanuu (Hazapbaes, 2019: 91-96).

OO0meTeopeTHIECKOW M METOIOJIOTHYECKON 0a30¥ MCCIIeIOBaHUS SBHJINCh CHCTEMHBIH,
AQHATUTUYECKUHN U TIOTUYECKUI METObI, a TAK)KE METOJIbl HAYUYHOUM aOCTPaKIIMK; CTATUCTHUECKUN
aHaJIN3.

B pesynbraTe ncciaenoBaHus ObuUT TTy0O0OKO M3Y4YeH TEOPETUUECKHI MaTepHal Mo JaHHOMY
HAayYHOMY HaIIpPaBJICHUIO, OLCHEHbl COBPEMEHHBIE CUTYyallMM M BO3MOKHOCTH IpEAJIaraéMoro
00BeKTa HCCTIEI0BAHNS U BBITIOHEH MOAPOOHBIN pacueT OCHOBHBIX IKOHOMUYECKUX TTOKa3aTenen
JUISL pean3aluy JaHHOW UJeH, B 3aBEPLICHUH ObUIH MepeUHCICHbl PUCKU HEBBITIOJHEHUS ITPOEKTa
U TIPEJIOKEHBl MEPOTPUATHUS, MOATBEPHKIAIONINE MAKCUMAaJIbHYI0 BO3MOKHOCTh CHIKEHHUS MX
BO3HUKHOBEHUS.

VR Estate — mnpemocraBnsieT yCIyru IUITaHUPOBKH, MAW3aiiHa, CHEMKH KBapTHp B
BUPTYaJIbHOU peanbHOCTH, @ TAK)KE KOHCTpYHpoBaHHe VR-TypoB 1o BceM BH1aM HEJIBUKUMOCTH.
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[ToTeHIManbHBIMU KIMEHTAMH SIBIISIFOTCSI CTPOMTENbHBIE KOMIIAHUH, JKUJIbIE KOMIUIEKCHI,
BIIAJIENbIIbI HEIBUKUMOCTH.

biarogaps TOO «VR Estate» Bbl cMOKeTe NPEeAOCTABUTh MOTEHIUAIBHBIM MOKYIIATEISIM
KBapTUPHI TYp, OJ1aroaps KOTOPOMY MM HE HYKHO OyJeT BEIXOJUTh U3 IOMa WK €XaTh B JPYTroi
ropo y1st mpocMoTpa HenprkuMoctu (bropo HanmonanpHoM cratuctuku PK, 2022). Eme ogHoii
W3 HAIIMX YCIYT SIBJSIETCS NU3aliH KBAapTHP, KOTOPBIM Tak K€ MEPEHOCHUTCS B BUPTYAIbHYIO
PEaTbHOCTD.

Tonwko B utone 2022 roga B Kazaxcrane 6bu10 npomano 28 000 kBaptup u 10 000 momos
(bropo HanmonansHO# ctatuctuku PK, 2022). MHor#e 3acTpoiIKy yTBepKaatoT, uto VR u AR
pelIeHus: B HEBUKUMOCTH YK€ CErOJHsI paJuKaJIbHO BIUAIOT HA MPUHATHE KJIUEHTOM PEIICHUS
0 TMOKYTIKE WJIM apeH/Ie KBapTUPBI, ToMa, KOMMEpUeCcKoro o0bekTa (Alroaea, 2021: 64—69).

Cpenu TIIaBHBIX TUTFOCOB UCTIONB30BaHUsI VR MOXHO OTMETUTH: OoJiee OBICTpOE MIPUHSITHE
OKOHYATEJIBHOTO pEUIeHHs, YeM MpH MpUMEHEeHHH OObluHOTO 2D-makeTa, pocT KOHBEpCHUU
npoaax HeaBwxkuMoctu Ha 15% (bropo HanmonanbHO# cratuctuku PecnyOmuku Kaszaxcraw,
2022), 6onee 80% TMOJIOKUTENBHBIX OT3BIBOB IMOKyMHaTejaell HEABM)KMMOCTH O BHEIPEHUU
TEXHOJIOTMH BUPTYaJbHON U AONOIHEHHOU peanbHOCTH (Bropo HammonanbHol cratuctuku PK,
2022).

I'maBHBIM gocTOMHCTBOM mpuMeHeHus Virtual Reality sBnseTrcs BO3MOXXHOCTB
OCMAaTpHUBaTh UMYILIECTBO, IU3aiH, INTAHUPOBKY U IPYTUe aCIIEKThl HEIBUKUMOCTH YAAJTIEHHO WIN
emre Ha ctaauu crpoutenbcTa (Tpenes, 2018: 72—73). MaTepakTuBHBINA 0030p 00BeKTOB Ha 360
rpagycoB C PEHAEPUHIOM B BBICOKOM pa3pelIeHHH TO3BOJISET Cpady YBHUIETh, Kak OyzAer
BBITJIAJIETh JKUJIBE WM KOMMEpYECKasi HEJIBU’KUMOCTD IOCJE 3aBEPIUICHUSI BCEX CTPOUTENbHBIX,
PEMOHTHBIX, PeCTaBPaIllMOHHBIX PaloT.

3a mocneHue JecATh JIET YUCICHHOCTh HaceneHnusa Kazaxcrana yBenuumiacs Ha 15%, 1o
19,4 muH. yenosek B 2022 roxy. CpeaHEroIoBoM TEMIT MPUPOCTA HACEIECHHS 3a JAHHBIA TIEPUO]
coctaBun 1,4%. OOmas 1uiomanb BBEICHHBIX XWIBIX 3laHUN B dKcIuryaranuio B 2022 romy
npogomkuia pactu (+4,9%) — 13 134 teic. M. O0beM UHBECTULIUH B KIJIUITHOE CTPOUTEIHCTBO
noBbicwiics B 4,2 pa3za ¢ 335,7 muipa. o 1 423 miupa. tenre. ExxeroaHslii moaAbeM UHBECTULIMN Ha
MPOTSHKCHUH CEMH JIET HaOII0aeTCs IBY3HAUYHBIMU TeMmiaMu, U B 2022 1oy poCcT YCKOPHUIICS 10
18,5% ¢ 17,5% ronom panee (bropo HanmonansHOM cratuctuku PK, 2022).

e LLE T

Puc. 1. Ilpumep nu3aiina
PocT AOCTYNMHOCTH MIIOTEKM BKYIIE CO CHMKEHHEM CTaBOK II0 HEW YCWIMJIM MHTEpEC K
npuobperenuto cooctBenHoro xuibs (Koneke PK, 2023). PeIHOK HEABIKUMOCTH YHUKAJICH U HE
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MMEeT Ce30HHBIX orpanndeHuil. [lokymnka »unbs Bceraa BocTpeOOBaHa, a B CBSA3U C YBEIMUYECHUEM
TEMIIOB IIPUPOCTA HACEJICHHUs CTAHOBUTCS elle Oosee akTyanbHOH (AiirOaeBa, 2021: 66-76).

