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AHHOTanMs. B jaHHOM cTaThe npe/ijiaraeTcs HOBbIM 060011€HHbIM aHATUTH-
KO-YHCJIEHHbIA MeTO/ pacyeTa Ha JJMHaAMHUYeCKy0 IPOYHOCTb HECYLero Kapka-
ca paMbl JIOKOMOTHBA CJIO)KHOU KOHQUTypalMy B IpeJII0J0)KEHUH ee KoJseba-
HUU 110 cxeMe 6aJI0OYHOT0 THUIIA C YIIPYTHUM 3allleMJIeHUeM KOHLI0B IIpH 1eMCTBUH
rapMOHUYEeCKOW HarpysKH, IPU JABMXKEHUH 3JIEKTPOBO3a N0 NMyTH C IepUoAuYe-
CKOM CTBIKOBOW HEPOBHOCTBIO, IPH MOBBIIIEHHBIX CKOPOCTAX JABHXKEHUS.

Jlasiee npefcTaB/ieHbl aITOPUTM pacyeTa, 6JI0K-cXeMa JJi1 MOZeJIMpOBaHUs
Halnps>KeHHO-1ePOPMHUPOBAHHOI'O COCTOSIHUSA HeCyllero Kapkaca paMbl JIOKO-
MOTHBA CJIO)KHOW KOHPUIYpaLUK B BUJie YIIPYTOro CTEPKHSA [IEpEMEHHOT0 ceye-
HUS C IepeMEeHHOW MacCOM, U3TUOHOM U MPO/I0JIbHOM KECTKOCThIO.

[IpyvBefeHbl pe3ysbTaTbl YUCJIEHHOIO UCC/Ae[0BaHUS MO HaNpsKeHHO-Ze-
$OpMHpPOBaHHOMY COCTOSIHHUIO HECYLero KapKaca paMbl Ky30Ba JIOKOMOTHUBA C
y4eTOM YCTaHOBKH YCUJIMBAKILMNX HAaK/IaJ0K IPU MOJIepPHU3ALUU U BbITIOJIHEHO
COIIOCTaBJIEHHWE pe3yJbTaTOB MaTeMaTU4YeCKOW MOJiesIM paMbl Ky30Ba JIOKOMO-
THBA CJIOXKHOU KOHPUIypaLUK C MOZeJIbl0, IOCTPOEHHOM 10 METOAY KOHEUHBIX
3JIeMEHTOB B IporpaMMHoM npoaykTe Solid Works.

C yyeTOM pe3y/IbTaTOB 3KCIIepUMEHTAaJbHBIX UCCIeJOBaHUN IPY HATYPHbIX
JIMHAMHU4Y€eCKHX UCNBbITAHUSAX paM TeJsieXXeK U IVIaBHbIX paM Ky30BOB 3JIEKTPO-
B030B BJI-80c npu BMKEHNUU UX 10 peJIbCOBOMY IIYTH IPY Pa3JIMYHbBIX PEXKUMaAxX
Harpy»<eHusl NpoBOAUTCS HaydyHOe 060CHOBAaHME Cocoba MOAEpHU3ALMK paM
TeJleXKeK U IJIaBHbIX paM Ky30BOB JIaHHOI'O THIIa IOKOMOTHBOB IIPY IPOBe/IEHU U
KallMTaJbHO-BOCCTAHOBUTEJILHOI'O PEMOHTA.

[Ipefyi0:keH MHKEHEPHbIN MeTO/, aHAJINTUKO-YMCJIEHHOTO pacyeTa, KOTOpPbIN
N03BOJIIeT NPOBOAUTHL KBAa3UCTATHUYECKOe W JMHAMHUYeCcKOoe MOJeJUMpOBaHuUe
Halnps>KeHHO-1epOPMHUPOBAHHOI'O COCTOSIHUSA I[JIaBHOM paMbl Ky30Ba U paM Te-
JIeXKeK JIOKOMOTUBOB C MOJIEPHU3MPOBAHHbBIM YCUJIEHHBIM HECYLIUM KapKacoM
Ha 6a3e NporpamM /iJisl YACJEeHHOTO pacyeTa, Ha KOTOpble MoJy4eHbl 2 CBUJe-
TeJIbCTBA 06 0pUIMaTIbHOW perucTpayyu nporpaMmsl Ajs IBM Pecny6imku ¥Y3-
6exucraH (Ne DGU 07664, 31.04.2020 r. u Ne DGU 10286 ot 24.02.2021 ).

KiroueBble c10Ba: 3/1eKTPOBO3, IJIaBHasi paMa Ky30Ba 3JIEKTPOBO3a, paMa
TeJIeXKKH, JUHAaMUYeCKUe Harpy3kH, HamnpsKeHHO-ZedOpMUpPOBaHHOE COCTO-
sIHYe TJIaBHBIX paM U paM TeJsiexXeK 3J1eKTPOB030B, K03 PUIMeHT 3anaca ycTa-
JIOCTHOM MPOYHOCTH, KallUTaJIbHO-BOCCTAHOBUTE/IBHBIN PEMOHT IVIaBHBIX paM
3JIEKTPOBO30B
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BBeaeHue

B coBpeMeHHOU MHOCTPAHHOM NATEHTHOM M HAy4YHO-TEXHUYECKOU JIMTepaType IIHPOKO
UCCIelyl0TCSl MpPoOJieMbl MOBBILIEHHWS] HAJEXKHOCTH M TNPOYHOCTHU PAaMHbIX KOHCTPYKL UM
JIOKOMOTUBOB CJIOXKHOM KOHQUIypallud B INpoLiecCe UX NPOEKTHPOBAHHUSA, IKCIJIyaTaluy
U MoJepHusauuu [1+5]. OyeBHAHO, YTO O0Ollee HAMpsSKEHHOE COCTOSIHHWE TIJIABHOU paMbl
Ky30Ba M paM TeJieKeK JIOKOMOTHBOB, a TaK)Ke UX HeCylIUX 5KBHMBaJEHTHbIX KapKacoB OyJeT
3HAUYUTEJbHBIM 00pPa30M 3aBHUCETh OT PO/ 0JIbHBIX, IOTIEPEYHbIX U KPYTHUJIbHBIX JUHAMHUYECKUX
COCTABJISIOLIUX TATOBBIX YCUJINH, BOSHUKAIOLMX B PAMHbIX KapKacax CJI0)KHOM KOHQUTypaluy,
a TakKe paljMoOHa/IbHOM KOHCTPYKL MU YCTaHOBKH YCUJIMBAIOILMX HAaKJ/Ia/JOK IPU MOJEPHU3ALU U
Y KOHTAKTHBIX HAPSXKeHUH, BOSHUKAKILUX IPU Pe3KHUX Nepenajiax TeMnepaTyp. ITH paKTophbI
BbI3BIBAIOT CHIXKEHHUE 00111ero CpoKa 3KCIJIyaTaljiu IOKOMOTHUBOB B 1.2-1.5 pasa.

B Mupe ucciefoBaHusa B 06/1aCTH aHa/IM3a HaNpsKeHHO-Ae)OpPMUPOBAHHOTO COCTOSIHUSA
KOHCTPYKLIMA TPAHCHOPTHBIX CPEeJCTB MPOBOASATCSA B HAy4YHBIX LIEHTpaX, YHUBEPCUTETAX U
Hay4HO-UCCIeL0BaTeJbCKUX MHCTUTYTAaX BeAyLIMX CTPpaH MUPa, B TOM uyuciie: Wessex Institute
of Technology (Benuko6putanus), University of Naples di Napoli (MTanus), Ryeson University
(Kanapga), University of La Coruna (Mcnanus), Saga University, (Anonus). B crpanax CHI" Hag
NOCTaBJIEHHbIMU BONPOCAaMU paboTa/id aBTOPUTETHbIE HAyUHbIe IIKOJIbl U KPYNIHbIE YYeHble
Poccuiickoro ynuBepcuteta TpaHcnopta (MUUT) (Poccus), [leTepbyprckoro rocyaapCTBEHHOIO
yHUBepcuTeTa nyTed coobueHusa (Poccus), MoCKOBCKOTO aBUAlJMOHHOTO WHCTHUTYTA,
Hay4yHo-uccien0BaTe/IbCKOT0 HMHCTUTYTA KeJle3HOLOpoXHoro TtpaHcnopta «BHUUKT»,
OAO «BHUKTH», OAO «Poccuiickue xese3Hble noporu», OMCKOro rocyzapCTBEHHOIO
yHUBepcuTeTa nyter coobueHus (OMI'YIIC), PocToBckoro rocyfapcTBEHHOIO YHUBEPCUTETA
nyTed coobueHus (Poccusa), AnmaThHCKOro yHuBepcuTeTa 3HepreTUkd U cBsisu (AYEC)
(Kasaxcran), UHcTUTYTa 11MdpoBoi akoHOMUKH U npaBa (ML Eull) (KasaxcraH), TalikeHTCKOTO
roCyJapCTBEHHOI'0 TPAHCIIOPTHOrO yHUBepcUTeTa (Y36eKucTaH) U pyrux 06pa3oBaTeIbHbIX
Y Hay4YHbIX LEHTPax HWHXXEHEPOB >KeJIe3HOLOPOKHOI0 TpaHCIOopTa. B peleHUM C10KHBIX
3a/a4, CBSI3aHHBbIX C U3yYeHHEM MPOYHOCTH U HAJIEKHOCTH paM TeJieXKeK U IVIaBHBIX paM
KY30BOB NOJABMKHOI'O COCTaBa BHeCJAM POCCMUCKMU HaydyHO-UCCIe[0BATEeNbCKUU UHCTUTYT
kesie3HogopoxkHoro TpaHcnopTta (LUHUUW MIIC) u Poccuiickuii Hay4HO-HCC/Ie0BaTelbCKUN
MHCTUTYT BaroHoctpoenus (HWUB), koTopble NpoBOAUIN TEOPETUKO-3KCIIEPUMEHTAJIbHbIE
vccileIoBaHus 10 JaHHOU npobJieMe [1-7].

B Mupe [/ ycoBeplLIeHCTBOBAaHHSI METO/0OB pacyeTa HalpsKeHHO-AedOpPMUPOBAHHOTO
COCTOSIHUSI paM MOJABUKHOTO COCTaBa JJisl TPAHCIOPTHOTO MAlIMHOCTPOEHUs U pa3paboTke
TEXHUYECKUX CPeACTB UX (YHKLMOHA/JIbHOM JAMAarHOCTUKU XapaKTEpPHO OJHOBpPEMEHHOE
MCIOJIb30BaHWE METOJ0B TeOpeTUYeCKUX UCCAeJOBaHUW C YMUCJIeHHOM 00paboTKoU
pe3ysbTaToB Ha IBM M [AaHHBIX 3KCIepUMEHTa IO HanpsKeHHO-JePpOpPMUPOBAHHOMY
COCTOSIHUI0 KOHCTPYKLIMM C BBINOJIHEHWEM pacyeTOB Ha JWHAMHUYECKYH MPOYHOCTb. [Ipu
3TOM LIWPOKO HCIIOJIB3YIOTCH YUC/JIEHHblE TEXHOJIOTUH, B TOM YHCJe NPHUMEHEHHE Cpefibl
nporpamMmmupoBanuss MATHCAD nipu pacyeTax MeXaHU4YeCKOW YaCcTHU JIOKOMOTHBOB U MeTo/ia
rpaHU4HbIX 3jieMeHTOB (the Boundary Element Technology) mpu mog6ope panuoHa/JbHbBIX
napamMeTpOB y3JIOB U JleTa/led MexaHUYeCKOM 4YacTU JIOKOMOTUBOB [1,2,3,5,6].
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Memod pacuema Ha QUHAMUYECKYIO NPOYHOCMb PAMHbBIX KOHCMPYKYUL IOKOMOMUBO8B CAOHCHOU
KOHuzypayuu 0158 mpaHCnopmH020 MAWUHOCMPOeHUsl

B Pecny6iuke Y36ekucTtaH npo6/ieMaMM JAUMHAMHUYeCKOrO0 pacyeTa Ha NMPOYHOCTb paM
NOABWXXHOTO cOCTaBa 3aHUMasuch akazeMuk AH PY3, mpodeccop, a.T.H. A./l. Tnyuenko,
npodeccopalll.C. Paitsubaes,['A.XpomoBa, A.A. lllepmyxameioB, P.B. Paxumos, 3.I. Myxame10Ba,
O.P. Xamupos, 1.0. Pagxubaes, a Takke Ux yueHukH [8,9,11-15].

BMmecTe ¢ TeM, B CylIECTBYIOIIMX HAy4YHO-UCCIE[0BATENbCKUX paboTax He yAeseHo
JlOCTaTOYHOI0 BHUMaHHUS YCOBEPLIEHCTBOBAHMIO METO/OB pacyeTa HanpsiKeHHO-JedpopMuU-
POBAHHOTO COCTOSIHUSI paM MOJBHKHOTO COCTaBa /Jisl TPAHCHOPTHOTO MAIIMHOCTPOEHUS U
pa3paboTKe TeXHUYEeCKUX CPeACTB MX (QYHKLIMOHAJIbHOW JAUArHOCTHUKU C LeJibl0 MpOAJIeHUs
CpoKa MoJie3HOM 3KcIlyaTauuu. Haauume U3ruOHBIX U KPYTU/IbHBIX KOJ€0aHUM Ky30BOB, UX
HeCyIlIUX paM, peCCOPHOTO MO/BELINBAHUS U XOA0BOM YaCTU NPUBOAUT K PE3KOMY CHIKEHUIO
noKa3aTeJsiell yCTaJOCTHONW MPOYHOCTH M HAJIEXKHOCTU KOHCTPYKIHU. B CBSI3M C 3TUM Npu
IpPOBOJMMOMN MOJiepHU3aLMK MOJBUKHOIO COCTaBa JOJDKHA OBbITh obecrieyeHa A0CTAaTO4YHAs
»KECTKOCTb YCHUJIMBAaEMbIX MEXaHUYECKHX y3JI0B U JieTajiel], YTOObl 06eCeYuTh UX HaZeKHYI0
3KCIIyaTanuto B nocaenytouye 8-10 sieT B noapasgesneHUsax AO «Y36eKUCTOH TeMUD UyJ1apu».

B cTraTbe BmepBble NpeAJiOKEH HHXXEHEPHbIA METOJi aHAJIMTHUKO-YHUCJEHHOr'0 pacyeTa,
KOTOpBbIM MO3BOJIAET MNPOBOAWUTHL KBa3WCTaTU4YeCKOe U [AUWHAMHUYeCKOe MOJeJMpOBaHUE
HaNps»KeHHO-/1eOPMHUPOBAHHOTO COCTOSIHMSI TJIaBHOM paMbl Ky30Ba U paM TeJIeXeK
JIOKOMOTHBOB C MOJIEPHUM3UPOBAHHbIM YCUJIEHHBIM HECYIIMM KapKacoM Ha 6a3e mporpaMmm
JUISI YUCJIEHHOTO pacyeTa, Ha KOTOpble MOJIy4eHbl 2 CBUJETeJbCTBA 06 OdUIMaTbHON
peructpauuu nporpamMmmsl s IBM Pecny6snku Y36ekucrtan (Ne DGU 07664, 31.04.2020 1. u
Ne DGU 10286 ot 24.02.2021.) [10,11], 6a3upyroluuiics Ha pe3yibTaTaX YUCJAEHHOTO pacyeTa,
MO/IeJIMPOBAHUS U CUMYJISILIUY B IpOorpaMMHbIX npoAykTax Mathcad 15 wu Solid Works, a Takxe
CpaBHUTEJLHOM aHaJIl3e JaHHbIX TEOPETHUYECKUX U IKCIIEPHMEHTAJIbHbIX UCC/IeJ0OBAaHUN.

MeToaos0rus

06 beKTOM HCCIe0BaHUSA SABJSAIOTCA MOJEpPHU3UpyeMasl paMa TeJIeXXKHU U TJlaBHasi paMa
Ky30Ba 3JIeKTPOBO30B, IKCILIyaTHPyeMbIX Ha AO «Y36eKUCTOH TeMUp H/IapH», KOHKPETHO
JAJi4 3sekTpoBo30B BJI80 u BJ/I80c.

[IpeaMeToM wuccieloBaHUSA SABJAIOTCA MeTOJbl MaTeMaTHUYeCKOro MOJeJMpOBaHUs
KoJIe6GaHUM paM TeJsieXKeK M TJIaBHBIX paM Ky30BOB 3JIEKTPOBO30B C YYeTOM BO3/€WCTBUA
IPOJOJIbHBIX, NMOMNEPEYHBbIX U KPYTHUJIBHBIX COCTaBJAKIIUX HArpy3oK NpPU MOBbILIEHHbIX
CKOPOCTAX IBHXKEHH S, a TAK)Ke BJIUSHUSA KOHTAKTHBIX JMHAMHU4Y€eCKUX U TENJIOBbIX BO3/1€ICTBUM
B IIpoLjecce KallUTaJIbHO- BOCCTAHOBUTEJIbHOTO PEMOHTA.

B [faHHOUN cTaTbe HCNOJIb30BaHbl METO/Jbl MAaTPUYHOrO aHa/lvM3a M HMMHUTALMOHHOTO
MO/ZIeJINPOBAHUSA, MaTeEMAaTUYeCKOM CTaTUCTUKH, a TaK)Xe NMPUMeEHEHbl YHCJIeHHble MEeTOAbI:
MeTos Pypbe, MeTOJ KYCOYHO-JIMHEWHOU aNMNPOKCUMALUU, METOJ UTEpPaUUd U MEeTO[
rpaHu4yHbIX 37ieMeHTOB (the Boundary Element Technology). UucinenHble uccienoBaHus
BbINOJIHEHBI Ha sA3blke C# U B cpefe nporpamMmmupoBanuss MATHCAD 15 [10,11]. BeinosiHeHO
CONocCTaBJIeHUe pe3y/IbTaTOB MaTeMaTUYEeCKOW MOZeJIM paMbl Ky30Ba JIOKOMOTHBA CJI0>KHOU
KOHQUTYpaLUU C MOJeJblo, TOCTPOEHHOM [0 MeTO/y KOHEUHBIX 3JIEMEHTOB B IPOrPaMMHOM
npoaykre Solid Works.
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MeToauKa npoBeeHUs IKCIEepUMEHTAJIbHbIX HCCJIEeLOBaHUMU onpefiessanach COBOKYI-
HOCTBIO NpaBUJ NPUMEHEHUs CTAaHAAPTHbIX NPUHLMIOB [JIl OCYLIeCTBJIEHUS HATYPHBIX
VCIIBITaHUH, KOTOPBIE 3aKJII0YaJIUCh B UCCJIeJ0BAHUH BHELTHUX BO3/J€ICTBUH, UCII0JIb30BAHUU
COOTBETCTBYIOLETO OOOpPYAOBaHUS M anmapaTrypbl (BUOPOJATYMKOB U TEH30JaTUUKOB),
NpYMEHEHUH aBTOMATU3MPOBAHHOIO KOMILJIEKCA PperucTpayuud M 006pabOTKU [JlaHHbIX
3KCIlepMMeHTa BEPOSATHOCTHO-CTAaTUCTUYeCKUMU MeTogaMu (Analyzer 2020). Kpome Toro,
npejJaraemMass HAMU MeTO/MKa UCNIBITAHUN 6a3MpyeTcs Ha MeTOAKe IPOBe/ieHUs HATYPHbIX
HCNbITAaHUM 3JIEKTPOBO30B, MPUHATON 0JlMHAKOBOM AJis Bcex ctpaH CHI [5,6,7].

[Io pe3ynbraTaM JaHHBIX YUCJAEHHOI'O pacyeTa B cpefe nporpamMmmupoBaHus MATHCAD
15 dsaa modepHuszuposanHoz2o ceveHusi y3aa 1 ycuneHus KpOHWMEUHO8 HA 2/1a8HOU pame
Ky3oea 3snekmpoeo3a BJI-80 ycTaHOBJIEHO, YTO CyMMapHble HalpshpKeHUsT B HauboJiee
Harpy»KeHHOM CeYeHHH He MPEBBIIIAIOT Ipejesia NIPOYHOCTH U paBHbI 6 cyM=123,71 MIla npu
KOHCTPYKLMOHHOM ckopoctu V, =110 kM/yac,

IpYU 3TOM npedes NPOYHOCMU JJisl JAHHOTO cevyeHus1 1 paBeH

ocym 12371

n = lomonl _ 240 _ gy

(1)

Koagpgpuyuenm 3anaca npouHocmu no pacuemy noJyquacs 6oavwe 1,6, m.e. daHHoe ceveHue
1 npoxodum ycsao08ue no 3anacy npoyHoCmu.

[Ipy aToM, eciu Jaxke y4yecTb CTapeHHe MaTepHuasia IJIaBHOH paMbl Ky30Ba, KOTJa IO
dopmyiie (2) BO3HUKAIOL[ME CyMMapHble HAalPSHXKEHUS I0/KHbI ObITh

(0, +0.) <o) =21818 Mita, 2)

K03pPUIMEHT 3anaca NPOYHOCTH C y4eTOM CTapeHUsl MaTepuasia OyJeT paBeH

n _ [e] _ 21818
€Tfap  gcym 123,71

~ 1,764. (3)

PucyHok 1. MogepHusanus ysaa 1 ycuaeHus KpOHIITEHHOB IJIaBHOM paMbl Ky30Ba 3JIEKTPOBO3a
BJI-80 c ycTaHOBKOU yCUJINBaOLUX HAKJIAJ0K, BbioaHeHHas Ha YII «O’ztemiryo’lmashta’'mir»
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[Ipu npoBepKe yCTaJIOCTHOM NPOYHOCTH ObLJIO YUTEHO, YTO 3JIEMEHTHI IJIABHOM paMbl Ky30Ba
3JIEKTPOBO3a, MOJBeprawuuecs MNepeMeHHOMY aCHMMMETPUYHOMY HaNpsKEHUIO, JOJDKHBI
MMeTb JONOJIHUTEJbHBIN 3aMac NPOYHOCTU M3-3a HAJIMYUS KOHLEHTPATOPOB HAMPSKEHUHN U
psaa Apyrux npuduH. [Ipu aToM npejies1 BBIHOCJIUBOCTH CHUXKAETCS 3a CUET YMEHbIIEHUS B
k_ pas nepeMeHHOH COCTaB/AWLIEN NPEJENbHO JONYCTUMOro HanpsukeHus. Koagguyuenm
CHUJCeHUS yCMA0CMHOU NPOYHOCMU JIeTaJlv 10 CPaBHEeHHUIo ¢ obpasuom k_ =2,4.

Koagpgpuyuenm yyecmeumesabHocmu Mamepuana K aCAMMETPUM LIUKJIA

20T1—0
1/)O' = — — 0;69 (3)
0o
rae ¢,=200 Mlla, 00=250 MIlla, 6 _=69,778 MIla
[Ipu 3TOM npedes 8bIHOCAUBOCMU
o oy (1 ZGT—O'O) o (4),
BbIH ka. O.Tko. m
I/ie COrJIACHO YMCJIEHHOro pacyeTa o, =131,36 Mlla.

3amnac yCcTaJIoOCTHOU MPOYHOCTH C yY€TOM MaKCUMaJIbHOTO HANPSXKEHUST

g = —i_ = 1,427, (5)

Omt0anp

rae o .= 22,216 Mlla - npuBeieHHO€E aMIIUTYAIHOE HANPsKEHKE, KOTOPO€e BbIYUCJISETCS

no dopmyse
Oanp = 2,17 (X R, (6)

rae R - 9TO MpUBEJEHHOE aMILIMTYJHOE HalpSHKeHWe PacyeTHOT0 aCUMMETPUYHOIO IHUKJIa
JUHAaMUYeCKOT0 Harpy»KeHus JeTajleld paMbl, BBIYUCASETCS COIJIAaCHO YMCJIEHHOTO pacyeTa B
nporpaMMme, COCTaBJe€HHOM Jis1 cpe/ibl IporpaMmMupoBanusa MathCad 15 [9,12,15].

B pesynbTraTe npoBeJleHHBIX YMCJEHHBIX HCCJEeJ0BaHUU MO CEYEeHUSM IVIAaBHOU paMbl
Ky30Ba 3JieKTpoBo3a BJI-80 ycTaHOBJIEHO, YTO € y4emom npogedeHHOl ModepHU3ayuu nymem
YCMAHOBKU YCUAUBAIOWUX HAK/AAJOK YyCMA/10CMHAs NPOYHOCMb d0OCMAamoyHas, mak Kak oHa
npesvluiaem MuHUMAaibHoe 3HaveHue 1,4.

PeBy_]IbTaTbI 151 06CY)KAEHI/IE

Ha ocHOBaHMU NpOBeAEHHBIX aHAJTUTUKO-YMCAEeHHbIX uccaefoBaHui [10+15] u cpaBHU-
TeJIbHOT0 aHaJ/IM3a C IPOBeJleHHbIMU HAMH 3KCIIEPUMEHTaJIbHBIMU HcCle[0BaHUAMHU [9,12,15]
MOXKHO C/ieJIaTh CeAyiolire 000011alIe BbIBObIL:

1. Paspaboran 00600LieHHBIA METOJ pacyeTa Ha JUHAMUYECKYH0 NPOYHOCTb PaMHBIX
KOHCTPYKILIMH JIOKOMOTHBOB CJIOKHOW KOHPHUTYpaLUK /11 TPAaHCIIOPTHOTO MAaIMHOCTPOEHUSA
C y4eTOM BJIUSIHUSI KOHTAKTHBIX JIHHAMHAYECKHUX U TEIJIOBbIX HArPy30K, a TaKKe MPOJ0JIbHBbIX,
NONepPeYHbIX U KPYTHUJbHbBIX COCTABJISIOUUX TATOBbIX YCUJIUK MPU NOBBIIMIEHHBIX CKOPOCTAX
JIBUPKEHUs], KOHKPETHO, /11 JTAaBHOW paMbl M paM TeJiexkek 3yieKTpoBo3a BJI-80 [9+15].
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2. B pe3ysibTaTe npoBeleHHOI0 YMCJIEHHOI0 pacyeTa C MCII0JIb30BaHUEM CpeJibl Iporpam-
mupoBanuss MATHCAD 15 [10,11] nosiyyeHbl MakCHUMaJsibHble HaNpsKEHUS] B pPacuyeTHBIX
pexxumax, onpejeJsiolide MPOYHOCTb OOKOBUH paMbl Ky3oBa ajekTpoBo3a BJI-80 nocne
IpOBeJleHUsl C YCUJIeHHeM NyTeM YCTaHOBKHM YCUJIMBAIOLIMX HAKJAJ0K, KOTOpbIe CBe/leHbl B
Tabauny 1.

MakcuMaJ/ibHble Halps>KeHUsA B pacyeTHbIX peXMMaxX IVIaBHOM paMbl 3JIEKTPOBO3a
BJI-80 nocjie npoBeeHUsA MOAEePHHU3aL MU C yCUJIEHMEM IIyTeM YCTAHOBKH YCU/IMBAIOLIIMX
HaKJIaA0K

Ta6suna 1.
NeNe HanmeHoBaHue pexuma MakcuMasibHOe
n/n HanpsbkeHue, MIla
1. BecoBoe Harpy»xeHue - 21,5 MIla
2. OnuHO4YHas TAra JlonoJIHUTe/IbHbIE + 49,6
HanpsKeHUus
CyMmMapHBbIe ¢ BECOBBIMU + 66,0
3. | /IBoiiHas TsAra JlonoJTHUTEe/IbHbIE +97,5
HanpsKeHUs
CyMmMapHBbIe ¢ BECOBBIMU +114,0
4. | Cxkatue cunamu 250t (2.5 MH) Jlono/siHUTebHbIE -198,5
110 OCH aBTOCLIENIOK HanpsKeHUs
CyMmMapHbIe ¢ BECOBBIMU -211,8
5. PactsaxxeHue cusiaMu JlonoJIHUTe/IbHbIE +198,5
250t (2.5 MH) o ocu Hanps>KeHUs
aBTOCLEIIOK CyMMapHble C BECOBbIMHU +215,3
6. | ¥Ymap cunoit 250 T (2.5 MH) JlonosHUTebHBIE -174,8
B aBTOCLENKY HanpsKeHUs
CyMmMapHbIe C BECOBBIMU -198,1
7. | PpiBok cuuoit 250 T (2.5 MH) JonosHuTeNbHBIE +174,8
Ha aBTOCLeNKe HanpsKeHUs
CyMMapHBbIe C BECOBBIMU +174,8

3. Ha pucyHske 2 npefcraByieH rpapuk U3MeHeHUsI JHHAMUUECKHX [TlepeMellleHU I cedeHUH IJ1TaBHOHN
paMbl Ky30Ba 3JieKTpoBo3a BJI-80 cTaHapTHON KOHCTPYKL MU IPU U3TUOHBIX KOJIeGaHUSAX BO BpeMeHHU
(B cepenuHe npoJseTa).

4. Jlna comocTaB/ieHUWA pe3y/bTaTOB MaTeMaTH4YeCKOM MoJeJlMd paMbl Ky30Ba JIOKOMOTHBA
CI0)KHOW KOHQUTypaLUM C MOJeJblo, IOCTPOEHHOU 10 MeTO/y KOHEeUHBIX 3J1eMeHTOB, OblJl BbIOpaH
OpPOTPaMMHBIA HPOAYKT OT KoMmnaHuu Solid Works. [lo ntoram MoAe/MpOBaHUS HANPSKEHHO-
ZlepOpPMHPOBAaHHOIO COCTOSIHMSI paMbl Ky3oBa aJjiekTpoBo3a BJIB0c 6bliu onpepesieHbl 3HAaYeHUA
MaKCHMaJIbHBIX HANIPSPKEHUH B ONIACHBIX 30HaX (PHUCYHOK 3).
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PucyHok 2. 'paduik usmMeHeHHs JUHAMUYECKUX MTepeMellleHHH ceyeHU paMbl Ky30Ba 3J1eKTpoBo3a BJI-
80 cTaHapTHOM KOHCTPYKLMHU NPH U3rHMOHBIX K0JIeb6aHUsAX BO BpeMeHH (B cepe/iMHe NpoJieTa).

PucyHok 3. Hanps>kxeHHad 30Ha paMbl asiekTpoBo3a BJI-80c, cooTBeTcTBy101aa cedeHuto D.

Pacxox/ileHus1 3Ha4YeHUH, MOJyYeHHBIX B Pe3y/ibTaTe MOJEIUPOBAHUS METO/JOM KOHEYHBIX 3JIEMEHTOB
(MK3) u pa3pa6oTaHHBIM METOJIOM Ha OCHOBE KYCOYHO-JTMHEHHOM anmnpokcuManuu (MKJ/IA)

Ta6uiuna 2.
NeNe HauMeHOBaHUe peXxuMa MakcuMaJsibHOe MakcuMaJibHOe Pacxoxae-
n/n HalpsDKeHHe, HanpsDKeHHe, HUA,
onpeaejieHHOe | olpeje/ieHHOeE 10 %
no MKJIA, MIIa MK?3, MIla
1. | CxkaTue cuiaMu | JloMOJHUTENBHEIE -198,5 -215,35 7.2%
2501 (2.5 MH) | HanpsokeHUs
T10 OCH CyMMapHble -211,8 -218,2 3%
aBTOCHENoK C BECOBBIMHU
JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N21(150)/ 2025 15

TexHUKAIbIK FbIALIMOAD HCIHE MEXHO102UANAP CepUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Tanuna Xpomoesa, [laspoH Padicubaes, Adxam MasasiHos

2. | Pactsmxenue JlonoJIHUTe/IbHbIE +198,5 +216,3 8%
CUJIaMHU HampsHKeHUsI
(2.5 MH) no ocu CymMMapHbIe +215,3 +238,3 10%
ABTOCIEIIOK C BECOBBIMU

[Ipu comocTaB/ieHUH Pe3y/JbTaTOB ABYX METO/OB OblJIO ONpe/eeHO, UTO 3HAaYEeHUs CyM-
MapHbIX HaNpPSDKEHUH B HauboJiee HArpy>KeHHbIX CeUYeHUsX [VIABHOW paMbl 3JIEKTPOBO3a
NpaKTHUYeCKH UJIeHTUYHbI (pUCYHOK 3). PacxoJeHusl 0 BbIOPAHHBIM C€YEHUSM He MpeBbI-
IIAIOT 3HauyeHUd B 7+9%. Pe3ysibTaThl npuBeieHbI B TabuLe 2.

3aK/iloueHue

Ha ocHOBe mnpoBeJleHHbIX aHAJMTHUYECKUX, YUCJEHHbIX U 3KCIIEpUMEHTa/JbHbIX HCCJIe-
JIOBaHUH NIOJIy4Y€eHbI CJIeAYIOIYe OCHOBHbIE Hay4YHble U IPUKJIAJiHble Pe3yJIbTaThl:

1. Ha ocHOBaHMM pacyéTHBIX UCCIe[0BaHUH, BBINIOJHEHHBIX B Cpe/ie IPOrpaMMUpPOBaHUA
MATHCAD 15, no omnpejesieHHl0 paKTHYECKH AOCTUTAaeMbIX HaNpPSHKEHUNA B MaTepuasie
CBApHBIX LIBaX ieTajlel [JTaBHOM paMbl Ky30Ba, B KOTOPbIX BO3HUKAJIN YCTaJOCTHBIE TPEIIUHBI,
O6blIM MOAO06GpaHbl pallMOHa/bHblE pa3Mephl JJi YCUJIMBAKOIIUX HAaKJIaJOK CO CJIOXHOM
KoHUrypauuen A AeTajed [VMIaBHbIX paM Ky30BOB 3J1eKTpoB030B BJI-80.

2. Ha ocHOBaHMM AaHHBIX 060611atoLeld TabInbl 1 MOXKHO CAeJ1aTh CeAyIolie BbIBOJbI:

- MaKCUMaJIbHble 3HAa4eHUS CyMMapHbIX HaNpsKeHWH, BbIYMCJEHHblE [JIT BO3MOXHBIX
HauboJsiee HeOG/AronpUATHBIX COYETAHUM HArpysKH pacyeTHBIX DPeXUMOB Harpy:KeHus
IJIaBHOM paMbl 371eKTpoBo3a BJI-80, He npeBbIIAIOT JOMYCKaeMbIE;

- yCUJIEHHe [JIaBHOM paMbl Ky30Ba [IyTeM YCTAHOBKH YCHUJIMBAKOLIMX HAK/IaJ0K IPUBOJHUT K
CHUKEHUI0 MaKCUMaJIbHbIX HANPSKEHUH 110 CPABHEHUIO C CyLIeCTBYIOILEN KOHCTPYKLIMeN Ha
10815% B 3aBUCUMOCTHU OT peKMMa HarpyKeHUs.

3. KpyTu/bHble Hanpsi>keHUs B paMe Ky30Ba 3JIEKTPOB03a, COIVIAaCHO 3KCIIepUMeHTa/IbHbIM
JJaHHBIM, O4eHb MaJibl, He QUKCHPOBAIMCh U3MePUTEIbHON annapatypoi [9,12]. B cBsA3m c
3TUM OHH He YYUTBIBAJIUCh HAMU B pacyeTe Ha JMHAMHUUYECKYI0 IPOYHOCTb.

4. IlpepsioxkeH WHXKEHEPHBbIM METOJ, aHAJIMTHUKO-YUCJIEHHOIO pacyeTa, KOTOPBIM IMO3BOJIAET
IPOBOAUTH KBa3WCTAaTUYECKOE M JMHAMHUYecKoe MOZeJUPOBaHUE HanpshKeHHO-ZepOopMHUpOBa-
HHOT'O COCTOSIHMA IVIABHOW paMbl Ky30Ba U paM TeJleXeK JIOKOMOTUBOB C MOAEPHU3UPOBAHHBIM
YCUJIEHHBIM HeCyI[MM KapKacoM Ha 6a3e NporpaMM /JJil YMCJIEHHOTO pacdyeTa, Ha KOTOpble
N0JIy4eHbl 2 CBUZETeIbCTBAa 06 0pUIIMaIbHON perucTpanuu nporpaMmsl Ajs IBM Pecny6ivku
Y36ekucrad (Ne DGU 07664, 31.04.2020 r. u Ne DGU 10286 ot 24.02.2021 ) [10,11].

5. PazpaboTaHbl HOBble UHCTPYKLMU 10 YCUJIEHHUIO PaM TeJleXKeK U [VIaBHOW paMbl Ky30BOB
3J1eKTpoB030B cepuu BJI-80 npu KanuTa/bHO-BOCCTAHOBUTEJIBHOM PEMOHTE C NPOAJIEHUEM
cpoKa c1yx6bl B ycaoBusx YII «YatemupiiyiMalmtabMup». BHesipeHye AaHHbIX MHCTPYKIUii
yMeHbIllaeT BEPOSATHOCTb aBapPUMHBIX pa3pylieHUU paM TeJsieXeK U JeTajled IVIaBHbIX paM
Ky30BOB 3JIeKTp0OB030B cepuu BJI-80 M yBesnuuBaeT CPOK MX I0OJIE3HOM 3KCIJIyaTalMM Ha
8-10 JsieT.
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6. PazpaboTaH HOBBIM COCO6 MOJEepPHU3ALMU JIOKOMOTHBOB IPU KalNUTaJbHO-BOCCTAHO-
BUTEJIbHOM PEMOHTE C L[eJIbIO YJIYYILIeHUs JUHAMUYeCKUX XapaKTepPUCTHUK, ITOBbILIEHUS [TPOY-
HOCTH, HaJIeXKHOCTH Y MPOJJIEHUS CPOKA MOJIE3HOTO UCNOJIb30BaHUA. [Ipy 3TOM B pe3ysibTaTe
BHeJIpeHUs Npe/ljlaraeMoro cnocoba MoAepHU3aluu s 9-TU ceKuu aekTpoBo30oB 3BJI80c
NoJIy4eH 3KOHOMUYeCKUM 3¢ PeKT B pazMepe 678 MUJJIMOHOB cyM B TedeHue 2022 roza.

Bxiiag aBTOpoB

lF'aavuHa XpoMoBa - c60p U aHaAJ/IM3 JaHHbIX, HAalIUCAHUE TEKCTA, AU3aWH;
JlaBpoH Pajxu6aeB — KOHLEMNLMs, MHTepIpeTalUs pe3yJbTaTOB PaboThI;
AaxaMm MaBJ/ISIHOB - KpUTHUYECKHU M NIEPECMOTP, peJaKTUPOBAHHUE.
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Galina Khromova, Davran Radjibaev, Adham Mavlyanov
Tashkent State Transport University, Tashkent, Uzbekistan

Method of calculation of dynamic strength of frame structures of locomotives of complex
configuration for transport engineering

Abstract. This article proposes a new generalized analytical and numerical method for calculating the
dynamic strength of the load-bearing frame of a locomotive frame of complex configuration, assuming
its vibrations according to a beam-type scheme with elastic pinching of the ends under the action of a
harmonic load, when an electric locomotive is moving along a track with periodic butt irregularities, at
increased speeds.

The following is a calculation algorithm and a flowchart for modeling the stress-strain state of the
load-bearing frame of a locomotive frame of complex configuration in the form of an elastic rod of
variable cross-section with variable mass, bending and longitudinal stiffness.

The results of a numerical study on the stress-strain state of the load-bearing frame of the locomotive
body frame are presented, taking into account the installation of reinforcinglinings during modernization,
and the results of a mathematical model of the locomotive body frame of complex configuration are
compared with a model constructed using the finite element method in the Solid Works software product.

Taking into account the results of experimental studies during full-scale dynamic tests of truck frames
and main body frames of VL-80s electric locomotives when moving along a rail track under various
loading conditions, a scientific justification is being carried out for the modernization of truck frames
and main body frames of this type of locomotive during major repairs.

An engineering method of analytical and numerical calculation is proposed, which allows for quasi-
static and dynamic modeling of the stress-strain state of the main body frame and locomotive bogie
frames with an upgraded reinforced load-bearing frame, based on numerical calculation programs for
which 2 certificates of official registration of the computer program of the Republic of Uzbekistan have
been obtained (No. DGU 07664, 04/31/2020 and No. DGU 10286 dated 02/24/2021).

Key words: Electric locomotive, main frame of electric locomotive body, dynamic loads, stress-strain
state of main frames of electric locomotives, fatigue strength factor, major repair of main frames of
electric locomotives
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Memod pacuema Ha QUHAMUYECKYIO NPOYHOCMb PAMHbBIX KOHCMPYKYUL IOKOMOMUBO8B CAOHCHOU
KOHuzypayuu 0158 mpaHCnopmH020 MAWUHOCMPOeHUsl

l'annna XpomoBa, laBpaH Paj:xu6aeB, Axam MaBasgHOB
Tawkenm Memaekemmik Kesik YHusepcumemi, Tawkenm, 636ekcmax

Kejik TexHMKachl YIIiH KYpAeJ/ii KoHUrypanusagarbl JOKOMOTHBTEPAiH paMaJblK,
KOHCTPYKIUsIIapbIHbIH, AMHAMUKAJIBIK, 6EPIKTIiriH ecenrey aici

AngaTtna. byn Makanaza Kypzesi KOHOUIypauusaJarbl JJOKOMOTHUB paMacbIHbIH, KYK KeTepriu
paMacbIHbIH JUHAMUKaJBIK GepiKTIriH ecenTey/iH KaHa KaJNblJIaHFaH aHaJIUTHUKaJbIK KoHe CAaHJDIK,
dJlici YCBIHBLIFaH, OHBIH TepOesicTepiH caysesik TUNTeri cxema GOWBIHIIA YUITApAbIH cephiMAai
KbICBLIybIMEH eCKepe OThIPbII.IapMOHHUKAJBIK KYKTEeMe, 3JIeKTPOBO3 Me3TiJI-Me3ri 6ekceci Oy3blaFaH
KOJ1 GOMBIMEH YKOFaphl XKbLIJAMAbIKIIEH KO3FaJIFaH/a.

TeMmeHzie ecenTey ajJrOPUTMI KoHe e3repMeJsi Maccachl, WIJTIMITIri XKoHe GOUJBIK KAaTTbLIBIFbI
6ap aybIcllajbl KMMaHbIH CepHiMJi LITaHrachl TypiHZeri KypZesi KoHQUrypauusAarbl JOKOMOTUB
paMachIHBIH KYK KOTeprill paMacblHbIH, KEpHey-KepHey KyHiH MojesbJeyre apHaJfaH OJIOK-cxeMa
KeJITipiJireH..

MogepHu3anusa Ke3iHAe apMaTypajblK TeceMJepAl OpHATyAbl eCKepe OThIpbIN, JOKOMOTHUB
KOpIIyCbIHBIH, KAHKACBIHBIH KYK KOTeprilll KaHKACbIHBIH KepHeyJli-KepHeyJli KYUiH CaHABIK 3epTTey
HOTIKeJlepi KeJTipiireH, an KypAesi KoHPUrypanus/Jarbl JOKOMOTHB KOPIYCHIHBIH paMacbIHbIH
MaTeMaTHKaJbIK MoJiesiHiH HoTmwkesaepi CanbicThipbliabl.Solid Works 6aFmapsiaMmanbik eHiMiHgeri
aKbIpJIbl 3JIeMEHT 9/IiCiH KOJ/1ZJaHy apKblJIbl 2KacajfaH MoJie/IbMeH.

Toxipubesnik 3epTTeynepAid HITUKesJepiH ecKepe OTBIPHIN, Ba-80C 3/IeKTPOBO3JApPbIHbIH, KYK
paMajiapbl MeH Herisri KOpPIYCbIHBbIH, paMajapblH TOJIBIK KejeMJAl AUHaMUKaJbIK CblHAy Ke3iHfe
TeMip:KoJ1 60MBIMEH dp TYpJIi TUEY >KaFAalapblH/a KO3Faly Ke3iH/e FhIJILIMU Heri3/leMe Kacaay/a.
KYpAeJi KeHJey Ke3iHJe JIOKOMOTHUBTIH OCbl TYPiHIH >XYK paMajlapbl MeH Heri3ri KOpPIyCbIHbIH
paMaJiapblH MOJZilepHU3aLUAIaY.

AHa/IMTUKaJBIK >XOHE CaHABIK €CeNTeY/iH WHXEHEPJIIK 9/liCi YChIHbLJIFAaH, 0J1 HETi3Ti KOPMYCTHhIH,
KaHKACbIHbIH, KepHeyJi-KepHey/i KYHiH KBasUCTATHUKa/bIK J>X9He J[JAUHAMHUKAJIBIK MOJeJbJeyre
MYMKiHZiK Oepefi KaHApPThIIFAH KYUIEUTIITEH KYK KOTeprill KaHKackl 6ap JIOKOMOTUB 6Oru
paMaJiapbl, CaHAbBIK ecenTey 6aFAap/aMaliapbl HeTi3iHe ©36ekcTaH Pecny6/1MKachbIHBIH KOMIIBIOTEPJIIK
GafFaapJiaMachlH pecMU TipKereHi Typasbl 2 cepTudukat anbiHabl (2Kok. DGU 07664, 31.04.2020 xaHe
Kok. 24.02.2021 XKbIJIFBI DGU 10286).