[Tpuniun paboThl: OCMOTP OOBEKTa C I1EIbI0 TOBBIMIEHUS 3(P(HEKTUBHOCTH IPOJIAK.
Pa3paboTunku MoryT «cmuBath» potorpadun, 3D-00bEKTH U BUICOPOIUKH, YTO B AaJbHEHIIIEM
bopMUPYIOT BUPTyaJIIbHOE TPEXMEPHOE MPOCTPAHCTBO, KOTOPOE KIMEHT M3y4aeT MOCPEICTBOM
OYKOB WJIHM I[UIEMa BUPTyaJdbHOW peambHOCTH. M 93TO OTIMYHO TIOMOTaeT MpoJaaBaTh
HEJBUXHUMOCTh BCEX TUIIOB.

[Tokyrnka HEABMAKUMOCTH «BCiemyt0». COrjaacHO NMPOBOJUMBIM HCCIEAOBAHUAM, TPETh
MOKyTIaTeNeH KUIOW HEABMKUMOCTH JIEIAIOT MOKYTIKY, Jake He yBueB ee (bropo HarmoHanbHOM
cratuctuku PK, 2022). Spxuii npuMep — MOKyNKa Ha CTaAUM CTPOUTENIHCTBA. JTO HA MOPAIOK
JIelIeBie, OJHAKO YEJIOBEK ACHCTBUTEIHHO cIab0 MpPE/CTaBiIsIeT, KaKOW pe3ysibTaT €ro *Jer.
BupryaneHas W JOMOJIHEHHAsh pPEallbHOCTh pPEIIAlT 3Ty NpoOlieMy, TMO3BOJSIS YBHUICTh
IUTAHUPOBKY, OLIEHUTH pa3Mepbl KOMHAT, TU3aifHEPCKUE PEIIeHUs, [IBETOBBIE COUETAHUS U IIpouee
3apanee (Tpenes, 2018: 72-73).

Pexonctpykumsi 00beKTOB. PaHbiiie ObLIM MPOOJIEMBI C TEM, YTOOBI YETKO O0O3HAYHUTH
MNOJPSAYMKAM KOMIUIEKC paboOT H KOHKPETHBbIE TpEeOOBAaHHUS TIO WCIHOIHEHUIO B XOJE
pexkoHcTpykiuu. Ceitgac ke TexHosorust AR Mo3BoJIIeT TOTOMHATD peaabHbI O0BEKT: OTICNKY,
JIEKOP, KOHCTPYKTUBHBIE 3JIEMEHTHI, IPOYEeE.

Pexiiama. KpacuBble u sipkue BUPTyalbHBIE Typbl [0 00BEKTaM HEIBUKHUMOCTH — KyJa
Oonee sddexTuBHAS pekama, 4YeM OOBIUHBICE OWIOOpPIBI, OOBSBICHHUS B WHTEpPHETE, Ha
TEJEeBUICHUU U T.1.

VR Estate umeeT psg npeuMyniecTB:

- HatuBHoe 3HaKoMcTBO ¢ 00bekTOM. ObecneunBaeTcst 3PPEKT MOIHOTO MPUCYTCTBUS C
MaKCHMaJIbHBIM PEATU3MOM.

- OOBbEeKTUBHAS OLIEHKA IJIOIIAIH.

- Boicokas nerann3anys U BHUMaHUE K JeTaIAM. MOXHO YBUIETh KaXIblil, JaXKe CaMblid
HE3HAYUTENbHBIN 3IEMEHT — BILIOTH 10 OyIyIIero BUIa U3 OKHA.

- OTHOCHUTENHLHO HEBHICOKAs IICHA BHEIpECHHs. BlIOKeHUs CpaBHUTENHLHO HEOOMbIIHE. A
paccMaTpuBaTh 0OOBEKT Ha MeCTe KIHEHT B pexkume VR/AR moxeT maxke co cBoero cmaptdona
WM TUTAHIIEeTA.

- Ilopnepxka MHOKecTBa ycTpoicTB. [ToMuMo yrmoMsiHY ThIX Tene(OHOB U IUTAHIIETOB IS
3D-TypoB MOKHO HCHONB30BaTh KOMIIBIOTEPHI, HOYTOYKH, TEJIEBU30pPHI U JIPYTHUE TaIKEThI,
BOCIPOU3BOJSIINE BUIEOKOHTEHT.

3a mocnenHue AecsTh T YUCIECHHOCTh HaceneHus Ka3axcrana ysennumnack Ha 15%, mo
19,4 mnH. yenosek B 2022 roxy. CpeaHeroaoBoi TeMn NpUpocTa HaceaeHUsl 3a JaHHBIN MEPHO]
cocraBui 1,4% (bropo HaumonansHOU cratuctuku PecmyOnukn Kazaxcran, 2022). Cropoc Ha
JKWJIbE BO3pAacTaeT €XKErogHo. B HacTosmMii MOMEHT TOCYIapCTBO MPOAOJIKAET AKTHUBHO
COJICHCTBOBATh MOABEMY pBIHKA HelnBmwkuMocTH B Kazaxcrane. OOmias miuomiajgs BBEIECHHBIX
JKWIIBIX 37aHUM B skcruryarauuio B 2022 rony npogomkuna pactu (+4,9%) — 13 134 Teic. M.
O0beM MHBECTULIMN B JKUJIUIIHOE CTPOUTENHCTBO MOBbIcHIICA B 4,2 pasa ¢ 335,7 mupa. no 1 423
mipa. Terre (bropo HanronansHoM cTatuctuku PK, 2022).

CrnenyeT OTMETHTb, YTO €XKETOAHBIA MOAbEM WHBECTHIIMM Ha MPOTSHKEHUU CEMU JIEeT
Ha0II0aeTCsl IBY3HAUHBIMU TeMiiaMmu, B B 2022 roay poct yckopuics 1o 18,5% ¢ 17,5% rogom
panee (bropo nHanmonaneHoO¥ ctatuctuku PK, 2022). B mocnennue rofsl pocT TOCTYMHOCTH
UIIOTEKH BKYIIE€ CO CHUKEHHEM CTABOK IO HEN YCUJIMIIM UHTEPEC K IPUOOPETEHHIO COOCTBEHHOTO
xuibs (Kogeke PK, 2023).

PbIHOK HEBMIKMMOCTH YHHKAJIECH M HE UMEET CE30HHBIX orpaHnueHuid. [Tokymnka umbs
BCEr/la BOCTpeOOBaHa, a B CBSI3U C YBEJIMYCHUEM TEMIIOB MPUPOCTA HACEJICHUS CTAHOBUTCS €Il
0oJjiee akTyalbHOM.
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Puc. 2 Kommaectso caenok 3a 2022 rox (bropo HanmonansHoit cratuctruku Pecrryonukn Kazaxcran, 2022).

MarepuaJj u MeTOIbI.
B Ttabmuue 1 mnpenocraBieHbl YCIyrW, NEpCIEKTUBBI, HEJOCTAaTKHM KOHKYPEHTOB U
npeumyiiectsa mpoekra « VR Estate» nepen npyrumu npoekramu Ha pbiHke PK n He Tonbko.

Tabnuna 1 — KoHKypeHThI mpoekTa
HasBanue / [Ipeumymecrsa Henocrarku IlepciekTuBEI Yeayru
Kputepuii pa3BUTHSA

VR Estate JocToBepHOCT Cpennsist ueHoas | Teppuropust PK, | VR typel. [uzaitn u
JAHHBIX, SKOHOMHS | ITOJIMTHKA. BECh MHp. | IUTAHUPOBKA.
BPEMEHU u OnrHaKOBBIN Koncrpynposanue
pecypcos, meHoBoil cermeHT | VR MaketoB. CheMKka.
JIOCTYTIHOCTb, JUISL CTpaH.
BO3MOKHOCTh
OCMaTpHBaTh
HMMYIIECTBO,
JTM3aiiH,
TUTAHUPOBKY u
JOpyTHE  aCIeKThI
HEZIBI)KUMOCTH
yIAJICHHO WM eIle
Ha CTaguu
CTPOMTENbCTBRA,
BO3MOXHOCTb
MOKYTIKH
HEABWKUMOCTH 3a
pyoexom,
OTCYTCTBUE
TIPSIMBIX
KOHKYPEHTOB B
CTpaHe.

OLX HoctynHocTts, Her rapantuii, | Toiabko Ha | Pa3mewenue u
JIETKOCTh B | OTPOMHOE Kosm4ecTBO | Tepputopun PK. MPOJIBIKCHNE
HCIIOJIb30BAHUH, MOIIEHHHKOB, OOBSBICHUS.

HHU3Kas IIeHa. BBICOKAs
KOHKYpEHIIHS,
HCTOYHOCTH JJaHHBIX.
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Krysha HoctynHocTs, Her rapantui, | Toabko Ha | Pasmewenue u
JETKOCTh B | OTPOMHOE KOIM4YeCTBO | Tepputopuu PK. MIPOJBIKEHHE
HCIOJIb30BAHUH, MOILIEHHUKOB, OOBSBICHUS.
HU3Kas LHEHA. BBICOKAs
KOHKYPEHIIHNS,
HETOYHOCTh IaHHBIX.
Puenrtopst HocTtynHocTb. HeaddexTuBHOCTSD, Ha tepputopuu | Ilpogaxa u pexnama
MaJibli oxsar | PK, 3a py0Oexom, | HEJBHIKHMOCTH.
KIIMEHTOB,  BBICOKAas | HO 1O BBICOKOH
LICHA. LICHE.

Cnektp yciyr W ToBapoB OyJeT OTIMYAThCsl OT KOHKYPEHTOB, TE€M CaMbIM INPOCTHIM
OTJINYMEM, MBI MOJKEM ITPEAOCTABUTH HE TOJILKO 0030p KBAPTUPHI U3 TI000H TOUKU MUPA, HO U JIU3aiH
C YYETOM CTPOEHUSI KBApTHPBI U MOXKEIAHUH KIMEHTa. BaM He npunercs nenatb OIHy 4acTh CBOETO
3aMbICiIa Y IaHHOM KOMITaHUH, a BTOPYIO Y KOHKYPEHTOB, KOTOPBIE MOT'YT BaM IPEIOCTABUTE TOJIBKO
BBICTABJICHHE OOBSIBJICHUS] C MUHUMAJIBHO KaueCTBEHHBIM HAO0OpOM (OTO.

MapkeTHHIoBBIi I1aH TpeOyeT He TOJIBKO peKaMbl, HO U 3(PEKTUBHOM pabOTHl camMoro
areHra, TI03TOMY M3Y4MB BECh PHIHOK, OBLUTH MOZ00paHbl Hanbosiee OIaronpusTHbIe MapKETHHT OBBIC
ctparernu. CpenHsas cymMMa JEHeET, KOTopas 3alulaHMpoBaHa Ha pekinamy, coctasisieT 500 000 Tenre
B MECSI]; MApKETUHIOBBIN IIJIaH peanu3yeTcs nol3tanHo. Llenoobpa3oBaHue NMpoayKTa NPOUCXOANUT,
YUHUTBIBas 3aTpaThl HAa YEJIOBEUECKUH TPY I, COAEpkaHUe 0(uca U ChIPhE.

HauanbHast neHa cocTaBiser:

- KOoHcTpyupoBaHue VR Typa (cheMka, KOHCTpPYHPOBaHHE B BUPTYaJbHOW pPEalbHOCTH,
YCIIyTH apeH bl 09KOB U 00opyaoBanwms) — 220 000 TeHre;

- Iu3aiiH (TIaHUPOBKA) B BUPTyalibHOM peanbHocTH — 150 000 Tenre.

3aruIaHUPOBAHHBIE ATAIbl MAPKETHHIA U PEKIIaMBbI (€KEMECSUHbIE ATaIIbl):

- JleniuHT — caliT B HHTEpHETE, BCs MH(OPMALHs KOTOPOro NpeJICTaB/IeHa Ha € JMHCTBEHHON
CTapTOBOU CTPAHMIIC;

- bannep — rpaduueckas pexiama, crocoOHas NPUBJIEKATh BHUMAHHE MOTECHIMAIBHBIX
KJIMEHTOB, 0OeCTIeurnBast HX HEOOXOIUMOI HH(POPMAITUCIH;

- Ilpesenrams B PDF — Oymaxubiii ¢opmar Bcerja HHTEpECEH MOTCHIHMAIEHOMY
MOKYTATEIIIO 3@ CYET CBOEH HAIVISAHOCTH U IOCTYITHOCTH;

- Pexnama B colManbHBIX CETAX M HA PA3JIMUYHBIX CalTaXx;

- Paccbuika B MOYTOBBIE SIUKH — IPOBOAMTCS JUIS KUJIBLIOB OJIM3JIEKAIIUX JJOMOB;

- CoTpyJHMYECTBO C PA3IMYHBIMU TAPTHEPAMU;

- Pexiiama B MECTHBIX [E€UATHBIX U3/IaHUSAX;

- [Ipomoakiy B MeCTax MaccoBOI'O CKOILICHUS JIFOACH;

- Iloxkynka TpaHCHsMU OOBSBICHUI HA CTPAaHUIAX BEAyIIMX HWHTEPHET-NIOPTAIOB C
IIPEAOCTABICHUEM OTYETOB;

- Ilponsmxenne BHUICOPOIMKOB dYepe3 YouTube u japyrue aHaJIOTHYHBIE CEPBHCHI
(myOMKaLKst JOJDKHA COCTOSITBCS HE TO3/IHEE TPEX CYTOK C MOMEHTA ChEMKH);

- Bpokep-Typbl 111 pUENTOPOB U AreHTOB;

- [loanucanue cy0areHTCKUX JOrOBOPOB;

- O03BOH PUENTOPOB, 3aHUMAOIIMXCS pPeaT3aIeii aHATIOTUYHOTO YKUJIBS;

- PacnpocTtpanenue nadopmanuu B mpopUiIbHbIX YyaTax.