Ty¥iH ce3ep: 3/1eKTPOB03,3/1eKTPOB03 KOPIYCHIHBIH HET13Ti KAaHKACHI, JUHAMUKAJbIK KYKTeMeJlep,
3JIEKTPO-BO3ap/blH Heri3ri paMasiapblHbIH KepHey/ai-KepHeyJi KyHi, IapluaFblIThIK KO3PUIIMEHTI,
3JIEKTPOBO3ap/bIH Heri3ri pamMajapblH Kyp/eJi )KeHey
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Abstract. This article examines the competence model of an aviation specialist,
consisting of several key components: technical knowledge, practical experience,
communication and analytical skills, managerial expertise and an emphasis on
continuous learning. Technical knowledge includes an understanding of aviation
systems, aerodynamics, flight mechanics and relevant safety standards. Practical
experience covers working with equipment, participating in maintenance and
repair, as well as working with databases and software. Communication skills
are necessary for effective interaction with the team and clients, presentation
of technical information and writing reports. Analytical skills are important for
data analysis and problem solving, while management expertise includes the
organization of work processes and project management. Educational programs
must meet international standards and requirements, providing students with
up-to-date knowledge and skills for a successful career in the aviation industry. It
is important to take into account current technological trends and the changing
needs of the industry in order to maintain a high level of professional training.
Students must also be able to adapt to new challenges and requirements in order
to be competitive in the global aviation job market. Constant self-development
helps specialists stay relevant.
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Competence model of an aviation specialist

Introduction

The competence model of an aviation specialist usually consists of several components (Figure

1) [1].

technical knowledge 01

practical experience 02

willingness to constantly update

your knowledge o

the ability to communicate 04

analyze data 05

organize work processes

and tasks s

Figure 1. Competence model of an aviation specialist [1]

The first of these is technical knowledge - an understanding of the principles of operation
of aviation systems, components and equipment. In-depth knowledge is required in the field
of aerodynamics, flight mechanics and principles of aircraft construction, as well as knowledge
of technical documentation and standards in the aviation industry. An understanding of basic
procedures and regulatory requirements in the field of flight safety. The second is practical
experience working with aviation systems, tools and equipment is essential, as is participation in
the maintenance and repair of aviation components and systems. Experience working with aviation
databases, software and control systems is also necessary. The ability to communicate effectively
with the team and clients, the ability to present technical information in an understandable and
accessible way, the skills of writing reports and documentation related to technical tasks and
processes. The ability to analyze data and situations to identify problems and find solutions, the
ability to make decisions based on a logical and systematic approach, the skills to diagnose and
eliminate technical malfunctions. The ability to effectively organize work processes and tasks,
the ability to coordinate team work and manage projects, an understanding of the principles of
quality management and safety in aviation. Willingness to constantly update their knowledge
and skills in accordance with changes in the aviation industry, the ability to independently study
new technologies and procedures, participate in trainings, seminars and courses to improve
professional competencies [1].

The methodology

The competence model of an aviation specialist is a system of knowledge, skills and experience
necessary for successful work in this field (Figure 2) [2].
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Training centers:
: Aviation Safety — ICAO AVSEC;
cational program: Organization of transportation, logistics —
Standards of the KGA; Training: Theoretical training; IATA;
Professional standards; Practical training. Aviation English - [CAO LANGUAGE;
International requirements). Pilots — EASA PART FCL;
Maintenance specialists - EASA PART
66/147.

Figure 2. A system of knowledge, skills and experience for successful work in the field of civil aviation [2]

[t covers technical expertise, communication, analytical and managementskills, and emphasizes
the importance of continuous learning and self-development to stay on trend in the rapidly
developing aviation industry.

Educational programs in higher education institutions offering aviation education is developed
taking into account the requirements and needs of the aviation industry. It must comply with
regulations and requirements established by competent aviation organizations and government
authorities. This may include state educational standards, safety standards, as well as specific
aviation requirements related to training and certification. Professional standards are widely
used in aviation, which define the requirements for the skills, knowledge and competencies
of specialists. Professional standards are usually developed in collaboration with industry
associations and organizations and define the necessary competencies for various professional
roles in aviation [3].

And also in aviation, there are international standards and requirements developed by the
International Civil Aviation Organization (ICAO), the European Aviation Safety Agency (EASA)
and the International Air Transport Association (IATA) [4]. If the ICAO defines international
standards and practices related to flight safety, navigation, environmental protection and other
aspects of aviation, then EASA is the regulatory body of the European Union (EU) in the field
of civil aviation [5]. It develops and regulates standards and regulations related to flight safety,
aircraft certification, personnel training and licensing, technical requirements and other aspects
of aviation in EU member States. IATA represents the interests of airlines and works to develop
standards and recommendations related to the operation of aviation companies and to improve
the quality and safety of air transport [7]. It develops standards and guidelines on baggage,
ticketing, cargo transportation, security and other aspects that affect the operation of airlines.

These organizations play an importantrole in setting international standards and requirements
in aviation. Educational programs in aviation should take into account these requirements and
focus on ensuring that students meet high international standards and quality in order to prepare
them for work in the global aviation industry [8].
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Competence model of an aviation specialist

The educational program should take into account modern technological and industrial
requirements in aviation. This includes new developments in the field of aviation systems,
components and equipment, as well as current procedures and working methods in the industry.
It should be designed to meet the needs and expectations of employers and provide students
with the necessary knowledge, skills and competencies for a successful career in aviation. Such
programs typically provide students with a wide range of knowledge and skills needed to work
in aviation. They include both theoretical training and practical training so that students gain a
complete understanding of the work and requirements in the field.

Findings/Discussion

In theoretical training, students study:

- basic principles of aerodynamics, flight mechanics, navigation, electronics and other technical
aspects of aviation;

- Lectures and seminars conducted by experienced teachers who share their knowledge and
experience with students;

- Using modern educational technologies such as computer programs, visualizations and
modeling to help students better understand complex concepts.

In practical training, students can gain practical experience in specialized aviation laboratories,
simulation centers, aviation workshops or in practical classes within the framework of coperation
with aviation companies (Figure 3) [9].

01 02

training in procedures and

conducting practical classes e e

03 04

interaction with experienced

instructors interaction with experienced

specialists

Figure 3. Advantages in practical training of students [9]

Practical training is the experience of working with real aviation systems, components and
equipment:

- conducting practical classes, training and simulations where students can put their knowledge
into practice;

- training in the implementation of procedures and solving problems faced by aviation
professionals;
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- interaction with experienced instructors and specialists who can provide feedback and
guidance during practical training [10].

The training programs include the development of communication skills, such as the ability
to communicate effectively in a team, compile technical reports and documentation, and interact
with customers and other stakeholders. Students develop analytical skills for problem solving,
data analysis, troubleshooting, and decision-making in the aviation field. Educational programs
may include managerial skills such as the ability to organize work processes, coordinate team
work, manage projects, and comply with regulatory requirements.

The Civil Aviation Academy supports students in their learning and development by providing
access to a range of additional resources, updated knowledge, and professional development
opportunities. These are officially accredited and certified centers that offer students the
opportunity to gain practical experience and assess their skills. They use modern aviation
equipment, simulators and software to provide realistic practical conditions, modeling real-world
scenarios and situations so that students can apply their knowledge and skills in a controlled
environment. In the end, certificates are issued confirming the students' qualifications in
accordance with industry standards and requirements [8].

This structure of practice-oriented training at the Academy allows students to gain fundamental
knowledge and apply it in practice using modern equipment and tools. The training is conducted
in close cooperation with experienced teachers and specialists, providing students with the
necessary support and feedback.

Conclusion

The competence model of an aviation specialist is a comprehensive approach to the education
and training of professionals, including technical knowledge, practical experience, communication,
analytical and managerial skills. Modern educational programs focused on the aviation industry
must comply with international standards and requirements established by organizations such
as ICAO, EASA and IATA in order to ensure high quality training of specialists. Training programs
should include both theoretical and practical training, use modern technologies and provide
access to relevant resources for continuous professional development. As a result of this approach,
specialists will have the necessary competencies for a successful career in the rapidly developing
aviation industry, able to effectively adapt to changes and new challenges in the industry.
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M.E. KanekeeBa, I[.B. Mypar6ekoBa, 0.B. lFapmam, UK. Acuib6exoBa, M.AMaHOBa
«Akademus epaxcdaHckoli asuayuu», Aamamowi, KazaxcmaH
KoMmneTeHTHOCTHasA MoJe b ciequasivcra B cdpepe aBuanum
AHHOTauus. B f[aHHOH cTaThe paccMaTpUBAETC KOMIETEHTHOCTHAasl MOJeJb CHeluasucTa B

aBI/IaLU/IOHHOI‘/'I cc])epe, cocrodlmad M3 HECKOJIbKHX KJ/IIOYEBbLIX KOMIIOHEHTOB: TEXHHYECKHX 3HaHPII>'I,
MMPaKTHU4Y€CKOI'o OIlbITd, KOMMYHHUKATUBHBIX U dHAJIMTHUYE€CKHNX HABbIKOB, ynpaBneH'{eCKoﬁ JKCIIEepTHU3bI U
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M.E. Kalekeyeva, G.V. Muratbekova, O.V. Garmash, 1.ZH. Assilbekova, M. Amanova

aKIleHTa Ha OCTOsIHHOe 060y4eHue. TexHMYecKre 3HaHUS BKJIIOYAIOT TOHUMaHKe aBUAL[MOHHBIX CUCTEM,
a3pOAMHAMUKH, MEXaHUKH MoJleTa U COOTBETCTBYIOIMX HOPMAaTUBOB 6e3omacHOCTH. [IpakTHyecKui
OTBIT 0XBAThIBAET PabOTy C 060PYZ0BaHUEM, YYacTHe B OOCAYKUBAaHUU U PEMOHTE, a TaKKe paboTy
c 6asaMM [JJaHHbIX M TNPOrpaMMHbIM ob6ecrieyeHHeM. KOMMyHMKaTHMBHble HaBbIKM He06XOJMMBbI
Jjs1 3QPEeKTHBHOTO B3aUMOJENCTBUS C KOMaHJONM U KJIUEHTaMH, NpeACTaBJeHUs] TeXHUYeCKOU
MHGOPMaLMKU Y HaNMCaHUS OTYETOB. AHAJIUTHYECKHE CIOCOOGHOCTHU BaXKHBI [IJI1 aHa/M3a JAaHHbBIX U
pelleHUs Npo6JsieM. YIpaByeH4YecKas 3KCIepTH3a BKJKOYaeT OPraHM3alMI0 pabo4yux NpOLEeccoB U
ynpaBJsieHHe npoekTaMy. O6pa3oBaTesibHble IPOrpaMMbl J0JKHBI COOTBETCTBOBATh MEX/AyHAPOAHBIM
CTaHJapTaM U TpeboBaHHUAM, obecriedrBasi CTyZeHTaM COBpeMeHHble 3HAaHUS Y HaBbIKU [1J1s1 YCIEeIHON
Kapbepbl B aBUALMOHHOM WHAYCTPUU. BakHO yYUTBHIBAaTb COBpEMEeHHble TEXHOJIOTHYEeCKHe TPEeH[bl
U U3MeHsmLecs NOTPeGHOCTH OTpac/id, 4YTOObl MOJJep:KUBAaThb BbICOKUH ypOBeHb INOATOTOBKH
crelHasrncToB. CTyeHTbl TaKXe J0J/DKHbI YMeTb aJalTUPOBAThCS K HOBbIM BbI30BaM U TPeGOBaHHUAM,
YTOObl OBbITh KOHKYPEHTOCIHOCOOHBIMM Ha MHUPOBOM aBHALlMOHHOM pblHKe Tpyga. [locTosiHHOE
caMopa3BUTHe [IOMOTaeT CleliMaIMCTaM OCTAaBaThCsl aKTyalbHbIMHU.

KinloueBble cj10Ba: aBUalsl, KOMIETEHTHOCTHAsl MOJEJ/b, TEXHUYECKHe 3HAHHUS, MPaKTHYECKUU
OIBbIT, 06y4YeHHe, CTaHAAPThI, TPoPeccHoHaTbHbIE HABBIKH.

M.E. Kanekeega, I.B. MypaT6ekoBa, 0.B. Fapmam, U.2K. Acunb6ekoBa, M.AMaHOBa
Azamammuik aguayus akademuscwl, Kazakcman Pecnybaukacsl, Aamamsl K,

ABManMA cajiacblHarbl MaMaHHbIH, KY3bIPETTJIIK Mo eJTi

Axpgatna. byn Makanaza OipHellle Heri3ri KOMIOHEHTTepJieH TypaTblH aBHALUA CaJaCblHJAFbI
MaMaHHbBIH KY3bIPETTIJIIK MOJAe i KapacThIPbLIAJbl: TEXHUKAJIBIK OiJiM, IMPaKTHUKAJIbIK TXKipHoOe,
KOMMYHUKAaTUBTI XKoHe aHaJINTUKAJIBIK, JaFAblaap, 6acKapyllbLIbIK capaliTaMa >KoHe TYpaKThl OKbITYFa
6aca Hasap ayzaapy. TexHUKa/bIK 6iJ1iM aBUALUAIBIK KyHeepAi, a3poJuHaMHKaHBbl, YIIy MeXaHUKaCbIH
»K9He THUiCTi Kayinciszik epexesiepid TyciHyzi KaMTUbL. [[pakTUKaNbIK TaxKipube abIbIKIEH }KYMbIC
icTeyzi, TEXHUKaAJIBIK KbI3MET KOPCETY MEH KOHjleyre KaTbICyAbl, COHJlal-aK MaJiiMeTTep 6a3ackl MeH
6arjap/iaMasblK >KacaKTaMaHbl KaMTH/AblL. KapbIM-KaTbIHaC JaFAbliapbl TOIIEH KoHe KJIHeHTTepMeH
TUIMJI KapbIM-KATbIHAC >Kacay, TEXHUKAJIbIK aKIapaTTbl YCBIHY >XOHe ecelnTep a3y YVIUiH eTe
MaHbI3/bl. AHAJIMTUKAJBIK KabiseTTep AepeKTepAi Tanjay *KoHe MaceJsesepZi lielly YIIiH MaHbI3JbI.
BackapylibuiblK capanTaMa »KYMbIC NPOLECTEePiH YHBIMAACTBIPYABI K9He Kobajapzbl 6GacKapybl
KaMTuAbl. BiniM 6epy 6ariapsiamasapbl XajblKapasblK, CTaHJApTTap MeH TajalTapfa call 60J/1ybl
Kepek, CTy/leHTTepre aBualus cajacblHJaFbl TaObICTBI MaHCal YILIiH 3aMaHayH 6iJ1iM MeH JaF/AblIapAbl
KaMTaMachl3 eTyi KepeK. MaMaHzAapAbl Jasipjay[blH >KOFapbl JeHrediH ycTan Typy YIUiH 3aMaHayu
TEXHOJIOTUSAJIBIK TPeHATEp MeH CaJlaHblH e3repill OThIPAaTbIH KaXETTIJIIKTEpiH ecKepy MaHBbI3JbI.
CTyneHTTep COHbIMEH KaTap aJieMJiK aBUaLUAIBbIK eHOeK HapbIFbIHJA Oacekere KabiieTTi 60y yIIiH
»KaHa CbIHAKTap MeH TajanTapfa 6elimesie 6inyi kepek. YHeMi e3iH-63i JaMbITy MaMaHJapFa ©3eKTi
60JIbIN KaJlyFa KeMeKTece/,.

Ty#iH ce3aep: aByallys, Ky3bIpeTTUIiK MoJeJli, TEXHUKaJBIK 61/1iM, TPaKTUKAJIbIK TOXipHube, OKbITY,
CTaHJapTTap, Kacibu JaFabliap.
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Development of a Mobile Application for the Detection and
Notification of Road Accidents
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Abstract. For the last few decades, road accidents have been experienced at an
exponential rate across the globe hence the need for efficient emergency response
systems. However, the current conventional car accident detection systems lack
the ability to be installed in ordinary car brands and are exclusively costly. Mobile
disaster alert applications provide one example using smartphone application to
alert the disaster response services. This systematic review examines the latest
developments in the field of mobile applications for traffic safety alerts, focusing
on their potential in terms of emergency response time and improving user
convenience. The main purpose of this review is to evaluate the effectiveness of
mobile accident warning applications and their usability. Studies from academic
databases, including Google Scholar, Scopus, JSTORE, and IEEE Xplore, published
since 2010 were reviewed. Inclusion criteria included studies that examined
mobile-based applications for road safety, with a focus on real-time notification
and usability testing. The results indicate that mobile alert applications can
significantly improve emergency response times, especially when equipped with
automated notification. This work contributes to the field of public safety by
emphasizing the accessibility and scalability of mobile road safety solutions, and
by highlighting areas for improvement in usability and reliability.

Keywords: mobile alert applications, road safety, accident traffic, crash
detection, mobile applications, car accident.
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Introduction

Road traffic crashes retain their global threat as a leading public health issue with high mortality
and injury incidences. Other technological intervention measures have been recommended
and adopted to solve the problem of prompt emergency response, but the constraints are the
accessibility and the user awareness. Despite growing interest in the development of mobile
applications for emergency notification, there is a lack of comprehensive research evaluating
their effectiveness and user acceptance. This systematic review examines recent advances
in mobile road safety alert applications, focusing on real-time incident detection, immediate
notification systems and user experience.

The object of this study is mobile road safety alert applications specifically designed to
improve emergency response time and reduce fatalities from traffic accidents. The subject is
the various factors that impact the usability, functionality, and overall effectiveness of these
applicationsinreal-world scenarios. Therefore, itis the purpose of this study to carry outa critical
examination of the utility and reception of existing mobile alert applications in traffic accident
cases to support the proposed benefit of lowering the identification time of the exact status and
increasing safety among the public. Specific research goals include assessing the technological
methods employed in such applications, investigating app usage and user satisfaction, and
assessing the weaknesses and possible research directions of the given applications. The
hypothesis of this work is that mobile road safety alert applications can dramatically enhance
Emergency Response Time and the satisfaction of end-users by being compatible with accurate
detection components and responsive interfaces. The research questions are:

RQ1: To what extent do mobile road safety alert applications effective in the minimization of
response time?

RQ2: What are the most important issues the users have when it comes to usability and
reliability of these applications?

RQ3: Further improvement on the technological and design may be made to maximize the
functionality of the mobile alert systems?

Literature Review

The literature review underlines several Android based mobile Road safety alert applications
and analyses the capability of these in enhancing the safety of the public. For example, studies
such as Karolemeas investigate the effectiveness of mobile alert systems by assessing user
preferences, willingness to pay, and the value of real-time notification applications for drivers
in the EU (Karolemeas et al., 2024). The results show that applications with clear, actionable
messages and reliable technology can help drivers avoid dangerous areas and inform emergency
services in a timely manner.

Espinoza designed a mobile application including a panic button through which bystander
can alert the nearby hospitals and emergency services. In their study, they implement the usage
of Scrum methodology to design an interface which is easy to use, and the results showed that
immediate notification can reduce response time minimally (Espinoza et al., 2021). However,
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this app has a disadvantage since it does not detect accidents independently, and the alert can
only be activated by the bystander.

The study also recognizes that despite the many technological changes and available mobile
safety applications there are still issues prevailing. Today’s research has tended to concentrate
on technical parameters or user satisfaction in abstract environments. Insufficient research
into user acceptance and its counterpart of technical reliability exists, which considers multiple
factors that distinguish actual usage scenarios and in-vehicle systems use in low-income or
rural environments. Furthermore, those looking into willingness to pay do not consider how
such applications could be deployed in areas of different socio-economic status. Research could
attend these deficiencies in subsequent work through determining user experience across the
demographical strata and understand the performance of the applications in different traffic
and environmental conditions. The next section on methodology will elaborate on this.

The methodology

In order to ensure a thorough, accurate and transparent evaluation, a clear and structured
methodology is required when conducting a systematic analysis of mobile applications for road
accident detection and reporting. The techniques used to specify eligibility requirements, data
sources, search tactics, selection procedures, and data collection and analysis are described in
detail in this section. The procedures for assessing reliability, impact metrics, generalization
techniques, reporting bias and research bias are also discussed.

To conduct the research more clearly, the study was divided into following 5 stages:

1. Formulation of research questions and hypotheses: Defined the scope, objectives and
expected outcomes of the review.

2. Literature search and selection: Applied specific search criteria to identify relevant
studies.

3. Data extraction and synthesis: Collected and organized relevant data from the selected
studies.

4. Analysis of results and identification of gaps: Analyzed data results, identified patterns
and highlighted gaps in research.

5. Assessment of risk of bias and certainty: Assessed the reliability and validity of the
included studies.

[t is important for the study to select relevant, popular articles from reliable sources. Inclusion
and exclusivity criteria were developed to select articles as shown in Figure 1.
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Figure 1. Article selection process Flow Chart

Figure describes that Inclusion Criteria includes studies from 2010 onwards, accessible in
full text, published in English, focusing on mobile road safety alert applications with a focus on
emergency response, usability, or sensor-based technologies.

Exclusion Criteria consists of studies published before 2010, non-English language articles,
studies focusing solely on automotive in-car systems or applications without emergency alert
functionality.

Studies were grouped based on their primary focus, either on (1) user-centered design and
usability, (2) sensor and technology development, or (3) real-time notification impact.

The databases consulted included: Google Scholar, Scopus, JSTORE, IEEE Xplore. Filters
applied were publication year (from 2010), open access, relevance ranking, and citation count.
Key words used as search terms included: “car accident” OR “road traffic accident’, "Sound-
based accident detection” OR "audio-based car crash detection” OR "acoustic accident detection
system”, “Sound based algorithms” OR“voice identifier algorithms’, AND "road safety” OR "vehicle
collision” OR "car accident detection”, AND "audio analysis” OR "sound frequency"” OR "machine
learning"” OR "algorithm”.

Study Selection Process was in the following format: 4 reviewers independently screened
each title and abstract to assess relevance based on inclusion criteria. Automation tools were
used to eliminate duplicates and filter for open-access studies. More detailed information
shown in Figure 2.
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Figure 2. UML sequence diagram of Selection Process

This Figure presents an UML sequence diagram illustrating the process of conducting a
systematic literature review on the topic of mobile applications for accident detection, road
safety, and emergency notifications. The process is divided into three main components:
Researcher, Database, and System.

Data Collection: For studies meeting the inclusion criteria, data was independently extracted
by reviewer, then cross-verified to ensure accuracy.

Data was collected on the following outcomes: Emergency response time reduction, usability,
and reliability of application features.

Each study was assessed independent by 4 reviewers and a final consensus was reached
on the presence of bias. The categories of bias assessed included selection, implementation,
detection and reporting biases.

To prepare the data for synthesis, missing data were accounted for using statistical imputation
methods where appropriate. Descriptive statistics were calculated for quantitative measures,
while qualitative data were summarized narratively.

Data from each study were presented in tabular form, showing key findings, sample
characteristics, intervention type and outcome measures. Figures and tables were used to
visualize trends between studies and to highlight variability in results.

Due to the heterogeneity of the study designs, a narrative synthesis was primarily used.
Where possible, findings on usability, response time and detection accuracy were synthesized
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to identify overall trends and notable differences. For quantitative data, a meta-analysis was not
performed due to differences in methodology, but a summary of effect sizes was included where
consistent metrics were available.

Differences in study settings, technologies and user demographics were explored qualitatively
to understand sources of variability. For example, subgroup analyses based on technology type
(e.g. GPS-only versus accelerometer-based tracking) were conducted to identify differences in
performance.

Bias and certainty of evidence: to assess potential bias due to incomplete reporting, an
assessment of risk of bias due to missing outcomes was conducted, and framework was used to
assess the certainty of evidence for key outcomes.

In conclusion, the study has been divided into five stages, each of which provides a step-
by-step description of how the articles were selected, the strategies and academic databases
used, the methods of data collection and analysis, and the results. This structured methodology
ensures a systematic and rigorous evaluation of mobile road safety applications, focusing on their
effectiveness, usability and technological capabilities in improving emergency response times.

Findings/Discussion
Results of the search were exported to a reference managing database (Zotero). Preferred

reporting items for systematic reviews and meta-analyses (PRISMA) guidelines were followed
in Figure 3.

Figure 3. PRISMA flow diagram
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Totally Figure 3 shows PRISMA flow diagram. In this diagram it is illustrated that titles
and abstracts as well as full texts of potentially relevant articles were selected for review. The
inclusion criteria included studies dealing with audio-based crash detection systems, sound
analysis of vehicle collisions and audio signal processing for roadside incident identification.
Due to the limited number of articles focusing solely on sound-based crash detection systems,
the inclusion criteria were expanded to include studies that used sound data to detect crashes
and other road incidents. Exclusion at each stage of the review was applied according to the
criteria presented in the PRISMA diagram. In the initial selection phase, articles related to sound
systems not related to car crashes, sound analyses without applications in road safety, and
studies using other types of sensors such as video and GPS and also animal sound and financial
research were excluded. Exclusions at the full text stage included articles with no empirical
data, articles with only expert opinions, expert statements, and historical reviews, and articles
that did not have outcome data on the application of sound methods to crash detection.

The overall quality of the evidence was assessed using the quality assessment tool for
studies with diverse designs (QATSDD). This tool allows you to compare research with various
methodological developments. Interpretation of the results obtained may then allow classifying
evidence into evidence of low (<50%), medium (50-80%) or high (> 80%) quality.

An initial search revealed 936 records, of which 474 remained after the duplicates were
deleted. After the initial selection, 26 full texts of articles were evaluated for compliance with
the inclusion criteria. There was a limited amount of scientific literature on this topic, and only
6 articles met the expanded inclusion criteria. By implementation QATSDD lets evaluate level of
article quality.

Table 1. Evaluation of research on a sound-based accident detection system (QATSDD).

QATSDD Criteria Study
TVSN | Crashzam | ADVN | IDAE | AADMA DACN
OBD2
Explicit theoretical framework
Statement of aims/objectives in main 2 3 3 1 2
body of report
Clear description of research setting 2 3 3 1 3 3
Evidence of sample size in terms
of analysis
Representative sample of target group 0 1 2 1 3 3
of reasonable size
Description of procedure for data 3 3 2 1 1 3
collection
Rationale for choice of data collection 3 3 2 0 2 3
tool(s)
Detailed recruitment data 0 2 1 2 1 2
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Statistical assessment of reliability 0 0 0 0 0 0
and validity of measurement tool
(Quantitative only)

Fit between stated research question 3 1 2 2 1 2
and method of data collection
(Quantitative only)

Fit between research question and 3 3 1 0 0 3
method of analysis (Quantitative only)

Good justification for analytical 3 3 3 3 3 3
method selected

Evidence of user involvement in design - - - - - -

Strengths and limitations critically 1 1 1 0 1 1
discussed

Total score 26/39 28/39 25/39 |15/39| 21/39 31/39
% of maximum possible core 66 71 64 38 55 80

In summary Table 1 presents a quality assessment for studies related to a sound-based
accident detection system, using the QATSDD criteria. The table compares seven studies (TVSN,
Crashzam, ADVN OBD2, IDEA, AADMA, and DACN) across various quality indicators with scores
out of a maximum of 3 for each criterion. Articles are evaluated on a scale from 0 to 3 for each
criterion; 0 - not at all; 1 - very slightly; 2 - moderately; 3 - complete. Interpretation of the
results obtained may then allow classifying evidence into evidence of low (<50%), medium
(50-80%) or high (> 80%) quality. The total scores range from 15 to 31 out of 39, with DACN
achieving the highest quality score (31/39, 80%) and IDAE the lowest (15/39, 38%). By the
result more than 75% was High level article “Smartphone Based Automatic Incident Detection
Algorithm and Crash Notification System for All-Terrain Vehicle Drivers” (Alwan, et al., 2015).
Also, 38% Low level Article is “incident detection algorithm evaluation” (Martin et al.).

Table 2. MIVIA dataset

Training set
Events Duration (s)
Background - 2732
Car Crashes 200 326,38
Tire skidding 200 5225

In total, Table 2 MIVIA dataset is structured to train the system to differentiate between
normal environmental noise, crash events, and sounds that might suggest a potential accident
(e.g., skidding). The presence of both crash and sliding sounds alongside background noise
should help improve the model's accuracy in detecting real accident events.
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Table 3. AXA Data Innovation Lab Dataset

Class Sound Type %

Crash AXA Winterthur crash campaign 13
Car Crash Time 87

Other Harsh acceleration or deceleration 10
Car horn 10
Car door opening and closing 8
Radio music 11
People talking 14
Tire skidding 10
Car alarm 5
Rain, hail, strong wind 10
Engine during driving 22

Totally Table 3 shows the dataset, and is organized into different sound types, categorized
by their relevance to car crashes and other background sounds. Each sound type is represented
as a percentage, indicating its proportion in the dataset. This category includes various other
sounds that might occur in or around a vehicle but are not related to accidents. These sounds
serve to help the model distinguish between crash sounds and normal background noise.

The findings from this systematic review confirm the growing potential of sound-based car
accident detection systems, aligning with existing research that suggests sound as a viable
medium for accident detection.

Table 4. Summarizes key studies included in the systematic review.

Methodology Results Limitations

TVSN Machine learning model for | F1 score of 0.95, Limited generalizability
sound classification using high detection due to controlled setting,
a dataset of recorded car accuracy in controlled | sensitivity to environmental
accidents environments noise

Crashzam Audio-based accident detec- | 92% accuracy, real-time | False positives in urban
tion using deep learning and | detection capabilities environments with heavy
sound signal processing traffic noise

ADVN OBD2 | Hybrid sound and motion Improved detection High dependency on sensor
detection system with rate of 90%, reduced data, limited scalability
combined sensor data false positives

IDEA Prototype for smartphone- | Successfully detected Challenges with
based accident detection accidents in 80% of smartphone microphone
using audio analysis cases quality in noisy areas

AADMA Sound-based detection High precision and Inability to differentiate
system utilizing acoustic recall rates in detecting | between similar loud
features and machine accidents sounds (e.g., traffic noises)
learning
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DACN Audio feature extraction and | 88% accuracy in Limited dataset size,
classification using machine | controlled settings difficulty in detecting minor
learning techniques accidents

Table 4 shows main differences between articles. Methodological Differences: The studies
varied in their approach, some focusing on machine learning, others on sensor fusion. This
diversity in methodology demonstrates the evolving nature of sound-based detection and shows
that there’s no one-size-fits-all solution. While several studies report promising results, such as
high precision and recall rates, it's clear that real-world challenges, such as environmental noise
and limited data, impact detection accuracy.

The results of this systematic review suggest that mobile road safety alert applications offer
promising potential for reducing emergency response times and improving user experience.
Most of the reviewed studies show a consistent trend: mobile incident reporting and road safety
applications have a positive impact on emergency response efficiency, as evidenced by response
time reductions and user satisfaction scores. The integration of smartphone sensors such as
GPS and accelerometers has been shown to be effective in automatic crash detection, especially
when combined with user-centered design principles.

The review process also had certain limitations. This review relied on 4 academic databases
(Google Scholar, Scopus, JSTORE, and [EEE Xplore). Expanding the search to other databases or
including gray literature could have increased the study pool and potentially offered additional
perspectives. Also, non-English publications were excluded, which may have limited the scope
of evidence, particularly in non-English-speaking regions where mobile safety applications
may be in use. In addition, Due to the wide variety of methods used in the included studies,
conducting a meta-analysis was not feasible, which limits the ability to quantitatively synthesize
findings across studies.

Future research should recruit larger, more diverse samples to allow for generalization.
In particular, studies on underserved populations and in rural areas could shed light on the
generalizability of these applications. Admittedly, studies that explore the usage of multiple
platforms and the accuracy of various sensors within numerous smartphone models would
definitely be useful as they affect the consistency and reliability of accident detection. Moreover,
future work could involve comparative studies that test mobile-based solutions directly against
in-car systems, it would highlight the benefits and limitations of each approach.

Finally, it is crucial for researchers to focus on the development of larger and more diverse
datasets, which will help train algorithms to detect a broader range of accident-related sounds
across various environmental conditions. As machine learning and deep learning techniques
continue to evolve, they hold the potential to significantly enhance the performance of sound-
based detection systems, making them more adaptable to different settings and conditions.

Conclusion

The following systematic review focuses on the possibility of using sound-based car accident
detection systems and their applications which show great promise and can be a low-cost
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solution to the sensor-based systems. The review shows that such systems could work with an
accuracy of 81% when used with machine learning when detecting car accidents in controlled
environments. There is still some problem with signal interference and noise as well as
applicability of the results for the real-world situation. Nevertheless, the sound-based detection
systems highlighted here have lots of potential for improving road safety, particularly in areas
where development of other technologies is not feasible. Because there are relatively few studies
and because most of the experiments are conducted in a relatively controlled setting there is a
clear need for additional research that will refine these systems for their use in open, dynamic
environment. As for the research recommendations the further works should be concentrated
on increasing the reliability of sound-based detection algorithms, combining them with the data
from other sensors, and extending the databases to embrace more various accident instances.
In general, it can be concluded that the vision-based detection has many prospects to enhance
the emergency response time and enhance the road safety investigations. As the technologies
advance and more improvements are made to the systems, they can become one of the integral
constituents of the near future of traffic security technologies for the people in the world.
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Xanelkapaiblk aknapammolk mexHo102usiap yHugepcumemi, Aamamel, Kazakcmax

’Kos1-KeJTik anaTTapbIH aHBIKTAY ’K9He Xa6ap IaHAbIPY YIIiH MOGH/IbAIK KOChIMILIA 93ipJiey

AngaTtna. CoHFbI GipHellle OHXbUIABIKTA YKO0JI-K6JIiK OKUFaIapbl OYKiJa a/ieMe 3KCIOHeHIua /bl
KapKblHMEH OpPBbIH aj/ibl, COHABbIKTAH TOTEHILE XaFJaWljapbl >KOKWJAbIH THUIMJI XyWesepiH Kypy
KaXKeTTiniri TyeiHAaAbl. JlereHMeH, Ka3ipri KoAiMri »KoJi-KeJlik OKuUFasapblH aHBIKTAy KyWesepiHje
K9/[iMrIi aBTOK6eJIIK MapKa/lapblHZa OPHATYy MYMKIH/Ir1 XOK >XK9He TeK KbIMOaTKa Tycezi. Mobuiabai
amnaTTap TypaJibl eCKepTy KoJi/laHbGasaphl aaTTapFa Kapchl 9peKeT eTy KbI3MEeTTEPiH eCKepTy YIliH
cMapTOoH KOJIIaHOAChIH MalAaNaHy/blH, 6ip MbIcaibIH Gepeni. Bys »Kyiesi Moy K0J1 KO3FaIbIChI
Kayincisziri Typasbl eckepTy/jepre apHajJfaH MOOUJBAI KOChIMIIAAap CaJacblHAAFbl COHFbI
a3ipsieMesiepAi KapacTblpa/ibl, 0J1apAblH TOTEHILE XKaFJalaap/ibl >K010 yaKbIThl MEH Nail/ja/laHy I bIHbIH,
BIHFAWUJIBLIBIFbIH KaKCapTy TYPFbIChIHAH OJIap/blH dJieyeTiHe Ha3ap ayAapazbl. by moy bl Herisri
MaKcCaThI-)Ka3aTaWbIM OKHUFaJIap TypaJibl ECKEPTYTe apHaIFaH MOOHMJIb/Ii KOChIMIIA/IAPAbIH TUIMITITiH
»K9He 0JIap/iblH, bIHFAUIBLIBIFbIH OaFanay. 2015 xbingaH 6epi xkapusisanran Google Scholar, Scopus,
JSTORE, IEEE Xplore cusIKTbI akaZileMUSIIBIK, JePEKKOPIapAAFbl 3epTTeyiep Kapanabl. UHKIIO3UBTIIIK
KpUTepUiiepiHe HAKThI YaKbIT peXXUMiH/e XabapaaHbIpy MEH bIHFaUIbLIBIKThI TEKCEPYTe 6aca Ha3ap
ayZapa OThIPbII, MOOHUJIb/I X0J1 KO3FaIbIChl Kayillci3iri Koagan6anapblH 3epTTERTIH 3epTTEy/Iep KipAi.
HaTmxenep MoOGuIbAI eckepTy KoJilaHb6asnaphl, acipece aBTOMaTTaH/bIPbIIFAH XabapJaHAbIpYMeH
Kb bIKTAJIFAaH Ke3Jle, TOTEHIIe KaFaalaap/bl KO yaKbITbIH aUTapJIbIKTAM KaKcapTa aJaTbIHbIH
KepceTei. Bys1 »KyMbic MOOGUJIB/ KOJT KO3Fa/IbIChl Kayincisairi memiMaepiniy Ko/pxkeTiMAiniri MeH
ayKbIM/IbIIBIFbIHA 0aca Ha3ap ayjaapa OThIPhIN, COHJal-aK bIHFAUJIBbLIBIK MeH CEHIMAIIIKTI apTThIpy
GaFbITTapbIH 66JIIN KepCETe OThIPHII, KOFAM/BIK Kayillci3/lik cajlachlHa YJIeC KOCA/Ibl.

TyiiH ce3aep: MOOWJIBI eCKepTy KoJiaHGasaphl, KO/ Kayilci3Ziri, anaTTbl KO3FaJIbIC, allaTThl
aHBIKTay, MOOUJIb/I KOChIMILIAIAP, KOJT allaThl.
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MeoicdyHapodHblll yHugepcumem uH@dopMayuoHHblx mexHosao2ull, Aamamol, Kazaxcman

Pa3pa6oTKa MOGU/IBHOr0 NPHUJIOKEHH S AJIs1 0GHAPYKEeHUA U ONOBeleHUs
0 JOPOKHO-TPAHCNOPTHHIX NPOUCIIECTBUAX

AHHOTanus. 3a MocjeJHUE HECKOJbKO [eCATUAeTUH KOJHUYECTBO [JOPOXKHO-TPAHCIOPTHBIX
IPOUCIIECTBUHA BO BCEM MHUpE YBEJIWYHUJIOCh B reOMeTPUYECKOW MPOTPEeccUH, YTO OOYCIOBJIUBAET
Heo6X0JUMOCTh B 3(pQPeKTUBHBIX CHUCTEMaX 3KCTPEHHOTO pearupoBaHus. OJJHAKO COBpeMeHHbIe
TpPaJJMIIUOHHbIE CHUCTEMBbI OOHAPYKEHHSI [JOPOKHO-TPAHCHOPTHBIX MNPOUCLUIECTBUM HE MOJAXOAAT
JIISI YCTAaHOBKH B aBTOMOOWJIM OOBIYHBIX MApOK U SIBJSKOTCH UCKIIOYHUTENSBHO JOPOTOCTOSIIUMU.
Mo6uibHbBIE TPUIOMKEHUS JIJI51 OTIOBELEHUs O CTUXUHHBIX 6€/ICTBUSIX SBJISAIOTCS OAHUM U3 IPUMEPOB
WCI10J1b30BaHUs TPUJIOKEHHU JIJIs1 CMapTQHOHOB /1Sl ONOBEIEHUS CTIYKO pearupoBaHus Ha CTUXHUUHbIE
6eacTBUs. B 3TOM cHcTeMaTHyecKoM 0630pe paccMaTpUBAIOTCS MOCJAeAHHe pa3paboTKU B 06JacTH
MOOUJIBHBIX MPUJIOKEHUH JJIS ONOBEIIEHUSA O JAOPOXKHO-TPAHCIOPTHBIX MPOUCIIECTBUSAX, YAEAA
0co60e BHUMaHUe UX TOTEHIHAIY C TOUKHU 3peHUsI BpeMEeHHU pearipoBaHUs Ha Upe3BblYaiHble CUTYAIIUU
Y TOBBILIEHUS YA06GCTBA MoJib30BaTesied. OCHOBHASA Liesib 3TOro 0630pa - OUeHUTh 3G PEeKTUBHOCTD
MOOUJIbHBIX TPUJIOKEHUH /17151 OTIOBEI[EHUS O IOPOXKHO-TPAHCIIOPTHBIX TPOUCIIECTBUSAX U UX YJI06CTBO
HCI10J1b30BaHUs. BbIM MPOAHA/IM3UPOBAHBI UCCAE0BAHUS U3 aKaJleMUYeCKUX 6a3 TaHHBIX, BKJIOYas
Google Scholar, Scopus, JSTORE, IEEE Xplore, ony6inkoBansbie ¢ 2015 roga. Kputepuu BrItO4eHUS
BKJIKOUAJIU UCCJIe/I0BaHUS, B KOTOPBIX PACCMaTPHUBAJNCh MOOUJIbHBIE TPUJIOKEHUS JIJIsT 06ecredeHus
6€e30MacHOCTH JAOPOKHOTO JIBMKEHMUS], C aKLEHTOM Ha ONOBELIeHHE B PeKHME peasbHOr0 BpeMeHU U
TEeCTUPOBaHHE YA0GCTBA MCIOJIb30BaHUs. Pe3y/bTaThl NOKA3bIBAIOT, YTO MOOGUIbHbBIE MPUIOKEHUS
JUISL OTIOBEIEHUS MOTYT 3HAYMTEJIbHO COKPATUTh BpeMS pearnpoBaHUs Ha Ype3BblYalHbIe CUTYAIlUY,
0COGEHHO eCJId OHU OCHAIleHbl CUCTEMOUN aBTOMATUYECKOr'0 ONMOBelleHHUs. ITa paboTa BHOCUT CBOU
BKJIaZ, B cdepy o6IecTBEHHON 6e30MacHOCTH, MOJYEepPKHUBasi JAOCTYIMHOCTh M MacCIITaGHpPyeMOCThb
MOOUJIBHBIX pelleHUH JJis ob6ecrieyeHUs] 6e30MacHOCTH JIOPOXKHOIO JIBMKEHUS, a TaKXKe BbIABJIAA
06J1aCTH, TPEOYIOIIME MOBBIIIEHHS YI06CTBA UCII0Jb30BAHUS U HAIEXKHOCTH.

KioueBsble c/10Ba: MOGUJIbHbIE TPUJIOXKEHUS /IS ONIOBEleHUs1, 6e30aCHOCTh JIOPOXKHOTO JIBUXKEHHS],
JIOPOKHO-TPAHCIIOPTHBIE MPOUCIIECTBUS, 0OHApPYKEHWE CTOJKHOBEHHH, MOOUJIbHbIE MPUJIOKEHHUS],
aBTOMOGHWJILHASA aBapus.
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Abstract. This article discusses the issues of improving the quality parameters
of industrial areas with the liquidation or preservation of their functional purpose.
The research methodology includes an analysis of methods for the reconstruction
of industrial buildings in domestic context, on the example of Almaty, and foreign
practice, with the example of Germany and Poland. The currentideology underlying
today the architecture of such structures and ways of effective and harmonious
integration of utilitarian industrial objects into the urban environment are
considered. The analysis is carried out according to the urban planning, functional
and compositional characteristics of industrial facilities using a multifactorial
comparison method. Different approaches to architectural and spatial adaptation,
such as preservation, renovation, and reconstruction are analysed. The article
notes that the choice of adaptation method depends on a number of factors,
including the condition of the object, historical and architectural value, and the
intended purpose of the object after renovation. The promising development
of industrial architecture lies in its possible and rapid adaptation to developing
technologies. The article is of interest to architects, urban planners, as well as for
all those who are interested in the issues of renovation of industrial facilities. For
the renovation of industrial facilities, it is necessary to clearly establish the stages
of adaptation of industrial facilities.
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Analysis of methods of architectural and spatial adaptation of industrial enterprises to the environmental
requirements of the modern urban environment

Introduction

The creation of favorable conditions and compliance with functional purposes are primary
requirements for the design of any architectural structure (McGuire and Schiffer, 1983). The
task of the architect is to carefully study the life process and its patterns when designing a
building. Given the trends in the development of building design, when calculating the service
life, it is also necessary to take into account the actual state of the process itself. In this regard,
it is necessary to conduct the following preliminary studies: a thorough study the world and
domestic experience of constructing and operating similar structures. The analytical method of
working with literary sources, implemented projects in the public domain, and photo-fixations
of similar objects. Further, the most important material for this study was the in-kind studies of
structures in the process of operation, which make it possible to evaluate the implementation of
functional processes and understand the quality of conditions for workers of these enterprises
at various parts of the production cycle. This is relevant not only for newly designed objects, but
also for existing structures that require various levels of renovation and reconstruction, that is,
giving such objects a “second life” (Bani et al., 2009). During this work, it is also important to
study in detail the building's layout, design features and equipment used.

Nowadays, many people continue to migrate to urban areas, thereby strengthening the
processes of urbanization, which have both positive and negative consequences. It is important
to constantly monitor the processes of interaction of various aspects of urbanization processes
in the process of their development. In order to direct the process of urbanization in the most
positive direction, that is, not to lose sight of the preservation of its familiar and established
image, to understand how the potential of the city can be developed, it is important to
establish the right scenarios for the development of this process. And here one of the most
significant elements can be called the analysis of the historical and cultural content of the urban
environment. Understanding of historical events in the context of their integration into modern
urban space requires architects and researchers to use appropriate methods that take into
account ‘dimensional, planning, substantive elements of the city and the interaction between
them’ (Khalykov, K. et al., 2015).