[Ipeanaraemasi KOMIaHus MpeOCTaBIsAeT 2 BUAa yCiIyr: VR sKkcKypcus o HEABUKUMOCTHU U
NPOEKTUPOBKA U IN3alH, IEPEHECEHHBIN B BUPTYaIbHYIO PEAIbHOCTD.

VR 3KcKypceust COCTOUT U3 2 3TAIOB:

ITepBblit — MOOMIIBHAS BUPTYalIbHASL peaIbHOCTh. IT0 3D-MOzeNN MIaHUPOBOK KBAPTHP WU
NaHOpaMHbBIE Typhl. VX MOXHO 3arpy3uTb Ha Tene(oH, IOTOM BCTaBUTH TENEPOH B OYKH
BUPTYaJIbHOW PEAIIbHOCTH.

Bropoii 610k — momHoMacmiTabHBIE VR, Korma MOKHO CBOOOJHO «IIEPEMEIIAThCSDy T10
BUPTYaJIbHOMY MPOCTPAHCTBY KBapTHphl. B oucax mpomax 3acTpoIIMK NpeloCTaBiIseT KIUEHTY
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[IJIEM BUPTYaJIbHOW PEabHOCTH, @ MOTEHIHMAJIbHBIM MOKYyMaTellb MOKET «XOJHUThY» IO KBapTHpE,
NpUCENaTh, 3arJsAbIBATH M10J] CTOJ M BAaHHY U TaK Jajee. Takoi MHCTPYMEHT JaeT KIMEHTY OoJblie
BO3MOKHOCTEH U3yUUTh KBApTHUPY.

Pe3yabTaThl u 006Cy:K1eHUS.

[IpoekTrpoBKa U qu3aiiH, IEPEHECCHHBIN B BUPTYATbHYIO peaibHOCTh. [loTpeduTens MoxeT
3aKa3aTh JU3aiiH KBAPTUPHI M B 3aBEPLICHUHM MOCMOTPETh, KaK OyJEeT BBIIJIIECTh STOT AM3ANH C
MOMOIIIBIO BUPTYAJIbHON peaibHOCTH.

[Tnan pa3zpaboTku:

1. OcMOTp noMerIeHusl, CoCTaBlIEHHE aHKETHI U cOOp JAHHBIX O HEABWKUMOCTH, €€ pa3Mepax,
BJI3/IENbIaX, M3MEPEHHE KOMHAT M OAPOOHOE H3yUYEHHE BMECTE C PUEITOPOM.

2. bnarogapst BHIeo-omepaTopaM MPOU3BOIUTCA TpEXMepHOe (HOTOCKaHUPOBAHUE — 3TO
(dyTypucTHUECKas TEXHOJOTHs, YK€ JIOCTYIHAs Ui WCIOJB30BAaHUS B JCHIEBBIX MOOMIIBHBIX
pemeHusax. dororpaMMeTpus — 3TO UCIOJIL30BAHUE MHOTOUHUCIEHHBIX (hoTorpaduil HaCTOAIIMX
O0BEKTOB C pasHbIX PaKypcoB g MOCTpoeHUs ux mopxeneil. dororpaduu UMIOPTUPYIOTCS B
npuiioxxeHust Bpoae Agisoft Photoscan 1 Ha MX 0OCHOBE reHEpUPYIOTCS TOJPOOHBIE CETYATHIE MOICITH.
3aTeM KX BMECTE C LBETOBBHIMU/AU(PQY3HBIMH TEKCTYPHBIMU KapTaMHd MOXHO 3KCIIOPTUPOBATH M
WCTOJIb30BaTh B UTPOBOM JIBIKKE B KAUECTBE PETYIIIPHOTO pecypca.

3. Toctpoenust Ul u UX B BuUpTyanbHOH peanbHOCTH pazpaboTurkamu. Ilepenecenue
rOoToBbIX (OTO M BHICO MaTepHajOB B BHUPTYaAJIbHYI0 pPEAIbHOCTh C  JaJIbHEHIINM
POrpaMMHUPOBAHHUEM U 3aITyCKOM JBUTATENS (IIPOrPaMMHOTO KOJIa), O3BOJISIIOLIETO MEPEIBUTaTHCS
10 TIOMEILIEHHUIO.

4. 3amyck porpaMMsl «3KCKYPCHH 10 TIOMELLIEHUIO» B OYKH BUPTYAJIbHON PEAIbHOCTH Yepe3
npunoxkeHue(Tpancanus ). Hama koMnanus npeaocTaisieT BaM YCITyTH OIBITHBIX CIIEIUAIKMCTOB MO
Ipojaxe, TU3alHEPOB, IJIAHUPOBILMKOB. MBI COTpyJHHYAEM KaK C YAaCTHBIMM JIMIAMH, >KUJIBIMU
KOMILJIEKCAMH, CTPOUTENTbHBIMU KOMITAHHUSIMU.

3D /lu3aiin uHTEphEpa MPOU3BOAUTCS CIACTYIOMINM 00pa3oM:

1. 3amep. ['pamMOTHBIN 3aMep TOMEIICHUI — OCHOBA OCHOB OYJIyIIEro mpoekTa. AHaIu3 u
3aMep nomeneHui. IToMedaroTcsi Ha IUIaHE KOMMYHUKAIMM, IIPOEMBI, BBICOTBI, YKa3bIBAIOTCS
CTOpPOHBI CBETA.

2. BrluepurBaHue TUIAHUPOBKH B MaciTabe uepes npuiioxenne Remplanner.

3. Texnuueckuil MmiaH — 9TO IUIAH JJIs JaJbHEHIIed paboThl Haa TpoekToM. B Hem
YKa3bIBAIOTCS TIOXKEJIAHUS 110 CTUITIO, COCTABY M HAITOJHEHHUIO OMEIEHUH U POYyI0 HH(POPMAILIHIO,
KOTOpasi TIOMOXET CJ/IeNaTh HHTEPhEp MAaKCHUMAJIbHO JIOTUYHBIM U COOTBETCTBYIOIIMM BCEM
TpeOOBaHUSAM KIIMEHTA.

4. Tlombop MaTepualioB M KOHCTPYHPOBaHHE TEXHWYECKOTro Iuana B 3D momenb vepes
nporpammy SketchUp, Planner5d (pucynku 3-5).

Puc. 3. luzaiin Ha KOMIIbIOTEpE
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Puc. 5. VR O630p KBapTHPEI
[IpeacraBuM mporpammy IeaTeIbHOCTH TIpoeKTa (Tadmuia 2).

Tabnuna 2 — [IporpamMma qesiTeIbHOCTH MTPOSKTa

IlokazaTenu, en. u3M. 1 rox 2 rox
KomnaecTBo cenok 3a MecsI, €IUHHUIL 25 40
KomnaecTBo cienok 3a roj, e JUHHII 400 500
Cpennsist neHa 1 caenku, ThIC. TEHre 150-300 250-500
Bripyuka oT peann3zannu 3a MecsIII, THIC. TEHTe 57000 12000
Bripyuka oT peannzanuu 3a TOA, THIC. TEHTE 90000 16200

B Tabmunax 3,4 mpencTaBieHbl WHBECTHIIMU NPOEKTAa W IIEIEBOEC Ha3HAYCHUE CPEJCTB
IPOCKTA.