As for the adaptation of industrial enterprises in the urban environment, it is important to
take into account the natural and urban conditions, i.e., the natural features of the area, the size
and shape of the industrial zone, and its connection with the adjacent territory and buildings,
and, of course, the significance of the building in the architectural ensemble (Drebezgova et
al., 2022). Adaptation of buildings in architecture is the ability of buildings to change their
characteristics in accordance with changes in operating conditions, presenting fundamentally
new requirements for architecture (Keenan, 2014). In the context of Kazakhstan, it is relevant
in the territories of factories and plants that were built in the last century, which stopped for
economic reasons, to design shopping and entertainment centers, malls that have already
become boring to everyone (Auganbai et al.,, 2019). The main argument is that why Kazakhstan
is not using the example of world experience, repurpose abandoned industrial buildings, try to
"breathe life" into dying enterprises?

First of all, it is necessary to pay attention to how harmonious the existence of industrial
architecture in the surrounding buildings, its "dialogue” with society and the environment
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(Kellert et al., 2011). Taking into account the vast areas occupied by industrial production
facilities that have fallen into decay or require modernization require a qualitative assessment
of the situation and ways of an economically beneficial and socially significant solution (Zolina
and Tsitman, 2019). Itis important to understand that industrial architecture must evolve along
with society and its growing needs (Fiksel, 2003). Industrial modernization is a key action for a
sustainable development strategy (Sanchez-Montafiés Benito & Castilla, Manuel V., 2020).

For the competent transformation of industrial structures, one should not forget that among
the buildings that were left without proper care they collapsed: the structures rusted, the finishes
collapsed, engineering communications stopped working, there may be valuable examples of
architecture of past centuries (Hogberg, 2011). In such buildings, in addition to the possibility
of revitalization, it is also necessary to carry out reconstruction. Revitalization (from Latin re...
- renewal and vita - life, literally: the return of life) in the context of urban studies refers to the
process of recreating and revitalizing urban space (Wikipedia, The free Encyclopedia., 2023).

Today, the problem oflack ofterritoriesinlarge citiesisasignificant problem. Andinthisaspect,
areas of abandoned industrial zones can become the most important reserve for the growth and
development of not only adjacent territories, but also the entire urban system (Jadach-Sepioto
et al.,, 2016). Many cities were formed by large industrial enterprises that were conveniently
located in the urban structure with a complex and efficient transport infrastructure. However,
the era of post-industrialization also affected the most important city-forming segments of the
economy. Many industrial enterprises closed due to economic problems; some were moved
outside the expanded city. The territories of such structures in many cases fell into disrepair,
and therefore became unprofitable and depressed. In addition to the purely economic aspects
of such desolation, such territories create enclaves of crime in the city, which negatively affects
the overall quality of urban space.

Despite the neglect of such objects, they have great potential for development. These are
both developed transport systems and reliable structures that are used in the construction of
industrial buildings. Where the structural framework has not lost its load-bearing capacity, it is
possible to use the object for a variety of functions from office space to extreme sports.

Reorganization of such territories allows not only to create new jobs and improve the level of
education by creating jobs of higher qualifications. Creating a favorable environment for living
and working allows raising the level of innovative and technological development of the city,
creating conditions for growth in the long term.

In addition, urbanized territories of abandoned industries compact the urban environment,
preventing it from growing uncontrollably beyond existing boundaries, and capturing areas of
the natural environment. Therefore, this study closely examines these global trends using the
example of cities in Kazakhstan.

The relevance of research
The relevance of this study is determined, firstly, by global trends towards the introduction

of sustainable development principles into the development of urban areas, including unused
industrial zones (Del Giudice et al., 2020). Coastal areas are of particular interest in this context,
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as they are a kind of buffer zone between natural and urbanized spaces. The main principle of
revitalization can be formulated as follows: to maximally reveal new opportunities for unused
spaces by creating new functions. It is important to use a comprehensive approach in the
revitalization process, which will make it possible, if necessary, to preserve the original identity
of the structure, but at the same time set the vector of its new development through modern
filling (Tsydypova M.A. & Alekseev A.A., 2022).

Any revitalization project must first of all correspond to the general plan of the city and the
entire region, and also be part of the overall concept of territorial development (Rodina et al.,
2018). An important factor in successful revitalization is the ability of the object to act as a new
center of public spaces in the urban structure. The ability to develop innovative areas in the
economic activity of the city, to act as a catalyst for educational and cultural and leisure life of
the urban environment is an important indicator of the high-quality adaptation of ineffective
parts of the city. In order to achieve this, it is necessary to maximally and comprehensively
involve local communities and residents in the design at all its stages. Therefore, revitalization
can be considered one of the most important tools for sustainable development, since this
process makes it possible to create a high-quality and favorable environment for residents
of modern cities, and at the same time provide them with the opportunity for personal and
professional growth in the context of active social activity (Gouda et al., 2018). “Demand
creates supply”, which is why the relevance of this topic is quite high. Firstly: on the territory of
Kazakhstan, there is a considerable number of abandoned or dilapidated industrial enterprises,
there are also completely unused or underutilized industrial zones. Secondly: in the conditions
of the economic crisis, Kazakhstan is working on the issue of import substitution and the
establishment of its own production. The state intends to establish production in the fields of
mechanical engineering, the chemical industry, the production of building materials and many
others (Biyatov E., 2022).

Based on the above aspects, it is necessary to start acting towards the development of
adaptation of industrial enterprises in the urban environment (Karipova et al., 2020). At the
same time, when reconstructing and modernizing industrial zones, it is necessary to consider
environmental standards. To revitalize such objects, various conceptual projects that are
valuable and relevant for citizens can be used. It is possible to formulate the most important
criteria for the high-quality work of the design team in working on the most effective solution:

1) Maximum high quality of comfort for people in the process of performing their work and
household functions, such as the dimensions and proportions of the premises, their convenient
interconnection, ergonomically located equipment and furniture, clear and easy to read
orientation both in the internal and external space. In addition, compliance with all sanitary
standards (insolation, ventilation, heating and air conditioning).

2) Structural integrity and cost-effectiveness of the system, which is able to ensure stability,
durability and variability depending on changing functions and real needs in a specific period
of operation. It is important to use the most modern innovative materials and technologies at all
stages of creation from the creation of the project to its construction and operation.

3) High aesthetic requirements for the creation of a unique architectural image that meets
the functional purpose and artistic criteria of society.
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The methodology

The methodology of the presented study is based on an analytical method that identifies the
most successful examples of industrial facility reconstruction in global and domestic practices,
compares their techniques, analyzes methods and results. Archival and bibliographic sources
were also used. Based on all this data, the mostsignificantand relative ways of adapting industrial
facilities to the needs of a modern city were formulated. The author's natural studies made it
possible to identify the techniques and factors that make it possible to preserve the original
function of the structure or create a new functionality. It was concluded that the choice of the
method of adapting an object is determined by various factors: physical condition, historical
and architectural value, and also the need for a particular new function in the reconstructed
territory.

Experience of foreign countries

Abandoned industrial buildings in Europe are increasingly being turned into art spaces.
Some of them are more than commercially successful (Mironova Y., 2017) A common problem
of countries that experienced the era of change in the 1990s is the social, economic, urban and
architectural consequences of the decline of large industrial enterprises. These phenomena are
not new. For example, in the Ruhr region in Germany, projects to restructure industrial facilities
were already underway in the sixties, and the first plans to free the region from heavy industry
appeared at the same time. At the turn of the century, the Ruhr area, once home to many mines
and factories, was already a cultural center with museums, science parks and perfectly suited to
the new needs of the architecture of the industrial age, which in 2001 was included in the list of
UNESCO World Heritage Sites (Cymer A., 2019).

The trend to adapt industrial facilities to new needs continues to this day. Over the past
decade, dozens of such buildings have changed their functions throughout Poland, and similar
projects are being implemented in large cities and smaller towns. In Gdansk, Krakow, Wroclaw,
Warsaw, residential and office areas appear on former industrial territories. In the town of
Pabianice there is a hotel built on the site of a former cotton manufactory. In Kalisz, the piano
factory Calisia, which operated until 2007, has now closed, and it building now houses shops and
offices. The premises of the EC1 power plant in £.6dZ host a science center with an interactive
exposition, and the main building of a private university is located in the building of an old
electrical equipment factory in Warsaw (Cymer A., 2019).

In 2008, Poland was represented at the Venice Architecture Biennale by the exhibition Houses.
Life after life." Its curators, Grzegorz Piatek and Jaroslav Trybus, tried to answer the question of
whether there is an architectural life after death. Nicolas Grospierre photographs iconic modern
Polish objects, and they write scenarios of what could happen to these objects if their original
function lost its relevance. All these photographs of Grospierre and scenarios of curators - was
brought together by Kobas Lax using the collage technique. Thus, the library building of Warsaw
University has turned into a shopping center. The glass office center Rondo-1 has turned into
a columbarium and detention center. The Warsaw airport terminal has turned into a farm. The
Basilica of the Blessed Virgin Mary of Lichen has turned into a water park. The elite residential
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complex Marina Mokotdw has turned into a waste dump. The exhibition received the "Golden
Lion" of the Biennale for showing in an easy and accessible form a phenomenon that concerns
all buildings in the world: they are erected for centuries, but it happens that they lose their
meaning of existence (Cymer A., 2019)/

Analysis of domestic experience (Kazakhstan)

During Soviet times, the city of Alma-Ata was the largest industrial center in Kazakhstan.
There were a lot of industrial facilities, plants, factories, organizations that carried out various
orders. Some facilities are discussed in Table 1.

Table 1. Analysis of existing adapted industrial facilities in Almaty, Kazakhstan

Industrial Enterprise function Current state Building area
enterprise
Almaty Manufacture of lamps, SEC "Mart", parking, 27000 m?
Electrotechnical irons and other peaceful | warehouses
Plant (AETP) products
Almaty Cotton Mill | Manufacture of fabric, Shopping centers "Armada” | 215910 m?
(ACM) yarn, bed linen, overalls |and "Grand Park"
Alma-Ata carpet | Manufacture of machine- | Trading house with 10500 m?
factory made jacquard carpets, |furniture and interior
hand-woven pile carpets, | items, cafes, beauty salons,
rugs warehouses
Almaty House- Manufacture of Shopping and 45000 m?
Building Plant reinforced concrete entertainment complex
(AHBP) products ADK

The Almaty Electrotechnical Plant (AETP), as shown in figure 1, was established in 1941
on the basis of the Transsvyaz plant evacuated to Alma-Ata from Kharkov. Along with the
equipment, trains arrived and their specialists in the amount of 385 people. During the war
years, the plant produced products for the front: batteries, communication and telephone sets,
military bowlers. At the time of the Union, AETP was a dual-use enterprise. According to public
information, he produced lamps, irons and other peaceful products, but, in addition to irons,
boards and microelectronics for Soviet missiles, parts for the military industry were produced in
his secret workshops. In secret reports, the plant was listed under the name "Mailbox No. 7", and
no more information. The plant successfully developed and operated until the 90s. When there
was no big country of the USSR, a huge enterprise ordered a long life. Its main administrative
building stood abandoned for many years, the workshops were in deep conservation, and a paid
overnight parking lot appeared in the courtyard.

After 2011, with the country’s recovery from the crisis, AETP began a second life: its
administrative building was sold and rebuilt into the Mart shopping center, the area with the
dismantled overhead crane was converted into a parking lot, and all workshops and utility
rooms were handed over to private investors for warehouses. The former AETP, the current
SEC "Mart", as shown in figure 2, is located at the address: Richard Sorge, 18 (Hyun 0., 2020).
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Figure 1. The Almaty Electrotechnical Plant Figure 2. SEC "Mart"
(before adaptation) (after adaptation)

In the 1990s, the light industry giant Almaty Cotton Mill (ACM), as shown in figure 3, like
many enterprises, came to a standstill and 10,000 people were left without work. Since 2003,
part of the production area has been turned into the Armada shopping center, while the
other part of the buildings has been spontaneously dismantled. Cotton came here from all the
southern republics of the USSR and was processed into fabrics, and then the products were
distributed throughout the Union and even to far-abroad countries. In 2016, the Grand Park
shopping center, as shown in figure 4, was opened on the site of the second former workshop
of ACM. Now these are endless shopping galleries with countless boutiques: for 4 years, many

Figure 3. Almaty Cotton Mill Figure 4. Shopping centers "Armada” and
(before adaptation) "Grand Park" (after adaptation)

The Alma-Ata carpet factory (figure 5) was established in 1936 as a cooperative trade artel
"Kovrovshchitsa". In 1960, the artel turned into the Alma-Ata carpet and weaving factory, in
1964 it was named after V. Tereshkova. The carpet factory was established in 1936 on the
basis of the artel "Kovrovshchitsa". The enterprise was engaged in the production of carpets
and carpets of various types from natural sheep, camel and goat wool. In 1962, the enterprise
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was modernized, the old manual looms were replaced with new, mechanical ones. In Soviet
times, the factory had 7 main production workshops. The main products of the enterprise were
machine-made jacquard carpets, hand-woven pile carpets, carpet runners. On special orders,
the factory produced carpets with portraits of Abai, Zhambyl, Auezov, Seifullin, Mukanov and
other famous personalities.

In 1992, the Alma-Ata carpet factory was privatized, equipped with new German equipment
and transformed into a private joint-stock company Almaty Kilem JSC. Today, the carpet factory
does not exist: all equipment, machines, workshops have been sold. Since 2007, the former
production areas have been used as a trading house with furniture and interior items, cafes,
beauty salons, and warehouses, as shown in figure 6. There are also carpets here, but they are
no longer made in Kazakhstan. The former carpet factory named after V. Tereshkova is located
at Tole Bi, 187. Only a panel depicting weavers in national dress remains from the former
enterprise (Miroshnichenko F, 2020).

Figure 5. Alma-Ata carpet factory Figure 6. Trading house
(before adaptation) (present condition)

The largest construction organization in the republic, the Almaty House-Building Plant
(AHBP), as shown in figure 7, was established in 1956. The enterprise had 10 self-supporting
construction repair departments, a plant for the production of reinforced concrete products,
a plant for the processing of non-metallic materials, a large car depot and other divisions.
Reinforced concrete products were made here, from which entire micro districts were later
built. Half of Alma-Ata and residential buildings in other cities of Kazakhstan and the USSR were
built from concrete panels of AHBP. They also went to friendly Cuba. When the Soviet Union
ceased to exist, orders for AHBP became less and less: in a crisis, the construction industry
suffers first. In the 90s and 2000s, the plant's workshops were dismantled one by one. In
2011, a shopping and entertainment complex was opened on the site of the flagship of housing
construction in Kazakhstan, and an auto-dismantling of Japanese cars appeared on the site of
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the former car depot of the plant. In 2015, construction of a residential complex began on the
remaining production areas. In 2018, the last workshops were dismantled. The object is no
more. He inherited only three letters - ADK (Figure 8) (Miroshnichenko F, 2020).

Figure 7. Almaty House-Building Plant Figure 8. Shopping and entertainment
(before adaptation) complex ADK (after adaptation)
Findings/Discussion

The main problem facing modern urbanism is to find a new understanding of the role and
place of industrial areas in the urban structure that would meet all modern challenges, be both
aesthetically filled and economically feasible, that is, have socially approved qualities. The
saturation of spatial units of modern cities with various functions, from territories to individual
structures, makes it possible to use production facilities as part of large urban complexes. This
makes it possible to formulate the basic principles of designing industrial facilities that would
be universal in nature and could be used both in new construction and in the renovation of old
buildings.

To carry out a full-fledged and high-quality renovation, an important factor can be called the
establishment of clear stages of work. Atthe firststage, itis necessary to conducta comprehensive
analysis of the entire territory of the facility, its place in the citywide structure with the marking
of adjacent buildings. It is important to record all transport and pedestrian links. The second
stage requires a comprehensive analysis of world experience in creating similar projects. At this
stage, itis important to choose a strategy for the development of the territory in general, and the
functional development of a particular building. The final stage can be called the development
of a strategy for further development and activation of processes within this fragment of the
urban environment. At this stage, it is advisable to rebrand the designed territory. Here it is
important to involve the public and residents of the territories as much as possible. For this
purpose, it is necessary to prepare various sites and coworking spaces for public events and
other activities, it is possible to use elements of graphic design and visualization. Thus, a new
industrial cluster is gradually created, which clearly demonstrates the implementation of the
principles of the value approach and social activity at all levels of the architectural environment
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of the city. All these actions lead to comprehension and understanding of the fact that industrial
territories from the exclusion zone can turn into open and comfortable urban spaces.

The professional community of architects, urban planners and urbanists is actively discussing
the development prospects of industrial areas that have lost their economic feasibility and,
in many cases, relevance. In this regard, three types of adaptation of industrial facilities are
common according to the degree of preservation of primary functions:

i) full preservation of basic functions;

ii) partial preservation of basic functions;

iii) replacing the basic function with a new one.

The world experience of reorganization of industrial facilities demonstrates a large number
of methods, the most relevant can be called the following trends, in which production functions
are preserved to one degree or another.

a) creation of a conglomerate of science and production (using the example of a technology
park);

b) symbiosis of housing, production and scientific functions (using the example of a
technopolis);

c) combination of reconstructed production facilities with scientific centers and other
companies. Integration of the entire complex into the urban fabric (using innovative urban
clusters, technology parks, and business parks as examples);

d) s the unification of modern mass industrial production and objects of artistic applied art
or handicraft production.

Industrial structures for adaptation by replacing the main function can be classified according
to the type of function created:

(i) residential properties (student residences, housing for the elderly, workers' housing
complexes, and elite housing);

(ii) public buildings.

With all the variety of types of modernization of industrial facilities, the need to preserve the
basic function of the facility has been actively discussed in the professional community lately. In
thisregard, the process of deindustrialization in some European countries is beginning to change
towards reindustrialization, but taking into account modern requirements and trends for the
creation of large scientific and industrial complexes with the inclusion of socially significant
buildings. Thus, the current criterion for the social adaptation of industrial heritage sites can
be considered their level of integration into the modern urban fabric, the degree of "openness”
(Votinov, M.A., 2014). Regardless of the function and industry of the industrial facility, the
most important thing for the entire urban landscape is the ability to attract as many people
as possible to the designed areas. The most high-quality results are demonstrated by complex
projects in which all components of the urban space are taken into account. Thus, as a result of
professional work and the involvement of an active public community, an old abandoned plant
is transformed into a new open space filled with new meanings).
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Conclusion

Contemporary architecture and urbanism are entering a new period, which is characterized
by the process of transition from deindustrialization to reindustrialization. Thus, industrial
buildings, which at a certain period became the source of urban problems, are returning their
value to the city as new types of urban spaces. With this approach, preference is given to some
basic functions, there is an opportunity to modernize the inclusion of processes due to research
functions, office and social facilities. The conducted analysis of domestic experience in the
development of industrial facilities in the territory of Almaty allows us to provide methods
applicable to our conditions. Today, many production areas are used as shopping centers.
Compared to foreign adaptation experience, all significant facilities in Almaty have lost their
industrial function. According to the analysis of the world experience of adaptation, several
directions, methods and ways of adapting industrial facilities to the needs of modern cities with
along history have been identified. The promising development of industrial architecture lies in
its possible and rapid adaptation to developing technologies. This can be achieved through the
re-functionalization of industrial facilities, saturating them with new functions. For most cities
in our state, revitalization projects are a relevant method of restoring the urban environment.
Non-functioning industrial enterprises, which were once city-forming, can bring new functional,
economic, educational and innovative opportunities for the region and its inhabitants.
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I.J. MayneHoBa*!, M.A. Mycrada', Y. Tapuk?
IK.H.Com6aes ambiHdarbl Kazak yammbik 3epmmey mexHUKAAbIK yHU8epcumemi, Aamamsi, Kazakcman
2Bamvic AHeaus yHusepcumemi, ¥1ol6pumaHus

Kasipri Kajia opTacbIHbIH, 3KOJIOTUAJIBIK, TAJIalITAPbIHA OHEPKICIN KICIMOPBIHAPbIHbIH,
COyJIETTIK-KeHiCTiK 6elliMmaepy agicTepiH Taaaay

Anpgarna. Bysn Makasazia eHepKacCinTiK ayMaKTap/bl KO HeMece o0Jiap/blH (QYHKIHOHAIJBIK
MaKCaTblH CaKTal OTBIPbII, OJIAPAbIH, calla KepPCeTKILITePiH KaKcapTy Macesieiepi KapacThIpbLIaabl.
3epTTey aaicTeMeci AIMaThl MbICaJibIHJIa OTAHABIK, 6HAIPICTIK FUMapaTTapAbl KalTa Kypy aficTepiH
*koHe [epmanus MeH [losiblla MbICalbIHAA IIETENJiK ToxipubeHi Tanjgayabl KaMTH[bl. ByriHri
TaHJa MYHJal KypblIbIMAAp/AbIH apXUTEKTYpPACbIHbIH HeETi3iHJAe *aTKaH 63eKTi UJe0JIOoTUS KIHe
YTUIUTApPJbl eHAIpicTiK 06'beKTiNiep i KalaablK opTaFa TUIMJI »koHe yiuleciMi 6ipikTipy »kosapsl
KapacTeipbliajbl. Tangay kenm ¢GakTOpJibl CaJbICTBIPY oOAICIH KoJiJaHAa OTBIPbIN, 6HEpPKACINTiK
HbICAH/IaP/AbIH Kasla KYPbLIbICh], YHKI[MOHAJIBIK )K9HE KOMIO3UIUAIBIK CUITAaTTaMaapbl 60MbIHIIA
XKYprisizieli, COHbIMEH KaTap KOHCepBallus, »aHAPTY, PEKOHCTPYKLUUsJIAY CUAKTbl COyJIEeTTiK-
KeHICTIKTik 6eHimaenynaiy opTypJsi Tocinzepi TanmaHaabpl. Makanajna Oedimey oficiH TaHpAay
6ipkaTtap ¢akTopJsiapFa, COHbIH illiHAE HBICAHHBIH >Xal-KYiiHe, TapUXU-COYJIETTIK KYH/bLJIbIFbIHA
’KOHE JKOHJEeyJeH KeWiHri HbICAHHBIH, MAaKCaTThl MaKCaThlHA GaWJIaHBICTbl €KEHJIri aTam eTijreH.
OHepKaCINTIK apXUTEeKTypaHbIH IepCIeKTUBAJIb] JaMybl OHBIH JaMblIl KeJle }KaTKaH TeXHOJIOTUsJIapFa
MYMKiH JXK9He KbLIJaM OedimjenyiHfie KaTblp. Makasia coyseTurijiepZi, Kaja KYpPbUIBICBIH CaJly-
HIbLJIap/bl, COHJIaN-aK, @HEPKACINTiK HbICAaHJapAbl XKaHAPTY MaceJiesiepiHe KbI3bIFYLIbLIbIK TAHbITKAH-
JlapZblH GapJbIFbIH KbI3bIKTBIPaAbl. OHJIpiCTiK HbICAHAAPABI )KaHAPTY YIUiH 6HAipicTik 06beKTinepai
6elimM/iey Ke3eHAepiH HAKThl GeJriziey KaXkeT.

TyiiiH ce3aep: eHepKacinTik aliMaKTapAbl, HAiIpicTiK HbICAHAAPABI XKaHAPTY, *kahaHAbIK 6elimMze-
JIyAl TaZjay, ©HEPKACINTIK apXUTEKTYPa, >KaHAaHbIPY.
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I. 1. MaysieHoBa*!, M.A. Mycrada?, YTapuk>
'Kazaxckux HAyuoHa/bHbulll uccaedosamenvckuli mexHuveckuli yHugepcumem umeHu K.1M .Caméaesa,
Aamamel, KazaxcmaH
2Ynusepcumem 3anadHoti AHzauu, Beauko6pumaxus

AHa/Iu3 MEeTOA0B AaPXUTEKTYPHO-NPOCTPAaHCTBEHHOM aAaNTallMy NPOMbIIILIEHHbIX
NnpeAnpUATUN K IKOJIOTUYECKUM TPEeGOBAaHUAM COBPEMEHHOI rOpoACKOM cpeabl

AHHOTanus. B 1aHHOM cTaThe paccMaTPUBAIOTCS BONPOCHI NOBBILIEHUS KAYeCTBEHHbBIX IAPAaMETPOB
IPOMBIIIJIEHHBIX TEPPUTOPUN IPHU JUKBUAALMH UM COXPAHEHUH X PYHKIIMOHAJTBHOTO HAa3HAYEHHUS.
MeToo/iorUsl UCCEJOBAHUS BK/OYAET aHAIM3 METO/[0B PEKOHCTPYKLMH NMPOMBIIIJIEHHbIX 3JJaHUN
B OTeYeCTBEHHOW, Ha HpUMepe I. AJMaThl, U 3apy6eXHOW IMpaKTHKe, Ha MpuMepe [epMaHUU U
[Tosibiu. PaccMaTpuBaloTCA akTyaibHast UE0JI0T U, JIeXalllasi CEro/iHs B OCHOBE apXUTEKTYPbhI TAKUX
COOPY>XeHUH, ¥ c11oCcO6bl 3G PEeKTUBHON U TApMOHHUYHON UHTETrPaliii YTUJIUTAPHBIX IPOMBbIIIJIEHHBIX
00bEeKTOB B TOPOJACKYI cpeAy. AHa/lU3 NPOBOAUTCS MO IpajloCTPOUTENbHbIM, QYHKLHOHAJbHBIM
¥ KOMIIO3UIUOHHBIM XapaKTePUCTHKaM IPOMBIIIJIEHHBIX OOBEKTOB C MCHOJb30BaHUEM MeETOJa
MHOro$aKTOPHOrO CpaBHEHHUs, TaK)Xe aHaJU3UPYIOTC pas/jiMyHble MNOAXOAbl K apXUTEKTYpPHO-
NPOCTPAaHCTBEHHOM aJlaNTallMM, TaKhe KaK COXpaHEeHWe, peHOBallUsl, PEKOHCTpPYKLUUs. B cTaTbe
OTMevaeTcs], YTO BbIGOP MeToja aJanTalliyd 3aBUCUT OT psifia GaKTOpPOB, CPelU KOTOPbIX COCTOSIHUE
00beKTa, HUCTOpUYECKass U apXUTEKTYpHas LIEHHOCTb, a TaKXe IlLieJieBoe Ha3HayeHHe 00beKTa
nocje peHoBauuu. [lepcneKTUBHOCTb Pa3BUTHUS NPOMBILIJIEHHON apXHUTEKTYpPhl 3aKJ/IKYaeTcsl B ee
BO3MOXXHOU U GbICTPOM ajlanTallMy K pa3BUBAOUIMMCA TeXHOJA0TUAM. CTaThs NpeJCTaB/IsSET UHTEpPEC
JUISl apXUTEKTOPOB, IPafOCTPOUTE/IEN, a TaKXKe /151 BCeX, KTO UHTePeCyeTcsl BONPOCaMU PEHOBALUU
NPOMBIIIJIEHHBIX 00beKTOB. /[l peHOBallMM MPOMBIILJIEHHBIX OOBEKTOB HEOOXOAUMO 4YEeTKO
YCTAaHOBUTD 3Tallbl a/JallTALlU M IPOMbIILJIEHHbIX 00’ bEKTOB.

KiioueBble Cj10Ba: peHOBAlUsl NPOMBILLJIEHHBIX TEPPUTOPUM, TPOMBILLJIEHHbIE 00'bEKTbI, aHAJIU3
r106a/1bHOM afanTalyy, IPOMbILLJIEHHAs apXUTEKTYPa, PpEBUTATU3ALIUSL.
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Abstract. At present, a large number of extended pipeline systems are operated
in our country, which are designed for pumping energy resources. Improving the
reliability of these pipelines is one of the most important tasks during the operation
period. Operational regimes of oil pumping, both through main and field pipelines,
provide for a change in pumping capacity, emergency shutdowns of pumping
equipment, unauthorized blocking of the flow as a result of closing valves. Such
events lead to the occurrence of hydraulic shock in the pipeline and its influence on
the strength characteristics of pipes, which can have different material designs.

In this regard, the consideration of issues related to the influence of hydraulic
shock on the strength characteristics of the pipeline is very relevant in our time.

This article is devoted to the study of the stress-strain state of an element of an
underground oil pipeline, taking into account the occurrence of an overpressure wave.
The paper presents calculation methods that make it possible to evaluate the effect
of an overpressure wave on the structural elements of a pipeline in an underground
environment. The factors influencing the dynamics of deformations and stresses in
pipeline materials under various operating conditions are considered.

The analysis of the results of numerical calculations is presented, demonstrating
the influence of the parameters of the overpressure wave on the reliability and
safety of underground oil pipelines. The findings can be used to optimize the
design and operation of pipeline systems under variable loads, thus helping to
increase the resilience of the infrastructure and reduce the risk of accidents.
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Calculation of the stress-strain state of an element of an underground oil pipeline, taking into account
the appearance of an overpressure wave

Introduction

One of the most dangerous modes during the operation of any pipeline, not without reason,
is the phenomenon of hydraulic shock. Hydraulic shock can occur in liquid pipelines, as well as
in gas pipelines and pipelines for transporting multiphase systems.

Hydraulic shock is a shock wave that propagates along the longitudinal axis of the pipeline,
and also affects all elements installed on it: fittings, pipeline parts and branches from this
pipeline.

The pressure wave is caused by a sharp change in pressure along the length of the pipeline,
which occurs due to a change in the flow rate of the pumped product.

The speed of pressure wave propagation along the pipeline for oil pipelines can be 335...1372
m/s [1].

As aresult, a pressure increase occurs, due to the properties of the fluid, which is practically
incompressible and experiences a strong deceleration of the flow core at the moment of valve
closing.

Experience in the operation of oil pipelines made it possible to establish the following main
causes of hydraulic shock. These include [2, 3]:

- sharp shutoff of the flow when closing the shut-off valves installed along the route of the
oil pipeline;

- switching on or off of oil pumps at oil pumping stations due to the operation of emergency
protection provided by the project;

- sharp drops in the pipeline sections along the route (contamination of the pipeline section
in some sections with deposits of resins, paraffins, asphaltenes);

- the occurrence of unexpected obstacles in the way of moving the fluid flow in the pipeline
(possible in the plug mode and the formation of air or liquid plugs);

- opposite direction of flow (typical for branched pipeline systems);

- operation of the check valve installed on the discharge pipeline of the main pump;

- change in the amount of oil withdrawn from the main pipeline;

- enabling/disabling of individual technological units as part of the main oil pipeline;

- difference in oil consumption over a short period of time;

- increase in the flow rate of the product with a diameter of the pipeline that does not
correspond to this flow rate;

- high difference in geodetic marks along the pipeline route.

The main consequences of a pressure wave that can occur in an oil pipeline as a result of
hydraulic shock are:

- damage to main pumps at PS;

- formation of longitudinal cracks in the pipe body;

- separation of flange connections along their axis;

- damage to the supporting structures of pipelines in above-ground sections;

- destruction of aggregate and cut-off fittings;

- misalignment of pumping equipment with pipeline parts.

Hydraulic shock is inherent in pipelines through which fluid is pumped. This is due to the fact
that the speed with which the shock wave propagates through the pipeline directly depends on
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the compressibility of the liquid. In addition, the speed is affected by the deformation of the pipe
walls and its diameter.

At the same time, the criticality of the properties of a liquid is obvious, which is practically
incompressible, unlike a gas. Therefore, the most critical phenomenon of hydraulic shock is for
oil pipelines and oil product pipelines, which are widespread and of considerable length in our
country.

A diagram of the occurrence of hydraulic shock is shown in Figure 1.

soft close stop

faucet closed abruptly =
hydraulic shock

Figure 1. Scheme of the occurrence of hydraulic shock in the pipeline when shutoff valves are closed

The main purpose of the work carried out is to develop an algorithm for calculating the effect
of hydraulic shock on the SSS, strength and bearing capacity of an underground pipeline.

The main requirement for the algorithm is the simplicity of calculation and practicality in
use, which is necessary for engineers when designing oil pipelines.

The developed algorithm is most relevant in the conditions of commissioning of an oil
pipeline when it is put into operation, testing the operation of pumping equipment, debugging
software designed to operate linear shut-off valves and shut them off in various emergency
situations and events that go beyond the design values.

The methodology

When the flow is shut off with the use of shut-off valves, its sharp deceleration occurs, which
leads to an increase in fluid pressure by several times.
The pressure increase during hydraulic shock is determined by the well-known Zhukovsky
formula:
AP =p-Av-c (D

imp
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where p is the density of the pumped liquid; Av is the change in the flow rate. When the flow
stops, it will be equal to the liquid flow rate before the pumping stop; c is the velocity of shock
wave propagation, which is determined by formula (2):

E; (2)

(14 2in EL
pr(1+— Ep)

CcC =

where E| is the modulus of elasticity of the liquid; D, - inner diameter of the pipe; § - pipe
wall thickness; E. - the modulus of elasticity of the pipe material (Young's modulus).

Regulatory documentation [4] establishes the requirements for calculating the thickness of
the pipeline wall according to the following relationship:

np-D,

= Z(Rinp) (3

where n is the reliability factor for the load - the internal working pressure in the pipeline,
taken according to table 14 [4]; p is the working pressure in the pipeline; D - outer diameter of
the pipeline; R, - calculated tensile (compression) resistance.

From this formula we express the working pressure in the pipeline:

2'R1 5
=2 4
p n-D,—n-6 (4)

Obviously, in order for the selected wall thickness to be able to withstand the operating
pressure in the pipeline and the pressure resulting from hydraulic shock, the following condition
must be met
2'R1 6

P+ APy S 55 (5)

Substituting in formula (5) the value for c from formula (2), we obtain:

E; 2R, S (6)

Din El< = o .p .
p-(1+%-$) n-Do—n-8

p+p-Av:

Comparing the left and right parts of the equation, it is necessary to strive for their equality.
Table 1.1 shows the initial data for calculating the hydraulic shock in an oil pipeline and studying
the effect of hydraulic shock on the strength of a pipeline made of steel 17G1SU.

Table 1. Initial data for calculation

Parameter Meaning
Outer diameter of the pipeline, mm 720
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Pipeline wall thickness, mm 10,0
Load safety factor 1,15
Design tensile strength, MPa 510

0Oil density, kg/m? 835,0
Pipe inner radius, mm 350
Fluid elasticity modulus, MPa 1300
Modulus of elasticity of the pipe material (Young's modulus), MPa 206000
Change in flow rate (when the flow stops, it will be equal to the liquid flow 1,0

rate before the pumping stop), m/s

Working pressure in the pipeline 6,0

Substituting numerical values into formula (6), we obtain:

1300-10° 2-271,8-10

6,0 <
835-(1+700- 1300 )+ 1,15-720-1,15-10
10 206000

6,43 Mlla < 6,65 Mna

The condition is met. Consequently, the hydraulic shock that occurs in the pipeline under
consideration does not reduce the strength characteristics of the pipeline with a diameter of
720x10 mm when the flow is decelerated as a result of hydraulic shock from 0.75 m/s to 0.

In addition to the above calculations, studies were also carried out on the effect of hydraulic shock
on the strength of the pipeline with an increase in pumping speed from 0.1 m/sto 1.0 m/s.

Other sizes of pipelines and pipeline steel with strength characteristics were also considered,
below those given in Table 1.

The calculation results are presented in the graphs (see Figure 2).

835-0,5-

69

P+AP, MPa
6,8
6,7

6,6
68,5
6,4
6,3
6,2
6,1
Vv, mfs

6
1} 0,2 0.4 0.6 08 1 12 |

Figure 2. Graph of the dependence of the pressure increase due to hydraulic shock
on the product velocity in the pipeline (7J720x10 (steel 17G1SU)
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It can be seen from Figure 2 that at only a product velocity of more than 0.75 m/s, the
phenomenon of hydraulic shock becomes dangerous for the strength characteristics of the
pipeline. If the product speed exceeds 0.75 m/s and the flow slows down to its complete stop,
the pipe wall may be destroyed due to the occurrence of hydraulic shock.

For main pipelines, the speed of the pumped product in the range from 0.3 to 0.75 m/s is
acceptable. By maintaining it, it is possible to prevent the negative impact of hydraulic shock
with the destruction of the pipeline wall.

Table 2 shows the characteristics of the considered pipelines, the diameters of which are
most often used for the construction of trunk and field oil pipelines. The working pressure in
the pipelines is assumed to be no more than 6.0 MPa.

Table 2. Piping sizes and material design

Pipeline diameter, mm | Pipeline wall thickness, Pipe material Design tensile strength,
mm MPa
325 5,0 Steel 20 218,55
426 7,0 Steel 20 218,55
530 9,0 Steel 20 218,55
610 10,0 Steel 20 218,55
720 12,0 Steel 20 218,55

Using formula (6), we check the strength retention of pipelines of various diameters at a
product operating pressure of 6.0 MPa and a pumped oil velocity of 0.5 m/s.

The diagram shown in Figure 3 shows the excess of the impact of hydraulic shock over the
allowable (in terms of pipe strength) values.

It can be seen from Figure 3 that steel 20 with lower strength characteristics used for
pipelines reduces the strength of the pipeline, which cannot withstand hydraulic shock even at
low speeds of the pumped product.

6s . mmmees P,=6,56 MPa

Po=6,44 MP
6,45 A

6,4
6,35 - Pg=6,35 MPa_
6,3
6,25
6,2
6,15
6,1
6,05
6
325 426

Po=6,1 MPa

Figure 3. Diagram of pressure growth due to hydraulic shock in pipelines of various diameters
at a product velocity of 0.5 m/s (the dotted line shows the allowable pressure in the pipeline)

P,=6,33 MPa

530 610 720
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[t can be seen from the diagram in Figure 3 that only for pipeline diameters of 530x9 mm and
720x10, the pressure arising in the pipeline due to hydraulic shock does not exceed the strength
characteristics of the pipe material. Therefore, this product pumping speed (equal to 0.5 m/s)
can be recommended as safe for pipeline operation.

However, in accordance with the recommendations [4], it is necessary to check the strength
and stability of the underground pipeline from the condition that plastic deformations are not
allowed according to the following design dependencies:

S m S
o < : "R
|07 < 1 g RS )
m
o < ‘R (8)
0,9'ks
where als - the maximum total longitudinal stresses that occur in pipelines under the action

of standard loads on it; o'if - hoop stresses from the standard (working) pressure, which are
determined by formula (9); Y, - coefficient that takes into account the biaxial stress state of the
pipeline material from which it is made (steel).

S _ bDin 9
o, s (9)

As can be seen from formula (9), hoop stresses depend on the operating pressure in the
pipeline.

Under the action of hydraulic shock in the pipeline, it is proposed to switch in formulas (7)
and (8) from standard longitudinal and hoop stresses to extreme longitudinal and hoop stresses
that occur in the pipeline under the action of hydraulic shock. Then formulas (7) and (8) will
take the following form:

E ) m S
o, < . .
l 2} 0.9ks 2 (10)
E m  pS
Op < 0,9-ks R (11)

Consequently, with its growth, due to hydraulic shock, this parameter will also increase. Let
us determine the hoop stresses for the boundary value of the oil velocity in the pipeline, which
is 0.75 m/s.

According to formula (9) for a 720x10 mm pipeline, we obtain:

(p + AP) ) DAinA
2°6
(6,0 +0,65)-720

oy = 510 = 239,4 MPa

of =
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In accordance with the requirements of [2], we check condition (11):

2394 < 0,825 353
" 70,9-1,155
0,825
2394 <

09-1,155 353
2394 MPa < 280,15 MPa

Condition (11) is satisfied even if the boundary value of the oil velocity in the pipeline is 0.75
m/s.

It is also necessary to check condition (10). The maximum total longitudinal stresses in the
pipeline from standard loads are determined by the formula given in [4]:

E-D
af:u-af—a-E-Atiz_p" (12)
where «a - coefficient of linear expansion of the pipe metal; At - calculated temperature
difference (positive when heated); p is the minimum radius of elastic bending of the pipeline
axis, cm; u is the Poisson's ratio.
Substituting numerical values into formula (12), we obtain:

E'=03-2394—-12,12-10%-206000 - 76,2 + 206000720 __ 175,3 MII
on T REeEE TS “E 270000 0

Using formula (10), we check the condition according to which the extreme total longitudinal
stresses in the pipeline will not exceed the standard ones:

175,3 < 0,94 0825 353
=77 0,9-1,155

175,3 MPa < 263,3 MPa

Thus, a test for extreme total longitudinal stresses in the pipeline showed that they would
be less than the allowable values. Therefore, a product velocity of 0.75 m/s is the maximum
possible, based on the strength characteristics of the pipeline.

When choosing a product pumping speed, it is also necessary to check the overall stability of
the pipeline in the longitudinal direction according to the condition set out in [4]:

S<=m-Ng (13)

where S is the equivalent longitudinal axial force in the pipeline section. It is determined by
the formula [4]:

S=100-[(05—u) -0, +a-E-At]-F (14)
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where F is the cross-sectional area of the pipe, cm?* N_ - critical longitudinal force. Under
its influence, there is a loss of longitudinal stability of the pipeline. Determined by the formula:

2-mE-§?
V3:(1-p?)
Based on the results of the analysis of formulas (14) and (15), it can be concluded that only
the value of S is affected by the value of hydraulic shock in the pipeline.

Thus, by analogy with the above calculated dependences, we obtain the value of the extreme
equivalent longitudinal axial force S__ :

Sextr = 100-[(0,5 — ) "o +a-E-At]-F (16)

N, = (15)

Making successive calculations according to formulas (16), (15) and (13), we obtain:

S,.tr = 100-[(0,5 = 0,3) - 239,4 + 12,12-10~¢ - 206000 - 76,2] - 54,95
= 5,33MN
_2-3,14-206000 - 102

cr —
J3:(1-0,32)
Under the action of hydraulic shock, it becomes extreme. Then:

533<0,825-78,3
5,33 MN < 64,6 MN

Thus, when exposed to extreme pressure in the pipeline caused by water hammer, the overall
stability of the pipeline in the longitudinal direction is maintained.

Therefore, calculations confirm that the value of extreme pressure increase due to water
hammer will be safe for a 720x10 mm pipeline at a product pumping speed of 0.75 m/s.

The article presents mathematical models for estimating pressure increase in an oil pipeline
due to hydraulic shock. In particular, formulas are given for calculating the pressure change and
the velocity of propagation of the shock wave.

The study shows that with certain parameters of the oil pipeline and the flow rate of the
product, the strength characteristics of the pipe can remain within safe values.

The analysis of the conditions necessary to ensure the strength and stability of the oil pipeline
in the conditions of hydraulic shock is made.

Thus, the study provides important data for engineers and specialists in the oil industry to
ensure the safety and efficiency of pipeline operations.

= 78,3 MN

Findings/Discussion

As a result of the study of the effect of hydraulic shock on the strength characteristics of an
underground oil pipeline, it is shown that for an oil pipeline with parameters 720x10 mm, at a
product velocity of up to 0.75 m/s, hydraulic shock does not lead to a violation of strength.

If the product velocity exceeds 0.75 m/s, there is a threat of destruction of the pipe walls due
to exceeding the permissible stresses.
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The safe product speed range for the main pipelines has been determined: from 0.3 to 0.75
m/s. Within this range, the negative effects of hydraulic shock are prevented.

Steel with low strength characteristics (for example, steel 20) has shown an inability to
withstand the pressure of hydraulic shock at low product speeds.

High-strength steels, such as 17G1SU, exhibit the best performance to prevent accidents.

Graphs of pressure versus flow velocity have confirmed that an increase in velocity of more
than 0.75 m/s in pipes of smaller diameter leads to dangerous loads.

A hydraulic shock occurs when the product speed changes abruptly, which requires strict
control of operating modes.

The main causes of hydraulic shock include emergency closure of shut-off valves, starting/
stopping of pumps and sudden changes in geodetic markings of the pipeline.

The research results are useful for designing new pipeline systems and upgrading existing ones.

Automatic protection systems, such as alarm devices and software that monitors speed
limits, are needed to prevent damage.

Technical limitations, such as the immutability of pipe diameter and thickness, require a
detailed calculation of the permissible product velocity.

The use of high-strength materials is recommended to minimize the effects of accidental
hydraulic shocks.

Additional research needs to be conducted to study the effects of material heterogeneities
and prolonged cyclic loads.

The introduction of dynamic monitoring systems in real time can further enhance operational
safety.

Conclusion

According to the results of the calculations, it can be concluded that during the operation of
pipelines, it is of practical importance to determine the mode of oil pumping with the calculation
of the allowable flow rate.

Such regimes can occur during commissioning, during which there is an uncontrolled change
in the speed of the product in the pipeline. In addition, at this time there is a debugging of
software designed to control the shut-off valves installed along the pipeline route. During the
debugging period, its unauthorized closing is possible, which can cause a hydraulic shock.

In this regard, it is proposed to implement the following compensatory measures [5, 6, 7]:

- installation of such modes of operation of pumping equipment at the pumping station, in
which the pump will not exceed the calculated pumping capacity, which determines the extreme
speed of the product in the pipeline;

- signaling the extreme speed of the product in the pipeline by the equipment of the
operational (or commercial oil metering unit) located at the outlet of the pumping station.

The described automatic protections and alarms make it possible to prevent the occurrence
of hydraulic shock during the period of unstable operation of the pipeline.