Tabmuna 3 — MHBeCTHUIINN TIPOSKTA

HaumenoBanue KonnuecTBo Lena, Tr Cymma, Tr
VR-ouku G15 30 10000 300000

[Tanopamuas kamepa Instal 360 5 220000 1100000
Hoyr0yk Lenovo Ideal Pad 3 10 230000 2300000
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Apenjia oduca 90 m? 1 200000 200000
[Tpunoxxenne Coohom 5 60000 300000
[Ipunoxxenue Planner5D 5 24000 120000
[Ipunoxxenne RemPlanner 5 42000 210000
Adobe Illustrator 5 80000 400000
Bceero 4930000
Tabmmma 4 — IleneBoe Ha3HAUYEHHE CPEJICTB MTPOCKTA

HanmenoBanmne Kommaectro Ilena, tr CyMmmMma, T
VR-ouku G15 30 10000 300000
[IporpammHuoe oOecnieueHue 10 7000 70000
[Manopamuas kamepa Instal 360 5 220000 1100000
Hoyt0yk Lenovo Ideal Pad 3 10 230000 2300000
Apenzia oduca (90 M%) 1 200000 200000
Omnara Tpyna pa3paboTYUKOB 5 300000 1500000
Ormiara Tpyna Au3ailHEpOB UHTEPhEPA 5 250000 1250000
Ormiata Tpyna puentopa 5 200000 1000000
Oruiara Tpyia BUAEO-0NEPATOPOB 5 200000 1000000
KomMmyHanbsHbIE yCITyTH 1 40000 40000
Oo6cyxuBanue oduca 1 50000 50000
Tpancnopt 10 10000 100000
Pexnama 5 100000 500000
Bceero 8410000

st pe3yIbTaTUBHOM M HATAXKEHHOW pa0OThl KOMITAHWH OY€Hb BaXKHOW YACTBIO SIBJISIETCS
nepcoHan. [IpuBneuenne KBanIu(UIMPOBAHHBIX KAJAPOB IUTAHUPYETCS uepe3 coOeceoBaHUs,
OOBSIBIICHHS O CBOOOJIHBIX BaKAHCHUSX, CPEIU BEITyCKHUKOB BY30B 1 npaktukanToB. Ha mannabIi
MOMEHT KOJIMYECTBO JIIOICH B KOMIIAHUU COCTaBISET 24 4eI0BeKa C BOZMOXHOCTBIO TaJTbHENIIEro
pacimmpeHusl.

OpnHoll U3 BaXHEHIINX 4YacTell sIBIIeTCS aAMUHUCTPATUBHO-YNPABICHUYECKUN MIEPCOHAL.
On Brimouaer B cebs 4 pomxHoctH: [upexrop kommanmu, HR-menemxep, PR-menemxep,
Bbyxrainrep.

[[ITat paOOTHUKOB BKJIFOYAET B CEOs TAKMX CIEIIUATMCTOB, KaK pa3pabOTUUKH, TU3aAHHEPHI
UHTEphEPA, PUEITOPHI, BUICO-0IIEPATOPHI.

[lIrarroe pactucanue TOO npencrapiieHo B TaOHIIE S.

Tabnuna 5 — llltatHoe pacnucanue u ®OT TOO

Kom-Bo emmnaunn, | MecsuHbIH ®OT romoBOH, TEIC.TT
[ TaTHBIC €TUHUIIBI
T okian (1gem) (laen)
Jupextop KoMIaHuu 1 500000 6000000
HR-Mmenemxep 1 250000 3000000
PR-menemxep 1 250000 3000000
Byxranrep 1 300000 3600000
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Pazpaborunk 5 300000 3600000
Huzaiinep uHTEepbepa 5 250000 3000000
Puentop 5 200000 2400000
Buneo-onepatop 5 200000 2400000
E::;;CHWPE‘T” Ha TPYROBBIC | 9y 6050000 72600000

3apaboTtHas miaTa OyneT GukcupoBaHHas. B cBOrO odepenb OyJIeT HAUUCIATHCS OOHYCHI
3a BBIpaOOTKY MpoayKiuu. BeipaboTka npoxykiuu Ha 15% OGosnbliie cpegHero nokasaress, Oyaer
HecTH 3a co0oii Beiraty 40% oT okiaja.

Opranuzannonsas crpykrypa TOO npencraBieHa Ha pUCyHKE 6.

[lMpeKTop KoMnaHuu
/ byxrantep
PR-MeHemep HR-meHepxep
Bugeo- onepampbl Puantopbi [n3aitHepbl MHTEpPbEPA Paspabotumku

Pucynok 6 - Opranuzaunonsas ctpykrypa TOO

[Ipyu nuHEHHO-(YHKIMOHATIBHON CTPYKType (YHKIHMOHAJBHBIE CIYXKObI IOJy4aroT
MOJIHOMOYHS YIIPABJICHUS CITYKOaMH HUKHETO YPOBHSI, KOTOPBIE BHIIOJIHSIOT COOTBETCTBYIOIINE
cnenuanbuble  QyHkmun. OfHAKO, JENETHUPYIOTCS HE IJWHEHHBIe, a (YHKIHMOHATHHBIC
nosHoMouusl. JIuHeiHble 3BEHbS B STOW CHUCTEME YIpaBJIEHHs MpPHU3BaHbl KOMaHIOBATh, a
(yHKIIMOHAILHBIEC 3BEHbsI — KOHCYJIbTUPOBATH MIOMOTATh B pa3pa0d0TKe KOHKPETHBIX BOIIPOCOB U
MOATOTOBKE COOTBETCTBYIOIIMX PELICHHH, IIaHOB.

JIro6ast coBpeMeHHasi KOMITAaHUS, KOTOPast BEAECT IKOHOMUYECKYIO JACSITEILHOCTD B TOM WITH
WHOM obOnacTu OM3Heca, 3aHUMaeTCs IaHupoBanueM. [ImanupoBanue B OM3HECE UTPAET €CIU He
BEYIIYIO0, TO, IO KpailHe Mepe, BXXHYIO POJbh B BOIPOCAX IKOHOMUYECKOU IPPEKTUBHOCTH U
HaIpaBJIEHO HA MAKCUMM3AIHIO (P PEKTUBHOCTH, KOTOPYIO CIIOCOOEH TTOKa3aTh OMU3HEC.

O®unancoBeii mian (PII) — »3To0 opraHu3amus B3aUMOCBS3aHHBIX JOKYMEHTOB
YIPaBIE€HYECKOr0 yuéTa, KOTOPbIE COCTABIISIOT U BEAYT B IIEJIAX MEPCHEKTUBHOTO IJIAHUPOBAHUS
M ONEpPalMOHHOTO YIPABJICHHUS pecypcaMu KOMIIAHUU B JIEHEKHOM HSKBHUBajeHTe. VMeHHO
(MHAHCOBBI IIJIaH TIO3BOJIAET OOECMEeYUTh OajdaHC MEXAY IUIAHOBBIM H  (aKTHYECKUM
MOCTYIUICHUEM BBIPYUKH, a TAKXKE TUTAHOBBIM U (DaKTUYECKUM 00bEMOM PACcX0JI0B, KOTOPBIE HECET
KOMIIAHUA B XOJI€ CBOEH XO3AHCTBEHHOU JIEITEILHOCTH.

W3 Tabnuiel 6 MOXXHO yBHIIETh, YTO OOIIME pacxXo/bl Ha MEPBBINA roJl paboThl KOMIAHUN
COCTaBJISIET 83 MWJIJIMOHA TEHre. 3aKylka MaTepualioB €IWHOpA30Basi, UCXOAS M3 TOrO, 4TO
OCHOBHOM JIBIXKYIIEH CUIION KOMITAaHUH SBISIOTCS pa3pabOTKU HA KOMITbIOTEpax, HOyTOykax. To
€CThb He TpeOyeTcsl MOCTOSIHHBIN 3aKyl TEXHUKH, YTO B TOCJEICTBUM YMEHbBILIAET PacXobl U
YBEIMYUBACT MPUOBLITH.

Pacxonpl Ha pekyiaMHbIe YCIyTd 3aKiaJlbIBAlOTCS UCXOJs U3 CPEIHUX LEH pPeKiIaMbl Ha
PBIHKE U B COIMANBHBIX ceTsx: Instagram, Facebook, Linked in, a Takxe nedatHble U31aTEIbCTBA
(razetsi, Opomrtopel). lleHa Ha pekmaMy Ha MeCsIl B CONMHMAIBHBIX ceTsix coctaBisieT 110000-
200000 Tenre.
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OnektposHeprusi. lleHsl ObUIM paccYUTaHbl UCXOAS U3 O(UIMATBHBIX JAHHBIX
«IIsreicOueproTpeitny. Tapud ans mpounx morpedOuteneil (moTpeduTenel, MCHOIB3YIOMUX
AJIEKTPUYECKYIO SHEPTHIO HE I OBITOBBIX HYXK1) B pazmepe 23,954 renre/kBru. TpancnopTHbie
YCIYTH PAaCCUUTHIBATUCh Ha KOJMWYECTBO PUEITOPOB, YUUTHIBAS CTOMMOCTH MECSYHOIO
npoe3nHoro, a uMeHHo 9000 TeHre Ha B3pOCIIOro YejaoBeKa.

Apenna oduca B r. Ycrb-Kamenoropcke (BKO), ncxomas u3 oObsBICHHN HA pa3TUIHBIX
caiitax Oyzet crouth oT 80 000 Terre o 110 000 Tenre B MecsII.

OKkymnaeMoCTH KOMITaHUS CMOXET JOCTUTHYTH YK€ B MepBbIe ABa rofa. Obmas npudbUIh
(paccuMTaHHas UCXOS U3 KOJIMYECTBA MUHUMAJIbHBIX 3aKa30B) COCTABIISAET 89 MUIIIMOHOB TEHTE.

Hcrounuku nonyyeHus: CpeACTB AJis JeATEIbHOCTH:

1. I'panToBBIE CpeaCTBa.

2. NuBecropsl (noxydenue 10% oT yucToi mpuObLIH).

3. IlomyyeHre WHBECTUIMA 4YEpe3 TOCYIAPCTBEHHBIE KOHKYPCHI WM KOMMEPYECKHE
opranm3anuu (AtamekeH, Astana hub).

4.1 500 000 Tenre — coOCTBEHHBIE BIIOKEHUSI.

B Tabauue 6 npencrasneHsl craThi 3aTpat npoekta TOO.

Tabnuna 6 — Crateu 3atpar aesitenbHocTH TOO 1o rojgam.

HaumenoBanue MoKa3aTeleH,

1 ron 2ron Bcero 3a mpoekt
TBIC. TT
Pacxozpl enrHOpa3oBbIe 4930 - 4930
Pacxofpl Ha pekIaMHbIE YCIYyTH 2500 2500 5000
Juarnoctuka xommbtorepoB (10 100 120 220
KOMITHIOTEPOB)
DNIEeKTPOIHEPTHS 384 384 768
TpaHcnopTHBIE yCIIyTH 540 540 1080
[Ipouue 3atpaThl 100 150 250
Apenna oduca 1200 1500 2700
@oHJ1 OIJIATHI TPYIa 72600 90000 162600
Coll.HAJIOT K yIiaTe 840,096 840,096 1680,192
Bcero pacxonos 83194,096 96034,096 179228,192

B Tabnuie 7 mpencraBieH OT4eT 0 JoxoAax u pacxoaax npoekra TOO.

Tabnuua 7 — OTYET 0 10X0/1aX U PACXOAAX MPOEKTA

HaumeHnoBaHnwue, ThIC. TT Bcero 1 ron 2 ron
gc";‘y"f OT HPOAWII TIPOAYKIIH H1 402000 110000 192000
CebecTouMocTh OKa3aHHbBIX ycayr | 27000 10000 17000
BasnoBoii 1oxo/ 72000 24800 47200
Pacxomsl neprona 179228,192 83194,096 96034,096
AmMopTu3zanus 1219,11 486,11 733

KITH 3060,339 1258 1802,339
YHCTBIA 1OX0 89086,731 14219,731 74867

COanaHCHPOBaHHOCTh (PHMHAHCOBO-IKOHOMHYECKOTO COCTOSHUSI KOMITAHHUU, KOTOPOE
JIOCTHUTACTCS Oyrarojaps KavyeCTBEHHOMY (DMHAHCOBOMY IUIAHUPOBAHHUIO, SIBJISCTCS TJIABHBIM
pGSYJIBTaTOM HCIIOJIB30BAHHA TaAKOI'O I/IHCprMeHTa MCHCIOKMCHTA, KaK q)HHaHCOBBIﬁ I1IJ1aH
00BEKTA UCCIIEIOBAHNUS.
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Pucku — Heorsemiiemas 4yacThb J000ro npoekra. Heo0XoauMo MOMHUTh, YTO HU OAMH
IIPOEKT He cienyer miany Ha 100%, naxe ecim UM pyKOBOJIUT OIBITHBIN MEHEIIKED.
B taGnure 8 npeacTaBieHbl BUABI PHCKOB MTPOCKTA.