Ceteris paribus, when the diameter of the pipeline, the thickness of the pipe wall and its
material design cannot be changed due to technical and economic reasons, the most rational
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way to prevent hydraulic shock is to calculate the allowable fluid flow rate in the pipeline and
prevent the causes that can lead to it achievement.

However, it should be noted that in order to absorb hydraulic shock, which cannot be prevented
during the entire period of operation of the pipeline, since it is random, it is recommended to use
steel with high strength characteristics. These steels include 17G1SU, 13KhFA, 05KhGB and others.

The contribution of the authors.

Zabiyeva K. - contribution to the concept; execution of the claimed scientific research;
creation of a scientific article.

K. Shetiyeva - contribution to the concept.
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Kep acTbl MyHail KyObIpbI 3/IEMEHTIHIH »KOFapbl KbICBIM TOJIKbIHBIHBIH, IIai/1a 60/JIybIH €CKepe
OThIPBIN KepHey/i-aedopMauUsa/bIK KYHiH ecenTey

Angatna. Kazipri yakbiTTa 6i3/jiH ejjle 3Heprus pecypcTapblH aWjayfa apHa/iFaH KeIlTereH
KeHeUTiJireH KyOblp xyiesepi )KymbIc icTelai. By Ky6blpsiap/iblH CeHIMAIIIriH apTThIpY Naijatany
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Ke3eHiH/leri eH MaHbI3/1bl MiHJIeTTEP/(iH 6ipi 60J/BIN TA0bLIaAbl. MarucTpaab/blIK }KoHEe HapyallblIbIK
KyObIpJsiap apKbLIbl MYHAH aliayAbIH )KYMbIC PEXKUM/Iepi aii/lay KyaTbIHbIH 63TepyiH, COPFbI KaOabIK-
TapblHbIH, aNaTTbIK TOKTATbLIYbIH, BEHTUJbAEPAiH >Kabblaybl HITUXKECIHAE aFbIHHbIH PYKCaTChI3
6iTenyiH KapacTbipajbl. KybbipiaFbl aFbIHHBIH, TOKTATbLIYbIMEH CUNIATTAJAThIH MYH/JIAll OKUFaJap
KyObIp/la THAPABJUKAJIBIK COKKBbIHBIH Taija OoJiyblHA JKeJsie[li JKoHe Jie OJ KyObIpAbIH OepiKTik
KacueTTepiHe acep eTesi.

Cou1 ceberrTi, rMZIpaBINKaJIbIK COKKbIHBIH KYObIp/IbIH O€PIiKTiK CHUIIaTTaMaJapblHa 9cepiHe KAaThICThI
MacesiesiepAi KapacThIpy Kasipri yakbITTa 6Te 63eKTi 601N TaObLIa/bI.

Bys1 Makasa apThIK KbICBIM TOJIKbIHBIHBIH, MaiJla 60JyblH eCKepe OTBIPBIN, Xep acTbl MyHai
KyObIpbI 3JIeMEHTiHIH KepHeyJi JedopMalusiiaHFaH KyHiH 3epTTeyre apHasraH. ;KymbicTa xep
acThbl OpPTaChIHAAFbl KYOBIP/bIH KYPbUIbIM/IBIK 3JIeMEHTTEPiIHE APTHIK, KbICHIM TOJIKbIHBIHBIH, dCepiH
OafasiayFa MYMKIHZiK 6epeTiH ecenTtey aaicTepi KeaTipiireH. Op TypJii *KYMBbIC KaFAalblHAA KYObIp
MaTepuaAapbIHJarbl AedopMalysaiap MeH KepHeyJaep/iH AWHaMHUKacblHA 9cep eTeTiH dakTopJap
KapacTbIpblIaJbl.

ApTBIK KbICBIM TOJIKbIHBI MapaMeTpJiepiHiH Kep acTbl MyHal KyObIpJIapbIHbIH, GepikTiri MeH
Kayinci3zirine acepiH KepceTe OTbIPbII, CAHABIK ECENTeyJIep HOTUXKeJIePiHiH Tanjay/iapbl KeJTipiireH.
ANBIHFaH KOPBITBIHABLIAP JKep acThl KYObIPbIHBIH, OepiKTiriH apTThIpyFa KoHE aBapHUSJIbIK
KaF[ailslap/blH TYbIH/JAay KayIliH a3alTyFa bIKIaJ eTe OThIPbII, aybICHaJbl }KYKTeMeJlep KaFqallbIHAa
KyObIp KyleJiepiH xo6asay MeH NalgasaHy bl OHTalJIaHABIPY YILiH NaiajaHblaybl MYMKiH.

Ty#iH ce3aep: riupaBinKalblK COKKbI, KyObIp, TEMIEPATypa, KbICbIM, KepHeYJli-edOopMalUAIbIK
KYH, KyObIp KabbIpFasaphbl, KbICbIM TOJKbIHAAPHI

K. 3a6ueBa, K. llleTueBa*
Kemuicyckuii 2ocydapcmeenHulil yHusepcumem umeHu H. Xancyeypoea, TaadvikopzaH, Kazaxcmax

PacueT HanpsKeHHO-AePOPMUPOBAHHOTO COCTOSTHUS 3/IEMEHTA N0J3eMHOro HedTenposoja
C Y4€TOM NOSIBJIEHHS BOJIHBI IOBBIIIEHHOTO AaBJI€HUS

AHHOTanusA. B HacTodllee BpeMs B Hallledl CTpaHe 3KCIJyaTUpyeTcda 60Jibllioe KOJINYeCTBO
IPOTS)KEHHBIX TPyOONPOBOAHBIX CUCTEM, KOTOPBIE MpeAHa3HauY€eHbl A1 IepeKauKU IHEPTOPECYPCOB.
[loBbilIeHMEe HaZEXHOCTH 3TUX TPyOONPOBOJOB ABJAETCS OLHOW W3 BaKHEMIIMX 3aZa4 B NepHO[,
3KCIIyaTalMU. JKCIJIyaTalMOHHbIE PEeXXHUMbl NepeKadyKu HedTH, KaK 10 MaruCTpaabHbIM, TaK U IO
IIPOMBICJIOBBIM TpPyOOINpOBOJAM IpeAyCcMaTPUBAIOT M3MeHeHHe NPOU3BOAUTEJbHOCTH IepeKayKH,
aBapuiiHble OTKJIIOYEHHUSI HACOCHOIO O06OpYyAOBaHMsl, HECAHKLHUOHUPOBAHHOE NepeKphITHEe MOTOKa
B pe3y/bTaTe 3aKpbITHA 3alopHOW apMaTtypbl. [lofgo6Hble cOOGBITHMA BeAyT K BO3HUKHOBEHHIO
U paBJMYeCcKOro yJapa B Tpy6GonpoBoJie U BJHUSIHME €ro Ha NMPOYHOCTHbIE XapaKTEPUCTUKHU TPYyO,
KOTOpble MOT'YT UMeTb pa3/IMyYHOe MaTepHaJlbHOe UCIIOJIHEHHE.

B cBAI3u Cc 3TUM, pacCMOTpeHHE BOIMPOCOB, CBA3aHHBIX C BAUSHUEM THApPOYAapa Ha MPOYHOCTHBIE
XapaKTepPUCTHUKU TPyOONPOBO/ia, SIBJISIETCS B Hallle BpeMs BeCbMa aKTYyaJIbHbIM.

JlaHHas cTaTbsl MOCBSLEHA HCCAeJ0BAaHUI0 HANpsKeHHO-Ae)OpPMUPOBAHHOTO COCTOSIHUS 3Je-
MeHTa I0J3eMHOro HedTelnpoBoJa C Y4eTOM BO3HUKHOBEHHS BOJIHbI U30BITOYHOTO JAaBjeHHd. B
paboTe npejcTaB/ieHbl METO/bl pacyeTa, 103BOJISIOLME OLLeHUTb BO3J4eNCTBUE BOJHbI U30BITOYHOTO
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JlaBJIEHUs Ha CTPYKTYpHbIEe 3JIeMeHThI TPY6OIMPOBO/ia B 10/13eMHOU cpeie. PaccMaTpuBawTcsa GaKTophl,
BJMSIIOIINE HA JUHAMUKY AedopMalil U HANPSXKEHUH B MaTepHuasiax TPyOONpoBoia MPU pPa3IuIHbIX
YCJIOBUSX IKCIIyaTal[UH.

[IpuBeseHbl aHA/IN3bl PE3Y/bTATOB YHUCJIEHHBIX PACUETOB, IEMOHCTPUPYS BJIMSHUE MApaMeETPOB
BOJIHbI HM30BITOYHOTO JIaBJIEHHSI HA HAJIEXKHOCTb U 6e30MacHOCTh MO/3eMHbIX He(dTenpoBOOB.
[Tosry4yeHHBIE BBIBO/IbI MOTYT GbITH UCIOJIb30BaHbI /11 OMTUMU3AI[UH POEKTUPOBAHUS U IKCILIyaTalluy
TPyGONPOBOAHBIX CUCTEM B YCJIOBHUSIX IEPEMEHHBIX HAarpy30K, CIOCOGCTBYS MOBBIIIEHUIO CTOMKOCTH
UHPPACTPYKTYPhI U CHUKEHUIO PUCKA BOSHUKHOBEHUS aBapUUHBIX CUTYaIUH.

KiioueBble c10Ba: rupoyAap, TpyOGonpoBo/, TEMIIEPATYPA, AaBJIeHHE, HAPKEHHO-1epOPMUPO-
BaHHOE COCTOSIHUE, CTEHKA TPYObl, BOJIHA /IaBJIeHUS.
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JlypbIC KenoyphIIITapAbI TYPFBI3YAAFrhl XKyHeJli KaTeJalKTepai
ecesieMey amaJibl
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AnpaaTna. 3epTTey AypbIC KeNOyphIITAP/AblH reOMeTPHUSJIbIK TYPFbI3yJIapbIH-
JlaFbl 2KyHeJli KaTeJliKTepAi ecesieMey MacesieCiH KapacTbipazbl. Cbi3ba Kypaajap-
JIbIH, JI2JICI3/IiriHeH, MalAaaHyIbLIapAbIH, TaXKIpUbOeci3ziri casgapblHaH TYybIH-
JIANTBIH LIEKTeY/IePEeH KoHe TeOMEeTPUSIJIbIK TYPFbI3y/Iap Ke3iHAe KaTeJliKTep/iH,
00JIybIHAH TYbIHJJAUTBIH XKYWeJi KaTeJiKTepP reOMeTPUSI/IbIK, eCENTEP/AIH, A1 iri-
He alTapJIbIKTan acep eTe/li. bys 3epTTey »KoFapbl A2JIIKTErI HOTHXKesiepre KoJl
JKeTKI3y YLIIH aTa/iIFaH MaceJIeHiH, OHTaW/bl LIelliMiH YCbIHA OTBIPBII, OCbI Ka-
TeJIIKTep/li a3alTy YIIiH TeOMeTPUSIJIbIK IPOrpeccrsi IPUHIMIITEPIH XKoHe KaWuTa-
JIAaHATBIH XKYyHeJli KaTeJiKTepAi ecesieMey/li KAMTUTBIH KaHa aMaJI/ibl YCbIHA/IbI.

Makasiazia YChIHBLIBIN OTBIPFaH 9/IiCTeME AYPbIC KOMOYPbIITAPAbl TYPFbI3Y-
JlaFbl )KYWeJIi KaTeslikTep/li Taaay/ibl, TYPFbI3y/iap Ke3eHAepiH OHTalJIaHAbIPYAbI
»KOHe KOJIMEH CbI3y apKbUIbl JaJiesJi Taajayasl KaMTyuAbl. Herisri MHHOBaUUA-
JIapFa 1eHO6epsiep/i TeH 6esiKTepre 661y, reOMeTPUSI/IbIK TYPFbI3yJIap OOUbIHIIA
JJAIKTI KaMTaMachI3 eTy Kipeai. CbI36a apKbLibl YChIHBLIFAH Ta/1AAy d/iCTeP/IiH
CEeHIM/IIriH, TEOPUAJIBIK MOH/EP/eH aybITKYJ/Iap/blH a3al0blH pacTan/pl.

HaTtwmxesep »KybIK MoH/i AypbIc KenbypbiTapabl [7(3,4); 9(4,5); 13(6,7)] reo-
MEeTPUSAJIBIK, }KEeHiJI TYPFbI3y/ia YChIHBLIBII OTBIPFAH 9ICTIH TUIMALIIT ecenTepAiH
1IewIiyi »KoJibIMeH KepceTisiefi. bys agicTep amMb6e6an 60/1bIN TabbLIa/Abl YKoHE
reoMeTPUsI/IbIK TYpFbI3y/JlapAaFbl OYpPbIHHAH KeJie »KaTKAH MaceJsesiep/i KauTa
KapacTbIpaZibl, COHbIMeH b6ipre 9/1-Papabu aHe ['aycc CUAKTbI MaTeMaTUKTEP/IH
ipresii eHOEKTepiH KEHENTE/,.

TyiiH ce3aep: *Kyiesi KaTeJiKTep, XKeTKIIKTI A9//1K, AypbIiC KeNoypbILITap,
reOMeTPHSIJIbIK, TYPFbI3yJIap, LileHOepJiep, TeOMeTPHUSI/IBIK, IPOTPeccHsi, KOHCTPYK-
TUBTI ecenTep.
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Jlypbic kenbyposiwumapdel myprbi3ydarsl xcylieai kameaikmepdi ecesnemey amabl

Kipicne

Tek KaHa LUPKYJb MEH ChI3FbILI aPKbLJIbl LIBIFAPbUIATBIH €CENTEP KOHCTPYKTUBTI ecentepre
kaTazapl. Onap caHZap TeOpHUSACbIMEH ThIFbI3 OalJIaHbICThI eKeHi MaJjiiM. MyHall ecenTep/i
ey CaHAapAblH KacUeTTepiH 3epTTeyAi KoHe OJIapAblH, apacbIHAAFbl KaTbIHACTApAbl
aHbIKTay/lbl TAJIAl eTeAi. ATan alTKaH/4a, MppalMoHaJll CaHJap MeH a/irebpaJsiblK TeHeyaep/iH,
HlemimMepi reoMeTpUAJIBIK TYPFBI3y eCenTepiH welyae memyii peJ atrkapaZbl. COHbIMeH
KaTap, LUPKYJb >X9He CbI3FbILUNEH TYPFbI3bLIAThIH QUrypaiapAblH, Oenrini 6ip caHay
KyWeJsiepiMeH IlIeKTeseTiHAIrT fgaJsengenzi. COHAbIKTaH, TEOMETPUSJIBIK Cally eCeNTepiHiH
caHAap >KyHecCiHiH Kal TOObIHA »aTaTbIHbIH aHbIKTAy MaHbI3Abl. bysn Typanbl fgasenpi
masimeTrTep PKypaHT neH ['Po66UHCTIH eHOekTepiHfe KenaTipisireH. OJsiap LUPKY/JIb MeH
CBI3FBILI ApPKbLIbl LIBIFAPBLIATBIH TE€OMETPUSAJIBIK ecenTepAi LeuyiH IeOMeTpPHUAJIBIK
TOCi/IlepiH TanZail OThbIPbIN, OYJ ecenTepAiH MaTeMaTUKaJ/IbIK MOHIH >XoHE TeoMeTpus
MeH asrebpa apacblHAafFbl e3apa 60alJaHbICTbI TepeH, TyciHAaipeai. Osap 6ysn Macesenep/iH,
TEepeHAIriH XoHe MaTeMaTUKa/blK TYCIHIKTepAiH XKeTilyiH KepceTeji, reoOMeTpPHUAJBIK
TYPFbI3yJIapAblH, MYMKIHZIKTEpiH CaHJap TeOopHUsCbl MEH aJredpasblK TacCiaJep apKblabl
TOJIBIK, TYCiHyre 60JIaTbIHbIH KepceTefi. Oyap Oy/ KypaJjJapAblH KeMeriMeH IlelliseTiH
reoMeTpUAJIbIK ecenTepAiH HaKThl LleKapaJiapblH auKbIHAAWAbL. Bys TypFblia AaJiK neH
KaTeJliKTepAi Tanaay Macesiesiepi MHKeHepJTiK )KoHe K0J1/JaHb6aibl MaTeMaTUKaHbIH KeNTereH
cajlajapblH/ia ©3eKTi 60/iblll Tabbliajbl [6]. MbIicasbl, HUPKY/JAb MEH CBI3FbII aPKbLIbl TEK
6esrisi 6ip reoMeTpUsAIBIK GUrypanapAbl TYPFbI3y MyMKIiH €KeHiH oHe oJlap TeK 6esrii
6ip caHAapMeH llIeKTeJeTiHiH aTan eTe/li. MyHAal ecenTep HerisiHeH paljMoHaJsl caHAap MeH
oJ1ap/iblH, 6eJiriyi 6ip kKoMOUHaUANAPbIH KaMTUABL. [3, 155-182 6].

KaTesikTep Teopusicbl 60ibIHIIA XKibepineTiH KaTesikTep epeckesi £ (rpybbie), Ke3encokK
(cny4daiiHble) jKoHe »KyMesi (cucTemMaTuyeckue) KaTesikTep (OmMOKH) Aen aTanafbl [5].
Tekcepy apKbL/Ibl 6pecKeJi XKoHe Ke3/1eMCOK KaTesiKTep/ie )ibepi/ireH KaTeJiKTep aHbIKTaJbIII,
»KeHiJ1 Ty3eTisie/ii, KepiciHlle XyWeJi KaTeJiKTepAi aHbIKTall Ty3eTyre MYMKiH/iK 60JMal/bl.
Ostapabl Tek KaHa ecesieMeyTre 60J1a/bl.

Cb136a1aFbl XKyHeJli KaTeJlikTepre TOMeHAerijiepi *kaTKbI3yFa 60J1a/1bl:

- LIMPKYJIb MHECIHIH, YLl HYKTere AypbIC KOMbIJIMAYhI;

- eKli TY3Y/iH KABLJIbICY HYKTECIHIH HeEMece TY3Y MeH KUCBIK, CbI3bIKThIH, }KaHaCy HYKTeCiHIH
JYpBIC aHBIKTa/IMayhl;

- TYPFbI3Y KypaJAapbIHbIH, CallaCbl3/bIFbI;

— TYPFbI3YIIbIHBIH (YePTEXHUK) TIKIpUOeci3iri;

— KOpYy HalllapJIbIFbI )KoHE T.0.

MyHzail KaTesikTep, erep oJiapAbl 60JAbIPTHACA, 6APJIbIK T€OMETPUSJIbIK TYPFbI3yJiap
NpolleciHe TapaJiblll, HOTUKeJIepiHJe auTapJbIKTal AdJCi3likTepre akeayi MyMKiH. Kiaccu-
KaJblK MblIcajlbl peTiHAe OJa-PapabufiiH MaTeMaTUKaJIblK TpaKTaTbIHAAFbl OepinreH
meHO6epAi TeHAeH xKeTi 6eJlikke 6eJsy ecebiH alTyFa 6osaabl. OFaH coliKeC KabbIpFaap/blH,
peTiMeH TYPFbI3bLIYbl COHFbI KAObIPFaHbIH €/19yip KbICKA OOJIBII HIBIFybIHA aJIbIN KeJe/i, 6yJ1
TYPFbI3yJIapAaFbl )KyHeJli KaTeJaiKTepAiH »KHWHAKTalybIHbIH aUKbIH KOPiHiCi 60J1bI1 TaOblIaAbI.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 77
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



H.0. Myawvdekos, AJK. Kysdeybaes, K.A. baticymos, YT. Kapvimcakos, [./]. KapaxcaHosa

Bysl MacesieHI Liemy YIUiH reOMeTPHUANBIK TYPFbI3yJapAarbl KyHesiK KaTesiKTepAiH
bIKIIAJIbIH a3alTyFa, IFHU ecejieMeyre OGarbITTa/IFAH >KaHAa aMasl YCbIHbLIaZbL. [leprneHauKyasap
OucceKTpUcaIapAbl HYKTeJep/ie KOJIIaHy KoHe JoFaIap/ibl XKOFaphl J2J1/iKIIeH TeH 6oJliKTepre
661y apKblIbl OyJ aMaJs TYpPFbI3bLIybl OAapbICBIHZA XYHeJiK KaTeJiKTep/iH ecesieHOeyiHe
Kenisigik 6epeni. bys aman Aypeic KenbOypbllITapMeH OaW/IaHBICTBI IPTYpJi ecenTepre
[10], onapablH xeTi, TOFbI3, OH 6ip HeMece OJjaH Ja Kell »KaKTapbl 6ap-»KOFbIHA KapaMacTaH
KOJIZIAHbLIY dJIeyeTiH KepceTeni.

KeH, MaFbIHaCbIH/Ia XKYHeJliK KaTeJliIKTepAi ecesieMey MaceJieci lieHOepAi TOFbI3 HeMece OH VLI
TeH, 6eJlikke 0eJly CUSKTbl 6acKa reOMeTPUSJIbIK ecelTepre Ae Tapasiabl. Mbicasibl, 1eHOep/i
TOFBI3 T€H O6JIiKTepiHe 66J1y Ke3iH e YChIHbUIFaH d/[iC FTeOMETPHUSJIBIK IPOrpeccys IPUHLMIITEPiHE
Heri3/eJ/IreH Ji0fa eJillieM/iepiH peTTey apKblIbl MiHCI3 A2/1AIKTI KaMTaMachkl3 eTefi. CoJl CUAKTBI,
1eHOep/i OH yiI 6eJtikke 66J1y KaObIpFaHbIH Y3bIH/BIFbIH OipHellle peT HaKThLIay/bl KAXKET eTTi,
HOTHKECiH/le TeOPUSIbIK MOH/lepAieH MUHHUMaJI/ibl aybITKY Mai/1a 60/1/bl.

MyHzau xKeTingipyaepaiH TEOPUSAJIBIK Heri3l reoMeTPUAJIBIK IPOrpeccus IPpUHLUITEPIHAE
»K9He cbI30a KypaJilapbl MeH TYPFbI3y 9/icTepAi A/ KoJaHyAa *,aTblp. Ocbl NPUHLMNITEPAI
KOJIIaHY apKplIbl MaTeMaTHUKaJIbIK >KoHe UHXKeHepJiK cajiajlapfa NpaKTHUKaJIbIK KOJJaHY
YIIiH )KeTKIJIKTi A9/11iK AeHTreliHe KoJl )keTKi3isneni. COHbIMeH KaTap, 6yJ aMaJi/ibl 60J1alIaKTa
OCbIH/aW XKaFJalapFa yKcac Macesiesiep/i elyre ceHiM/li Heri3 60J1a OThIPHII, 6acKa KypZeJi
reoMeTPHUSIJIbIK ecenTepre AeliH KeHEUTyre 60J1a/1bl.

3epTTey COHbIMEH KaTap 9J-PapabujiH MaTeMaTUKa/bIK TaXipubeciH xoHe [ayccThiH
JlypbIC KONOYPhIIITAPAbl TYPFbI3Y KOHIHET] )KYMBICbIH KOCa aJIFaH/ia, aJIbIHFbl 3epTTeyaep/i
ecKkepe OTBIPBIN, OChl JKETICTiIKTepJiH canjapblH 3epTTerai. Tapuxu 6inimMJi 3aMaHayu
TeXHWKaMeH YIITACTbIpa OTBIPbIN, OYJ 3epTTEey MaTeMaTHUKAJbIK TYPFbI3yJapAblH AdJAIri
MeH CceHiM/JijiriHe 6aca Hasap ayjapa OTbIpPbIIN, FeOMETPHUSAIBIK eCenTepAi IelyiH KeH,
caJlacblHa bIKNaJ etefi. KyHesi Tanzay »koHe NMPaKTUKaJbIK TeKCepy apKblJibl YCbIHbIJIFAH
aMaJl TeOMeTPUSJIBIK CbI30aJiaFbl Ja//iK CTaHJApPTTAapPblH KalTa aHbIKTal/bl, OCbI cajaa/aFbl
6oJ1allIaK, MHHOBALUsIJIapFa XKO0J1 alllafibl.

JdJicHamMa

Ocnbl 3epTTEyAe cUNIATTA/IFAH aMaJl LIUPKYJ/lb MEH CbI3FbIIITBHIH, KOMeriMeH reoMeTpUsJIbIK
TYpPFbI3yJlapAaFbl »KyHeJsi KaTesikTepZi eceseMeyre OafbiTTasfraH. Kypangap Ao/a4iKTi
KaMTaMachI3 eTy ylUIiH MYKUAT ipikTeJsimn, JadbIHAAMaAbl jKoHEe OaKblay HOTIKeJepiHiH,
©3repMeJIiJIiriH a3alTy yuliH 6apJiblK TYpPFbI3yJiap ChI3ylIbIMEH OaKblJIaHATBIH KaFAanaapa
OpBbIHJAJI B

TeopusnblK Herisre reoMeTpUsIJIbIK IPOrpeccusi MeH KaTeJsiKTepAi Tajajgay Kipefi. Opoip
JlypbIC KemoyphIll YLIiH OpTaJblK OypbIITap MeH OYHipJiK y3bIHABIKTap CHUAKTbI HETi3ri
napameTpJiep aHbIKTa/bI )koHe KaObIpFaHbIH, 6epiyiHeri 19JICi3[ikTep MeH CoOMKecCi3liKTep
CUAKTBI bIKTUMaAJI KaTeJiKTep Ke3/epi aHbIKTa/lAbl. [eOMeTpUAJIBbIK MOAebAey Ke3inae Aa/4IK
IeH KaTeJlikTepAi 6afasay 3aMaHayd 3epTTeysep/iH, MaHbI3/bl OaFbITTAPbIHBIH 6ipi 60JIbIN
caHanagbl [7]. Byn KaTesikTepZiH TapasyblH ecejeMey VIIiH TYPFbI3blIybl KaJaMJapblH
OHTal/JIaH/bIpyFa Heri3 60J1bI.
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TypFrI3bLIY 9AICIHIH AJAINH KaMTaMachl3 eTy YLIiH UTePaTUBTI NPOLEecC KOJIAAaHbLIAbI.
KenOypbIlIThIH, KaOblpFasapblH aHbIKTAy YIIiH LIeHOep TeH Jofajiapfa 6esiHai. bacTankpl
KabObIpFaJjiap aybITKyJapAbl ecejieMey YIIiH reoMeTpUSIJIbIK MPOrpeccusi 9icTepiH KoJijaHa
OTBIPBIIN, NePHIEeHJUKY/ISAp OUCCEKTpUCcalap MeH KaWTa/laHAaThIH JJoFa OMCCeKTPUCaTapbIHbIH,
KeMeriMeH TYPFbI3bII/bI XKoHe XeTAIpiaail.

Bys1 MHHOBaLUsJlap reOMeTPHUSJIBbIK Cbi30asaFbl OYPbIHHAH KeJle »KaTKaH MaceJsiesephi
mienrin KaHa KoWMal, COHbIMEH KaTap TeOpHsJIbIK >KoHE KOJIaHOa/bl reoMeTpUsiJaFrhbl
6oJ1allaK KeTiCTIKTepiH HeTi3iH KaJalabl.

HOTH)KeJIep K9HE TaJIKblJIdy

CbI36a KyMbICTApbIHZA >KYHeJsi KaTesJiKTepAiH ecesieHOeyi eckepisiMece AypbIC HITH-
ke wbIKnangbl. Kyileni katesikTephiH ecesieHyi JereHimiz - 6ip KaTesik GipHelie peT
KalTaslaHblll, HOTU)KeCiHJle 6acTanKbl KaTesik yJkeHdin ketefi. dy-PapabujiH maTeMaTu-
KaJblK TpakTaTblHAA [1, 126 6] aypwic xeTi (7) OypbILIThIH Kepi ecebiHiH, SFHU L1eHOepAi
TeHJel xeTire 6esy ecebiHiH cbi3bacel KenaTipiareH (cyp. 1). Onza: 6ipinmi (BF) ka6bipra
TYPFBI3bLJIFaH COH, OHbIH, OH *KaFblHa Tiz6ekTesin yu (FM, ML xane LK) kecinpai, an cos xafbiHa
eki (BH, H]) Typfbi3biirad. HoTuxkecinge courbl (JK) »keTiH1ui KabbipFa 69piHeH KbICKA O0JIbII
mbIKKaH. COHZIbIKTaH, XKyHeJii KaTeJliKTep ecejieHin KeTKeH. byJ KaTesiKTiH Tynki ce6ebi —
KyHeJsli KaTeJliKTep/iH KaJbIITaCybl, SFHU aJIFAILKbI KaTeJiK 6apJiblK KEHiHTi ecenTey/iep MeH
TYpPFbI3yJlapJa KauTaJsaHbll, HOTHXKere bIKNaJ eTexAi. MyHJaW KafrfanWjap reoMeTPHUSAJIBIK
TYPFbI3yJIapAa Ui Ke3Jece/i, acipece apbip Kajamja Ja/1/iK caKkTaaMaca.

J

K~

A F

1-cypert. llleHn6epAi TeH el xkeTire 661y Mbicasbl

Llley6epadi sicemize 6e.1y. [lypbic HOTHXKe asly YILUiH leHOepai xkeTire (7 6esikke) 6enyzne
YCBbIHBLJIATBIH aMaslZibl KapacTbhipaiblK: OipiHwi (BF) KaOGbIpFacblHbIH OpTacblHaH ©6TeTiH
nepneHUKy/Isp apKblibl (9=360:7) nofaceiH ekire 6eJieTiH (K) Tebeci Typrbi3bLiajbl (Cyp.
2 a, 9). Ocnl (K) HYKTeHIiH eki »aFblHa eTi 6ypbIlIThIH Kabbipranapsl (KL, K]) canbinbim, exi
»KaFblH/la KaJIFaH JloFaJiap ekire 6eJiiHeni (cyp. 2 6).
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By azic meH6ep/i xkeTire 6eJyiiH 9.1 9pi AypbIC HOTUXKeECIH 6epe/ii, ce6ebi apbip Kazam/ia
nepHneHJUKY/sp XoHe 0acKa reoMeTpUsJIbIK KaTblHACTapAbl NMaWAajaHy apKblibl KyHeJi
KaTeJIiIKTepAiH ecesieHyi 60/1bIpblIMai/ibl. Op6ip KabblpFa MeH OYPbIIUTHIH, AJJIJITT MYKAST
6akbliayza 60J1abl, HOTUKECiHZe 1eH0epiH 6eJiiHici AypbIc api OipKeJIKi IbIFaAbI.

Byan Toacingep JAypbic KembypblITapAbl TYpFbI3y Ke3iHJe KaTesiKTepJiH ecesieHyiH
60/1bIpMai/ibl xk9He 66Y/iH J9J1JJiTiH KAMTaMachI3 eTe/,.

lllbiHbIMEH [Jie, LIeHOepJi AypbiC KemoypbllITapFa 06Jy Ke3iHjAe KeNOyphllITapAblH,
KaObIpFaJlapblHbIH CaHbl KaHLIa 60JIFaHbIHA KApaMacTaH, 0J1apAbl N kaHe n+1 eTin 6esy TUIMA1
d/ic 6oJibiN TabbLIaAbL. Mbicasnbl, (7,9,11, 13,17, 19) kenbyphlliTap YilliH oJap/ibl haHe n+1
[7(3,4); 9(4,5); 11(5.6); 13(6,7); 17(8.9); 19(9.10)] eTin 6esin TypFbI3y TUIMAI aMasa eKeHiH
KepceTei. Bys Tacin fypbic KenOypblITap/bl TYpPFbI3y Ke3iHJe KaTesiKTepJiH ecesieHYiH
601 bIpMai/ibl xkoHe 661YAiH Aa//IrH KaMTaMachl3 eTei. COHZbIKTaH, lIeH0ep/liH LeHTPJIiK
OYpBIIIbIH, FEOMETPUSJBIK POrpeccusi 3aH/blIbIKTAapbIHA Call eTil XKeTKIIIKTI JaiiikneH
6esiekTeyre 6osabl [4].

i n b
K+
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2-cyper. lllen6epai ayproic xkeTi 66sikKe Ooye XKyHesi KaTesikTep ecesieMey aMaslbl

By cekinai TypFeidysnapabl [aycc Ta pactaiijibl, OHbIH, TeopeMachl OOMbIHIIA LIeHOepai
ZlypbIC n OypbILIKa 66J1y MYMKIHZIT Tek 6esriyi 6ip mwapTTapAbl OpblHAAFaH/Aa FaHa 60J1abl.
fFHu, AypbiCc KeNOYphIIITAP/bl LIUPKY/JIb MEH ChI3FbIII apKblibl TYPFbI3y VIIiH N-HiH MaHI
apHaiibl CcaH/JBIK KacheTTepre ve 06oJiybl THic. Bysl Teopemaza Obliail AeJiiHreH: AypbIC
KONOYPBIIThl I[UPKY/Jb MEH ChI3FbIIl apKbljibl TYpPFbI3y MYMKiH 00J/1a/ibl, €erep n-HiH MoHI
KeJieci TypJe »a3blica:

n=2p.p,...p_,

MYHJ@Fbl p, pP,.., p, — PepMHIH KapanaibIM caH/apbl, AFHU p, CaHJapbl TYPiHJe 60/1aThIH
KapanaibIM caHpaap, aa k - ©OyTiH caH. bys TeopeMa 6oiibiHIIA, AYpPbIC KONMOYPHIILITAPABI
TYPFbI3Y YIIiH N-HiH MaHIi 0Cbl KacueTTepre cai 60/1ybl Kepek. Erep n-HiH MaHi ockl dopMaza
6oJica, OHJIA IIeHOep/i AYpPhIC N-OyphIlIKa 6eJsyre 6osaabl (MyHAaFbl m=0 xaFaaibl n=2k-
Fa coiikec kenefi) [2]. Byn Teopema meHOepAi AypbiC KemnbypbelliTapFa 6esy MaceseciHe
apHaJIFaH XoHe TeOMeTPUAJIbIK TYPFbI3y TEOPUACBIH/A 6Te MaHbI3/bl. by TeopeMa apKblbl
6i3 AypbICc KeNOyphILITAP/bl TYPFbI3YAbIH MYMKIHZIr Tek G6erisi 6ip caH/bIK KacUeTTepAi
KaHaFaTTaH/blpaTbIH XKaFAaljapAa FaHa 60/1aTbIHbIH TyCiHeMi3. COHbIMEH KaTap, UHXKeHePJIiK
»K9He KOJ1JaHOaJibl TeOMeTpUs/ia AUCKPETTI AuddepeHMaNAbIK FeOMeTpUS 9iCTepPi AJIIK
TYPFbI3yJIapAbl XKeTiAAipy YiIiH KeHiHeH KoJ1JaHblaabl [8].

KyblK MoHAI AypbIC KeNOypbIIITApAbl, TeOMETPUAJBIK NPOrpeccus 3aH/blIbIFbIHA Cad
TYPFbI3y 9ici 30°-ThIH OYpbILITHI 66.11eKkTeyTE, 30° (% + Ziz + -+ Zi") =15+ 7,5+ 3,75

1
+ ... + 0,46875 +...) HerizgenreH. LlupKy/sb MeH ChI3FbIII apKbUIbl 6e/eKTeyaiH 30° 26
JleliHri OeJilieKTepAi TYpFbI3yFa 601a/1bl, a1 6acKa 6eslleKTepi TYpFbI3yFa MYMKIH/IIK 2KOK, [2].
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[llen6epai Torbizra Geuy. llleHbepai TofFbizFra (9 6GeJsiikke) GeJy YiliH, OHbIH, 5¢ (@ =
360°:9=40°) ynakeH 6eJiri (h=4¢, h+1=5¢) anbiHagbl. [lemek, 6y 5¢@=200° HaKThI eJilieMiHe
i 5¢'=200,15625°, : 210-300 (Lt 1 °. , 5A@=

)KYBIK MOHAI > AFHU (22 +—+ 26_200’15625 - MeMek P

5(¢'-¢) = 0,156250-ka TeH. Conpa A@5=0,031250=0001'52,5"-ke TeH, 6oJbIN HIbIFaAbL. by
KepceTKill weHb6epai 9 GeJiikke OGeJireH Ke3Jie, aJiblHFAaH MOHHIH, KETKIJIKTI J9/1 eKeHiH
6inpipeni. bysn KaTtesik eTe Killi, AFHU reOMeTPUSAJIBIK TYPFbI3yJlap MeH KeNOypbILITapAbl
aHbIKTay/la OyHbIH 9cepi auTap/bIKTal 60JIManbl.

[llen6epai oH yiuke 6eay. llleH6epai oH yuike (13 6esikke) 6enayiiH ecebi ToMeH/eTigen
YCBIHbLIA/IbI:

©=360:13=27,692308

79=193,846156° 7¢'=193,59625°

7A@=7(@- ¢') =0,252406°

A@7=0,036058°=0°02"10"

6(p=166,153848°

6¢p'=166,40625°

6A@=6(¢'- @) =0,252402°

A@6=0,042067°=0°02'31"

Byu ecenite: 7@>7 @', feMek 6@ <6¢'

Kanran OeJsikTepiHiH KyblK MoHZepi, erep 4A@=4(@- ¢') = 0,15625° 6osca, oHJa
A@4=0,03906°=0° 02'20"-ke TeH. [lemek, A@5 neH A@4 mamasac MaHAi OGOJFaH/bIKTAH,
KeNnOypblIll KabbIpFa/lapbIHbIH Y3bIHABIKTapblHA TYPFbI3bLIYbIHA dCep eTneui. by kargana:
5¢>5¢', nemexk 4@ <4¢' 601abI.

Backa »ybIK MaH/Ai ypbic kenoypeimTap Aa [17(9+8), 19(10+9), 21(11+10) »xaHe T.6.] ochbl
d/liCIIeH KeHi/1 TYPFbI3bLIa/AbI.

KopbITBIHABI

Bysl 3epTTey reoMeTpUsBbIK TYPFbI3yJapAarbl >KyWesi KaTeJiKTepAi ecesleMeyZiH
MHHOBALMAJIBIK aMaJsIblH YCbIHAaJbl, dcipece LUPKYJb >XoHE CbI3FbILINEH TYpPFbI3blJIAThIH
JlypbIC KONOYPHILITApP YIIiH 6episireH aMas eTe YThIM/bl 60JibIN TabbLIaAbl. [eOMeTPUSIBIK
Iporpeccusi XkoHe UTepPaTUBTI KaTeJiKTep/i Ty3eTy NPUHLUIITEPIH OipiKTipe OThIPbIN, 3epTTEY
KaTeJliKTepAiH TapajyblH THIM/i TYp/Z€e a3alTaAbl )KoHe KOJIMeH TYPFbI3y/ia »KOFaphl A3JAiKKe
KOJI KeTKi3eai. bys1 HoTuXKesiep reoMeTpUSHbIH, TEOPUSJIBIK, HeTi3/epiHe auTapJblKTau yJiec
KOCa/ibl, COHbIMEH Oipre apTypJii casajap/a NpaKTUKaJbIK KOJIJaHy/bl YCbIHA/bI.

Herisri »keTicTik 6oJibin LieHOep/epAi 6esy/ie oHe 3p TypJii KabblpFaysapbl 6ap AYpbIC
KenoyphILITapAbl caly/ia epeKlle JaJliKKe MyMKIiH/iK 6epeTiH AacTypJii oAicTepAi xKeTinaipy
YIIiH TeOMeTpUSJIbIK MPOTPECCUsIHbl KOJAaHy TabblLiaabl. JlaJsci3fikTepre akenyi MyMKiH
d/leTTeri Tacl1JepAeH alblpMalllblIbIFbI, OYJ1 3epTTey Herisri cbi36a KypaJilapblHbIH, KEMeriMeH
HaKTbl HOTHKeJlepre KOJI KeTKi3y yIIiH ceHiM/Ai Heri3 601kl TabbL1aAbl. 01 91-Papabu MeH
[ayccTblH ipresi eHO6eKTepiHe Heri3jesreH, oJlapAblH, IPUHLUIITEPIH TYPaKThl NPaKTUKAJIBIK,
MiHZeTTep/ i wWwelnyae KeHelTe Tyceai. OcblHAAM djjicTeMesliK Taciifep UHXKeHepPJK 6iliM
6epy casacblH/a JjJa MaTeMaTUKaJbIK OMJIayAbl JAMBITY[Aa MaHbI3/bl peJ aTKapazsl [9].
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MeTopA, coKpalieHHs CUCTeMAaTUYeCKUX OIIMGOK MPU NOCTPOEHUH NPABUJIbHBIX
MHOTOYT0JIbHUKOB

AHHOTanuA. B wuccieoBaHUM paccMaTpUBAeTCs MpoGseMa HEKPATHOCTH CHUCTEMaTHYeCKHX
OLIMOOK B TreOMeTPUYECKUX IOCTPOEHUAX MPaBUJIbHBIX MHOIOYTOJBbHUKOB. CHCTeMaTH4YecKue
OLIMGKH, BOSHUKAIOIIHNE U3-32 HETOYHOCTH YEPTEKHBIX HHCTPYMEHTOB, OTPAaHUYEeHUH, BO3HUKAIOLIUX
M3-3a HEONbITHOCTH I0JIb30BaTe el, U HAJIMUKS NOTPeIHOCTeN PU reOMeTPUYEeCKUX TOCTPOEHHUSX,
CYIeCTBEHHO BJIUSIIOT Ha TOYHOCTb T€OMETPUYECKUX 33/Jja4. JTO UCCIe0BaHUe IMpe/jlaraeT HOBBIN
MO/X0/J], KOTOPBIM BKJIIOYAET B ce6s1 MIPUHLIUIIBI FTeOMETPUYECKOH NPOrpeccr JIJisl YMeHbLIeHUs 3TUX
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OLIMOGOK W He YMHOXaTh MOBTOPSAIOILIHMECS CHCTEMaTHYeCKHEe OLIMOKH, MpejJsarasi ONTHMalbHOE
pellieHHe YKa3aHHOH MPOGJIEMBI JJIsl JOCTH)XKEHHUsI BBICOKOTOUYHBIX PE3Y/IbTATOB.

MeTo/o/10THs, TpeiJiaraeMasi B CTaThe, BK/IIOYAaeT aHa/IN3 CUCTEMAaTHYECKHX OLIMGO0K IPU MTOCTPOEHU U
NPaBUJIbHBIX MHOT'OYTOJIbHUKOB, ONITHMU3ALMIO 3TAllOB BO3BEJEHHUS U apTyMEHTHPOBAHHbBIN aHAJIU3 C
MIOMOIIbI0 PYYHOTO prUcoBaHUs. OCHOBHbIE HOBOBBE/IEHHS BKJIIOYAIOT pa3/ie/ieHre KPYroB Ha paBHbIe
4yacTH, obecreyeHHe TOYHOCTH IeOMEeTPUYECKHX MOCTPOEHUH. AHa/IU3, NMpeJCTaBJIEeHHbIH CXeMOH,
O TBEPXKAAET HAIEXKHOCTb METO/I0B, yMEHbIIIEHHE OTKJIOHEHUH OT TeOpeTUYECKHUX 3HAYEeHUH.

Pe3ysibTaThl MOKAa3bIBalOT NPHUOJIMIKEHHOE 3HAaYeHHWe MPaBUJIbHBIX MHOTOYTOJbHUKOB [7(3,4);
9(4,5); 13(6,7)]. 9ddekTUBHOCTL MpeAJaraeMoro MeToJila B reOMeTPHUYECKOM JIETKOM BO3BEJ[EHUU
BbIpaKaeTCsl MyTeM pelleHds 3ajad. JTH MEeTOJbl yHHUBEPCAJIbHbI W IepecMaTPUBAIOT JaBHHUE
npo6JyieMbl TEOMETPUYECKUX MOCTPOEHUH, a TaKXKe PacHIMpsAT yHAAMeHTaJlbHble paboThl TaKUX
MaTeMaTHUKOB, Kak ajib-Papabu u laycc.

KirioueBble c/10Ba: CUCTeMaTHYECKHE OLIHMGKH, J0CTaTOYHAsA TOYHOCTD, TPAaBUJIbHbIE MHOTOYT0JIb-
HUKH, TeOMeTpHUYECKHe IOCTPOEHHUS, KPYTH, FTeOMeTpHUYecKas MPorpeccysi, KOHCTPYKTHUBHBIE 3a/1a4H.

I.Muldekov?, A.Kuzdeubayev*?, K.Baigutov3, U.Karymsakov?, D.Karazhanova?
Taraz University, Taraz, Kazakhstan
2International Educational Corporation, Almaty, Kazakhstan
3Kazakh National Pedagogical University named after Abai, Almaty, Kazakhstan

Method of increasing systematic errors in constructing correct polygons

Abstract. The study examines the problem of non-multiplicity of systematic errors in geometric
constructions of regular polygons. Systematic errors resulting from the inaccuracy of drawing tools,
limitations arising from user inexperience, and the presence of errors in geometric constructions
significantly affect the accuracy of geometric tasks. This study suggests a new approach that includes the
principles of geometric progression to reduce these errors and avoid multiplying repetitive systematic
errors, offering an optimal solution to this problem to achieve highly accurate results.

The methodology proposed in the article includes an analysis of systematic errors in the construction
of regular polygons, optimization of the construction stages, and reasoned analysis using manual
drawing. The main innovations include dividing circles into equal parts, ensuring the accuracy of
geometric constructions. The analysis presented by the scheme confirms the reliability of the methods,
reducing deviations from theoretical values.

The results show an approximate value of the regular polygons [7(3,4); 9(4,5); 13(6,7)] The
effectiveness of the proposed method in geometric light construction is expressed by solving problems.
These methods are universal and redefine long-standing problems of geometric constructions, as well
as expand the fundamental work of mathematicians such as Al-Farabi and Gauss.

Keywords: systematic errors, sufficient accuracy, regular polygons, geometric constructions, circles,
geometric progression, constructive tasks.
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Studying the effect of the electrolyte-plasma modification on the
fatigue strength of the KamAZ-740 crankshaft after overhaul using
finite element modeling
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Abstract. During the crankshaft overhaul, a hardened material layer is removed
from the journal's surface. The resource and mechanical properties of such an engine
have been shown to be considerably reduced when compared to the new one. The
study proposes a method of electrolyte-plasma modification of the surface of the
repaired journals of the KamAZ-740 crankshaft made of chromium-molybdenum-
vanadium steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140) to restore and
improve fatigue strength. The crankshaft was destroyed after overhaul and had
a fatigue crack on the surface of the crankpin journal, which was examined. The
microstructure revealed the formation of a phase of high-carbon martensite on the
surface of the modified sample, as well as inclusions of carbides of alloying elements
(Cr, Mo, V), and cementite (Fe,C). Microhardness analysis of the samples using the
Vickers method showed an increase in surface hardness from 356..380 HV (initial
structure) to 592..624 HV (after modification). The behavior of the KamAZ-740
crankshaft when exposed to cyclic operating loads was modeled using the finite
element method in the ANSYS Mechanical analysis software. The analysis showed
that the greatest stresses of 91.673 MPa occur in the bearing fillets of the crankpin
journal, and the maximum values of deformation of the neck body reach 11.829
microns. It was found that the ground crankshaft, without surface hardening, has
a reduced number of operating cycles up to 163070, but after surface electrolyte-
plasma modification, it can operate for an unlimited number of cycles. The method
of electrolyte-plasma modification of the surface of the crankshaft journals makes
it possible to increase the safety margin by 18... 38%. The results of this study are
of practical importance for improving the quality of overhaul of steel crankshafts of
diesel and gasoline engines and extending their service life.

Keywords: Crankshaft, electrolyte-plasma modification, fatigue strength, over-
haul, engineering analysis.
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Introduction

Automotive vehicles with an internal combustion engine (ICE) hold a leading position in
the transport sector of the Republic of Kazakhstan. It is the most popular mode of transport
for freight and passenger transportation. The crankshaft is the main component of an internal
combustion engine that drives everything from cars to ships and generators. Its main function is
to convert the linear motion of pistons into rotational motion, which drives cars or mechanisms
[1]. During operation, the crankshaft is exposed to high alternating loads from the combined
action of gas pressure forces on the piston and inertia forces of reciprocating masses. As a
result, mechanical vibrations (torsional and bending) occur. In addition, vibrations that occur
during engine operation, as well as high temperatures, which are similarly variable, harm the
crankshaft. Engine oil, fuel pollution, and combustion products create a corrosive environment
in the engine, which degrades the surface quality and the integrity of the crankshaft [2]. All
these processes increase the wear of the crankshaft and create conditions for the formation
of fatigue cracks on the working surfaces. The manufacturer usually designs a new crankshaft
with a safety margin that ensures its uninterrupted operation until the first overhaul of the
internal combustion engine, if the conditions for proper operation are met.

The specified service life of the KAMAZ-740 engine before the overhaul of the main units
is: category I - at least 500,000 km, category II - at least 450,000 km, category III - at least
400,000 km, category IV - at least 350,000 km, category V - at least 300,000 km [3]. The cost
of the overhaul increases significantly if the crankshaft is replaced with a new one, especially
for large diesel engines. For this reason, the worn-out crankshaft is repaired by grinding the
crankpin and main journal to the repair size. During the grinding process, the surface hardened
layer of the material is removed, which reduces its strength properties and resistance to loads
[4]. After such repairs, the operating time of the crankshaft is significantly reduced. The study of
the causes of crankshaft failure, as well as the improvement of technology and quality of repair,
to restore and increase performance, is relevant these days.

The subject of the study is the mechanical properties of the crankshaft of the KamAZ-740
diesel engine. The design of the KamAZ-740 crankshaft is shown in Figure 1. The main elements
of the crankshaft are: main bearing journals 1, crankpin journals 2, bearing fillets 3, webs 4,
counterweights 5, flywheel flange 6, and pulley end 7.

Figure 1. Crankshaft of KamAZ-740
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N. Nikoli¢, N. Tadi¢, and J. Dori¢ [5] analyzed the failures of crankshafts and found that most of
them are formed in the main and crankpin journals, which operate under high variable torsion
and bending loads. These failures have a fatigued character. Aleksandar Vencl and Aleksandar
Rac [6] studying the tribological process during friction of crankshaft journals and bearing
liners during the operation of diesel engines, and found that the main and most significant types
of wear are abrasive, adhesive, and surface fatigue wear. In addition to loads, other factors affect
the resistance of a part to fatigue wear. D. Arola and S.L. Williams [7] in their study indicate
that the roughness and integrity of the surface formed during the mechanical processing of
the material significantly affect the process of fatigue failure. Dimensional details are also of
great importance. Large-sized crankshafts have low and variable stiffness and, as a result, high
susceptibility to bending deformations [8]. V.P. Lyalyakin & D.B. Slinko [9] have shown that the
main journals wear out more intensively than the crankpin journals. The authors also claim that
increasing the hardness of the journal surface improves wear resistance. Shuailun Zhu and others
[10] claim that abrasive wear of crankshaft journals occurs due to the ingress and accumulation
of polluting particles of fine debris and migration of carbonaceous elements from lubricants to
the contact surface between the journal and the bearing liner under the influence of friction and
elevated temperatures. These accumulated particles also cause uneven stress distribution on the
surface, increasing fatigue wear of the crankshaft neck. Park H., Ko Y, and Jung, S. [11] found that
the fatigue strength of the surface of the crankshaft journals can be increased by nitriding by more
than 60%. Yasutoshi Tominaga and others [12] investigated the effect of ultrasonic modification
by nanocrystals on the surface of the crankshaft necks on its operational properties. The results of
the study showed that the fatigue strength increased by 30%, the coefficient of friction decreased
by 24%, and wear decreased by 85% after modification. Boris Tarasenko and others [13] used
carbide powder and a soft base of copper-zinc alloy as a coating on the surface of the crankshaft
journals to increase the reliability and durability of power plants.

After analyzing the experience of previous researchers, it was found that research in this
area is not sufficient, because they have not fully identified and accurately determined the main
factors influencing the increase in fatigue strength. They also did not offer a comprehensive
technology that would simultaneously meet the requirements: the level of fatigue strength,
economic efficiency, and manufacturability of crankshaft hardening methods.

Electrolyte-plasma modification (EPM) opens up great opportunities for repairing and
improving crankshaft performance, offering a new approach to solving problems such as wear,
fatigue, and surface damage. This innovative technology uses a combination of electrochemical
and plasma processes to change the surface properties of metal components, including
crankshafts, and improve their performance, strength, and durability [14]. EPM can also cause
compressive residual stresses in the surface layers of the crankshaft, effectively slowing down
the initiation and spread of cracks and increasing the fatigue strength and resistance of the part
to mechanical damage [15]. EPM can effectively harden the surface of crankshafts, increasing
their resistance to wear and fatigue. If the crankshaft is exposed to a controlled plasma discharge
in an electrolytic solution, it is possible to modify the surface layers with alloying elements or
transform them into hardened phases, which increases the strength of the part and extends its
service life [16]. EPM can change the surface topography and chemical composition of these
critical areas, creating a protective layer that reduces friction, minimizes wear, and improves
lubricant retention. These factors increase the efficiency and reliability of the crankshaft [17].
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The methodology

Samples were cut and prepared (Fig.2) from the journals of the KamAZ-740 crankshaft made
of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140) to study the mechanical properties. It
is a type of alloy steel that has high strength, toughness, and excellent hardenability. This steel
belongs to the group of chromium-molybdenum-vanadium steels and is often used in areas
requiring high mechanical properties and resistance to wear and fatigue [18].

o l/”-\ s

Figure 2. Crankshaft sample made of 42CrMoVA Steel TU 14-1-5083-91 (analog AISI 4140)

Chemical composition of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140): (0,40 -
0,45)% C; (1,00-1,30)% Cr; (0,50 - 0,80)% Mn; (0,35 - 0,45)% Mo; (0,08 - 0,12)% V; (0,17 -
0,37)% Si; <0,3% Ni; (0,007 - 0,025)% S; <0,025% P; <0,3% Cu; Fe - Rest.

The mechanical properties of heat-treated (quenching and tempering) steel 42CrMoVA TU
14-1-5083-91 (analog AISI 4140) are shown in Table 1.

Table 1. The mechanical properties of steel 42CrMoVA TU 14-1-5083-91 (analog AISI 4140)

The mechanical properties
c c 8 y KCU HB c T

B T ot | e |

835 716 12 42 78,4 255-277 389 233

o, - Tensile strength, [MPa];

o, - Yield strength, [MIla];

6 - Relative elongation, [%];

Y - Relative narrowing, [%];

KCU - Impact strength, [ ] / cm?];

HB - Brinell hardness, [MPa];

o_, - Endurance limit for a symmetrical cycle of normal stresses, [MPa];
T_, - Endurance limit for a symmetrical tangential stress cycle, [MPa].

The surfaces of the samples have been modified by the electrolytic plasma method. The
surfaces of the samples were modified by the electrolytic plasma method. In the modification
process, the sample surface mounted on a bracket and placed in an electrolyte bath from a 10%
solution of soda ash (Na,CO,) was heated by electric discharges of the resulting plasma. In this

90 N21(150)/ 2025 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Studying the effect of the electrolyte-plasma modification on the fatigue strength of the KamAZ-740 crankshaft
after overhaul using finite element modeling

case, carbon is mass-transferred to the treated surface and cemented [19]. The electrolyte was
constantly circulated using a centrifugal pump to maintain an optimal temperature. The design
had a nozzle through which the electrolyte enters the surface of the workpiece, and an anode
plate made of stainless steel 12Cr18Ni10Ti GOST 5949-2018, connected to a positive potential.
The processed product was connected to a negative potential. The EPM process was performed
cyclically [20]. The first cycle (4 seconds) is heating the part's surface to the temperature of the
phase transformation of ferrite into austenite, equal to approximately 860°C. Next, a cooling
cycle took place for 4 seconds in the electrolyte stream and quenching. These cycles were
repeated 30 times. The total processing time was 4 minutes.

The microstructure of the samples before and after modification was examined using an
Olympus BX51 optical microscope, which allows detailed observation and analysis of changes
in the surface structure. The microhardness was measured on a DuraScan 20 hardness tester
using the Vickers method, which provides high accuracy.

Experimental research and mechanical tests were carried out at the “Smart Engineering”
laboratory and the “Mechanical Engineering” scientific and production complex of the NJSC “D.
Serikbayev East Kazakhstan Technical University”.

The hardening process and its effect on fatigue strength were modeled using the finite
element method in the ANSYS Mechanical automated engineering analysis software package.

Findings/Discussion

The investigated crankshaft of the KamAZ-740 engine had a developed fatigue crack (Fig.
3) extending from the surface deep into the material. The initial crack formation zone was
localized in the bearing fillet region of the second connecting journal, where maximum stress
concentrations were observed. The fatigue crack developed gradually, spreading from the stress
concentration zone to the main body of the shaft and further to the nearest web. The fracture
occurred after the crack length reached a critical value and the load-bearing capacity of the
structure was disrupted.

2th crankpin journal 2th crankpin journal

Figure 3. Fatigue crack of the KamAZ-740 crankshaft
a - the beginning of cracking; b - crack development
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During the study, the microstructure and microhardness of the crankshaft samples were
studied before processing (Fig.4a) and after the electrolyte-plasma modification (Fig.4b). It was
found that in the initial state, the microstructure of the material consisted of a finely dispersed
mixture of ferrite and carbides phases, as well as small sections of perlite. This is typical for
the structure of alloy steel subjected to quenching and high tempering. No martensite phases,
inclusions of CrN, FeN, VN nitrides, iron, and nitrogen compounds such as the g-phase (Fe2N3)
and y'-phase (Fe,N) characteristic after nitriding were found near the surface. This indicates that
when the crankshaft was ground to the repair size, the surface hardened layer was completely
removed. After treatment by the method of electrolyte-plasma modification, the formation of
high-carbon martensite from carbon-supersaturated austenite was observed in the structure
of the material [21]. Finely dispersed carbides of alloying elements (Cr, Mo, V) and cementite
(Fe,C) were also found.

Mlcrohardness“ 4 b)
/‘ measuren}ent p#‘m

Figure 4. Microstructure of 42CrMoVA Steel
a - initial sample; b - after EPM

Measurements of the microhardness of the surface of the samples showed an increase in
values after electrolyte-plasma modification from 356...380 HV (Fig.5a) to 592...624 HV (Fig.5b).
This has a positive effect on the strength characteristics of the material. As noted earlier, the
high hardness due to the fine structure of martensite contributes to a significant increase in the
fatigue strength of the material due to resistance to the development of microcracks [22]. Fine-
dispersed martensite ensures uniform distribution of internal stresses, which reduces local
load concentrations and increases the durability of the part.
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Microhardness
measurementprint

Figure 5. Measurements of surface microhardness: a - initial sample; b - after EPM

To simulate the behavior of the material under cyclic loading of the KamAZ-740 crankshaft
and identify areas prone to fatigue cracks, fatigue strength was calculated using the finite
element method by the ANSYS Mechanical automated engineering analysis software package
with the ANSYS Structural Fatigue module. This module allows you to evaluate fatigue life,
damage caused by fatigue load, safety factors, and variable stresses [23]. During the fatigue
analysis, the most severe modes of operation of the internal combustion engine were taken as
design modes. Figure 6 shows a graph of changes in the specific forces (in MPa) of inertia P’jand
gas pressure P’g depending on the angle ¢ of rotation of the crankshaft in the maximum torque
mode. The total value of the specific forces of gas pressure and inertia is their algebraic sum:

P =P +P, (D

Vo
MP v

***** ———g [ P/I /—¥®\

g0 80 270 360 450 540 630 ¢~

Figure 6. Graphs of the specific forces of the reciprocating internal combustion engine
P =P +P, by the angle of rotation of the crankshaft in the maximum torque mode
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In most cases, all of these loads do not cause critical elastic and plastic deformations of the
crankshaft material, and the resulting stresses are significantly lower than the yield strength.
Nevertheless, all these loads are alternating in nature and cause fatigue failure of the part. As
noted earlier, the fatigue strength of the material is affected by the following factors: the design
and dimensions of the part, the nature of the loads, surface roughness after machining, surface
hardening, and corrosion resistance. All these parameters are determined by the coefficient of
reduction of the endurance limit K [24, 25], which is taken into account when calculating fatigue
strength. In turn, ANSYS Mechanical uses the fatigue strength factor K, which has an inverse
relationship with K:

1
Kr =+ )

During operation, the crankshaft experiences the combined effect of tension compression,
bending, and cyclic torque loads. In the case of tension compression, or bending, K is determined

by the following formula:
K =(F= g 1)

Kag Krg Ky'Ka (3)

K during torsion:

K=(Kf+i—1)- : 4)
Kar Kpzr Ky'Ka

where K K_are the effective stress concentration coefficients (take into account the design
parameters and dimensions of the crankshaft): K - during tension compression, K , - during
bending, K_- during torsion;
K, K. are the surface roughness coefficients (roughness of crankshaft journals after grinding
Ra0,32 (Rz1,6)): K, - during tension compression, bending, K, - during torsion;

K are the coefficient of surface treatment;

K, are the anisotropy coefficient.

The anisotropy coefficientis K, =1, because the KamAZ-740 crankshaft workpiece is obtained
by forging and the material has a uniform structure in all directions.

The coefficient of surface treatment K is determined experimentally. For surface cementation,
K isintherange from 1.2 to 2.0, without surface treatment, K equal to 1. To determine the effect
of cementation by the electrolyte-plasma modification on the fatigue strength of the crankshaft,
the conditions were modeled at surface treatment coefficients K equal to 1.0, 1.2, 1.6 and 2.0.

The obtained values of the coefficients associated with K are shown in Table 2, the coefficients
K. in Table 3.

Table 2. Coefficients K

Coefficients K, K. K K, K, K. K, K K,
Value 1,574 {1,571 | 1,404 | 0,823 0,760 0,972 0,984 | 1.0..2.0 1
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Table 3. Coefficients Kf

Sample Value K,
Tension compression Bending Torsion
Initial 0,515 0,516 0,533
Modified K =1.2 0,618 0,619 0,640
Modified K =1.6 0,824 0,826 0,853
Modified K =2.0 1,030 1,032 1,066

At the first stage of the fatigue strength calculations in ANSYS Mechanical, the loading
parameters were set. Cyclic loads during crankshaft operation are asymmetrical. Figure 7a
shows the constant loading amplitude of the KamAZ-740 crankshaft. For forged parts made
of high-quality alloy steel, the most acceptable theory of medium stress correction is the
Soderbergh theory (Fig. 7b).

SN-None
Gerber ASME Elliptical

Endurance

0 Yield Ultimat:

Figure 7. Load parameters of the KamAZ-740 crankshaft
a - constant loading amplitude of the crankshaft; b - Soderberg curve

Figure 8a shows equivalent (according to Von Mises) stresses that occur in the crankshaft
when exposed to loads. Places of significant stress are marked in red: in the bearing fillets
around the crankshaft, near the main and crankpin journal. The maximum stress is 91.673 MPa
in the bearing fillet area. The complete deformations under loading are shown in Figure 8b.
The maximum deformation of the crankshaft occurs in the area of the center of the connecting
crankpin journal by 11.829 microns. The biaxial index is defined as the ratio of the lower main
strength to the higher main strength, while the main strength close to zero is ignored. A value of
0 indicates a uniaxial strength. A value of -1 means a pure shift and a value of 1 corresponds to a
purely biaxial state. Figure 8c shows a graph of the biaxial indication for the 42CrMoVA material
of the KamAZ-740 crankshaft.
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a)
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I 101897
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5.2414e+007
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—
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Figure 8. Stresses in the material of the KamAZ-740 crankshaft
a - Equivalent stresses according to Von Mises, b - complete deformations, c - biaxial stresses

Figure 9 shows the results of modeling the number of available cycles of the crankshaft, with
calculated variable loads. In Figures 9a (K =1 ) and 9b (K =1.2) it can be observed that there
are areas with reduced available cycles on the crankpin journal bearing fillets (min 163070
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and 445350 cycles, respectively). This fact indicates that in these places, upon reaching the
set values, a fatigue crack will form and the crankshaft will begin to collapse. At K =1.6 u 2.0
(Fig. 9¢), the entire area of the part satisfies the fatigue strength condition. This means that the
crankshaft can continue to operate indefinitely.

a)

1e6 Max
I 8,175e5
6,683e5

54633e5
B 4,4662e5
S 36511e5

2,9848e5

244e5

. 1,9947e5
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8,3547e5
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BN 6,9802e5
S 6,3802e5
58317e5
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4,4535e5 Min
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0,000 0,150 0,300 (m)
I I

0,075 0225

0,000 0,150 0,300 (m)
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I I
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Figure 9. The number of available cycles of the KamAZ-740 crankshaft before fatigue failure

a - with the K =1.0; b - with the K =1.2; ¢ - with the K =1.6 u 2.0;
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It is also important to determine the fatigue strength safety factor of the KamAZ-740

crankshaft material during fatigue calculation. The minimum safety factor (Fig.10 a,b) of fatigue
strength is observed at the bearing fillets and reaches values less than one, which indicates
insufficient fatigue strength of the part under specified operating conditions. The value of the
safety factor greater than 1 (Fig.10 c,d) indicates the available margin of fatigue strength, which
makes it possible to compensate for inaccuracies in the manufacture and processing of the
crankshaft, specified operating conditions, and other factors.

078759 F
=

b)
.-

. 0,87421 Min
0

0,000 0,150 0.300 (m!
I

0,000 - 0,150 - 0,300 (m)
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d)
mo™
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I

0,000 0,150 0,300 (m)

Figure 10. Fatigue strength safety factors
a - with the szl'O; b - with the KV:1.2; ¢ - with the KV:1.6; d - with the KV:Z.O;

After analyzing the results calculations for fatigue strength using the finite element method by
the ANSYS Mechanical, a fatigue sensitivity diagram was constructed (Fig. 11). In this diagram,
you can observe differences in the values of the number of available cycles of loading the
KamAZ-740 crankshaft. At K =1 (surface without treatment), correct operation of the crankshaft
is ensured at a load not exceeding 72% of the maximum, at K =1.2 the load should not exceed
87% of the maximum. With coefficients K =1.6 and 2.0, its correct operation is guaranteed at
maximum calculated fatigue loads and has a margin of 18% and 38%, respectively.

10 B2
T T T T T I ——kva10

Available Life (cycles)

Loading History
Figure 11. Fatigue sensitivity diagram
Conclusion

The effect of electrolyte-plasma modification on the fatigue properties of the KamAZ-740
crankshaft made of high-quality chromium-molybdenum-vanadium steel 42CrMoVA TU 14-1-
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5083-91 (analog AISI4140) wasinvestigated. Samples were made and modified for experimental
work. Changesin the microstructure of the samples after EPM were recorded. The results showed
the presence of a quenching structure of high-carbon martensite on the surface of the modified
samples, as well as inclusions of carbides of alloying elements (Cr, Mo, V) and cementite (Fe3C).
The microhardness study showed a 64% increase in HV values after treatment. The simulation
of cyclic loading by the finite element method in the ANSYS Mechanical system showed that the
strength characteristics of the KamAZ-740 crankshaft without surface heat treatment do not
meet the specified requirements and ensure correct operation only at loads not exceeding 72%
of the maximum. The method of electrolyte-plasma modification of the surface of the crankshaft
journals allows for a margin of safety in the range of 18% and 38%. The study showed that
the electrolyte-plasma modification has a positive effect on the service life of the KamAZ-740
crankshaft after overhaul, significantly increasing its durability and reliability.
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WU.A.T'puaynos, K.K. Komo6aes, E.E. Ta6ueBa, A.C. Kuzatosn
. Cepikb6aes amvindarsi Llbirbic Ka3akcmaH mexHUKA/IbIK yHUBepcUumemi»
Kommepyusiivlk emec akyuoHepaik Koramol, OckemeH, KazakcmaH

Kypaeni xxeHnaeyaeH keiiin KamA3-740 ningi 6ij1iriniy, mapmay 6epikTtirine COHFbI
3JIeMeHTTepAi Moje ibJeyAi KOJIAAHA OThIPbII, 3JIeKTPOJIUT-IJIa3Ma/IbIK, MOAH PUKALUAHBIH,
acepiH 3epTTey

Angarna. HWinai OimikTi Kypaeni keHJley Ke3iHJe MOUBIHHBIH 6OeTiHEH MaTepHasiJiblH,
KaTaWTbUIFAaH KAbaThl aJbIHbIN TacTaJaAbl. MyH/lall KO3FaJTKBIUIThIH pPecypcbl MeH MeXaHU-KaJblK
KacueTTepi »KaHAaCbIMEH CaJbICTBIPFaHJa aWTapJbIKTal TeMeHAeWi. 3epTTey wapuay 6epikTirin
KaJIbIHA KeJITIpy >KoHe >kakKcapTy MakcaTbiHAa 42XM®A TY14-1-5083-91 (AISI 4140 anasorbl)
XpOM/JbIMONUGAEH iBaHa AU 6oJlaTblHAH KacaaFraH KaMA3-740 uinai 6iniriHiy KeHJenreH MOUbIH
0eTiH 3JIEeKTPOJIUTTIK-TJIa3MaJbIK, MoaudUKanusaaay 9AaiciH ycbiHanAbl. Kypaeni xeHpaeyaeH KeliH
oysbuiFaH Kamas-740 gusesbli KO3FaJTKbIIIbIHBIH MOWBIH OeTiHJZe IlIapllay >apblKliacbkl 6ap
viHAi 6iniri 3eprTeni. MUKpOKYpPBIIbIM/bI 3epPTTEY OHAENTeH YIriHiH 6eTiHJe KoFapbl KOMipTEKTi
MapTeHCUT $pa3acbIHbIH TY31/yiH, COHAAN-aK JIerupJaeyiii ajeMeHTTep KapouarepidiH (Cr, Mo, V) xoHe
LIEMEHTHUTTIH, (Fe3C) KOCBIH/bLJIAPBIH aHbIKTaAbl. BUKKepC afjiciMeH yJrisiepZiH, MUKPOKATThIJIBIFbIH
Tajajay O6eTiHiH KaTTbLIbIFbIHBIH 356..380 HV (6acTankbl KypblibiM) MaHAepiHeH 592 ... 624
HV (MogudukauusjaH KeiliH) feitiH »KofapbuiaraHblH kepceTTi. ANSYS Mechanical 6armapJsiamMasbik
KelleHiHgeri CoHFbl 3jieMeHTTep oficimeH KamA3-740 winai GisiriHiH >KYMBICTBIK ITUKJAIK
KYKTeMeJiepre yulblparaH Ke3Jeri apekeTi MojenbfeHfi. Tanjgay kepceTKeHJeH, eH, »OFaphl
KepHeyJiep 91,673 MIla 6ailsiaHbICTBIPYLIBI 63€K I'a/ITe/bJepiHje naiija 60/1a/bl, a1 MONUBIH JeHeCiHiH
JebopMalMsAChIHBIH, MaKcUMasiabl MaHi 11,829 mkM-re xeTtefi. TericrenreH wiHai 6isiK, KeHiHHeH
6eTTiK KaTalTychI3, KYMbIC IUKAAEepiHiH caHbl 163070-ke aeiliH TeMeHAereHi aHbIKTaaAZbl, Gipak
GeTTiK 3JEeKTPOJUTTIK-IIa3MaIbIK MOAMUKALUAAH KeHliH IeKci3 IUKAgap GOUbI KYMbIC icTel
amagbl. UiHai GiyMiKTiH MOUWBIH 6eTiH 3/IEKTPOJIMTTIK-IJIa3MasblK MoAWPUKAIUAIAy d/ici OHBIH
Kayimncisgik meriH 18..38%-Fa apTThipyFa MYMKiHZ ik 6epeni. Ocbl 3epTTeyAiH HaTHXe/lepi JU3esbi
»KOHe 6eH3UH/Ii KO3FaJTKbIIUITAp/bIH 60JaT UiHAi 6isikTepiH KypAei »keH/iey canacblH apTThIPY XKIHe
oJIap/iblH KbI3MET €Ty MeP3iMiH YIFAUTY YIliH MPaKTHKAJ/IbIK MaHbI3bI 6ap.

Ty#iH ce3aep: viHAi 611K, 3JIeKTPOJUTTIK NJIa3MalblK MogudUKaLUs, lapiuay 6epikTiri, kypaeni
)KOH/ey, MHXKeHepJIiK Taaay.
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U.A.Tpugynos, K.K. Kom6aes, E.E. Tauesa, A.C. KuzaTtoB
Hekommepueckoe AkyuoHepHoe Obujecmeo BocmouHo-KazaxcmaHckull TexHuueckutl YHugepcumem um.
/. Cepukbaesa, Ycmb-KameHozopck, KazaxcmaH

HcciegoBaHue BJIMAHUA 3JIEKTPOJUTHO-IIJIA3MEeHHOM MOAUPUKALUY HA YCTAJIOCTHYIO
NPOYHOCTb KOJIeHYaTOoro Bajia KamA3-740 nocjie KanMTaJbHOTO peMOHTA
C IpMMEeHeHHEeM MOJAe/IMPOBAHUSA METOA0M KOHEYHbIX 3/IEMEeHTOB

AHHoOTanud. [lpy KanuTaJlbHOM pPeMOHTE KOJIEHYATOro Bajia, C MOBEPXHOCTU IlIeeK CHUMAeTCd
yIOpOYHEHHBIN C10W MaTepuasa. Pecypc u MexaHUYeCcKHe CBOMCTBA TAaKOTO JBUTraTesisl 3HAUUTEJNbHO
CHIDKEHbl 10 CpaBHEHMUI0O C HOBBIM. B wuccienoBaHMM mpejJiaraeTc MeTOJ 3JIEKTPOJIMTHO-
nJla3aMeHHOU Mo pUKaAIIMK TOBEPXHOCTH OTPEMOHTUPOBAHHBIX llleeK KosieH4aToro Basia KamA3-740,
W3TOTOBJIEHHOTO W3 XPOMOMOJIMGeHOBOBaHaAueBoU ctanmu 42XMOA TY 14-1-5083-91 (anasor
AISI 4140), c uenblo BOCCTAaHOBJIEHHUS] M YAY4YlLIeHHs] YCTAJOCTHOU NMPOYHOCTU. BbL1 uccaenoBay,
paspylleHHbIN NOC/A€e KalUuTaJbHOTO PEMOHTA KOJIEHYAThIA BaJs Ju3eabHOro asuratess KamA3-740,
MMEWIUNA Ha TOBEPXHOCTUM LIATYHHOU UIEMKW YyCTajJoCTHyl TpeliuHy. [Ipu wucciaefoBaHuu
MHUKPOCTPYKTYpPbl ObLIO BbISIBJIEHO 0O6pa3oBaHHe ¢Gasbl BBICOKOYTJIEPOAMCTOrO MapTEHCHTA Ha
NOBEPXHOCTU 00paboTaHHOTO 00pa3lia, a TaKXe BKJIUYEHUN KapOWUA0B JIETHPYIOIUX 3J€MEHTOB
(Cr, Mo, V) u nementuta (Fe,C). AHau3 MUKPOTBEPAOCTH 06pasLoB Mo MeToAy BUKKepca mokasai
yBeJIMUeHNe TBepP0CTU MIOBEPXHOCTH co 3HayeHUM 356...380 HV (ucxopHas ctpykTypa) 10 592...624 HV
(mocne mogudukanuu). MeTo10M KOHEYHBIX 3JIEMEHTOB B IporpaMMHoM KoMiiekce ANSYS Mechanical
ObLJIO CMO/IE/IMPOBAHO MOBeleHHe KoJleHYaToro Basa KamA3-740 npu Bo3ieiCTBUHM Ha HEro pabouux
[MKJMYEeCKUX HAarpy3oK. AHa/IU3 MOKasaJl, YTO HauboJbliue HanpsikeHUs 91,673 Mlla BO3HUKAIOT B
rajTejisx IaTyHHOU LIefKY, a MaKCUMaJlbHble 3HaYeHHUs lebopMal UK Tea lelku gocturatot 11,829
MKM. Bb1J10 yCTaHOBJIEHO, YTO OTIL/IM$OBAHHbBIN KOJIeHYaThIN BaJl, 6€3 oC/Ie Y01 ero NI0OBEPXHOCTHOTO
yIOpOYHEHUS, UMeeT CHU>KEHHOE KOJIMYeCTBO I[UKJI0B paboThl Ao 163070, HO moc/ie MOBEPXHOCTHOHN
3JIEKTPOJIMTHO-IJIa3MEHHOU MoAuUKaLMel MOXKET paboTaTb HEOIPAaHUUEHHOW KOJIMYECTBO LIUKJIOB.
MeTos 3/1€KTPOJUTHO-IJIa3MEHHOr0 MOAWQPUIIMPOBAaHUS MMOBEPXHOCTU IleeK KOJeHYaTOro BaJa
NO3BOJISIET YBEJUYUTh 3amac npoyHocTyd Ha 18...38%. Pe3ynbTaThl JAaHHOTO UCCAE€A0BAaHUS UMEKOT
NPaKTUYECKYI0 3HAUUMOCTb /IJ1sI NOBBILIEHHS KaueCTBa KalIUTaJIbHOT'0 PEMOHTA CTA/IbHBIX KOJIEHYaThIX
BaJIOB /IM3€JIbHBIX 1 6EH3WHOBBIX JIBUTATeJed U YBeJUUYEHUS UX CPOKA IKCILJIyaTaLU K.

KiwueBsie cnoBa: KoseHuaThlil BaJl, 3/IeKTPOJIMTHO-IIJIa3MeHHass MoAudUKallys, yCTaJl0CTHas
NPOYHOCTB, KAIMTAJbHbII PEMOHT, UHXK€HEPHBIM aHaJIN3.
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HUcTopuyeckmii aHa/IU3 apXUTEKTYPHOTro GopMHUPOBaHMUA BbICIIUX
y4eOHbIX 3aBeAeHUN

A.C. Byta6ekoBa' , IIL.T. AGabIKapuMOBa

Kazaxckull aepomexHuyeckutl ucciedosamenvckull ynusepcumem umeru C. Celighya1uHa,
Acmana, Kazaxcman
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AnHoTanmsa. CTaTbsl NOCBAILEHA UCTOPUYECKOMY aHAJNU3y apXUTEKTYPHI
3/JaHUM BBICLINX Y4eOHbIX 3aBeJ€HUN OT PaHHUX aHTHUYHBIX NPOTOTHUIIOB J10
COBpPEMEHHBIX BBICIIMX IIKOJI. B X0/ie uccienoBaHusl U3y4alOTCs apXUTEKTYP-
Hble pelleHHs, OKa3aBIlNe 3HaYMTeJNbHOe BJAUSHUE HAa pOpMHUpPOBaHUE apXU-
TEKTYpbl yUeOHbBIX 3aBe/leHUI B pa3HbIX CTpaHax MUpPa U B pa3Hble NEePUO/BbI.
Taxke nopdyepkuBaeTcs BJIMSAHHWE KYJBTYPHBIX, 3KOHOMUYECKUX U TOJIMUTHU-
yecKUX GaKTOpPOB Ha NMPOEKTHUpPOBaHKE By30B. B uccienoBaHuM BbIJeNAOTCA
KJIIOUEeBbIe 3Tallbl PA3BUTHS apXUTEKTYPhl YYeOHbIX 3aBeJleHUN — OT paHHUX
MOHACTBIPCKHUX IIKOJI U YHUBEPCUTETOB 3110XU Bo3poxkjeHus 0 MacluTabHOT O
ctpouTesbcTBa B XIX u XX Bekax, JeMOHCTPUPYS, KaK MEHSJIUChb NOAXOAbI K
NPOEKTUPOBAHUIO B 3aBUCMMOCTH OT MU3MEHEHUH B 06pa3oBaTeJibHOW CUCTe-
Me, QYHKLIMOHA/IbHbIX U 3CTEeTUYeCKUX NPeAI0YTEHUH.

Ocoboe BHUMaHUE yJiesseTcsl TpaHCPOpMalUK y4eOHBIX MPOCTPAHCTB,
CBSI3aHHOM C 3BOJIIOLMEN 06pa30BaTebHbIX METOAUK, a TaK)Ke B3aUMOCBS3U
apXUTEKTypbl y4eOHBIX 3aBeleHUN C OOIMMU TeHJEeHLUSMU B IpaloCTPOU-
TeJIbCTBE U CTHUJIEBBIMU OCOOEHHOCTAMHU Pa3HbIX MCTOPUYECKUX MEPUO/OB.
UccnenoBaHue nofguepKrUBaeT, KaK apXUTeKTypa y4eOHbIX 3aBeJleHUH CIl0Cco06-
CTBYET CO3/IaHUI0 ONITUMAJIbHOU Cpeibl [Jis1 UHTEJLJIEKTYaJIbHOTO pocTa U Gpop-
MUPOBAHHS CIJIOUEHHOTO CTY/IeHYECKOT0 COOOIECTBA, a TAKXKe KaK OHa OTpa-
»KaeT IJyOMHHbIe MPOLeCChl UCTOPUUYECKOTO PAa3BUTHS, KYJIbTYpPHBIE IEeHHOCTHU
¥ 06pa3oBaTesibHble H/ieaslbl pa3JIMYHbIX 310X.

KiioueBble cj10Ba: apxMTeKTypa, IPOEKTUPOBAaHUE, BhICLIME yieOHble 3a-
BeJleHUs], apXUTEKTYPHO-IJIAHUPOBOYHbIE pellleHUs, QPYHKLHUOHA/IbHbIE Xa-
PaKTEpPUCTUKH, PaKTOPbl, aPXUTEKTYPHAs] KOMIIO3UILHUS.
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BBeaeHue

ApxUTeKTypa BbICIIUX y4eOHbIX 3aBeJleHUH fBJISIETCS He TOJIbKO MaTepHuaJbHbIM BOILJIO-
IleHWEeM aKaJleMU4YeCKOU cpesibl, a TJIYOOKO HUHTErPUPYETCS B COLMATBHO-KYJbTYPHYIO
chepy 061eCTBa, OTPAXKAIOIILYI0 UCTOPUUECKHE TPeoObpa30BaHuUs, HAalJUOHAIbHbIE [[EHHOCTH,
M/JI€0JIOTUIO U YCTOSIBLIMECS 06pa3oBaTesibHble TPagULMU. CBSI3b apXUTEKTYPHOTO MPOEKTH-
pOBaHUS BBICIIUX y4eOHbIX 3aBeJeHU I C TAKUMU OO LIMPHBIMU [TPOLIeCCaMU, KaK NOJIMTHYeCcKast
Y 9KOHOMHUYEeCKasi CUTyallUsl CTPaHbl U pa3BUTHe 06pa30BaHUA B 1[eJIOM, 04YEBH/IHA, HO BCE JKe
HYX/1aeTCs B IeTaJIbHOM U3yueHHUU. MccieloBaHMe HCTOPUYECKOM 9BOJIIOLMU 3/laHUH BbICLIEN
IIKOJIbI BbISIBJISIET 3aKOHOMEPHOCTHU B TpaHCPOpMaIMsX 06pa30BaTebHbIX HOPM, OTPAXKEHHE
BpEMEHHbIX MepUoJ0B Ha (GOpMHUpPOBaHHE Y4eOHOM cpefbl, U3MEHEHUs IJIAHUPOBKU U
NPUHIMIIOB yIpaBJieHUus y4e6HbIM npoueccoM. PopMupoBaHue UHPPACTPYKTYPbl BbICIIUX
y4yeOHbIX 3aBeJleHUI 00yC/I0BJIEHO Pa3BUTHEM HAyYHO-KY/JIbTYPHOTO NMOTEHIMaa 0611eCTBa,
a TakXxe MpeTeprieBaeT TpaHCHOpMaALUHU MOJ BJIUSHUEM MEHSIOLIEroCs MOHWMAHUS POJIH
obpa3oBaHHUs B obLiecTBe. B pa3Hble 3M0XM TakWe y4ypexJeHHUs He OTPaHUYMBAJIMCh JIMLIb
npodeccUoOHaNbHOW MOATOTOBKOM CHEMaJIMCTOB, OHU BBICTYyNAJHU KaK LEHTPbl HAyYHOIO
3HaHUSA, aKTUBHOH MOJIUTUYECKOU AeATeJbHOCTH U MHHOBALMOHHBIX KYJIbTYPHBIX IPOLECCOB.
Pa3zHooOpasue apxXUTEKTYPHbIX KOHIENIUA BbICIIMX Y4YeOHBbIX 3aBeJleHUH HaNpsMylo
KOppeJupyeT C HUJle0JIOTUYeCKUMU H3MEHEHUSIMH, HAay4YHO-TEXHUYECKHM IpOrpeccoM H
aKTyaJIbHbIMU TPe6OBAaHUSIMU OpTaHU3aLMU 00pa30BaTeJbHOU AesATeabHOCTH. C MOMeHTa
NOSIBJIEHUS] NEepPBbIX y4eOHbIX 3aBeJeHUH 30/4Me CTPEMHUJIUCh BOIJIOTUTb B HUX 3JAHUAX
ApXUTEKTYypHble pelleHUs], CTUMYJUPYIOIIUe HWHTe/JIeKTyaJlbHOe pa3BUTHE U Hay4yHble
uccaefoBaHusl. B panHue Beka u CpeJjHeBeKOBbe 06pa3oBaTesibHasA CHUCTEMa 6a3upoBasach
pPEeUMYILeCTBEHHO B MOHACTBIPSX HJIM PACIHOJIOXKEHHBIX B TOpoJie HEOOJIbLIMX 3/aHUSIX.
ApxUTeKTypa TOTO BpeMeHHU OTJIMYajachb CTPOrod GYyHKIMOHAJbHOCTbIO U aCKETUYHOCTBIO
- OCHOBHOWU 3ajjauell 6b1JI0 CO3aHUE YCJIOBUH JJisi 06y4yeHust. TeM He MeHee, C MPOrpeccom
HayKH, TOpPOJCKMM pacliMpeHHeM W YBeJUYEHUEeM KOJMYeCTBA CTYAEHTOB BO3HHUKJIA
NOTPeOHOCTh B BO3BEJEHHUU MaCUITAOHBIX, CIElHAJU3UPOBAHHBIX COOpPYKEHUH. B amoxy
PeHeccanca u HoBoro BpeMeHU y4eOHble 3aBejleHUS TPaHCHOPMHUPOBAIMCH B KJIOUYEBbIE
KYJIbTYPHO-UAE0J0TUYECKHE IIEHTPbl, YTO OTPA3UJIOCh HA UX apXUTEKTYPHBIX pelIeHUsIX B
CTOPOHY BeJIMYeCTBEHHbIX, KOMIO3UIIMOHHO CJOXHbIX pOpMax C IMy60KON ceMaHTU4eCKOU
HaIMoOJIHEHHOCTHIO.

ApxXUTeKTypa BbICIINX YYeOHBIX YUYPEKJEHUH BbICTYIAeT MOLUIHBIM HHUKATOPOM HCTOPHU-
YeCKHUX Mpeo6pa30oBaHUM, JEeMOHCTPUPYIOIIMM He TOJIbKO 3BOJIIOLUI0 CTPOUTESbHOTO
MacCTepCTBa, HO U KJII0YEeBble COLMANIbHO-KY/AbTypHble cABUTrU. B nmepuos c XIX no XX Beka
apXUTEKTYypa y4eOHbIX 3aBe/IeHUH Kap/JMHAJIbHO MEHSIeTCs MO/, BJUIHUEM UHAYCTPHUATHU3AIUH,
ypbaHU3aUK U Io6aau3anyu. B 3To BpeMs HaOJI0faeTCs PEBOJIIOLMUS B CTPOUTEJbHON
o6JsiacTU: BHeJpeHHe HOBbIX MAaTEPHaJIOB U MHHOBALIMOHHBIX TeXHOJIOTHHA. OcoOy poJib
CbITpaJl POCT MacCOBOTO 0Opa3oBaHUA - MNOTPEOHOCTb B MacCUITAOMPOBAaHUM Y4YeOHbBIX
IPOCTPAHCTB AUKTOBAJIa HEOOXOJUMOCTh IIEPECMOTPA MOAX0J0B K IPOEKTUPOBAHHUIO 3/JaHUM
BbICLIEN WIKOJIbl. BO3HMKaeT HOBBIA 3Tall: aKTUBHO Pa3BUBAIOTCSA KaMIyCbl U MOJYJIbHbIE
CUCTEMbl CTPOUTEJbCTBA OOBEKTOB 00PA30BaTE/JbHOIO0 Ha3HAYeHWs. JTO MO3BOJIUJIO He
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TOJIbKO 06€eCleYuTh BMECTUTENbHOCTD JIJIsl PACTYLIEro Yucjaa CTyleHTOB U NpenojaBaTesel,
HO U CO3/aTh ONTHUMAaJIbHYIO CpeAy C y4eToM (QYHKLMOHAJBbHOCTH M KoMdopTa yue6HOro
npoiecca.

TexHos0rMYeckuii nporpecc B 061acTU MHGOPMALMOHHBIX TEXHOJIOTUH BeJleT K COLHaIbHON
MOOUJIbHOCTH M, COOTBETCTBEHHO, K aKTUBHOMY HCII0JIb30BaHUIO AMCTAaHIIMOHHOTO popmMaTa
o6ydyeHuUst. DTU HM3MeHEHUs] NPHUBOJAAT K HEOOXOAUMOCTH CUCTEMHBIX Npeobpa3oBaHUU B
apXUTEKTYPHOM MPOEKTHPOBAHUHM BBICIIMX y4eOHbIX 3aBeZleHUH U GOPMUPOBAHUM HOBBIX
M0/IX0/10B, OTBEYaIIUX COBPEMEHHBIM TPe60OBaHMUAM M NPUHIMIIAM YCTOMYUBOI'O Pa3BUTHSI.
J1s co3/jaHus aKTyaJbHbIX apXUTEKTYPHbIX KOHILENLUKA COBPEMEHHOMN BBICLIEN ILIKOJIbI
Heo6X0MMO I/Iy60KOe MOHMMaHUe UCTOPUYECKUX NMPeANOChLIOK GOPMUPOBAHUSA yUeOHBIX
3aBesieHUH. Llesib cTaThbU MO3BOJINMIIA ONPEZEJUTh OCHOBHBIE 33/1a4M UCCJIe,0BaAHUS:

— OTpe/ie/IUTh BJMSHUE COLIMAIbHBIX U KYJBTYPHBIX GaKTOPOB Ha pa3BUTHUE BY30B;

- BbIIBUTb OCHOBHbI€ TUII0JIOTUYECKHEe cXxeMbl pOpPMHUPOBaHUS BY30B;

- cdopMynIMpoBaTh OCHOBHbIE MPUHLUIIBI APXUTEKTYPHOro GOPMUPOBaAHUS By30B.