Tabmmia 8 — Busl puCKOB 1 UX OTPHUIIATEIHLHOE BO3ACHCTBHE
OTpurarensHOe BO3ACHCTBIE

Bun pucka

COOTBETCTBYIOIIETO BUIA PUCKA
HeycroitunBocTts cripoca [lagenne cpoca ¢ pocToM IeH
[NosiBeHNE anbTEepPHATUBBI CHmxeHue crpoca
CHmXeHre 11eH KOHKYPEHTOB CHuxeHne 1eH
YBenuueHne qesTeNbHOCTH KOHKYPEHTOB [Nagenne mpomax WM CHIKEHHE TIeH
Poct Hanoros YMeHbIIIEHNE YUCTON TPUOBLTH

CHIDKeHHE TIaTeKeCIOCOOHOCTH
[Tanenue npoxax

norpeduTenen
Pocr ien Ha koMMmyHanbHbIE yeayrn, [ CM CHmxeHre nIpuObUTH U3-32 POCTa IIeH
3aBUCHMOCTB OT ITOCTABIINKOB CHmxeHre nprOBUIN H3-32 POCTa IIeH

VBennueHue KpeAUTOB UJIM CHUIKCHUC 00BEMOB

HenocraTok 000pOTHBIX CPEICTB
ESITENLHOCTH

Camble pacnpocTpaHEHHbIE BHIbl PHCKOB: BPEMEHHBIE, OIOKETHbIC, HapyIIEHHs B
3aBHCHUMOCTSIX, BHEIIIHUE, A TAK)KE €IWHBbIC TOUKH OTKa3a — COOBITHS, KOTOPbIE OCTaHABIMBAIOT
BCIO pa0OTy KOMAaH/IbI.

Mertozs! yCTpaHEHUS! PUCKOB:

1. HeycroitunBocTh cripoca. [lanHas nmpobiiemMa peniaeTcst myTeM BBOJIa TOTOJTHUTEILHOMN
PEKJIaMBbl B Pa3JIMYHBIX COLUAIBHBIX CETSX.

2. [losiBeHne anbTepHATUBBI PEIIAETCS OCPEICTBOM MEPECMOTPA 1I€H, MAPKETUHIOBOTIO
IUIaH ¥ BBIBE/ICHUS MOJIOKUTENIBHBIX CTOPOH KOMITAHUH.

3. CHMXEHHE LIeH KOHKYPEHTOB M YBEIMUYCHHME UX ACATEIbHOCTH HE OKaXeT CHIbHOIO
BiausHUA Ha TOO, Tak Kak HET NpsMbIX KOHKYpeHToB B BKO.

4. PocT Ha/noros NoBiuseT Ha KOMIAHUIO MMHUMAJIBHO B CBS3M C TE€M, 4TO HE TpedyeTcs
IIOCTOSIHHAS 3aKyIIKa TEXHUKH.

5. CHWKeHHne TIIaTeKecrnocoOHOCTH moTpeduTenei. Jlannas mpobiaema penraeTcst TeM, 4To
nestenbHOCTh TOO mpennomnaraercs He TOJbKO Ha Tepputopun PK, cooTBeTcTBEeHHO OO0MBIIMIA
OXBaT paBeH 0OJbIIEMY KOJINYECTBY IIATEKECIIOCOOHBIX KIHEHTOB.

6. Henocratok 000poTHBIX cpencTB. [IpuObuis B (huHAHCOBOM IjTaHe ObLIAa paccyMTaHa
UCXO0J U3 MHUHHMMAJIBHOTO KOJMYECTBA BBIMOJIHEHHBIX 33aKa30B, HO Ja)K€ MPHU 3TOM pPACKIaje
OKYMAaEeMOCTh JIOCTUraeTcs B iepBble 1-2 roaa.

B TabGauue 9 npencraBieHsl BUbI PUCKA U METOJIbI €r0 YCTPaHEHHS

Tabauna 9 — Busibl pucka u ero MeTo/ibl yCTpaHEeHHUs

Bun pucka Meroasl €ro ycrpaHeHus

HeycroiunBocTs crpoca VBenuueHue peKksiaMbl 1 MApKETUHIOBBIX XOJI0B

CHIKeHHe MIaTeKECIOCOOHOCTH

o BrIxos1 KOMIaHHU 32 MpeesTbl PecyOIUKU
noTpeduTenen A best pectty

HenocraTok 060pOTHBIX CpencTB Ilorck HMHBECTOPOB W TPAHTOBBIX CPEICTB

3aKJII04YeHune.
B Xxone mpoBeIeHHOTO HCCIeAOBaHUS OBUIH MOJIHOCTHIO PEATM30BAHBI IEIH W 3aJ1a4H,
MoCTaBlieHHbIEC B Hayasie paboThl. OCHOBHOM I1€NIbI0 MPOEKTA SIBISIIOCH U3yUYE€HUE BO3MOKHOCTEH
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MPUMEHEHHUS TEXHOJOTUI BUPTYaJIbHOU U JOMOJIHEHHOM peaabHOCTH B cepe HeABMKUMOCTH ISt
MOBBIICHUS 3QPEKTUBHOCTH MPOJAXK, apSHIBI U MPOEKTUPOBAHUS 00BEKTOB. J[JIs1 MOCTIKEHUS
9TOM IEJIM MCIIONB30BAIIMCh CHCTEMHBIM, QHAIIMTHYCCKHN M JIOTHYECCKUH IMOAXOOBI, METOIBI
HAy4YHOU aOCTpaKIny, a TAK)KE CTATUCTUYCCKHIA aHAITN3 TAHHBIX, OTPAXKAIOIINX COCTOSTHUE PhIHKA
HenBrkuMocT Kazaxcrana. Takoil KOMIUIEKCHBIM MOAXOJ MO3BOJWI BBIIBUTH KIIFOUEBBIE
npo0JIeMbl TPAJAUIIMOHHOTO MPOIEcca MOKYNKHA HEABIKUMOCTH U ONPEACTUTh MPEUMYIIECTBA
BHenpeHuss VR/AR TexHomormii kak HMHCTPYMEHTOB I YJIYUIICHHS KOMMYHHUKAIIMH C
KJIMEHTaMH, ONTUMHU3AlIMA BPEMEHU U PECYPCOB, a TAKKE MOBBIIIECHUS TOYHOCTH BU3yaIH3allun
00BEKTOB HEIBHIKUMOCTH.

Pe3ynbrarhl uCcClenoOBaHMS MOKa3ald, 4YTO TEXHOJOTUM BHUPTYaJIbHOM peaqbHOCTH
CIOCOOHBI paJKaIbHO U3MEHUTH MPOIIeCC MPUOOPETEHUS U apEH bl HEABMXKUMOCTH. VR-TyphI 1
3D-nu3aiiH  uMHTEphepa TMO3BOJISIIOT IMMOTEHUMAIbHBIM  MOKYHATEeIsIM  MOJYYUTh IOJHOE
MPEACTABICHUE O KBAPTHUPE, JOME WM KOMMEpPUYECKOM O00BeKTe 0e3 HeOOXOJAMMOCTH JIMYHOTO
MOCEHIEHUSI. DTO OCOOCHHO AaKTyaJllbHO HJisi OOBEKTOB, HAXOISAIIMXCS B TEPPUTOPHUATHHO
YJAJEHHBIX PETMOHAX, WIM HAa CTAIUM CTPOUTEIHCTBA. DKOHOMHUYECKHN aHanu3 mpoekta « VR
Estate» moaTBepani BBICOKYIO PEHTa0EIHHOCTh U OKYyMaeMOCTh KOMIIAHUH B TMEPBBIC J1BA rojia
NESTENIbHOCTH, YTO JIEMOHCTPUPYET MPAKTUYECKYI0 3(PPEKTUBHOCTH MPEIIOKEHHOW MOJEIH.
IIpumenenne VR-TeXHONIOrUN MO3BOJIIET HE TOJIBKO YCKOPHUTH IIPOLIECC MPUHATUSA PELICHUN
MOKYTMaTeas MU (COKpalas ero B JIBa pa3a IO CPaBHEHHUIO C TPAJUIIMOHHBIMH METOAAMHM), HO U
MOBBIIIAET KOHBEPCUIO MPOAAX Ha PBIHKE HEABMXKUMOCTH 10 15%, ymydinaer Bochpusitue
MJIAHUPOBOK, NTM3aitHa M O0IIeH mpe3eHTaIuu 00 BEKTOB.