[IpeacTaB/ieHHass Hay4yHasl CTaThsl SBJSETCA YacCTbI JUCCEPTALlMOHHOTO HCCJIeL0BaHUSA
aBTopa «MHTerpanus UCTOPUYECKUX U BPEMEHHbBIX KOHLENIUH B apXUTEKTYPHOM MPOEKTH-
POBaHUM BbICLIMX YYeOHbIX 3aBeJleHUI».

0630p JiuTEepaTyphI

M3ydeHHe 3BOJIIOLIMU apXUTEKTYpPbl BbICIIMX y4eOHbIX 3aBeJleHUI Ha NMPOTSHKEHHUU Bpe-
MeHU OXBaTbIBaeT ThICAYeJIeTUS OT aHTUYHOCTU A0 Hawmux AHeil. Ocoboe MecTo cpenu
uccaeJoBaHUM NepBbIX By30B 3aHMMaeT paboTa D. Fideler «Platonic Academies», B koTopoii
paccMaTpUBaeTcs], KaK apxXUTeKTypa 00pa3oBaTeJIbHbIX YUpexJeHUN 31noxu BospoxaeHus
dopMupoBanach noj BAussHUEM PUI0COPCKUX UJEeH, OTpakass B CBOEM NMPOCTPAHCTBEHHOM
pellleHUH U BHeIIHeM 00JIMKe CyTh 00pa30BaTe/IbHbIX IPUHIUIIOB.

BaXHbIM BKJIaIOM B IOHMMaHUEe apPXUTEKTYPHOM MCTOPUM OOpa30BaHUSA SIBJSAETCSA
pabora M.K. KynpsaBueBa «byaauiickuii ynuBepcutetr B Hanange (V-VII BB.)», rae aBTOp
COCpeloTa4MBaeTCsl HA YHUKAJIbHbIX apXUTEKTYPHbIX 0COOEHHOCTSX JAPEBHEr0 MHAUKUCKOIO
YHUBEPCUTETA U €r0 3HAYMMOCTU B KOHTEKCTE IJ1I00aJIbHOM UCTOPHUU 0Opa3oBaHus.

Jnda u3y4yeHUsA apxXUTEKTYypbl By30B XX BeKa KJIYEBBIM ABJIAETCA UccaefoBaHUe A.B.
Bynuna u T.®. CaBapeHckoi «['pagocTpouTenbcTBO XX BeKa B CTpaHaX KalMTaJIUCTUYECKOT O
MHUpa», TAe NOAPOOHO NPOC/EXKUBAETCS, KaK COLMAJbHO-IKOHOMUYECKUE H3MEHEHUs U
ypOaHHUCTHUYECKHE TEH/JEHIIMU MOBJHAJM Ha MPOEKTUpPOBaHHWE Y4YeOHbIX 3aBeJeHUU U
KaMIlyCOB, BKJIIOYas BJIMSIHHE MOJEPHUCTCKUX W QPYHKLHMOHAJMUCTCKUX HaIpaBJeHUH B
apXUTEKTYype.

KnaccrueckuM ¢pyHAaMeHTa/lbHBIM TPYZIOM B 3TOU 06J1aCTH siB/sieTcsl «Bceobijas ucropus
apXUTeKTypbl B 12 ToMax», NpeJCTaBJSg0Ias IJIyOOKUU 0030p apXUTEKTYpPHBIX CTUJIEH U
bopM, xapaKTepHbIX /Il Y4eOHbIX 3aBeJleHUI pa3HbIX 3M0X. B 4acTHOCTH, YHUBEPCUTETHI
PeHeccaHca, Kak NMOKas3aHO B TpyZe «YHUBePCUTETbl B 310Xy Bo3poxaeHus», He TOJIbKO
ABJIJINCh LIEHTPaMMU 3HAaHUM, HO M BOIUIOLLAJIA MJeasibl UCKYCCTBa, co4yeTasd KpacoTy M
$YHKIIMOHANBHOCTb.
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[Ipodeccop P. Grendler B pa6oTe «The Universities of the Renaissance» npoBoguT TiaTesibHOE
M3y4yeHUe apXUTEKTYpPbl UTAJbIHCKUX U JAPYTUX eBPONENCKUX BBICIINX Y4eOHbIX 3aBe/leHUH
TeX BpPeMeH, aKIeHTUPys BHMMaHHUe Ha TpaHcPopMalMu 0Opa3oBaTeJbHbIX CUCTEM U UX
OTpa)keHHe B apXUTEeKType BO BpeMsi PeHeccaHCHOU peBOJTIOLHH.

®. Pynosibd B CBOEM HcC/eJOBAaHUU «AMEPUKAHCKUN KOJIJIEK U YHUBEPCUTET» POKYCU-
pyeTcs UCKJIIOYUTENbHO Ha aMepUKaHCKUX YHUBEPCUTETAX, pacKpbiBasl YHUKaJIbHblE YEPThI
KaMIIyCHBIX 30H U UX 3HAUUMOCTb /151 OPMHUPOBAHHUS 00pa30BaTe/IbHbIX CTaHAAPTOB CTPAaHBI.
Oco60e BHUMaHUe aBTOP y/ie/IsIeT POJIM 3TUX MECT B TOPO/ICKOM IJIaHUPOBAHUU.

['H. [[bITOBUY B KHUT€ «YHUBEPCUTETBI» pacCCMaTPUBAET 3BOJIIOLUIO BBICIIET'0 06pa30BaHUsA
yepes NMPU3MYy ero apXUTeKTyphl, IOJYepPKUBas BaXKHOCTb PYHKLIMOHAJIBHOTO 30HUPOBAHUSA
U KyJbTYPHOTO KOHTEKCTa Ha (QOpMHUpPOBaHME MNPOCTPAHCTBEHHbIX pelleHUH y4eOGHbIX
3aBeJleHU M.

B ucrtopuyeckoil nepcnekTuBe OT JPEBHOCTU [0 CEroAHSIIHEro JHS JIUTepaTypHble
UCTOYHUKH JIEMOHCTPUPYIOT OOraTyi MaJUTPy MEeTOJOJIOTUH HU3YyYeHUs] apXUTEKTYphbI
06pa30BaTe/IbHbIX YYPEXKJAEHUN. ITU UCC/Ie[J0BaHUsl IO3BOJISIIOT BbIABUTD, KAK apXUTEKTYPHOE
BOILJIOILleHME BJIMSET Ha pa3BUTHeE NeJarorniyeckux KOHLENIMN U co3/JaHue HeNOBTOPHUMbIX
IPOCTPAHCTB /11 00Y4YeHUs U HayYHbIX OTKPbITUH.

MeToaos0rus

B xoze vcciieoBaTe/IbCKOM paboThl OBLIU UCIOJIb30BAaHbI METO/AbI UCC/IEJOBAHUS:

1. UcTopuyeckud MeTo/, BKJIKYAKIUK aHAJIU3 apXHMBHbIX MaTepPHaJIOB, CTPOUTEJIbHOU
JIOKyMeHTanuu (IJIaHOB, 4YepTexel) W MEePBUYHBIX HCTOUHUKOB IO MPOEKTHPOBAHUIO
y4eOHbIX 3/JaHUH, laeT BO3MOXXHOCTb BbISIBUTb BaXKHbIe 3Tallbl B UCTOPUU BY30B, CBSI3aHHBIE C
APXUTEKTYPHBIMU U3MEHEHUSIMH, A TAKKE ONMPeAeSUTh UX TPUIHHBI.

2. CpaBHHUTe/NIbHBIN aHa/IU3 NpeJnoJaraeT U3yuyeHue U CONOCTaBJIeHHUE apXUTEKTYPHBIX
pellleHUH BbICIIMX yYeOHbIX 3aBeJleHUU Pa3/IMYHbIX CTPAH Ha NPOTSXKEHUHU Pa3HbIX BpeMEHHbIX
nepuoz0B. OH BbISIBJIsIeT 3aKOHOMEPHOCTH B Pa3BUTHUM apXUTEKTYPHI BbICIIEN LIKOJIbI, 2 TAKXKe
XapaKTepHble 0CO6EHHOCTH, GOPMHUPYeMble HAallMOHAJbHBIMU TPAAUIUSAMH, TOJTUTUIECKUMHU
pexxuMaMHu U cneuPpuKor 06pa3oBaTeIbHbIX CUCTEM.

3. KoHTeKCcTya/IbHBIA METO/i pacCMaTPUBAET BYy3bl KAK OPTaHUYECKYI0 YaCTh UCTOPUUYECKU
chOpMUPOBAHHOM CpeAbl, UCCAefysd UX B3aUMOCBSI3b C COLMAJIbHO-NIOJUTHYECKUMU MpPO-
1[ecCaMH, KyJbTYPHbIMU TpaHCPOpMaALMSIMU U U3MEHEHUSMU B HAay4YHbIX MOAX0JaxX K obpa-
30BaHUI. JTOT MeToJ, QOKycHMpyeTc Ha TOM, KakKUM 00Opa3oM apXUTEKTypa y4ueOHbIX
3aBeJIeHUU OoTpakasia ¥ peardpoBasia Ha 061ieCTBEHHbIE IepEMEHBI.

4. BusyasbHbI¥ MeTO/, B 006/1aCTH apXUTEKTYPbl IpeIoJaraeT BKJIIOUYEHUE B UCCIeJOBaHHE
Y IJlyOOKU I aHaJIU3 IaHHbIX, Ipe/ICTaBJIeHHbIX B BU/ie U300paxkeHUH (poTorpaduii, pucyHKOB,
yepTeKel) U I0KyMeHTaIbHbIX UCTOYHHUKOB. ITOT MEeTO/, HAllPaBJIeH Ha BbISIBJIEHUE KJIIOUEBBIX
APXUTEKTYPHbIX pelieHUuH, GOPMUPYIOIIMX BU3YaJIbHbI 00JIMK By3a KaK I[eHTpa 3HAaHUU U
KYJIbTYPHOTO Pa3BUTHUSI.

5. [IpocTpaHCTBEHHbIN aHA/IM3 oNUpaeTcs Ha QYHKIMOHAJbHON OpraHU3alnydu U KOMIIO-
3UIJMOHHOM MOJIeJIMPOBAaHUU apXUTEKTYPHOI'0 MPOCTPAHCTBA. JTOT METO/, BKJIIOYAeT aHa/IU3
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pacnoJsioKeHUsi MOMellleHU (ayAuTOPHM, 00lIeCTBEHHbIX 30H), Nepe/iBUKEHUs CTYAEHTOB
U NpenojaBaTesiell BHYTPU 3JaHUH U KaMIIyCOB, a TaKXXe B3aMMOCBSI3b YUEOHBIX U KHJIbIX
npoCTpaHCTB. TakUM 06pa3oM, apXUTEKTyYpa BBICHIMX LIKOJI pacCMaTpPHUBAETCSA KaK CJ0XHas
3KOCHUCTEMa, TJle KaXK/Ibli 3JIEMEHT UrPAeT YHUKAJbHYIO POJIb B 06pa30BaTeJIbHOM MPOILIECCE.

Hcnosb3yeMble B MCCAE€A0BAaHUM METO/Ibl, OTKPbIBAIOT LIUPOKHE BO3MOXXHOCTU [Jis
KOMIIJIEKCHOT'0 U3Y4YeHUsI apXUTEKTYPHOU 3BOJIIOIIMU BhICIIEro o6pa3oBaHusi. OHU He TOJIbKO
CIOCOOCTBYIOT BOCCTAaHOBJIEHUIO XPOHOJIOT MU PAa3BUTHUS yUeOHbBIX 3aBeJeHU U, HO M TT03BOJISIIOT
rJ1y6’Ke MOHATh UX BJIUsHUE HAa 06pa3oBaTe/ibHble MPAKTHUKU U COLUOKYJIbTYPHbIE MPOIECCHI
B 00lLleCTBeE.

PesynbsraTsl 1 O6CyKaeHHe

ApxuTeKTypa By30B BO BCe BpeMeHa OTHOCHUJACh K 0COO0 3HAUMMbIM OOILECTBEHHBIM
COOpPYKEHHUSM, UTpPAIOLUM KJIIYEBYI pOJib B TPaJjOCTPOUTENBCTBE U COLUOKYJbTYPHOM
pasBuTUM cTpaHbl. OHa oOTpaxaja BaKHble COOBbITHS, MPOUCXOAHWBIIHME B OOILIECTBE,
JleMOHCTPUPYS XapaKTepHble YepThbl ONpeJesieHHOro BpeMeHU. YToObl OTC/IeAUTh UCTOPUIO
BO3HMKHOBEHHUs MEPBbIX BBICUIMX IIKOJI, ClIeAyeT 0O0paTUThCA K JpeBHErpeyecKorl UCTOPHH,
a UMeHHO K Akajgemuu [lnaTtoHa B AdpuHax, ocHoBaHHOU okoJsio 387 roga ao H.3. CuuTaercs,
YTO OHA $IBJISIETCS MPOOOpPA30M COBPEMEHHBIX BbICIIUX Y4YeOHBbIX 3aBeJEeHUN B 3amaZHOM
MHUpe U NpejcTaBJsiaa cobor corw3 MyfpenoB. [l1aToH ocHoBan AKaZieMHI0 KaK MECTO [Jis
u3ydyeHuss ¢uaocodpuu, MaTeMaTUKH, AaCTPOHOMHMU W JPYrUx NpeAMeToB. JTO ObLIa He
IpPOCTO LIKOJA B COBPEMEHHOM MOHMMAaHWM; 3TO ObLI LIEHTP UHTEJJIEKTyaJbHOTO OOMeHa
M aKaJIeMUYEeCKUX IMOWCKOB, TJie CTYAEHTbl MOIVIM O3HAKOMUTLCS C TJIYOOKUMU HJESIMHU,
HNOYYUTBCS y BEJIMKUX MBICTIUTEJIEN U Pa3BUTh PUI0COPCKHE OCHOBBI, KOTOPbIe CGOPMHUPOBAIU
O0JIbLIYIO YaCTh 3aMaZjHON MbICIHM. HecMOTpst Ha To, 4YTO B MUpeE CyleCTBOBaIU 60Jiee paHHUE
JIpEBHEBOCTOYHble OOpasoBaTesibHble yupexJeHus, Akajgemus [lnaToHa BblZesisgeTc Kak
OJHO M3 CaMbIX NEPBbIX YYPEXKJEHHUM, HAIOMUHABIIMX COBPEMEHHbIE By3bl C TOYKH 3pPEHHUS
aKLleHTa Ha UHTeJJIEKTyaIbHble IOUCKH, CTPYKTYPUPOBAaHHOU y4eOHOM NPOrpaMMbl U y4€HOTO
coobuiecTBa. YTo KacaeTcst apXUTEKTYypbl AKaZleMU Y, CJIelyeT OTMETUTD, UTO ee MapK HaXOAUJICS
HeJlaJIeKO OT CeBepHbIX BOPOT AQUH, ObI/1 U3BECTEH CBOEH YKUBOMKUCHOM PUPOL0H C BHICOKUMU
IJIaTaHAMU U TEHUCTBIMU J0pokKaMu. CurTaeTcs, 4yTo [l1aToH npruobpest y4acToK HermoAaeKy
C I0MOM U QPYKTOBBIM Ca/Zl0M, KOTOPBIU CJIYKUJI LLEHTPOM /ISl YHaCTHBIX MEPONPUATUH, TAKHUX,
KaK CUMII03UYMBbl, I/le MPOXOAWIU Puiocodpckre AUcKyccur. OH TakxKe co3/iajl CBATUIHIIE AJIs
JleBaTH My3, rJie, BepOSITHO, HAXOAUJIUCh CTaTyH U HeboJibliou My3el. Cag v goMm [liaToHa 66111
JIOCTaTOYHO HEOOJIbIIMMU MO IJIOIA/M, HO pa3Mellayu B cebe TakHe NMOMeLeHUs, Kak aKceJpa
JL1s1 6ecef; U, BepOSTHO, OUOIMOTeKA /11 XpaHEHUsI HayYHbIX TPYAOB [1].

[IpumepHo B 135 rogy B PuMe mosiBU/OCh aHAJIOTMYHOe Bbicllee yyebHOe 3aBejleHUe,
OTKpBbITOE UMIIEPATOPOM AJJpUaHOM M Ha3BaHHOe ATeHeyM (IIpOU3BOJHOE OT «AQHUHBI»). B
425 ropy umnepatop ®@eonocuii Il ocHoBas B KoHCcTaHTHHOMOJIE BhICLIYIO KOy (Auditorum),
KOTOpas Co BpeMeHeM Oblyla lepeMMeHOBaHa B yHUBepCcUTET. CTOUT OTMeTUTD, UTO K 380 rogy
XPUCTUAHCTBO CTaJI0 TOCYAAPCTBEHHOU pesiurnei PUMCKOW UMIIEPUU U aKTUBHO MPOJBUTAJIO
CBOU UJIeM Yepes BbICUIME LKOJIbI [2].
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Eue ogHUM M3 JpeBHEMIIMX BBICIIUX Y4eOHBbIX 3aBeJleHUH, JelCTBOBaBIIUX C V Beka
H.3. o XIII Bek H.3., sABJIIeTC MOHACTbIPCKOe ob6pas3oBaTesibHOe yupexzaeHue Hananpaa,
pacnoJsiaraBlieecs Ha ceBepo-BocToke UHauM B miTaTte buxap. OrpoMHbBIN KOMIIJIEKC JAHHOTO
yupexJeHus 3aHUMaJl JI0111a/ib B 60Jiee ueM 23 reKTapa 3eMJIM U BKJIIO4YaJl B Ce651 HECKOJIBKO
XpaMoOB, CEMb MOHACTbIpel, MHOTOYUCEHHble 3laHUs [/ 3aHATHUH, OOJbLINE AYAUTOPHUH,
O0LIEXUTHUS, TPU OoJibliMe O6UOHMOTekU: PatHa Carapa, PatHa Huau, PaTtHa Pan/kaHa,
0/lHA M3 KOTOPBIX OblJIa BBICOTOM B JIEBATH 3Takeil. [[OMMMO OCHOBHBIX y4eOHbIX 3/JlaHUN Ha
TeppuTopuu HaslaH/ bl pacnoJiarajuce U jpyrue Heo6xoJUMble MOCTPOUKHU JJis KOMPOPTHOTO
NpOXXUBaHUAA U 0bOydyeHUs1 npuMepHO 10 ThicaY 4yesioBeK. B pesysbTaTe apxeoJiordyecKux
pPacKOMNOK Obl1a onpejesieHa CUCTEMA BEHTUJISILLMY Y KaHA/IM3aLUY, a IIUPOKHUN QyHJaMeHT,
I103BOJIIET BOOOPA3UTh MacUITabbl 3JaHUH. B 1leHTpasIbHOM YacTHU apXUTEKTYPHOT0 aHCaM 6.1
pacnoJsiarajoch BeJM4eCTBEHHOe yueOHOe 3aBe/leHUe, OKPY>KEHHOe BOCEMbIO POCTOPHBIMU
naBuJibOHaMU. KOMHATHI /151 AYXOBEHCTBA U HACTABHUKOB pa3MellaJuCh BOKPYT BHYTPEHHUX
JIBOPUKOB, T/le CTeHbI ObLJIM YKpallleHbl POCIUCSAMHY, U3SLHBIMU OapesibepaMy U KOJTOHHAMU
C BUPTYO3HOW pe3b00OH MO KpPacCHOMY KaMHIO, YTO JeMOHCTPUPOBAJIO apXUTEKTYpPHOe
MacTepCTBO 3044UX TOTO BpeMeHU. OTAe/bHO CTOsLMe 3J4aHus NpeBbianu 60-MeTpoByIO
OTMETKY, B OJHOM U3 HUX paclnoJiarajach 24-MmeTpoBas MeiHas ctaTys. Kopnyc no nepumeTpy
3allMIaJU KpPeNnoCTHble CTEHbl C YIJIOBbIMM OaUIHSIMM M BeJIWYECTBEHHBIMU BOPOTaMU,
HEKOTOpble U3 KOTOPBIX CIYXKHUJIU JIJ11 aCTPOHOMHUYECKUX HabJtoileHrH [3].

HecmoTpsi Ha ToO, YTO BhbllleNepeyUCcIeHHble YyieOHble 3aBeJleHUs SBJISJINCh UJE0JIOTU-
YeCKMMM MNPOTOTUIIAMHU COBPEMEHHOM BBICUIEN IIKOJIbI, BCe K€ OHH ObLIM JaJleKu OT
HbIHEIIHEro NpeJCcTaB/JeHUs By30B. BO3HUKHOBeHHE BBICIIMX y4eOHBIX 3aBeJeHUU OepeT
CBOE HAyaJI0O CO CIeLUaJM3MPOBAHHBIX ILIKOJ TyMaHUTApHOTO HampaBJjeHUs B Hrtanuy,
KoTOpble 6bLIM TpaHchopMUupoBaHbl B yHUBepcuTeThbl B XI-XII BB. [lepBoe cpesHeBekoBOe
y4yeOHOe 3aBe/ieHHe, B KOTOPOM CTYAEeHThI YIIPaBJISJIM TAKUMHU BOXXHBIMU OpraHU3alMOHHbIMHU
npoleccaMu, Kak BbIOOp MecTa NpoBeJileHHs 3aHATUM, Ha3HaYeHUe NpenojaBaTesiel U Jaxe
pPeKTOpOB, BO3HUKJIO B ropozie bosonbss B 1088 rogy. K ocHOBHBIM pakTopaM mosiBJIeHUs
nepBbIX By30B UMEHHO B UTa/iMu MOXKHO OTHECTH: pa3BUTHE peMeces U TOPrOBJIH, BBITOJHOE
pacrnoJsiokeHUe Ha BAXHBIX TOProBbIX MNYTAX, WHTEHCMBHOEe (GOpPMHUpPOBaHHE TOPOJOB,
aKTHBHas COLMaJibHasl U KyJbTYpHas KU3Hb OPOJa, CUJbHble NIPeNoAaBaTeN I U COObITHUS,
NOATOJIKHYBIIME WHOCTPAHHBIX CTYAEHTOB OOBEJUHUTBLCS JJisl 3alUThl CBOUX IMpaB.
CienyeT OTMETUTh, UTO BIUIOTh A0 cepefuHbl XVI Beka y4yeOGHbINM mpouecc B bosioHckoM
YHUBEPCUTETE MPOXOAUJ MPU LEPKBSAX WM B YACTHBIX alapTaMeHTax, Ije mnpodeccopa
YHUTa/IMd CBOM JIEKIIMU CTyJeHTaM. [lepBoil pe3ujieHLiMel YHUBepCUTETa, 00'beIUHUBLIEN B
O/IHOM MecCTe TpakjaHcKoe, pusocodpckoe, MaTeMaTHIECKOe, PU3UYECKOE, MEJUIIUHCKOE U
eCcTeCTBEHHOHAY4YHOe HalpaBJleHUs, CTal iBopel ApxuruMHasuu. [IpoeKT 31aHus pazpadboTan
apxuTeKTop AHTOHMO MopaH/JM, U3BECTHbIM B TO BpeMs Kak TeppuOuWJiMs, U MOCTPOEH
kapZuHasioM boppomeo B 1563 roay. /IByxaTa)kHoe 3/laHUE B IJIaHE UMEJIO IPSAMOYTOJIbHYIO
bopMy, B LIeHTpe KOTOPOro pacrnoJarajcs BHyTPeHHUH ABOP € 4acoBo# bamHeil. Ha nepBom
ataxke B 1637 roay 60JIOHCKMM apXUTEKTOPOM AHTOHMO [laosyyyu Obl1 IOCTPOEH 3as AJid
NpOBe/IeHUs UCCAeIOBAHUMN U MPAKTUYECKUX 3aHATUN 10 aHATOMUU. OH GBI 3JIJIUITHYECKOU
bOpMBI € JlepeBIHHBIMU MHOTOSIDYCHBIMU CU/JIEHbSIMU M HallOMUHaJ aMduTeaTp. B 3nanun
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MMeJIMCh JiBe OOJIbllMe JIECTHHULb], BeAylliMe Ha BTOPOM 3TaXK C y4eOHBIMU ayAUTOPUSMH,
M3BECTHO, UTO OJHA U3 ayJUTOpPUM NpeJHa3Hayasacb AJi M3y4eHUs HUCKYCCTBa, a Apyras
A usydeHusa npasa. [osrue roapl asopel, ApXUIrMMHA3WM ABJIAJICA IJIaBHbIM 3/JaHUEM
Bo/JIoOHCKOTO yHHBepcuTeTa M NpocyliecTBOBaj BIUIOTH A0 1803 roga. ApXUTeKTypHO-
IJIAHUPOBOYHAsl OpraHU3aLMs 60JbIIMHCTBA €BPONENCKUX BY30B TOr0 Nepro/ia 6bl1a Cx0xa ¢
BOJIOHCKHMM yHUBEPCUTETOM: OCHOBHBIE (y4eOHbIe) U OBITOBbIE NOMEIleHUs (X031 CTBEHHbIE
HOCTPOMKH, 6OJIbHUILbI, KEJIbU U JIp.) pacloJiarajJucb BOKPYT BHYTPEHHETO ABOpa C KPbITBIMU
rajiepesMu. ['asiepen e C 10X)XKHOU CTOPOHBI, KaK MPaBuUJIO, IPUMbIKaJU K T-06pa3HoOM B MJ1aHe
kaneJie. [1o ycTo4MBOM cxeMe B IleHTpe ABOpa pa3MeLlaJluch cajibl, QOHTaHbI U CKYJbOTYPHI,
CoCOOCTBOBaBLIME OTAbIXY, co3epuaHuio U OecemaM. Hcxonss w3 PyHKUUOHAIBHOW H
IPOCTPAaHCTBEHHON OpPraHMU3alluy NMepBbIX BY30B, MOXXHO OTMETHUTb UX LIEHTPAJIM30BAHHYIO
cxeMy ¢opMupoBaHus. Bce mnomeleHuss ObLIM CrPYNIUPOBAaHbl BOKPYT OCHOBHOIO
KOMIIO3ULIMOHHOI'0 I1€HTpa, BbINOJIHSABILETO pOJib f/ipa 06ILeCTBEHHO-06pa30BaTeNbHOIO
npoctpaHcTBa. OJHMM M3 OCHOBHBIX NPEUMYLIECTB JAAHHOW THUIOJIOTHUYECKON CXEMBbI
IPOEKTUPOBAHUS YUeOHbIX 3aBeJleHUU sIBJISETCS KOMIAKTHOCTb M YA06CTBO OpraHU3aldU
BHYTPEHHUX KOMMYyHUKaLUM.
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PucyHok 1. [lnaHupoBouHast cxeMa Akaziemuu [lnatona, Apunsl, [V B. 10 H.3.

Ha ¢opmupoBaHue apxXUTEKTypHOM KOMIO3UIMU BY30B HENOCPeJCTBEHHOE BJIMSHHUE
OKa3bIBaJId TI'PaJloCTPOUTE/IbHbIEe 0COOEHHOCTU ropoga. IloATBepxJeHHEM TOMY CJyXaT
BosoHnckui, IlagyaHckuit u CajslaMaHCKUMH YHUBEPCUTETHI, KOTOpble OBbLIM BIHMCAHbI
B WCTOPHUYECKHU CJIOKMBLIYIOCA IIJIAaHUPOBOYHYI CTPYKTypy ropoga. B mnpoTuBoBec
HepeyrcIeHHbIM By3aM MOXHO NocTaBUTb Okchopackuil 1 KeMOPHUIXKCKUN YHUBEPCUTETHI,
KOTOpble U3HAYa/IbHO CTPOUJIMCH 3a TOPO/IOM, HA HEOCBOEHHOM CeIbCKOM TeppuTOopuu. Takoe
IrpaZloCTPOUTE/IbHOE paCHoJIOKEHHe By30B UMeeT pAJ, ABHBIX NPEUMYILECTB: BO-NIEPBBIX,
crielMa/IM3MpoBaHHasl UHPPACTPYKTypa, COOTBETCTBYIOILAsA 3a/JadyaM y4eOHBIX 3aBeJleHUM;
BO-BTOPBIX, IOTEHLMAJ /I apXUTEKTYPHOr0 pa3BUTHSA, TO €CTh BO3MOXXHOCTb pacClIMpeHUs
TEPPUTOPUU KOPIIyCOB; B-TPETbUX, OJIaroNpUATHAasA 3KoJoru4yeckass oOCTaHOBKa. B
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Jla/IbHeNIIeM HEKOTOpble CpeJHeBEeKOBble BY3bl MHTEIPHUPOBA/IM YAacCTb CBOMX KOPIYCOB B
60J/ibllIME TOPOJA, TAKUM 00pa3oM, CIOCOOCTBYS MOSABJIEHUIO IBYX MOJieJIel pacnosI0KeHUs
YHUBEPCUTETOB: BHYTPUT'OPOJICKOM U 3arOPOJHbIH [4].

B nayvauie XIII B. nosiBUIKCh NATh NEPBbIX YHUBEPCUTETOB, CTABIIMX OCHOBOIOJIOXKHUKAMHU
BbICLIEro o6pa3oBaHus B EBpomne. ApXUTEeKTYpHO-NIJIAHUPOBOYHOE pellleHue YHUBEPCUTETOB
JlaHHOTO TNepuoja MpejCTaB/sAJ0 CO600M MHOrOQYHKIHOHAJbHYI 3aMKHYTYIO CTPYKTYpY,
LeHTPaJIbHbIM KOMIIO3ULIMOHHBIM 3JIEMEHTOM KOTOPOW fBJSJICA BHYTPEHHUH [JBOp
KBaZ[paTHOM (GOpMBbI, OKPYKEHHbIH MOMEILEHUSMU Pa3JIWYHOTO Ha3HAYEeHUs: Y4eOHbIMU,
KUJIBIMH, aAMUHUCTPATHUBHO-XO3SMCTBEHHBIMU U A0CYroBbIMU. C pa3BUTHEM Yy4eOHbBIX
3aBe/leHVU, Ha3HaYeH 1S TOMeLeHU M TaKXKe U3MEHSJIUCh U 0N0JIHAINCh. OAHAKO, HECMOTpS Ha
dyHKIIMOHA/IbHbIE U3MEHEHH 1, OCHOBHbIE TUIOJ0TUYEeCKHEe 0COOEHHOCTH I|eHTPaJIM30BaHHOM
cxeMbl (QOpPMHPOBAaHHS BY30B COXPAHSJMUCh Ha MPOTSKEHUU [JJIWUTEJbHOr0 Iepuoja
bopMHpOBaHUSI ApPXUTEKTYpPbl BbICUIed WIKOJbL. K NpuMedyaTesbHbIM XapaKTEePUCTUKAM
JlaHHOM CXeMbI MOXKHO OTHECTH pa3paboTKy IJIaHOB By30B, IpelyCMaTPUBABIIMX OPraHMU3al 110
BXOZJ0B B CTPYKTYpHble 3JIeMEHTbl 3JlaHUsl U3 O00LIero KOMMYHMKALlMOHHOTO ILIeHTpa,
BBINOJIHSIBILIETO POJIb CBAI3YIOILEr0 MPOCTPAHCTBA. Takasi cxeMa pacloJIOXKeHUs1 MOMelleHU!
1103BOJISIJIAa NTOAePKMBATh eCTECTBEHHOE Nepe/BMKeHHe NTOTOKOB JII0JeN U COKPaTUTb TeM
CaMbIM PacCTOSIHUSA MEX/Y KJIHYeBbIMU TOUKAMHU.

ApxuTtekTypHbIi cTUIb OKchopackoro u KeMOpHUIKCKOT0 YHUBEPCUTETOB MOXKHO OTHECTHU
K aHIVIMMCKOM TOTHKe, OTJIMYaAKLleHdCd MACCUBHBIMU CTe€HaMH, U3bICKAHHOM KaMeHHOM
pe3b00i, POCKOIIIHOM OpHAMEHTHKOM, U300U/IMEM apXUTEKTYPHOro Aekopa [5].

Eme ogHMM penpe3eHTaTMBHBIM IPMMEPOM CpelHEBEKOBBIX By30B fABJseTCA Ca/laMaHCKUU
YHUBEPCUTET, MoyduBIIni B 1218 roay ot ucnanckoro kopoJisi AnbdoHco IX cTaTyc Boiciieil
IKOJIbl. [ly1aHMpOBKa [JaHHOrO y4yeOHOTO 3aBeJleHUsl He OT/IMYaeTCsd NPUHLUIUATbHOU
HOBU3HOH, KaK U Mpex/ie, 0CHOBHbIM KOMIIO3ULMOHHBIM SIPOM CJIY>KHUJI IBOP C BHYTPEHHUMHU
rajepessMMd U IepexofaMu MexJy Y4eOHbIMU MOMELIeHUSIMU [Jil MPOBeAEeHUs] JIeKLUH,
npoo6pasaMu KOTOPbIX BBICTYNAJHU 3ajibl KyJIbTOBBIX COOpYyeHUH. Ocob6oro BHUMaHMUSA
3acJayKUBaeT [VIaBHbIM dacaj, 3/laHUs], BBINOJHEHHBIN B CTUJIE IJIaTepPeCcKo U U300UIYIOLUN
MeJIKHMH OpHaMeHTa/IbHbIMU 3JieMeHTaMH [5].

TakuM 06pa3oM, K 3aBepLIEHHI0 3MOXM CpPeJHEBEKOBOM HMCTOPUH poJib 06pa3oBaHUs B
oblecTBe BO3pOCJja U CHOCOOGCTBOBAJA apXUTEKTYPHO-NJIAHUPOBOYHOMY Pa3BUTHIO BY30B.
TeM He MeHee, K/It0YeBas U/iesl MPOEKTUPOBAHUSA YUEOHbBIX KJIaCCOB BOKPYT 6J1ar0yCTPOEHHOMN
peKpeanoHHOU 30HbI, C HAapaBJIEHHbIMU K HEU rajepesMH, OCTaeTcCsl HeM3MeHHoU. Takxke
ciaefyeT OTMETHUTD, YTO BbICIIME yYeOHbIe 3aBe/leHUsI Pa3BUBAIOTC B CHHEPTeTUYECKOW CBA3U
C HaceJIeHHbIMU IYHKTAaMH, B KOTOPBIX OHU PACIOJI0KEHBDI, YCJI0KHAETCA UX OpraHU3alMOHHas
CTPYKTypa U popMupyeTcs ocobasi MaTepraibHas apXUTeKTypHas cpeja [6].

M3MeHeHUs1 apXUTEKTYPHOI'0 CTUJISA BBICIIMX y4eOHbIX 3aBe/leHUH B 310Xy Bo3poxeHus
CBSI3aHbl, B-TIEPBYI0 OU€pe/b, C COLUATbHO-KYJIbTYPHBIMHY IPe0Opa30BaHUSMU TOIO BpEMEHH.
W eurymMmaHusma,obpalieHrve KAHTUUHOCTH, yKpelJleHe CBeTCKUX3HAaHUM IPUBOASAT KHOBOMY
NOAXOAY B apXUTEKTYPHOM NPOEKTHUPOBAHUU: OTKPBITOCTH IJIAHUPOBOUYHOW CTPYKTYpBI,
CUMMETPHUHU U TapMOHUU. Takue apXUTEKTYPHbIE 3JIEMEHTDI, KaK apKH, TOPTHUKH, KOJIOHHA/IbI
¥ QPOHTOHBI CMMBOJIM3UPYIOT IVIYOOKYIO CBSI3b C HacJeAyeM aHTUYHOCTU U YCTpeMJIeHHe
K WJeasaM COBEpLIEHCTBA 3HAHUA U Iporpecca B Hayke. Ellle OAHUM OTJIMYHTEbHBIM
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CBOMCTBOM apXUTEKTYpPhI By30B 3110XU Bo3poxKAeHUs AB/IeTCA OTHOCUTEIbHAA LOCTYITHOCTD
JL1S1 LLUPOKOM OOIEeCTBEHHOCTH, TaK KaK By3bl BBINOJIHSJIW He TOJBKO 006pa3oBaTesbHYIO
GYHKIMIO, HO U CTAaHOBUJIMCH LIEHTPaMU KyJIbTYPHOU U UHTEJIJIEKTYaJIbHOU )KU3HHU Iropo/a.

Haubosb11ee K0/1M4eCcTBO BbICIIKX LIKOJI O-MIPEXHEMY HaxoAua0chb B UTanuy, ogHako ujeu
NPOCBeILeHUs CTaJIU PaCpOCTPaHATBHCA JaJIeKo 3a ee IpeieJIaMU Y IPOHUKJIU B TaKUe CTPaHBbI,
kak llIBennapus, Hugepaanapl, [osbiina, Yexus, Benrpus, CkanauHasus, lloTaanaus u ap. [7].

B cBA3M C yBeJMUeHUMEM KOHTUHIEHTa CTYLEHTOB M IMpeKpaljeHueM MUTrpaLUH,
peHecCaHCHbIe By3bl CTa/IM IPUOOpeTaTh HEJBMXKUMOCTD U CeLiMaJlbHO NIPUCIIOcabaMBaTh ee
o/ HYyX /bl yuebHOrO0 3aBesieHus. Hanpumep, B XV Beke [[apuKCKUN yHUBEPCUTET MPUOOpe
3/laHue Ha jieBoM bepery CeHbl, HAaNpOTHUB ellle coBceM HoBoro Co6opa [lapmxckoi boromaTtepy,
060pyf0BaB €ro Moj JIeKIIMOHHble 3ajibl, OUOJMOTEKH, OOIIEKUTHUSA [Jis1 CTYAEHTOB H
npenojgaBaTeseil. B 1625 roay rnasa [lapuxckoro yHuBepcuTeTa Kap/iuHaJ Pulliesibe npoBeJt
NepBYI0 MaCIITaOHY0 PEKOHCTPYKIMIO yUEOHOT0 KOMILJIEKCAa U MHUIIMUPOBAJ CTPOUTEIBCTBO
HOBBIX KopnycoB, LlepkBu Cop60HHBI (4acoBHs CB. YpcyJibl COpOOHHCKOM ) U jaxke TUTIOrpaduH.
YacoBHs, paspaboraHHas apxuTekTopoM Kakom Jlemepchbe, fiBjsiIacb KOMIO3ULMOHHOMN
JIOMUHAHTOM TeppUTOPUU YyHHUBepcUTeTa. TakuM o06pa3oM, HabJ/JaeTcd TeHJeHIUs
JlelleHTpaJu3aldy THUIIOJIOTUYECKOW CXeMbl 3[JaHHWM, 3aKJIYawllascsd B pPacloJIOKeHUU
00'bEKTOB Y4eOHbIX 3aBe/leHUH B OT/|€/IbHBIX KOPIYCax.

C pacuBeToM 3mnoxu Bo3poxzaeHuss yueOHble 3aBeJleHHUS] KaK YXKe CYLIeCTBYHOLIUe, TaK
M BHOBb BO3HMKIIME, NPUOOPETAJM POCKOILIHBIE COOPYXKEHUS, KOTOPbIE CAYKUIU SPKUM
BOILJIOLIEHMEM TMpeCcTUKa €eBPONEeNCKOro aKaJeMHUYecKoro coobliecTBa TOr0 BpeMEHHU
- CMMBOJIOM TpaHchopMauuu U3 HedPOpMaJbHBIX OOBbEJUHEHUW y4YeHbIX B 3HAYUMble
0011leCTBEHHbIe UHCTUTYThl. ADXUTEKTYPHOE BeJMYME U LeHTpasibHasl ropojckas JoKaLus
BY30B 3110x1 Bo3poxeHns u paHHuX BpeMeH HoBoro BpeMeHu noZjdepKUBaJIu UX CTAaTYC Kak
HEOTbeMJIEMOM 4YaCTU TOpPOACKOM XU3HU. KoMmmiekcHas maHUPOBKA U QYHKIIMOHAJbHOE
JleleHe Ha y4deOHble, JXWJble, aJJMUHUCTPATHMBHbIE, OOLIECTBEHHble 30Hbl CTAHOBATCS
Ba)KHBIMU 3JIEMEHTAMHU apXUTEKTYpbl BY30B TOr0 nepuozaa [8].

TakuM 06pa3oM, apXUTEKTYpa PEHECCAHCHBIX Y4eOHbIX 3aBe/leHHH, ONUPasCh HA TPAAULIUU
npouuioro, BmioTh Ao XVII Beka npepnosarana pacnpefieieHMe OCHOBHBIX IMOMeELIeHUU
BOKpPYTI' BHYTPEHHEro [BOpa C KPbITbIMU rajsepessMu. OAHAKO JaHHBIA NepPUOJ OTpakaeT
HOBBbIe UHTeJ/JIEKTyaJ/IbHble U KyJIbTypHbIE YCTPEMJIEHHS, KOTOPbIe CTalu ONpese/sSIoIuMU
B apXUTEKTypHOM (QOpMHpPOBaHMU By30B. Hampumep, B CBfA3U C yC/JI0XXKHEHHEM Yy4eOHOIO
npolecca, KOJWYEeCTBO ayAWTOPUN BO3pacTaeT, U MOSBJSIOTCH 3aBeJeHUs ¢ aMuTear-
pa/JIbHBIM pacnoJiokKeHMeM MecCT. B yc/0BUAX CTPEMHUTEJBHOTO POCTa YMUC/IA CTYLAEHTOB
U yBeJuueHUs1 (aKyJbTETOB, apXUTEKTYpHble MOAXOAbl K CO3/IaHUI0 KOMIAKTHBIX
MHOTOQYHKLIMOHA/TIbHBIX 3/laHUM y4eOHbIX 3aBeJleHUI OKa3bIBAalOTCsS yCTApeBLIMMH U HeE B
COCTOSIHUH Y/I0BJIETBOPUTb BO3POCLINI CPOC HA 06pa3oBaTe/IbHbIE YCAYTU. ITO 00YCI0BUIO
HeOO6XO0AMMOCTb KOMILJIEKCHbIX U3MEHEHUN B apXUTEKTYPHOM IMPOEKTHPOBAHUU C LieJIbIO
ONTUMU3ALUU CJOXKHBIX OPraHMW3aLMOHHBIX NPOLLECCOB. AKTUBHOE CTPOUTENBCTBO HOBBIX
y4eOHbIX KOPIYyCOB CIOCOGCTBOBAJIO pacIpoCTpaHEHUIO GoJiee [ielleHTPaJIu30BaHHOW CXeMbl
dbopMupoBaHUsl By30B. Bce yalle BcTpeudaloTcs NpuUMepbl pacnosiokeHUs (aKy/JIbTeTOB B
OTZE/IbHO CTOSILUX 3JlaHUSX, YTO obecneyuBasio O6ojiee TMOKYH OpraHHU3aldi0 y4eOHOro
npolLecca v CreljuaJu3MpoOBaHHOTO UCII0JIb30BaHUS NPOCTPaHCTBa. K mpenMyliecTBaM MOKHO
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OTHECTH ONMTUMMU3ALMIO MPOCTPAHCTB MOJ, KOHKPETHbIE JUCHUIJINHBI, a TaKXe TMOKOCTh B
IJIAaHUPOBAaHUU UHPPACTPYKTYPHI.

EBpomneiickoe pa3BUTHE BbICHIEN LIKOJIBI IOJYYHJIO IIMPOKOE pACIPOCTPAaHEHUE IO BCEMY
ceeTy. CieayeT oTMeTUTh, 4TO B CIIIA By3bl Hayau noaBadaTbces ¢ 1600-x rofoB, cTapernium
M3 HUX cyuTaeTcsa [apBapa, ocHOBaHHbIM 8 ceHTsA6psA 1636 roja u cHayajla He MMeEBUIMHN
nocTosiHHOro kamnyca. Cambiii nepBbid ['apBapg-xosn (Harvard Hall) 6611 noctpoen B 1674
roAly U3 KpacHOTr0 KMpMNH4a — OCHOBHOT'O CTPOUTEJIbHOTO MaTepuaJsia TOr0 BpEMEHH, KOTOPbIN
3aMeHUJI cTapoe JepeBsiHHOe 3aHue. OZJHaKO OHO ObLJIO YHUYTOXKEHO NoxkapoM B 1764 roay
Y OTHbIHE CaMbIM CTapbIM 3JjaHHWeM [apBapga cuutaeTcsa Maccauycetc-xosn (Massachusetts
Hall). Knaccuueckoe paHHereopruaHckoe 3/laHue U3 KPacHOr0 KHpIHYa € 6esIof OTAesKOU
OKOH fIBJISIJIOCh CUMBOJIOM ['apBapAckoro ABopa. 3jaHue 6blJ10 IOCTPOEHO JJis pa3MelleHUs
64 CTyeHTOB, B HEM ObLJIO 32 KOMHAThl U JIMUYHbIe KaOUHEThI 5 Kaxaoro. B 1725 roay k
3/JaHUI0 ObLIU 06aBJeHbl Yachl, a B 1870 roay - 1abopaTopuu Y JJeKLUOHHbIE 3aJbl [9].