UccnenoBanue Takxke BHIABUIO, UTO VR-TEXHOIOTUHU 1a10T 3HAYUTENILHOE PEUMYILECTBO
CTPOUTENIbHBIM KOMIAHUSAM, PUENTOpaM U BIAJeNbllaM OOBEKTOB: BO3MOXKHOCTH yJaJI€HHOTO
OCMOTpa, TOYHOM OIEHKH IUIOWIAAW, JM3aiiHa, OCBELICHUA W JPYTHMX BaXHBIX MapamMeTpOB
HenBmwkuMocTH. Mcnonb3oBanue VR n AR TexHonoruii pemaet npooiieMy MOKYIKH «BCICIIYIO,
MUHHMH3UPYET PUCK OIIMOOK MPU PEKOHCTPYKIHHM OOBEKTOB M MOBBIMACT 3()(PEeKTUBHOCTH
PEKJIaMHBIX KaMIIAaHUW 33 CYET MHTEPAKTUBHOIO M BU3YAJIBHO NPUBJIEKATEIBHOIO KOHTEHTA.
Kpome toro, mpoekt «VR Estate» oOecneunBaeT BO3MOXXHOCTh BBIXOJAa Ha MEXKIYHAPOIHBIN
PBIHOK, paciupsist cpepy MOTEHIMATBHBIX KJIMEHTOB U YBEITUUHMBAs 10XOAbl KOMITaHHUH.

BriBoIbI uCCIE10BaHMS TTOATBEPKIAIOT TUIIOTE3Y O TOM, YTO NMPUMEHEHHE TEXHOJIOTUI
BUPTYQJIbHOW pEaJbHOCTH B HEIBMXKMMOCTH SIBJISIETCS HE TOJBKO HMHHOBAILIMOHHBIM, HO U
HKOHOMUYECKH OOOCHOBAHHBIM UHCTPYMEHTOM, CIIOCOOHBIM YIYUIIUTh KA4e€CTBO 00CTYKUBaHUS
KJIMEHTOB U OINTUMHU3UPOBATh BHYTpEHHUE OW3HEc-mpolecchl komnaHuil. B wactHoctn, VR-
SKCKYpPCUM M BUPTYAJbHBIM OU3aliH MHTEpbEpa IMO3BOJISIOT MHTEIpUpOBaTh coBpeMeHHble IT-
TEXHOJIOTHH B apXHUTEKTYpPy, MPOAAKY M MAPKETHHT HEIBMKUMOCTH, YTO OTKPBHIBAET HOBBIC
NEPCIEKTUBBI JUIsl pa3BUTHUSL OTPACIIH.

[TepcriekTHBBI JaNbHEHMIIETO BHEIPEHUS M MPAKTUYECKOTO0 MPHUMEHEHUs pPe3yJbTaTOB
UCCIIEIOBaHMs JOCTaTOYHO MHpokue. Cpeau HUX: MaclTaOupOBaHUE YCIYT Ha TEPPUTOPUU
Ipyrux peruoHoB KazaxcTtana u 3apyOeXHBIX CTpaH, UHTerpauuss VR-TexHosoruil B OHJaiiH-
mw1aTGopMbl HEABIKMMOCTH, pa3paboTKa MOOWIBHBIX MPHIOKEHUU I CaMOCTOSITEIILHOTO
nmpocMoTpa OOBEKTOB, BHEAPEHHE WHTEPAKTHBHBIX JJEMEHTOB Uil Oojee JeTalbHOU
JIEMOHCTpPALIMM IJIAHUPOBOK M JM3ailHa, a Tak)K€ HCIOJIb30BAaHUE TEXHOJOTUM JOMOJIHEHHOU
PEeaNbHOCTH AJIs1 PEKOHCTPYKLIMHU U MOJIepHU3aliuu 00beKkToB. Kpome Toro, ycreniHas peainzamnus
MPOEKTa MO3BOJIUT CO3/IaTh YCTOMYMBYIO MOJENb OM3HECA ¢ MUHUMAIbHON 3aBUCHMOCTBIO OT
MOCTABIIMKOB U KOHKYPEHTHOM cpefipl, 00ecreunBasi CTAaOMIBHBIN POCT KOMIIAHWU U TIOBBIILICHUE
KauyecTBa 00CITyKHUBaHUs KIUEHTOB.

Takum 00pa3oM, HCCIIEJOBaHWE TIOATBEPXKAACT, YTO BHUPTyajbHAas M JOIMOJHEHHAs
pealbHOCTh ~ OONaNaloT  3HAYMUTENbHBIM  TMOTCHIMAIOM AN TpaHcQopMmali  pbIHKA
HEJBMKUMOCTH. Pe3yibTaThl pabOThl MOKa3bIBAIOT, YTO BHEAPEHHUE TaKUX TEXHOJOTUM
CIOCOOCTBYET MOBBIIICHUIO SKOHOMUYECKON 3((HEKTUBHOCTH, YAOBIECTBOPEHHOCTH KIUEHTOB U
KOHKYPEHTOCIIOCOOHOCTH KoMmaHui. Ilpakrtuueckas 3HaummocTh npoekta «VR Estate»
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3aKJIIOYAeTCs B €ro BO3MOXHOCTM pellaTh peanbHble 33Jaud pbIHKA, oOecrneuynBaTh
WHHOBAIIMOHHOE OOCTY)KMBaHUE KJIMEHTOB M CO37aBaTh HOBBIC CTAaHAAPTHI B cepe MPOIaKH,
apeHAbl M MPOECKTUPOBAHUS HEABMKUMOCTH. ITpOEKT OTKpBIBAE€T MEPCIEKTUBBI JaJbHEHIIErO
HAYyYHOTO WUCCIIeoBaHus B obOnactu uwHTerpanmuu VR/AR TexHomorwii B apyrme cexTopa
SKOHOMMUKH U JEMOHCTPHUPYET BBICOKYIO aKTyaJIbHOCTh MPUMEHEHUS [U(PPOBBIX WHHOBAIIUM 1151
pa3BHUTHS OM3HECA B COBPEMEHHBIX YCIOBHUSX.
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