Yto kacaetcsi Poccuy, 3s1ech Boicuive yyeOHble 3aBeJleHHUs Hayaau nosBasaThbcs B XVII Beke
(KueBo-Morunsinckas akajemusi, ClaBIHO-TpeKO-JaTUHCKas akajeMusi B MockBe). OgHaKo
POCCHUUCKHU NMPOo06pa3 COBPEMEHHBIX BBICIIMX YYeOHBbIX 3aBeJ€HUN ObLI MOCTPOEH JIUIIb B
1806-1808 rogax no npoekTty apxutektopa /l. KBapeHru - CMOJIbHbIF MHCTUTYT 6J1ar0pPOAHBIX
feBull B [leTtepbypre. 31aHue MMeJio xapaKTepHbIN AJs CTWJA KiaaccunusMm [I-o6pa3Hbii
IJIaH, CTPOTHe MNPONOPIHMM U BOCBMUKOJIOHHBIA MOHHWYECKUH MOPTHUK, PACHOJIOXKEHHbIN
B LeHTpe ¢acaja npujaBajd By3y MOHYMEHTa/bHbI W BesJu4yaBbld BuJ. KoMnosunus
3/laHUsl Oblia pasjesieHa 3 HedaMU C NPOJOJbHBIMU psilaMU KOPUHQPCKUX KOJIOHH, YTO
NOAYEePKUBAJIO TOPXKECTBEHHYI0 apXUTEKTYPHYI TeMy [aBHOro ¢acazga. [IpoTs:xkeHHbIN
IJIaBHbIM KOPMYC y4eOHOro 3aBeJleHUsI C OOKOBBIMU KPbLIbSIMH, 00pa3yOUIMMH KypAOHeEp,
MMeeT CUMMETPUYHYI0 KOMIO3ULIMIO. 3JaHMe UHCTUTYTa PacloJoKeHo BJ0Jb peku HeBa u
OTHOCHUTCS K JIMHENHOW TUIIOBOM CXeMe MNPOeKTUPOBaHUsA. JlaHHas cxeMa 4acTO NIpUMeEHSIeTCs
B IPOEKTHPOBAHUHU KPYIHBIX BY30B, IJle BaXKHO ob6ecneyuTb 3QpPeKTUBHOE UCIOJIb30BaHUE
npocTpaHcTBa. JIMHeNWHasa cxeMa NpUCYyLia 34aHUAM C KOPUJOPHOM IJIAaHUPOBKOM, 4YTO
CHOCOOCTBYET OOJIBIIOMY YHC/IY OKOH U OTKPBITBHIX IPOCTPAHCTB.
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Pucynoxk 2. [lnanupoBouyHast cxeMa CMOJIBHOTO MHCTUTYTA 6J1Iaropo/IHbIX JeBull, [leTepOypr.
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Ele ouH By3, IOCTPOEHHBIN B 3TOT e nepuoz, a uMeHHo B 1809-1810 ropax B [epmanumy,
611 Bep/JIMHCKUN YHUBEPCUTET, OCHOBaHHBIM pepopMaTOPOM U JIMHTBUCTOM BusibresibMom
¢oH ['ymO60/sbATOM M Ha3BaHHBIA B €ro 4ecTb. [JlaBHOe 3/jJaHMe y4eOHOIr0 3aBeJleHUs
pacnoJsiarajoch B peKOHCTPYUPOBAaHHOM JIBOPIie, IOCTPOEHHOM B CTHUJIE IO3HEr0 HAPOKKO C
1748 no 1766 ropa ayg npuHua ['enpuxa IIpycckoro. B aTOT nepuos B apxUTEKType BbICIIUX
y4eOHbIX 3aBeJleHUM 4acTO BCTPevyarTcs 3J1eMeHThbl OApPOKKO, C UX U30THYThIMU JIMHUSMH,
CJIO’KHBIMU dacaiaMU U LIMPOKUMHU JIECTHULAMH, IPX 3TOM COYeTaroLirecs C IpaKTUYeCKUMU
TpeboBaHUSIMKU 00y4yeHHUs. B HekOoTOpbIX By3ax 3amaJHoW EBpomnbl mpu NpoeKTUpPOBaHUU
JleslaJicsl aKIeHT Ha OTKpbITble NMPOCTPAHCTBA, YTO OTpaXkajo HJed CBOOOAbI, 3HAaHUA U
CMMBOJIM3UPOBAJIO 001EeCTBEHHYI0 3HAYUMOCTb 06pa30BaHUS.

Ha BocToke, rge cTpaHbl CyMeJU COXPAaHUTb OCYLApCTBEHHYIO He3aBUCUMOCTb, CTAHOB-
JieHUe NepBbIX yYeOHbIX 3aBe/IeHUI NPEeMMYILeCTBEHHO 6a3Up0BaJioCh Ha 3aNaHbIX MOJEJAX
CTPYKTYpPUpPOBaHUSA 00Opa3oBaHUS. JTOT MNpPOLEcC OblI CTUMYJUPOBAH HEOOXOAHWMOCThIO
MOJiepHU3aLMU U KeJIlaHUEeM IpPeos0JeTh OTCTaBaHHWE KaK B 3KOHOMHKE, TaK U B KyJbType
1o/, BJUSIHUEM OyprKya3Horo nporpecca. B dnonuu, HaunHas ¢ 1868 roaa nocsie BHepeHUs
Oyp>Kya3HOM CUCTeMbl 06pa30BaHMUS, HA4aJlu UHTEHCUBHO CTPOUTHCS By3bl: B Tokuo (1877),
Kuorto (1897), a Takxe psaj Apyrux. B KuTaiickoll uMiiepuyd 3HaUUMMbIM COOBITUEM CTaJsIO
co3nanue [leKMHCKOro yHUBEpCHUTETa — MEPBOTO BBICHIET0 y4eOHOro 3aBeJleHHsl CTPaHbl,
oTKpbITOro B 1898 roay. 37aHue JaHHOTO Y4eOHOrO 3aBeJleHUsl OTpaXKkasio 3amajHble
apXUTEKTypHble TpPaAULUU, U ObLJIO BBINOJHEHO B HeOKJacchuieckoM crtuie. OfHAKO co
BpeMeHeM ero apxuTeKTypa Haudaja Bce 6oJibllle OTpa)kaTb XapaKTepHble O0COOEHHOCTHU
Hal|MOHAJIbHOT'O0 KUTANCKOTO 30/{4eCTBa: OT CHMMETPHUYHbBIX JIAHUPOBOK /10 TPaJAULIMOHHBIX
KPBILI € 3aMbICJIOBAaTbIMU GOpPMaMH U 60raTo yKpalleHHbIX IeKOPaTUBHBIMU AeTaasaMu [10].

B XX Beke apxuTeKTypa y4eOHBbIX 3aBeJleHUWU MNpeTepresia 3HAYMTeJbHble W3MEHEHHH,
0pOpPMHUBLIKCH B [iBa KJIOUYEBbIX MOJX0[a K NPOEKTUPOBAHUIO: KOHCTPYUPOBAHUE €JJUHOTO,
4acTO CJIOKHOTO M0 KOHQUTypaluH, 3, aHHs, COCTOSALIEr0 U3 NIPUMbIKAIOIIUX OJIOKOB, U boJiee
pa3po3HEeHHbI BapUaHT — CO3/laHHEe KOMIIO3WUIIMU U3 OTJeJIbHbIX NOCTPOEK (MaBUJIbOHOB),
KOTOpbI€e 3a4acTyI0 pa3MellalnTcsl BOKPYT LieHTPpaIbHOrO s/ipa. B kayecTBe npuMepa nepBoro
NOAX0AAa MOXXHO NPUBECTH IVIaBHOe 3JaHWe MOCKOBCKOro yHHMBepcuTeTa Ha JIeHMHCKHX
ropax, 1949-1953 rozos, apxutekTtop JI. B. PyaHes. [IpruMepamu e BTOpOro noAxoza ciayaT
WIIMHOWCCKUM TeXHOJOTUYeCKUU UHCTUTYT B Yukaro (1955 roga, aBTop - Muc BaH Jiep
Pos) u kommiekc yHuBepcuteta B TamkeHnTe, 1970 roga, apxutektop E.E. Kanamnukosa.
B HeKOTOpbIX CTpaHaxX KpylHble yyeOHble 3aBeJleHUs] CTaJli OPraHU30BbIBaTb B BH/IE
OTZEeJIbHbIX YHUBEPCUTETCKHUX FOPOJKOB, Ile KaXK/10€e 3/laHUe BbINOJIHAIO CBOI0 QYHKIMIO, a
MHPpACTPYKTypa NOAYMHSANACh HYK/JaM CTYJleHTOB U NpernojaBaTeJsieil.

TakuMm 06pa3oM, MOXKHO OTMETHUTb, YTO apXUTEKTYypHbIE pellleHUs] BTOPOX MOoJ0BUHBI XX
BeKa COOTBETCTBYIOT KOMIIJIEKCHOM THUIOJIOTUYECKOW cxeMe GOpMUPOBaHUSA By30B. JJaHHbIN
N0AXO0J, K MPOEeKTUPOBAHUI0 YUYeOHbIX 3aBeJleHUH MoJipa3yMeBaeT WHTErpanuo pasnuHbIX
acleKkToB, 00beAUMHAKIIUX y4yeOHble, COLMAaJIbHble, KYJbTypHble M aJMHHUCTPATHBHbIE
$yHKIIMU By3a B paMKax eIMHOrO 1es10ro0. COOTBETCTBEHHO, OJHUM U3 KJIIDUEBBIX IPU3HAKOB
KOMIIJIEKCHOW apXUTEKTYPHOM CXeMbl fIBJSETCA pasJesieHue Ha CleluaJu3upoOBaHHble
CeKTopa C YETKO omNpefe/éHHbIMA QYHKIHSAMH, KOTOpble TAPMOHUYHO COYETAKTCHa APYT C
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JIpyroM BHYTPH €JMHOTO MPOCTPAHCTBA, o6ecrneynBas 1[eJIOCTHOCTb U CTPYKTYPUPOBAHHYIO
opranusanuio. KomnsekcHasi TUNOJIOTUYECKAsA CXeMa 4acTO UCNOJb3YeT MOAYJIb KaK CIoco6
bopMHpoBaHUSI TUOKOW MPOCTPAHCTBEHHO-IJIAHUPOBOYHOM CTPYKTYpbl By3a. [lpu 3ToMm
KaXX/1bl1 KOPIYC y4eOHOr0 3aBeileHUs pa3pabaTbiBaeTCs C y4eTOM IPONOPL UM U 3CTETUYECKOU
COTJIACOBAHHOCTHU C OCTAJIbHBIMU COOPYKEHUSMH, YTO CO3/laeT eJUHbIN BU3yaJbHbINA 00pas U
OlyILleHHMeE 11eJIOCTHOCTH IPOCTPAHCTBA.

B pe3ysbTaTe uHAycTpuanuianuu XIX Beka, a Takke pocTa 4Mcaa 00y4aroLUUXcs, BbICIIHE
y4yeOHble 3aBeJleHUsl CTOJIKHYJMCb C HE0OXOAVMMOCTbI0O Pa3BUTHUSA HHPPACTPYKTypbl, 4YTO
OPUBOJUT K pa3pabOTKe HOBbIX APXUTEKTYPHO-IJIAHUPOBOYHBIX pelleHUH. B mepBymo
odyepesb OHU OBLIM HalNpaB/JeHbl Ha obecrnedyeHUe ONTUMAJIbHOTO (QYHKLHMOHAJIbHOIO
30HUpPOBaHUSA (OTAesibHbIe OJIOKM /[Ji1 y4ebbl, MPOXXUBAHMUsS, HAyUYHbIX HCCJAEeJ0BaHUH,
Jlocyra) U IKOHOMMYECKOW 11e/1eC000pa3HOCTU CTPOUTENbCTBA. B 3TOT mepuon 3paHus
NPOEKTUPYIOTCH [JJs OOJIbIIMX ayAUTOPUH C y4eTOM MaKCUMasibHOM 3QPeKTHUBHOCTHU
MCII0JIb30BAaHUS NPOCTPAHCTBA. YUeOHble 3aBe/leHUs CTaiM BKJOYAaTh HOBble MOMeEIEHUS:
JlabopaTopuH, ClieljMaJu3UpPOBaHHble ayJUTOPUU, Hay4YHble LIEHTPbl U MacTepckue. Takue
By3bl, Kak lapBapa, Oxcdopa u KemOpumk, yBeJMYMBAOT IJIOLWAAb MOMEILEHUN 3a CYeT
Jlo6aBJIeHUS K CYL[eCTBYIOUIMM 3/1aHUSM HOBBIX OJIOKOB, BbINIOJIHEHHBIX B CTUJIE HEOTOTUKHU
Y HEOKJIaCCULU3Ma.

[Tocsie Bropoyt MupoBoy BoMHBI, B XX BeKe, apXUTEeKTypa By30B IIpeTepreBaeT 3HAYUTe Ib-
Hble HW3MEHEeHUsl — MOSIBJSAETCS HOBBIA NOAXOJ K MPOEKTUPOBAHHUIO Y4YeOHBIX 3JaHUH,
KOTOpbIM Mojpa3yMeBaeT aKTHBHOE MCIOJIb30BaHHME COBpPEMEHHbIX MaTepuasioB (6eTOH,
CTEKJIO, MeTaJL1), TMOKOCTb B OpraHr3alUuy Cpe/ibl U OTKPbIThIE NPOCTPAaHCTBA. MoJlepHU3M B
ApXUTEKType CTPEMUTCS K NPOCTOTe U PYHKIUOHATBHOCTH, A 3/JaHHS YaCTO UMEIT CTpOrue
reoMeTpuyeckue GOpMbl, TEM CaMbIM OKa3blBasl BJUSHUE HA BeCb NPOLLECC TPOEKTUPOBAHUSA
y4eOHbIX 3aBejieHUN. [IpuMepaMu ciaykaT Takue By3bl, Kak CTOHPOPACKUN YHUBEPCUTET
B CIHA u JloHZOHCKMUM yHUBepCUTET B BesnKOOpUTaHWM, TJe apXUTEKTypa He TOJIbKO
CAYXUT 00pa30BaTeJbHbIM MPOCTPAHCTBOM, HO U CTAaHOBUTCS I[EHTPOM KYJIbTYPHOM KU3HU
C pa3BUTOU COLUATBHON UHPPACTPYKTYPOU: CHOPTUBHBIMU COOPYKEHHUSIMH, KYJbTYPHBIMU
LeHTPaMH U CTyJIeHYeCKMMHU KJ1y6aMu. B aTOT nepuo; 0cob0e BHUMaHUE y/ieJisieTCs CO3JaHHI0
MHOTOQYHKIIMOHA/bHBIX OTKPBITBIX IPOCTPAHCTB, CIOCOOCTBYIOIIUX Pa3HOOOpPa3HI0 yYeOHbIX
Y KYJIbTYPHBIX MEPOTIPUSATHUM.

ApxuTekTypy By30B XX BeKa MOXHO OXapaKTepU30BaTb (QPYHKLUOHAJIbHbIM NOAXOL0M
B MPOEKTUPOBAHUU MPOCTOPHBIX W PALMOHAIbHBIX YUYEOHBIX MPOCTPAHCTB C 3J€MEHTaMHU
MOJZlepHHU3Ma U KOHCTpyKTuBHU3Ma. [lepexon ke B XXI Bek 03HaMeHOBa/l HOBBIM 3Tall
B AapXUTEKType BY30B, OPUEHTUPOBAHHBIM Ha UHTErPALUI0 TEXHOJIOTUH, YCTOMYUBOE
pa3BUTHE U CO3/JlaHUE O60Jiee TUOKUX U OTKPBITHIX IPOCTPAHCTB, CIOCOOCTBYOIIME, TOMUMO
y4eObbl, collMaIn3alM1, KPeaTUBHOCTH U UHHOBaLUsM. B HoBeHiive rofibl By3bl NPUAAIOT
IIepBOCTENIEHHOEe 3HayeHHWe YCTOUYMBOMY PA3BUTUI0O B apxuUTeKType. [IpoeKTHpoBaHUe
KaMIIyCOB Tenephb MOJYUHSAETCSI KPUTEPHUSIM 3KOJIOTUUHOCTH, SHEProcoepekeHUs U BHEIPEHUS
nepefoBblx TexHoJsiorud. Tak, KanudopHuiickuii yHuBepcuteT B bepkisu, YHuUBepcuTeT
TopoHTOo W Apyrue Jaujepbl aKaJeMHUYECKOro MHpa pas3pabaThIBalOT MPOCTPAHCTBA C
npUMeHeHUEeM UHHOBALUM: OT CTPOUTENbCTBA IHEPTro3PpPEeKTUBHBIX 3JaHUM [0 UHTErpaLuu
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COJIHEYHBbIX NMaHeJiel, CUCTEM YMHOI'O ylpaBJieHHUs pecypcaMM (BKJlO4asi BOJOOTBeJEeHHE)
M HCNOJIb30BAaHUS 3IKOJIOTUYECKM YHUCTBIX MaTepuasioB. lludpoBusanus CTaHOBUTCA
KJII0YeBbIM PAaKTOPOM — KaMIIyChl OCHALAKTCA «YMHBIMU» CUCTEMAMH [iJIl ONTHMaJbHOIO
GYHKIMOHMPOBAaHUSA UHPPACTPYKTYpPhl, a CAMU YHUBEPCUTETHI CTAHOBATCS 60J1€€ OTKPbITBIMU
niatdopMaMu JJisl OOLIeCTBEHHOW »KM3HM U HAy4YHbIX AMaJ0oroB. B aTHX mpocTpaHcTBax
rapMOHUYHO COYETATCA 30HbI 06ydyeHUs ¢ HepOpMa/IbHBIMU 30HAMHU OTAbIXA, COBPEMEHHbIE
JJabopaTOPHUU COCEACTBYIOT C MECTAMHU aKTHBHOI'O COLIMAJIbHOTO B3aUMOJeHCTBHUS.

TakuM 06pa3oM, apxUTEKTYpHbIM aHCaMOJib By30B BbIpakaeT He TOJIbKO YTHUJIMTApPHYIO
GYHKIMIO, HO U CUMBOJIM3UPYET CTpeMJIeHUEe K MHHOBALUSIM B 00pa30BaHUH U 06OLIeCTBEHHOM
pa3BUTHM.

Ha ocHOBe BbIlIEN3JI0KEHHOTO MUCTOPUYECKOr0 aHalu3a (GpoOpMHpPOBAHHUs BY30B MOXHO
BbIIBUTb OCHOBHbI€ IPUHLUIIBI aPXUTEKTYPHOTO NIPOEKTUPOBAHUSA Y4eOHBIX 3aBeJleHUM:

1.CouuanbHO-Ky/JIbTYpPHbIE IPUHLIUIIBI, 103BOJIAOLIME IPOCAeJUTh U3MEHEeHUs TpeO60BaHU I
K 3JaHUAM BBICIIMX ILIKOJ B 3aBUCUMOCTHM OT MCTOPHUYECKOI'0 KOHTEKCTA, COLMAJbHOIO
YCTPOWCTBA U KYJIbTYPHBIX TPaAULUK;

2. [IpyHLMIBI TPaZOCTPOUTENbHO-apXUTEKTYPHOI'0 pellleHUs] 0Ka3blBalOT 3HAUYUTEJIbHOE
BJIMAHME HAa apXWUTEKTypy BY30B, olpezesidd KaK UX BHEIIHUW BHUJ, TaK U BHYTPEHHIONO
opraHusayuio. /J[aHHBIA NPUHLMII NOJpasyMeBaeT TapMOHUYHYI HWHTErpalMio y4eOHOro
3/laHHSA B TOPOJCKYI0 M IPUPOLHYIO Cpeay.

3. IlpyHUMI KOMIO3UMLIMOHHO-XY/0’)KECTBEHHOTO €JWHCTBA, ABJAKLIMNUCA OJHUM U3
KJIF0YEBbIX aceKTOB GOpPMUPOBaHMS By30B U MpeAIoJararlliiil rapMOHMYHOE COYeTaHHUe BCeX
apXUTEKTYPHBIX COCTABJAIOILINX, UX B3aUMOJAENCTBUM JIpYT C [PYTOM, a TaKKe COOTBETCTBUE
BHYTPEHHEro U BHeLIHero 06JIMKa 3/JaHui 00pa30BaTe/IbHbIX YUPEXKAEHUN OOLIMM LieJifM,
3aJlayaM U LleHHOCTAM y4eOHOro npouecca.

4. TlpuHuun QopMHpPOBaHUs OOLIECTBEHHOr0 MNPOCTPAaHCTBA B KauyecTBE OCHOBHOTO
KOMIIO3ULIMOHHOI'0 3JIeMeHTa apXUTeKTypbl By3a. O6LiecTBeHHOe NIPOCTPAHCTBO B Y4eOHOM
3aBeleHMU ABJIAETCA LEHTPaJbHbIM MeCTOM B IIJIAHUPOBOYHOM CTPYKType, BBINOJIHASA
peKpealMOHHbIe QYHKIIMH, Yepe3 KOTOPOe NepeceKarTCcs OCHOBHbBIX IOTOKU CTYAEHTOB.

3ak/iloueHue

[IpoBeieHHBIN aHAIM3 TOKa3ajl, YTO Ha MPOTHKEHWH BCEH HCTOPUM MHUPOBOIO PA3BUTHS
BbICLIME y4YeOHble 3aBeJIeHHs OTPAKaIM COLHAbHbIE, HJEO0JIOTHYECKUE, TOJUTHYECKUE U
KyJIETYpHbIe IPOLECChI, MPOUCXOIUBILNE B Pa3/IMYHbIE MEPUO/bl. ADXUTEKTYPA BbICLINX yYeOHbIX
3aBeZIEHUH MpOLUIA JJOJTHH MyTh, HAYMHAs OT MPOCTBIX MOHACTBIPCKUX IIKOJ M 3aKaHYMBast
COBpEMEHHbIMHM KOpIyCaMU C KOMIUIEKCHOW opraHusanueld. ChopMupoBaHHbIE apXUTEKTYPHO-
KOMITO3UIIMOHHBIE MTPHUEMbI IOBTOPSAIOTCS C HE3HAYUTENbHBIMU MU3MEHEHHUSIMU B MOCJIEAYIOIEM
CTPOUTENILCTBE BY30B. TakvWe OCHOBHbIE THIIOJIOTHUYECKHE CXEMBI, KaK IeHTpaJM30BaHHas],
JlelleHTpa/IN30BaHHas, JIMHEHHAs U KOMIUIEKCHAs TOJIyYWJIM JasbHelllee pacnpocTpaHeHue
B apXUTEKTYPHOM IMPOEKTUPOBAHUM COBPEMEHHBIX BY30B. BbIGOp ompe/ie/leHHON CXEMBI
dopMupoBaHMS BY30B 3aBUCHT OT TaKHX (PAKTOPOB, KaK pa3Mep U MECTOIOJIOXKEHHE y4eOHOTO
3aBe/ieHus], QyHKLMOHA/IbHbIE TPEOOBAHUS U OCHOBHASI KOHIIEMIMS 0OPA30BaHMUS.
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[TosiBieHHe MHOTOQYHKIMOHAJbHbIX YHUBEPCUTETOB 03HAMEHOBAJIOCh CTPOUTENHLCTBOM
OOLIMPHBIX KAMITYCOB C NAaBUJIbOHAMH U ayJUTOPUAMU.

B XX n XXI Beka MOoiepHM3M Y IOCTMOZAEPHU3M KapAUHA/IbHO U3MEHUJIN apXUTEKTYPHBIU
00OJIMK BY30B: OHM CTaJId OJIMLETBOPEHHEM WHHOBALMOHHBIX NMOJAX0J0B, aKTUBHO BHeJpAs
COBpeMeHHble TexXHOJOTuu. TakuM 00pa3oM, aHa/lu3 HCTOPUYECKHUX MaTepuasioB IO
apxXUTEeKType BBICIIMX Yy4eOHBbIX 3aBeJleHUU CBU/IETEJbCTBYeT O TECHOM CBA3U MeXAy
M3MeHeHUsIMU B 00LecTBe, 06pa30BaTeJbHOW MOJUTUKE U apXUTEKTYPHBIX KOHLEMLUAX
U IO3BOJIAKIOT CAeJaTb NPOrHO3 Ja/ibHEeHILIero pa3BUTHUA BY30B C y4eTOM COBPEMEHHBIX
Tpe6oBaHHUM.

Bki1as aBTOpOB:
BbyTta6ekoBa A.C. - c60p JaHHBIX, aHAJIU3, HAlIUCAaHUE, peJaKTUPOBaHHUeE.
A6apikapumoBa LILT. - pegakTupoBaHUe, yTBEPKJEHUE TEKCTA.
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Hcmopuueckutli aHau3 apxumekmypHo2o popmupo8aHus

A.C. Byra6ekoBa, lII.T. AGabIKapUMOBa
C. Celigynaun amoindarvl Kazak azpomexHuka/iblK 3epmmey yHugepcumemi, AcmaHa, Kazakcma

’Korapsbl OKY OpbIHJaPbIHBIH, CAYJIETTIK KAJIBIITACYbIHA TAPUXH TAJIAQAY

AngaTna. MakaJsia epTe exeJiri IPOTOTUINITEPAEH Kasipri »koFapbl MeKTelNTepre AeUiHTi KoFaphl
OKY OpbIH/Iapbl FUMapaTTaAPbIHbIH CIYJIECIH TAPUXHU TA/AAYFa apHAJIFaH. 3epTTey 6GapbIChIH/[A dJIEMHIH,
9PTYPJIi esJlepiHAeri KoHe 9pPTYpJi Ke3eHJep/eri OKy OpPbIHAAPBbIHBIH, COyJeCiH KaJbIIITaCThIpyFa
auTapJIbIKTall acep eTKeH Cay/leTTiK wmewmiMaep 3eprresnefi. COHAaN-aK, xKOFapbl OKY OPBIHAAPBIH
»)KobaslayFa MaJleHH, SKOHOMUKAJIBIK, KoHe casick paKTopJiap/iblH acepi aTan eTijiefi. 3epTTey 6i1iM
Gepy >kyHeciHzeri e3repicrepre, GYHKIMOHA/IABIK >K9HE 3CTETUKAJbIK KaJjayJapfa OalJIaHbICThI
»Kobasiay TocCinfepiHiH Kajall e3repreHiH KepceTe OThIPbIN, €pTe MOHACThIpb MEKTENTepi MeH
PeHeccaHnc ynuBepcuTeTTepiHeH 6actan XIX »koHe XX Facblp/apAarbl ayKbIM/Jbl KypbLIbICKA AeHiHri
OKY OpBbIHJAPbIHbIH CayJeCiH AaMbITY/[bIH HEri3ri Ke3eHAepiH KepceTes.

Binim 6epy oaaicTepiHiH 3BoIOLMACBEIMEH 6GalJIaHBICTBI 6ijiM Gepy KeHicTikTepiHiH TpaHCcdop-
MallMsCbIHA, COH/Iali-aK KaJla KypbLJIbICbIHBIH, Ka/ bl TEHAEHLIUsJIapbIMeH 6il1iM 6epy MekeMeJiepiHiH
cayJIeTi MeH 9pTYpJli TApUXU Ke3eHAepAiH CTUIbJIK epeKlie/iKTepiHiH 6alaHbICbIHA epeKIle Ha3ap
ay/lapbLiajbl. 3epTTey OKY OpPbIHAAPbIHbIH, COYy/IeTi HHTE/JIEKTYa bl 6CY MeH OipTyTac CTyJeHTTep
KaybIM/JaCTbIFbIH KaJIbIITACTHIPY YUIiH OHTAWJ/bl OpTaHbl KypyFa KaJjlal bIKNaJ eTeTiHiH KoHe OHbIH
dPTYPJi AsyipJiepAeri Tapuxu AaMy/iblH TepeH NpollecTepiH, MdleHU KYH/bLIBIKTap MeH 6ijiM 6epy
MypaTTapblH KaJjail 6eliHesieHTiHIH KepceTei.

Ty#iH ce3aep: cayieT, )kobasay, >KOFapbl OKY OpbIH/Iaphl, CAy/IeT-)KocnapJay elimMaepi, yHkuo-
Ha/IABIK, CUIIaTTaMasapbl, paKkTopJiapbl, CAYJIETTIK KOMIIO3ULUSCHI.

A.S. Butabekova, Sh.T. Abdykarimova
S. Seifullin Kazakh agrotechnical research university, Astana, Kazakhstan

Historical analyses of the architectural formation of higher education institutions

Abstract. The article is devoted to the historical analysis of the architecture of buildings of higher
education institutions from early antique prototypes to modern higher schools. The study examines
architectural solutions that have had a significant influence on the formation of the architecture of
educational institutions in different countries of the world and in different periods. The influence of
cultural, economic and political factors on the design of higher education institutions is also emphasised.
The study highlights key stages in the development of the architecture of educational institutions, from
early monastic schools and Renaissance universities to large-scale construction in the nineteenth and
twentieth centuries, showing how design approaches changed in response to changes in the educational
system, functional and aesthetic preferences.

Particular attention is paid to the transformation of learning spaces associated with the evolution of
educational methodologies, as well as to the relationship of the architecture of educational institutions
to general trends in urban planning and the style characteristics of different historical periods. The study
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emphasises how the architecture of educational institutions contributes to the creation of an optimal
environment for intellectual growth and the formation of a cohesive student community, as well as how
it reflects the underlying processes of historical development, cultural values and educational ideals of
different eras.

Keywords: architecture, design, higher education institutions, architectural and planning solutions,
functional characteristics, factors, architectural composition.
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Adaptation of the principle of architectural design code for the coloristic
organization of facades of residential areas on the example of Almaty
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Abstract. Active urbanization processes are increasingly influencing the
architectural appearance of cities. The need to develop a comprehensive
strategy for improving comfortable urban spaces arises from the low quality
of life of the population and the unfavorable architectural appearance of cities.
This highlights the importance of adopting one of the key strategic tasks at the
present stage — the development of an architectural design code for all regions
of Kazakhstan.

Modern cities face numerous challenges in ensuring sustainable development,
preserving cultural heritage, and creating a comfortable urban environment.
Elements such as facades, recreational areas, small architectural forms,
and advertising play a crucial role in shaping a cohesive city image. Thus, it
is important to note that the architectural design code - a set of regulations
governing the construction and development of the urban environment based
on specific rules and standards - will become one of the key approaches to
addressing these issues.

This article will analyze the facades of residential areas in Almaty, providing
an accurate basis for identifying further directions for urban development.

Keywords: urban environment, architectural design code, Color, facades,
coloristic.

Received 27.02.2025. Revised 05.03.2025. Accepted 07.03.2025. Available online 31.03.2025

“Ithe corresponding author


https://orcid.org/0000-0002-5581-5165
https://orcid.org/0000-0002-6497-5427
https://doi.org/10.32523/2616-7263-2025-150-1-124-136

Adaptation of the principle of architectural design code for the coloristic organization of facades of residential
areas on the example of Almaty

Introduction

In the context of analyzing modern urban development within a historically established
environment, one can observe a trend of active construction of contemporary buildings in the
central part of Almaty. In most cases, the insufficiently justified introduction of new architectural
elements into a historical context leads to the fragmentation of the existing spatial structure
and disrupts its integrity.

An analysis of color use in Almaty's architecture shows that until the 20th century, the
color schemes of buildings were determined by the stylistic features of the architecture and
the functional purpose of the structures. A study of the city's architectural objects revealed
a consistent pattern in the choice of color schemes depending on the typology of buildings.
For example, dark shades were commonly used for administrative buildings, while residential
buildings were predominantly painted in light pastel shades of yellow. A notable example is the
development along Seifullin Street, where ocher-yellow and pink hues dominate the facades of
residential buildings. In contrast, houses on Kabanbay Street feature predominantly gray tones.

The architectural design of the opera house incorporates a beige color scheme, with
individual structural and decorative elements highlighted in white. A typical example of this
approach to color can be seen in the development along Tole Bi Street, where soft yellow shades
predominate, contributing to a cohesive visual identity of the urban environment.

The color palette of cities is constantly evolving, and this process cannot be halted. However,
these changes should be informed by historical experience and modern trends in color
application. This is especially crucial in historically developed cities, where the urban color
palette is largely shaped by numerous facades, billboards, signs, advertisements, and posters,
often creating a visually aggressive environment [1]. This disrupts the cohesive visual identity
of the streetscape.

Thus, there is a clear need to establish an architectural design code to ensure a harmonious
color palette within the historical environment, based on defined principles for color application.

The methodology

The color condition of residential facades in Almaty is at an unsatisfactory level, necessitating
the application of an environmental approach to their design. This approach should consider
not only standard functional requirements but also the complex interaction of all elements of
the urban environment, ensuring their harmonious perception and the creation of a cohesive
color image. To achieve this, it is important to identify the key components of residential
courtyards, as they form the foundation of the urban environment, serve functional purposes,
and contribute to the development of spatial characteristics. These components include
buildings and structures, along with their architectural elements, small architectural forms, as
well as elements of landscape design and greenery systems [2].

Landscaping serves not only a utilitarian function related to environmental and recreational
aspects but also plays a crucial role in shaping the color composition of the urban environment,
contributing to its visual identity and compositional integrity.
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In general, state regulations on urban design and planning provide guidelines for shaping the
city's color identity. However, these recommendations do not always effectively preserve the
distinctive color characteristics of the urban environment [3].

The fundamental components that define the spatial organization of residential areas serve
as the structural foundation for developing a differentiated typology of urban elements. These
components include facades, advertising and informational structures, small architectural
objects, and urban navigation. Since the primary focus of color organization is on buildings and
their architectural elements, other urban components are often overlooked (Scheme 1). This
imbalance results in a visual dissonance in the city's color composition, including in Almaty.

Components of the organization of the color environment

| ] |
i B A 2 D=

building building small earth surface landscape graphic
elements architectural design
forms

Scheme 1. Components of the color environment
(Source: https://www.dvfu.ru/upload/medialibrary/f0f/2016-3-11.pdf).

In modern urban planning, facades play a major role in shaping the appearance of buildings.
However, general design aspects, such as the organization of navigation elements, small
architectural forms, and graphic design elements, are often overlooked. This highlights the need
for a regulatory document in the form of an architectural design code, which would standardize
these aspects [5].

A generally accepted architectural design code for Almaty, specifically for residential areas,
is essential for creating and implementing a well-structured urban planning solution, including
the development of a coherent color plan for the city [6]. The application of an architectural
design code will help shape attraction zones by using color compositions on facades as focal
points within the urban structure (Fig. 1a).

In the design of residential complexes in Almaty,a common approach involves selecting a calm,
neutral color palette as a base, with a dominant accent color that stands out compositionally
in the spatial environment, thereby reducing the monotony of the cityscape (Fig. 1b, c). As
urbanization also affects the historical parts of the city, such compositional accents bring
vibrancy to otherwise uniform residential areas [7].
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Figure 1. Colour organisation of facades in urban environments: a - Novella residential complex,
225 Bayzakova; b - Legenda residential complex, Abay Ave., corner of Manas St.; ¢ - Gulder residential
complex, 542 Raimbek Ave. (Source: https://bi.group/ru).

The color design of buildings serves multiple functions [8]. Color is not only a tool for
designating functional purposes but also a means of expressing the cultural and traditional
identity of an area. Additionally, it can be an effective architectural solution [9]. Through the
strategic use of color, buildings can be visually distinguished from the surrounding mass of
standardized structures. Techniques such as highlighting specific architectural elements -
balconies, entrance areas, and attics - help achieve this effect (Fig. 2a, b).

The dominant colors used in urban compositions are typically pastel shades, while bright
colors serve as accents. This approach helps break up the city's predominantly gray color

scheme (Fig. 2c).
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Figure 2. Coloristic compositions on facades: a - residential complex “Remizovka” 5th lane, 16;
b - residential complex “Parasite”, micro-district Kairat, plot 157/1; c - residential complex
“Element”, Tazhibaeva 157 (Source: https://dom.kz/listing/333997 ).

Findings/Discussion

Creating a color-dominant feature independent of its location within the city structure allows
for the formation of compositional centers, which can eventually become visual landmarks for
districts or micro-districts [10].

In addition to developing a unified color plan that encompasses all scale levels of the urban
environment, itis crucial to carefully design transitspaces [11]. As people move through residential
areas or courtyards, they sequentially encounter various zones with unique characteristics. To
enhance the quality of the urban environment, it is essential to create a dynamic visual experience
while ensuring each space has a distinct identity, regardless of its scale [12].

Modern design approaches prioritize defining the primary scenario of each urban mise-en-
scéne. Based on this concept, a subject-spatial composition is developed with an intentional
distribution of focal elements (Table 1).
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Table 1. Coloristic organization of the color scheme using the example of facades in Almaty (Source:
Author).

Ne Image Color Ratio Chart Color plan Conclusions on coloristic
composition
1 Dominant brown The shades of green
color combined with | are cold, and brown is
beige and green warm, which causes
inserts dissonance. The warm
shade of beige gives a
harmonisation of the
colour scheme, but since
there are two shades
of green, one of them is
warm and the other is
cold, the composition
of the facade looks dark
and unattractive.
Residential complex
“Fantasy” micro-
district Samal-2,
105 Mendikulova
Boulevard
2 N The facade uses The environment is
bright and aggressive aggressive, as the
shades such as bright architecture is not
purple (lilac), yellow, integrated into the
blue and bright general environment.
green. The base is Colour solutions rarely
gray. found in the natural
environment are
characterized by high
saturation and contrast.
Residential complex
“Shugyla”, Shugyla
micro district, 341
Nauryzbay district
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3 The main shade is The imbalance of the
blue. As an accent color scheme does not
element, stripes of allow visual focus and
orange, green and determination of the
yellow colors were compositional center,

used. thus creating visual
chaos.

Residential complex
“Aquarelle”, Satpaeva
90a

Current color organization analyses of residential areas often overlook factors such as
building height and density. Over the past few decades, aggressive urban development has
contributed to increased visual noise. As demonstrated in Table 1, there is a growing trend of
using bright and dark shades that clash with the city's overall visual identity. This underscores
the necessity of regulatory documents to guide the color organization of urban spaces [13].

Findings/Discussion

The study has led to conclusions that can be incorporated into the architectural design code
for Almaty’s residential areas:

1. If the base color is a light pastel shade, there should be only one accent color (Fig. 3, 4, 5).

2.In cases where the building has an elongated shape (Fig. 6), itis recommended to emphasize
its geometry and use a warm color palette with similar material textures. [14]

3. Dark dominant colors can be softened by increasing the glazing area and incorporating
compositional techniques, such as adding structural facade elements (Fig. 7).

4.When a group of buildings shares a similar color scheme, accent colors should be introduced
for specific architectural elements (Fig. 8).
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Figure 3. Residential complex “MEDEU PARK”
Begalina 7 - Tole bi (Source: Author).
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Figure 5. Residential complex “Niko”, st. Tole bi-
Momyshuly (Source: Author).

Figure 6. Residential complex “Ile De France”,
Kazhymugqan Street, 59 (Source: Author).

Figure 7. Residential complex
“Exclusive Life”, Kabanbay Batyr St. 104
(Source: Author).

Figure 8. Residential complex
“Famous Town”, St. Zhuldyz - st. 16®
(Source: Author).

Creating a visually comfortable urban environment for residential areas is more relevant than
ever in contemporary urban design. [15] While modern requirements and aesthetic preferences
have evolved, color organization remains a crucial aspect of architectural composition,
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particularly in a metropolis like Almaty. Many of the city’s standardized residential buildings
are in need of renovation, and diversifying their architectural appearance can help mitigate the
monotony of large-panel housing developments [16].

Conclusions

The architectural design code serves as an effective tool for managing the urban environment,
balancing modern requirements with the preservation of cultural heritage. The successful
implementation of an architectural design code depends on considering the local context,
ensuring active public participation, and securing government support.

Applying these principles in Kazakhstan can contribute to a more harmonious and
sustainable urban environment. During this study, key principles for the architectural design
code, specifically regarding the color organization of residential areas, were formulated with
environmental considerations in mind:

- The principle of limiting the color palette based on regional characteristics.

- The principle of contextual dependence, ensuring that color choices align with a building’s
position within the urban ensemble.

- The principle of harmonization, integrating the color palette of residential areas with the
polychrome environment of the surrounding cityscape.

Implementing these research findings in architectural practice will ensure the optimal
functionality of residential areas while contributing to a well-integrated and aesthetically cohe-
sive urban environment.
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A.B.Anbmykamea*!, /I.A.Ha3zaposa*
IK.h.Comb6aes ambiHdarbl Kazak yammbik 3epmmey mexHUKaAAblK yHU8epcumemi, Aamamoi, Kazakcma
2TawkeHm cay/1em-KypblablC yHUGepCcUMemi, KA/1a KYpPblablCbl HaHe AaHOWagdmbik caysem kagpedpacoi,
Tawkenm, 636ekcmaH

AnMaThl Ka/1aCbIHBIH, MBICAJ/IBIH/A TYPFBIH ayAaHAapAbIH Kac6eTTepiH KOJIOPUCTUKAJIBIK,
YHBIMAACTBIPY YIIiH COY/IETTiK AM3aiiH KOAbIHbIH NPUHIUIIH 6GeiiMaey

AngaTna. blHFai/bl KasajblK KeHIiCTIKTI »KakKcapTyAblH, KellleH[i CTpaTerusiCblH YHbIMAACThIpY
KaXXeTTUIIrl XaJIbIKTbIH eMip Cypy cCamacblHbIH TOMEHJIr KoHe KaJsajap/blH KOJAKUCBhI3 COYyJIETTIK
KeJi6eTi mpobJsieMacblHa 6ailaHbICTHI. Bys1 Kasipri KeseHJe Ka3aKCTaHHBIH OapJibIK 6HipJepi YIIiH
COYJIeTTIK ko06asay KOAEKCiH 93ipsiey/iH MaHbI3Jbl CTPATETUsJIbIK MiH/JeTTepiHiH 6ipiH KabbLIgay
KaXKeTTIiJITiH KepceTei.

Kasipri 3amaHfbl Kajajap TYpaKThl AaMy[bl KaMTaMacbl3 eTyJAe, MdJeHW MypaHbl CaKTay/a,
»)KalJIbl KaJlaJblK OPTaHbl Kypy/Ja KenTereH KWUbIHJbIKTapFa Tam OoJiaZbl. KacbeTTep, AeMaJibic,
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kimiripiMm apxuTekTypasnbiK dopMasnap, KapHaMa CUSKTbl KOMIIOHEHTTEP KaJlaHbIH TyTac GelHeciH
KaJIbIIITaCThIpy/ia MaHbI3bl peJ aTKapaibl. Ocbl1akiia, COYIETTIK XK006aJ1ay KOJeKCi—HaKThI epexxkesiep
MEH CTaHAApTTap Heri3iHAe KajajblK OpTaHbIH JaMybl MeH JaMYblH peTTeyAl KaMTaMachbl3 eTeTiH
KypaJil-oCbl MaceJeJiep/li lellyAiH Heri3ri TaciiaepiHiy 6ipiHe alHaaabI.

KasiasblK opTaHbIH canachlH KaKCapTYAbIH AYPbIC KypaJiapbl MeH TUIM/I 9jicTepiH TaHAAy YILUiH
OHbIH Kasipri »kafJaiiblH 6afajiay, Kaja NpobJsieMajapblH >KaH-)KaKTbl TaJlay, OHbIH, KYIITi >KoHe
nepcrneKTUBaJbl JlaMy 6afFbITTapblH 6eJiin KepceTy KaxeT. PeMTUHITIK areHTTIKTepAiH opTypJi
3epTTeyJiepi, canbICThIpMasbl TaaAay KelleHAepi, HUHAeKcTepi 6ap. Makanaga AnMaThbl KajacbIHBIH
TYPFbIH aJlabbIHbIH KacbeTTepi TaijaHazpbl, 6y/ KajasjblK opTaZaFbl OJlaH api JaMy BEKTOpPJIApbIH
aHBIKTay/bIH HAaKThl KepiHiciH bepefi.

Ty#iH ce3aep: KaJalbIK 0pTa, CAYJETTIK AU3aNH-KO/, TYC, KACOET, KOJIOPUCTHUKA.

A.B.AnbmykameBa’, /I.A.HazapoBa?
!Kazaxckux HAQyuoHabHulll uccaedosamensckulli mexHuveckuii ynusepcumem umeru K.HM.Caméaesa,
Aamamel, KazaxcmaH
?TawkeHmckull apxumeKmypHo-cmpoumesHbulll yHUsepcumem, kagpedpa 2padocmpoumenscmada
u aaHdwagmuot apxumekmypuwl, TawkeHm, Y36ekucmau

AjanTtanysa NpUHLMIA apXUTEKTYPHOTO0 JM3aiH-Koa A/ KOJIOPUCTHYECKOM OpraHM3anu
dacapoB KNIBIX paiilOHOB HA NpUMepe AJIMaThbl

AHHOTanus. Pactymasa ypbaHusanust Bce 4aile JaeT o cebe 3HaTh. Heo6xoquMoCTh pa3paboTKu
KOMILJIEKCHOW CTpaTeruy y/ay4ileHUuss KOMQPOPTHOrO TOPOJCKOro MpOCTPaHCTBa 00YycC/10BJIeHa
npo6JieMON HU3KOr0 KayecTBa KHM3HU HacesJeHUs U HeOGJaronpuUsiTHOTO apXUTEKTYpPHOro 0O6JIMKa
ropozioB. 3TO NoAYepKUBaeT HEOOXOAMMOCTb IPUHATHA OJHON U3 BXKHEHIIMX CTpaTerH4ecKux 3ajad
0 pa3paboTKe apXUTEKTYPHOIO0 iM3aiiH-K0o/ja Ha COBpPEMEHHOM 3Talle [iJisl Bcex pernoHoB KasaxcraHa.

CoBpeMeHHbBIE TOPO/A CTAJKHUBAIOTCA C MHOTOYHCJIEHHBIMY BBI30BaMU B 00eCcrie4eHUH YCTOMYHUBOT O
pPa3BUTHS, COXPAaHEHUHU KYJbTYPHOrO HacjeAusl U cO3JaHUM KOMOPTHOM ropojackoit cpennl. Takue
KOMIIOHEHTHI, Kak $pacaibl, MeCTA OT/bIXa, MaJible apXUTeKTypHble GOpPMbI U peKJIaMa, UT'PAIOT BXKHYIO
posib B GOpPMHUPOBAHUU LeJIOCTHOTO o6pasa roposga. TakuM o6pa3oM, apXUTEKTYPHBIN AU3aWH-KOJ
— MHCTPYMEHT, KOTOPbIH 00ecledyuT peryJMpoBaHHe 3acCTPOMKH U pasBUTHe TOPOJCKOU cpelbl Ha
OCHOBe OIpeJieJIeHHbIX IPaBUJI U CTaHAAPTOB, — CTAHET OJHUM U3 KJIIOYEBBIX IOJX0/0B K peLleHHI0
3THUX NMPOOJIEM.

Y1o6bl BbIOpaTh MpaBU/bHblE UHCTPYMEHTbI U 3dQdeKTHBHbIE CHOCOOBI Yy4IIeHHUs KaiyecTBa
TOpPOZICKOM CpeJibl, He0OXOLUMO OLIEHUTDb ee TeKyllee COCTOSIHHe, BCeCTOPOHHE NPOaHaJM3UpOoBaTh
npo6JsieMbl TOPO/a, BBIJEJNUTh €ro CUJIbHble CTOPOHBI M MepCleKTHBHbIE HAalpaBJeHUS Pa3BUTHUS.
CyuiecTBYIOT pasJ/iMuHble HCCAeJOBAaHUS PEeNUTUHIOBBIX areHTCTB, KOMILJIEKCbl CPaBHUTEJIBHBIX
aHaJ/IM30B U UHJIEKCHI. B cTaThe 6yZeT npoBejieH aHaiu3 $acaioB XKUI0r0 padoHa AJIMaThbl, KOTOPbIX
JlacT TOYHYI0 KapTHHY OllpefiesieHus JaJbHelIIuX BEeKTOPOB Pa3BUTHs FOPOJACKON Cpe/ibl.

Kiio4yeBble c/10Ba: ropo/cKas cpefia, apXUTEeKTYPHbBIN AU3alH-KO/, BET, pacabl, KOJOPUCTHUKA.
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KeH Ka6aTThI Oa/IKblJIAyMeH KaJIIIbIHA KeJITipiJIreH IHOMbIH UiHAl
OuTIKTEpAiH Te3iMAiTiK OepIKTIriH 3epTTey

A.C. Kapxxay6aeB! ', A.E. Toitsibi6aeB'* ", Y.A. Ycuno6ae? , C.C. [lepHeGeKoB?
A.O. KazeHoBa!
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Myxmap 9ye3oe amviHdarbl OHmycmik Kazakcman yHueepcumemi, lllvimkenm, Kazakcmat
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AnpaTtna. Kasipri yakbITTa HieTe/iiKk aBTOKeJiKTepe WOWbIH UiHAl 6iik-
Tep Ui KOJIJAaHbLJIBIN KeJsieJi, oJapAbl KaJllblHa KeJTipy >KoFapbl 6epikTiri
6ap IIOWBIHHBIH O3iHAIK epekllesiKTepiHe 0alaHbICThl KUbIHFA COKTbIpa-
Zbl. 2KapusiaHbIMFa YChIHBIJIFAaH MaKasla Ka/llblHA KeJITipiJireH LOWbIH UiHA]
6inikTepaiy Te3iMAiNiK 6epiKTiriH 3epTTey/AiH 63eKTi MacesesepiH Lielyre
apHasiraH. KannbiHa KesTipisireH uiHAi 6ilik Aucaokayuusanaap/iblH, KapKbIH-
Zibl KO3FaJIbICbl HeMeCce MUKPOKYPBIJILIMHAH, Ke3 KeJITeH e3repicTepiH TyAbl-
paTbIH >KOFapbl TeMIlepaTypaFa JeWiH KbI3AbIpyMeH XYpPeTiH TO3FaH HiHJi
6i71ik MOHMBbIHLIANMAPbIH OaJiKblJlaMa KabaTTapbIMeH KamTay, KaXKy OepikTirin
TeMeH/leyiHe aKeJsielli. KenTereH 3epTTey/iep HOTHXeCi KopceTKeH/lel OalKbI-
Ma NpolLecTepiH KOJJAaHbIN KaJMblHA KeJTipiireH 6eJiieKTep/i, acipece 6eii-
ri XKyKTeMeJiep KaFAalblH/AA KYMbIC iICTEUTIH O6J/IeKTep/AiH, KaXy OepikKTiri
eZlayip TeMeHeTeTiHi goanennensi. COHABIKTaH, 6a/JKbIMaMeH KaJlllblHA KeJl-
Tipi/ireH Ke3 KeJireH ayblp XKYKTeMeJsiep/e »KyMbIC iCTeHTiH 1OoKbIH UiH/AI 6i1ik
YILIiH KaXXy 6epikTiriHe 3epTTeysiep »Kyprisy aca MiH/Z|eTTi.

TyiiH ce3aep: uiHAi 6iJ1iK, KepHey, Te3iM/i/iK 6epiKTiri, MUKPOKATThIJIBIK,
CbIHAK, 6a3achl, 6aJKbljay CbIMbI, CAMMETPHUSJIbI LUKJIJEP, TEMIP YHTAK,
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Kipicne

KenTeren 3epTTeysiep HaTHXKeci KepceTKeHJeH, GasKbiMasay YAepicTepiH KOJIJaHbIM
KaJlllblHA KeJITipizieTiH OeJilieKkTep, acipece aybicnasibl LUKJJIK KYKTeMeJep OpTachlHJAa
YKYMBIC ICTEWTIH OeJlleKTep/iH Kaxy OepikTirin oOipmama TemeHfgeTezi. OcbiFaH opai,
6a/IKbIMajslayMeH KaJlllblHAa KeJITIpiJITeH ayblp >KYKTeMeJiep >XKaFJaillblH/a XYMbIC iCTeUTiH
IIOMBIH UiHAI OiiKTepi yuIiH TO3y GEpiKTiriHe 3epTTeyJep XKYPri3dy KaxkeT. YaKbIT OOWbIHIIA
UKJ/IJbIK 63TepeTiH JUHAMUKAJbIK KYKTeMesep/iH (LUKJIABIK KepHeysep) acepiHEH CbIHY
Kaky 6epikTiriHe »kaTazbl. KepHey 6esrici e3repreH kesze 6eJri ayblcnajbliapFa kaTabl, aJ
6ip 6esiri Ke3iH/ e - MyJibCalUsiJIaHa/lbl.

Toxipubeeri yakbIT 60MbIHILIA UKIJIK KEPHEYJIEPiH 63repy 3aHAblIbIKTaphl 9p TYPJIi —
asjafaH peTTesyAeH OacTal, HaKThl OeJirisiepre AeiiH aHbIKTalaAbl. LIUKAAiK KepHeyaep/iH,
KU1 Ke3JleceTiH NepuoAThl 3aHJbLIBIKTaphbl 1-cypeTTe a, 6, B KeaTipinreH. Llukaaik xxykreme
YaKbITbIHbIH, 63repyiHiH HaKTbl 3aHbIH aHbIKTAy KHUbIH OOJIFAH Ke3Je, 0J1 WapTThl TypAe
CUHYCOHWAAJIbI /el KabblaaaHaabl[1].

LUKAABIK KYKTey CUllaTTaMaJlapblHa:

- KepHeyJiep LUKJIi-e3repy MNpoleciHiH 6ip kKe3eHiHJe aybicnaJjibl KepHeyJep/iH HaKThI
MOH/EeP KUBIHTBIFbI;

- t HUKJ Ke3eHi-6ip KepHey UKJIiHiH YaKbIThI;

- 0, UHKJIiHIH MakcuMas KepHeyi, MH/m? (krc/mm?), anre6pasiblK MoHiHJE IUKJAIH,
opTalla KepHeyi »KoHe aMIJIMTYJACbIHbIH, aJredpasblK KOCbIH/IbICbIHA TeH, IUKJ/JiH Y/IKeH
KepHeyi;

- 0,_. MMHHUMaJ/bl LUK KepHeyi, MH/M? (krc/MM?), anre6pasblk MoHiH/e HUKJI/iH OpTaLa
KepHeyi MeH aMIJIMTYJaCbIHbIH aJrebpasblK ailblpMallblIbIFbIHA TEH, Killli HIUKJI KepHeyi.

L[luK/1 KepHey/iepiHiH aMIJIUTY4aChl:

O ax ~ Cmi
o = mm 1)
a 2
Opralua QUKJAIH KepHeyJepi:
2)
AmnvTyza uieri:
2G2=0Omax - Om 3)
R1: Omin /Gmax . R2: Tmin /Tmax 4)

CHMMeTpHUSJIBbI )KOHE aCUMMETPUSJIbI UKIJAp/bl aXblpaTaMbl3. bipiHii xarmanja, o
T KeHe o, T . abCoIIOTTI MaH/epi TeH, 6ipak 6esrici 60MbIHIIA KapaMa-Kapchl (2-Cyper,
a). AcuMMeTpUs/Ibl KepHeY LUKJIH/e (2-cypeT, 6) 6y/1 MoHI 6OMBbIHIIA TEH eMec KdHe dpPTypJii
6esirijiep 60J1ybl MYMKIiH 3k9He 6ip 6e/1ri 60J1ybl MYMKIH (IyJ1bCalMsi/ibl KEPHEYJIED, 2-CYyPeT, B).

CumMeTpusabIK nukazge R = -1 [2].

)
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Ken kabammbl 6a1Kbl1ayMeH KA/ANbIHA KeamipiazeH wollbliH uindi 6inikmepdiy me3imdinik 6epikmiziH 3epmmey

Y VAV AVAVAVE
o ottt 1=

B) O ‘ ‘ l [ P ‘

o o\ N\ N\ SN\ s

a - Mep3iM/i 3aHbUIBIKTBIH, KaJlIlbl )KaFfaibl; 6 — TIKOYPBIIITHI; B — apa TiCTi; I - CHHYyCOWIaJIbI
1-cyper. Toxipubeaeri LUKIIK KYKTeMe rpaduKTepi

MeTtanzabiy 6GepikTikke (Te3iMJiNiKKe) Kapchl Typy KabijeTi o, Te3iMAlIK werimeH
(6epikTik wmeri) anbiKTasagbl, MH/MM? (krc/MM?), - GepisreH Te3iMiiKKe COMKeC KeJeTiH
R acuMMeTpuschl 6ap LUKJ/JIH €H >XOFapbl KepHeyiHiH MoHi. CUMMeTpPUSAIBIK LUKJJAEri
Te3iMliK weri o, erepo_ =0 . 60Jca, 6ipak (R=-1) 6esriciveH Kapama-KapcChl.

a)s,t

21 o‘\ N N ~
S)

LS t
B)

T o

a — CHMMETPHUSJIBIK LIUKJI; 6 — 9PTYPJii XKYKTey/le CHMMETPHUSJIbI eMeC IIUKJIi; B — CAMMETPHSIJIbI eMeC
NYJIbCAIUSIBIK, UK.
2-cypet. KoHCTpyKIUAIap/ibl IUKJJIBIK JKYKTey/le KepHey UKJAEePiHiH TypJiepi
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Tesimisik cbIHAFbI UKIIAEp aMIIMTYAACBIH 63TrepTy/iH KeJeci 6aFaapiaMaiapbliH XKy3ere
acblpyfa MYMKIiH/ik 6epeTiH apTypJii CbIHAaK KOH/JbIPFbLJIAPbIH/AA XKYprisinesi [6]:

a) CUHyCOH/1aJ1bl (rapMOHUKAJIbIK) HEMECe LIMKJIIeri KepHey/ep/liH TYPaKThl aMIJIUTYAAJbIK
MOH/JepiMeH;

6) GUrapMOHUKAJIBIK;

B) aiHbIMaJlbl XKMiJliKTe (LIMKJ Ke3eHiHiH e3repyiMeH);

r) 6aFjapJiaMasiaHFaH GJIOKTBIK LIUKJI;

[1) 0a yaKbITbIHBIH, 63TrepyiMeH 3KCIyaTalusIbIK ClIEKTPMEH;

e) rapMOHUKAJIBIK LIUKJITE IIaMaZlaH ThIC XKYKTeMeJiepAi KOCyMeH.

JdjicHamMa

3eptTey o6bekTici 3M3-53 Ko3FaJTKbIIITAPAbIH WOWBIH UiHAI 6iiKTepi asibIHA/bl YKOHE
0JIAp/IbIH, Y1II CEPUSIChI KAPACTBIPBIJIbII 3epTTEJEI:

- 1-yari. 3TasoOHAbIK, IFHY, )KaHA LIOWbIH HUiHAI 6i1iKTepi;

- 2-yari. bBankbliay cbIMbI apKbl/Ibl BUHTTIK 9jiCiMeH KaJlllblHAa KeJITipiJITeH IOWbIH UiIHAI
6inikTepi;

- 3-yuri. TeMip yHTaKTapblH KOCy apKblibl 6a/JKbIMaMeH KaJlblHA KeJTipi/ireH HI0WbIH
uinai 6inikrepi [3].

Ocnl 3epTTeynepai kKyprisyziH MakcaTbl 3M3-53 KO3FaJTKbILITApP/AbIH CblHAJAaTbIH UiHAI
6inikTepiHiH TO3y OepiKTiriH 3epTTey oHe 0JIap/bl 63apa CaJbICThIPY OOJbIN TaObLIA/bI.
Byn 3M3-53 wuiHai G6inikTepiHiH ChlHaJATbIH cepusJapbl YIIiH TO3y OepiKTiri 60WbIHILA
CaJIbICThIpMaJibl HOTHKEJIEP/ i aHBIKTAY.

Y 3epTTesieTiH cepUsHBIH, UiHAI OiNiKTEpiH KaXKy OepiKTiriH cbiHay 3epTxaHaja 64 «H»
CTeHJiHJe XKyprisinai, 3-cypeTTi KapaHbI3.

|

BrAzrd |\
1

1

111110

1 - KOH/ZIBIPFBI IVTMTACHI; 2 — KAKMAKTap; 3 — KbICKBIII; 4 — HiHAI 6UTiKTiH yarici; 5 — KO3ABIPFBINI JUCK;
6 — molbIHTipek 11706; 7 - xKeTeKIi A1CK; 8 — )KeTeKIli JUCK; 9 — 3JIEKTP KO3FaJIbITKbIIII;
10 - uinriw Tesikesep; 11 - TeHrepy 6eJekTepi.
3-cyper. Minai 6inikTepai TesimMinikKe cbiHayFa apHasiFaH 64 «H» cTreHAiHiH cya6achl
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Key kabammpul 6a1Kbl1ayMEH KANbIHA KeAMIpiazeH WollblH UiHdi 6in1ikmepdiy mesimdinik 6epikmicin sepmmey

3M3-53 KO3Fa/TKbIIbIHBIH UiHJi 6i71iKTEepiH 3epTTeyre apHa/FaH yJrijiep KO3FaJTKbIIIKA
KOIOFa JlalblH yJarijiepJieH Ta”gasagbl. O yuliH HiHAi 6iiK cCHMMeTpus Ka3bIKTbIFbl ©Te-
TiH opTaHfbl (ylWiHIIi) Tynki MoWbIHIIAZaH Kecijseai. TepTiHlIi >koHe GecCiHIII MOWbIHLIA
KaJIZ|bIKTaphl a/IbIHbIN TacTaJla/bl.

Kecy »a3bIKThIFbIHA 2KaKbIH €KiHIII )KoHe YIIiHIII IaTyHAbl MOWBIHILA )KOHEe YIIiHIII )KoHe
aJITBIHUIBI )KaKKa KaTThl KbI3JblpyFa 6oaMainbl. Nol, 2, 7, 8 GipiHLIi )KoHe TOPTIHILI WATYH,
6ipiHLIi )xoHe GeciHIU TYNKi MOMbIHIIAJAP MEH »KaKTapFa ellKaH/Aal TEXHOJIOTUSJIbIK dcepre
oJ1 6epinimeni. Ocbliaiiua, 6yTiHAeN UiHAl OLTIKTEH eKi 6ipZeil HaTypaJibIK, y/ri aablHaAbI[7].

CeiHakTap MeMCT 2860-65 colikec KyaT »a3bIKThIFbIHbIH aliHaybl Ke3iH/je YUITapbIHbIH,
6ipiHe OekiTinireH O06JIKTiH HWHepLUs KYLITEpPiHEH Wiy XYKTEMeECiH »y3ere acblpaTblH
aBTOMOOWJ/Ib GeJilIeKTePiH TO3IM/AiIiK CblHAaKTapblHA apHaJiFaH CTeHATe xyprisiagi. 64"H"
TUIITI 66J111eK TO3IMAIJIITIH CbIHAYy KOH/BIPFBICBIHBIH, CyJ106aChl KOPCETI/ITreH.

Yuari 6esilieriHiy epkiH weTi MeH MHepUMs Kyuli TepbOesiic aMIJIUTYJachl IaMacCbIHbIH
ecenTiK MoH/lepiMeH Oipre MallWHa >XYMbBICBIHZA OJIapAbl Tikesed esiey kKeszeseni. boc
LIEeTTiH KOo3FaJiblCc aMIIMTyAackl PB-1 BubporpadsiMeH, a1 MiHAi 6iikke acep eTeTiH HHepLUs
KYLIi KeJepri TeH30JaTYUKTEpi >XoHe OChl MakKcaTTap YLIiH KaObLIJAHATBIH CEPHUSJIBIK
annapaTypaHblH KeMeriMeH eJIleHe/|.

Ko03Fa/ITKbIIITBIH, WOWBIH UiHAI 6iiKTepiHiH Te3iMAi/NiIK ChIHAKTapbIHbIH HOTHXeJIepiH
MaTeMaTHUKaJIbIK 6HJey/li OCbIFaH coliKec )yprisineni[12].

HBTI/I)KeJIep K9HE TaJIKbl/Idy

3M3-53 3epTTesireH cepusiiapAblH KO3FaJITKbIIITAPbIHbIH, UiH/i Oi/iKTepiHiH HAaTypasiAbl
TO3IM/iJIiK CbIHAaKTapbIHbIH, HOTUXKeJlepi XxaTTamMasiap/ia KeJTipijireH [2].

KykTey GapbicblHAA CblHAy MWiHAI OinikTepAiH Te3iMAiNiK Oy3bLIybIH TajJadl OTBIPHIIN,
CBIHYZBIH Y1 TYPiH OeJsrijiey KaXer.

CoiHyzbIH GipiHIui Typi. 2KapbIKThIH naija 601y aliMaFbl eCeNnTiK KayinTi KUMaHbIH, *a3blK-
TBIFbIMEH COMKecC KeJsieZi. bys1 peTTe cblHa/saThIH IATYH MOWBIHHBIH, K6JIleHEH, KUMaChIHbIH
ayfaHbl 61%-1aH actaMbl 3aKbiMAaHazAbl. OfaH opi KapbIKThIH Naijia 60/ybl OypaHasbl
Mal ThIFbIHHBIH aCTbIHJAFbl CAHbLIAYAbl 3aKbIM/al OTBIPHIII, XKaK KaFblHA Kapau »KaJslFacabl.
[lo¥biH uWiHAI 6inikTepAi Te3liMainikke cbhiHAy Ke3iHferi 6apJiblK CbIHYAbIH, 90% 06i37iH
»KaFJaibIMbI3/1a A3J1 OipiHIIi TUNKe kaTa/bl (5-cypeT).

4-cypet Tesimfisikke cbiHay 6apbIChIH/bI MIOWBIH HiHJI 6i1iKTEpAiH ChIHY TYpaepi
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CoiHyAbIH eKiHi Typi. 2KapbIKIIakK »aKKa IbIKIAM, IaTyH MOWUHbBIHBIH, 6apJIbIK KeJleHEeH
KMMacbIH 3aKbIM/ai/ibl. CEIHY/bIH eKiHIli Typi O0ibIHIIA HEOAPI eKi CbIHY 6alKaJ/ibl (ChIHAK
Ke3iHJe 6apJiblK Te3iMAiJMiK cbiHynapAblH KeMiHae 5%). CblHy/1ap/blH, eKiHIli Typi ecenTik
KayinTi KMMa TypaJibl KepHeKi TYCiHik Gepe/ii koHe TO3IMJiJiK CbIHAKTaphbl 9iCTEMECIHIH,
JYPBICTBIFbIH TaFbl 1a pacTauabl.

CeiHygblH, yuiiHmi Typi. ChIHBIKTapAblH OipiHLII TypiHe yKcac »Ko9He OJaH OpHaJaCKaH
»KepiMeH FaHa epekiuesieHeai. Erep kayinTi KuMaza TaHJasFaH cyJi6a/ia )KoHe yJriziep Hbica-
HbIH/Ia KeJITipiJireH MOMEHT K9He KayiNTi KepHey/iep HEFYPJIbIM YJIKEH MOHTe he 60J1ca, OHJla
ylliHIi y/arigeri ceiHyAa 6y mwamasap maMameH 32% keM 60s1a4bl [9].

JLB.MypaToB TeHJeyiHeH TayeJJiNiKTI NmaWAajaHa OTBIPbIN, KabOblLiJaHFaH JJicTeMe
6obiHIIAa 3M3-53 KO3Fa/ITKbILITAP/IbIH, IIONbIH UiH/AI 6i/iIKTEpiHiH 3epTTeeTiH CepUsaIap/blH,
TO3IM/IJIIK CbIHaK HOTHXKeJlepiH eHJeye Te3IMAiJIK WeriHiH MbIHaal opTallajaHfaH MOHIH
6epeni[4]:

1. Yuri. Bapuanusiabik Katap: 4,92; 5,36; 5,36; 5,37; 5,39; 5,44; 5,45; 5,57; 5,K722; 5,72;
5,75; 5,75; 5,83; 5,83; 5,87; 5,87; 595; 599; 6,07; 6,16; 6,20; 6,40; 7,50; 7,75

wm’
2. Yuri. Bapuauusiabeik Katap: 5.77; 4.63; 4,44; 4.26; 4,00; 3,95; 3,90; 3,88; 3,85; 3,84;

3,80; 3,69; 2,80; 2,13 —— ..
MM

% = 0'9=5997=6,00—— §=0523"; ¥ =8,7%.
MM MM
3.Yari. Bapuanusaneik Katap: 1,54; 3,79; 4,22; 4,43; 4,46; 4,47; 4,47; 4,48; 4,48; 4,52;
4,54; 4,55; 4,82; 4,86; 5,00’<_22,

MM
X7 =g =451  §=0290"—;  y=640%.
MM MM

HomuHanzapl kepHey/liH MaHIi »KoHe CbIHyFa [JleHiHTl LUKJ/IJapAblH CaHbl (CbIHAK 06a3achl
10-10° Mk yiiH KabblIJaHFaH) OCbl CEPUSHBIH, KUBIHTBIK, ChIHAK, XaTTaMacblHa eHTi3ineni
[3]. ’KubIHTBIK XaTTaMaJiap HeTi3iH/ie 3epTTesreH 6eJileKTepAiH Te3IMAlIIK 11eri ecenTesei,
TO3IMAIIK KUCBIKTAapbIHbIH TIpadUKTepi KypblIaJbl >XoHe TO3IMIIK KUCBIKTapbIHbIH,
KOppeJIALUANBbIK TeHJey/epl KeWiHHeH ChbIHa/JIFaH CepusJiapAblH TO3IMAIIri TasijaHbIIl
ecenTesaesi.
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e’
10 |
o
?} ¥=9.8311- 05070 X (1-yuri)
¥
9
V=8.9591-0.5534 X ( 3-ynari )
o
? —
1 V=8.2385-05072X G.1=6=0.52 KT/pme?
6 ' o -
(2-ymri)
T
o.1=4,51+0,29 Kr/nma?
4T 0.1=3,93+0,77 xr/Mn?
3 | | HHI{.‘I,EI;B}J CaHEI

0.1 2 3
1N (10-10%)

5-cypet. 3M3- 53 Ko3Fa/NTKbIIIbI HiHAI 6iikTepiHiH Te3iMainik rpadukTepi

Tesiminik KUCBIKTapbl KepCceTKeHJ el 3JIEKTP AO0Fasbl OaJjKblaay/bl KoJZJaHa OTBIPHIII,
9p-TypJli TexHoJioTHsilap OOMBbIHINIA KaJillblHA KeJTIpiJireH WiHAl OulikTepAiH TesiMaijik
OepikTiriHiH TemeH/iey yp/ici 6ap ekeHiH kepcete/i. llloibiH MiHAl 6iniKTEp/i OasKpIMaiay
Ke3iHJle MOMWbIHLIAJApAbl KbI3JbIpyZa O6JIIHTeH >XbLIY[bIH MeJepi KoHe CaJKbIHAATY
KbUIAAM/JbIFbIHBIH, 9PTYpPJIi FpafMeHTTepi Mapiiay 6epiKTiriHiy TeMeHieyiHe aKeJse/li XKoHe
LUKJIJIH y3aK Mep3iMAijiri egayip a3asdabl.

TesiM/Ii/lik KUCBIFBIHBIH, COJI KaK TapMaFbIHbIH, TEHJIEYiH TaHAall, MapaMeTpJiep/i 6araan
»KOHE OHbI TO3IMIIK CbIHAKTApPbIHbIH KeCTeCiHe KYpy MaKcaTbIH/la €H a3 KBaApaTTap 9/iciMeH
CblHaJIFaH WiHJl 6inikTepAiH apbip cepuschl YiiH ajblHFAaH 3MIUPHUKAJbIK MaJiMeTTepre
CYHMeHin, ChI3bIKTBIK PErPeCCUSJIBIK TalAay XKYprisiaii.
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OHJey Ke3iHJe KYMbIC dJlicTeMeci MeH YCbIHbIMJlapbl MaijjajaHbll, 9pbip CepUsSHbIH,
6inikTepiHe apHa/IFaH perpeccusi ChbI3bIFbIHBIH IMIIMPUKAJIBIK TEHAEY/IepiH xKa3aMbI3 [4,11]:

1.Yari: vy =6,3426-0,5070(x — 6,8800) HeMece V, = 9,8311-0.5070x;, 5)
2Yaris = 56822-0,5072(x—5,0400) Hemece v, = 8,2385 — 0,5072x, 6)
3.Yari: - 58296 —0,5534(x — 5,6550) Hemece y, = 89591 —0,5534x, 7)

Ipbip cepus 6iniKTepiHiH TO3IMAI/IIK ChIHAKTAPbIHbIH, 1-KecTeciHe KeJTipijireH 6apJibikK
HaKTbl CbIHYJIapblHA COUMKeC apThbllal JorapudpMijsiK KoopJAUHaTagapAarbl 6-CypeT OChI
CbI3BIKTAP/bIH allHaJIaCbIH/1a €H a3 bIKTHMaJl aybITKyJIapMeH TONTacThIpbLIabl [4]. Perpeccus
CBI3bIFBIH casy yiIiH 1-kecTefe 2,4 xoHe 8-6aFaHjap/blH JepeKTepi naiaasaHblIa/ibl.

1-kecte. CbIHAJIFAH OWBIH HiHAI 61TiKTepAiH TO3y GepiKTiriHiH cumaTTamMachl

Cepus | TesimMainik 1ueri, Jwc- Oprawa | Bapuanusa | CanbictbipMalibl | CbIHY KUCBIFDI-
aTaybl Ke nepcus, KBa- k03 du- TO3IMALIIK HBIH TeHeyi
O e S APaTThIK LUEHT- % KaHIIa
aybITKY- Tepi, v, % ece
Jap, o*
1 2 3 4 5 6 7 8
1 Yari 6,00 0,274 0,523 8,7 100 1,00 |¥Y=9,831-0,507X
2 Yari 3,93 0,593 0,770 20,2 65,5 1,53 |¥=8,238-0,507X
3 Yuri 4,51 0,084 0,290 6,40 75,2 1,33 | ¥=8,959-0,553X

KosijaHbicTarbl KepHEY/I »koHe CbIHAJIFAH UiH/A{ OUliKTep/i ChbIHY cunaTbhliHa Kapan (1-kecre-
HiH 3 )koHe 5-6aFaH/japhl) LUKIJIK OepiKTiKTi 6aFasayFa MyMKiHJiK 6epefi. BapJiblK KasnbiHa
KeJITIpIJITeH LIOWBIH OiliKTep »KaHacblHA KapaFaH/Ja a3 KepHeyAe KUPaWTbIHbl aHbIKTAJI/b.
MpbIcasibl, 3TaJOH/bIK, cCepHrs YIIiH yu yiarige 10 MJH. UKIeri cbiHAK 6a3achblH CbIHOAM y3aK
yctaapi[1, 9].

KopbITBIHABI

2KorapbliaFbl KepceTiJireH CblHAKTApPbIHbIH, aJIbIHFAaH HITWXKeJIepiH TajlJjall KeJjie O6aJKbl-
JlayMeH KaJ/lllbIHa KeJITipi/ireH MOoWbIH HiHAi 6iiKTepi xaHa 6eJilieKTepMeH CaJbICThIpFaH/a
TOMEH LUKJIZiK OepiKTiKKe ue JlereH KOpbITbIH/bIFa KeJAi. 2KaHa «1-yarigeri» vinai 6isikrepi
YIIiH KyTijieTiH Te3iMainik meri 5,60.. 6,20 kr/MM? auana3oHbIHJA OOJIABL «2-yaATige»
6aJIKbllay ChbIMbI apKbLJIbl BUHTTIK TE€XHOJIOTHUSICbIMEH KaJslllbIHA KeJITipiJireH OWBbIH UiHA]
OinikTepi GOMBIHIIA KaJNblHA KeJATipiareH uinai 6isnikrepind antel pet 4,00 kr/MM* TeMeH
KepHeyJle KupaFaH, COHJABbIKTaH OJlap/AblH, TO3iMJiNiK 1ieri ocel JeHreiJieH ToMeH 00JI/bl.
«3-yarige» TeMip YHTAKTapblH KOCYy apKbLibl OaJKbIMaMeH KaJslllblHA KeJTipi/ireH MONbIH
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WiHAi 6lTiKTep YIIiH TO3iMATIKTIH KyTisieTiH meriHii MaHi 4,63... 4,50 kr/MM? mierinie 6015,
eUTKeHI 6acKa yJ/rijiepMeH caKTasIFaH UUKJAAAPAbIH caHbl 6y peTTe 2,5... 10,0 MJIH-Fa TeH,
MaTeMaTHKalbIK, CTaTUCTUKA aNllapaTbIHbIH, XoHe TO3IMAIIIK LIeriH aHbIKTAayAblH Xe-
JeJIleTIJITeH 9diICTepiHIH, KeMeriMeH HAaKTbl TO3IMAIIK CbIHAKTapbl Ke3iHJe aJIblIHFaH
6epinrenaepai tanzaan, JI.B.MypaToBTbIH O6eJriji TeHAeyi 60HbIHILA CbIHAJFaH 66JIIeKTEP/IiH,
UKJJIK OepiKTiriH caH/iblK 6aFasayFa MYMKiHAik 6ep/i. EcenTeMe HaTHXKeciHAe KaHA UiHA]
OinikTepAiH TO3iMIiMIK meriHiH ecenTik MaHi 5,93... 6,00 Kr/MM? eKeHi aHbIKTaNIbl (1-KecTe)

13].
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A.C. Kapxcayb6aes, A.E. Toiiivibaes, YA. Ycun6aes, C.C. [lepHebekos, A.O. KazeHosa
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HccaegoBaHuA yCTaJ0CTHOM NPOYHOCTU YYTYHHBIX KOJIEHYAThIX BaJI0B, BOCCTAHOBJIEHHBIX
U POKOC/JI0MHOM HAIJIABKOM

AHHOTanWA. B HacTos1ee BpeMs1 B 3apy0eXHBIX aBTOMOOUJIAX IPUMEHSIOTCA YyTYHHBIE KOJIeHYaThble
BaJIbl, BOCCTAHOBJIEHHE KOTOPBIX NPeJCTaBJIseT COO0H CJI0XKHYIO 33Ja4y M3-3a 0COOEHHOCTEN BbICOKO-
npoyHoro uyryHa. IlpeacraBieHHass K NyOJMKallMM CTaTbhs IOCBALIEHA aKTyaJbHBIM BOIPOCaM
UCCIeJOBAaHNUA YCTAJOCTHOW NPOYHOCTH BOCCTAaHOBJIEHHBIX YYTYHHBIX KOJIEHYaThbIX BaJoB. [Iponecc
BOCCTAHOBJIEHUSl KOJIEHUYATOTO BaJa, CBA3AHHBIA C WHTEHCUBHBIM [JBW)XeHUEM [HUCJIOKALUN WU
C 3aKpbITHEM H3HOIIEHHBIX LIeeK Baja IPU HarpeBe [0 BBICOKUX TeMIIEpaTyp, MOXKET BbI3bIBAThb
M3MeHeHHs1 B MUKPOCTPYKTYpe MaTepHaJla, 4To, B CBOIO oYepe/ib, IPUBOAUT K CHH>KEHUIO IPOYHOCTH Ha
VCTUpaHUe.

Pe3y/sibTaTbl MHOT'OYHCJIEHHBIX MCC/IeJ0BaHNUU [TOKa3aJH, YTO JleTalH, BOCCTAHOBJIEHHbIE C HUCNOJIb-
30BaHMEM HAIVIaBOYHBIX IPOLECCOB, 3HAYUTEJbHO TEPAIT YCTAJIOCTHYK INPOYHOCTb, O0COGEHHO
B YCJOBUSIX IepeMeHHbIX Harpy3ok. [I03ToMy A/ 4yryHHOro KOJIeHYaTOro BaJjia, paboTarollero
N0/, BO3JENCTBUEM TsKeJIbIX Harpy30K M BOCCTAHOBJEHHOIO C MOMOIIBI0O HallJIaBKH, POBeJeHUe
uccae,0BaHUM Ha IPOYHOCTb SIBJISAETCA 06s13aTe/IbHBIM,.

KiioueBble €/10Ba: KoJieHYaTbll BaJl, HapsXKeHHUe, YCTaJ0CTHAas NPOYHOCTb, MUKPOTBEPAOCTD,
ucnblTaTe bHasA 6a3a, HallJlaBOYHas NPOBOJIOKA, CAMMeTPUYHbI€e LIUKJIbI, XKeJIe3Hbli I0POIIOK.

A.S.Karzhaubaev?, A.E.Toilybaev?, U.A.Usipbaev?, S.S.Pernebekov?, A.0.Kazenova'
IALT University named after Mukhamedzhan Tynyshpayev, Almaty, Kazakhstan
2South Kazakhstan University named after Mukhtar Auezov, Shymkent, Kazakhstan

Studies of fatigue strength of cast-iron crankshafts restored by wide-layer surfacing

Abstract. Currently, cast iron crankshafts are used in foreign cars, the restoration of which is a
difficult task due to the characteristics of high-strength cast iron. The article presented for publication
is devoted to topical issues of fatigue strength research of restored cast iron crankshafts. The process of
restoring the crankshaft, associated with intensive movement of dislocations or with the closure of worn
shaft necks when heated to high temperatures, can cause changes in the microstructure of the material,
which, in turn, leads to a decrease in abrasion strength.

The results of numerous studies have shown that parts restored using surfacing processes significantly
lose fatigue strength, especially under conditions of variable loads. Therefore, for a cast-iron crankshaft
operating under heavy loads and restored by surfacing, conducting strength tests is mandatory.

Keywords: crankshaft, stress, fatigue strength, microhardness, test base, surfacing wire, symmetrical
cycles, iron powder.
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AnpaTna. Makasia/ia )kabAbIKThIH TO3YbIHA, KOJIiK *KYKTEeMECiHiH, yJIFaloblHa
»K9He alNaTThIK XKaFAaliap CaHbIHbIH 6CYyiHe OalJIaHbICThI TEMIPXKO0JI CTAaHLIU-
sJIapblH/A TYbIHAAUTBIH ©3€KTi MaceJsesiep KapacTblpbliaabl. besri 6epy, op-
TaJILIKTaHABIPY KoHe OJIOKTAy »KYHeJiepiHiH al-KyHiH Tajajay ojapAbiH Gu-
3UKaJIbIK TO3Ybl PYKCaT €TIJITeH HOpMaJlapZaH aluTapJiblKTal acblll TYCETIHIH
»K9He MOWbI3/lap KO3Fa/bIChIHBIH, KayilNci3/liri MeH eTki3y KabiseTiHiH TOMeH-
JleyiHe 9KeJlyl MyYMKIiH eKeHiH KepCeTTi.

EckipreH, Hallap MHTerpauvdjaHfaH XydesepZi ManJazaHy >XoHe KeT-
Ki3yuiijiepre »ofapbl Tayeaisik oTtaHAblK TXKAT-Ka kewyzi Tasan eTrepi.
OchifaH 6al/IaHBICTbl TEXHOJIOTHSJIBIK TAYeJICI3[IiKTI KaMTaMachl3 €Ty KoHe
eH/lipic TUiMAiNIriH apTThIpY yuliH oTaHAbIK, TXKAT-ThI flaMbITy GacbIM/IbIKKA
aliHaJabl.

Maxkanaga «KTX» ¥YK» AK »xesiciHaeri Temip:KoJ1 KeJliri KypblIFbLIapbl-
HbIH KepceTkiTepi, KaszakcTan Pecniy6/1MKacblHbIH MarucTpaabAbIK »KeJliCiH-
ne xyMmbic ictedTiH [IKUP xoHe ’KADB y3bIHABIFbIHBIH, CaJbICTbIpMaJbl TaJ-
Jlaybl, 93ipJieHin »aTKaH YATTBIK LUGpabIK MXADB kyleciHiH KypblJIbIMbl
YCBIHBIJIFAH. K9He CbIMBbIMABUIBIK ecenteysepi. TacbiManjaynapibly Ty3y
y4dackeJiepiHzie 93ipJieHeTiH YATThIK HudpabiK MXKAD xyiieci, erep »oJ1 ak-
Chl 2KafFAana 60Jica, yyacKeHiH xKbligaMabiFbiH 200 KM/ caF ieliH apTThIpyFa
MYMKiH/JiK 6epefi. EcenTeysiep Tanjaybl KepceTKeH/ el TeMip »0J1 KeJliciHe
»KapThlJlall aBTOMATThl 6JIOKMPOBKA >KYWeECiHiH OpHbIHA Oip »K0JAbI aBTOG6JIO-
KHUPOBKaHbI €HTi3y apKbl/Ibl TeJIMHIH 6TKi3y KabineTTinirin 16,2% apTThipyFa
dKeJsleli, aJl erepze KapTbllal aBTOMATThbl GJOKMPOBKA KYHeCiHiH, OpHbIHA
€Ki K0J1/bl XKeJliZile aBTOOJIOKHUPOBKA XKYHMECIH eHri3y apKbl/Ibl TEJIMHIH 6TKi3y
Kab6iserTinirin 202,5% peitin apTThipyFa MyMKiHAik 6epegi. XKapTbliail aB-
TOMAaTThbl GJIOKUPOBKAHbI aBTOMATThIFAa aybICThIPY apKbLibl TeJIMHIH 6TKi3y
KapKbIHAbLIBIFbIH 3,5% apTThIpa/ibl.

Ty#iH ce3aep: TeMip:Kos aBTOMAaTHUKAChl, TeJleMeXaHUKa »XoHe 6ailJaHbIC;
NOWBI3Ap KO3FaJIbICBIH UHTEPBaJ//Jbl peTTey; MUKPOIPOLLECCOPIIBIK, KapThl-
Jlall aBTOMATThI 6JI0KTAY; 6TKi3y KabieTi.
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Kazakcman memip xcon0apbiHblH 6mKi3y KabiiemiH apmmulpy YWiH Yu@paslk yAmmblk
MUKPONPOYECCOPAbIK Jcapmbliaii agmomammabl 610Kkmay dcytieci

Kipicne

MemsekeT 6acuibicbiHbIH, 2020 *)bl1FbI 1 KbipKyHeKTeri «KazakcTaH »kaHa HAKThI axyaJs/ia:
ic-KUMbLI yaKbIThI» KazakcTaH xasKbiHa 2Kosi1aybIH iCKe acbIpy xeHiHAeri YITTHIK ic-luapajap
YKOCMapbIHbIH, TapMaKTapbiHblH 6ipi [1] KasakcTaH xankbiHa KoJsiayblH »Ky3ere acblpyfa
O6aFbITTaJIFaH 3aMaHayu UHQPaKypbLIBIMABIK K00asapblH eHridy apKplLibl KasaKCTaHHBIH,
KeJIiK-TPAaH3UT CeKTOPbIHbIH, 6acekere KabiJeTTisiriH, TpPaH3UTTIK MaplIpyTTap/blH
CEPBUCTIK JeHreliH xaHe KbLIJaM/IbIFbIH apTThIPy MYMKIH/iK 6epefi.

Temipxkon kesiri KP keTekuii KkeJsiik ceKTOpJiapblHbIH, 0ipi peTiHAe 3KOHOMMKAHBIH,
6apJbIK ceKTopJiapbl CUAKTHI «KazakcTaH-2050» cTpaTerusicbiHa colikec MHOPaKYPbLIbIM/bI
YKaHFBIPTY *KOHEe COHFbl MHHOBALUSJIbIK TEXHOJIOTUSJIAp/bl €HTi3y Ke3eHiHe eTy/e.

Eypa3usinbiH, opTajbIFbIHAA OpHasacKaH KasakcTaH e3iHiH MHQpPaKypbIJIbIMbIHbIH, apKa-
CblHAA 6ec XaJibIKapasblK TeMip KOJ1 KeJiiK [J9J1i3iH 0alJlaHbICThIPAaThIH aWTapPJbIKTAM
TPaH3UTTIK ajieyeTKe ve. Heri3ri gasiz TpaHckacnuil XanblKapasblK KeJliK 6aFbIThl O0JIbII
Tabbl1a/bl, 071 KaszakcraHHblH Eypomnara akcmopThl yuIiH 6ajiaMasibl »KOJI peTiHJe GapFaH
callblH MaHbI3Fa ve 60JIbII OThIP [2].

Kasipri yakbITTa «KeJiiK faJ/i3AepiHae» oHe ipi Kajalap/AblH KaJjla MaHbIHJaFbl aMaK-
TapblH/la TacblMaJay KeJieMiHiH TypaKTbl ecyi 6akkaaazabl. MamMaHAapblH 60J/KaybIHILA,
TacbIMaJilay KaXKeTTiJiri ece 6epefi. Anaiifja, KenTereH TeMip:KoJs ydackeJsiepiHiH OTKi3y
KabisieTi TaycbL1/bl, OYJ1 )kaHa 9KOHOMUKAJIBIK, TEXHOJIOTUSAJBIK K9He YHbIM/IaCTbIPYLIBIJIbIK,
»KaFJaiaap/a TeMip»KoJl KeJliriHiH MaructpanbablK xkedicinig (M2K) TacbiMasigay )koHe 6TKi3y
KabiJieTiH apTThIPY/blH 9KOHOMUKAJIBIK THIM/i 9/licTepiH a3ipJiey/i Tajam eTez,.

[To¥bI31ap/IblH, KO3FaJIbICBIH OacKapy »KykHeJiepi TacbIMalJjayAblH, 6esrijieHreH Kayimnciszirid
KaMTaMachI3 eTill KaHa KOMMal/bl, COHbIMEH KaTap TacbIMaJiJay IPOLEeCiHIH TapaMeTpJiepiHe
Gesirisii 6ip HIeKTey/iep KOsi/ibl )KoHe OCblIaMIla OHbIH, TUIMAiMIriHe acep eTefi. COHABIKTAH
TEeMIpP2KO0JI KeJIirHIH JaMy TapUXblH/JA TacbIMa/AayAblH, TUIMAIITIH apTThIPY X9He 0JIapAblH,
KeJIeMiH YJFalTy MakKcaTblHAA KO3FaJbICThl 0OackKapy KyHesepiHiH QyHKIMOHAIABIK
cunaTTaMasiapbl MeH TeXHUKaJIbIK llapaMeTpJiepi xKakKcap/bl. MacesieH, MbICaJbl, TEMipaKOJI
KeJlisiepiHiH TackIMasiZjay KabijJieTiH apTThIpy KaKeTTijirine Kapai mowbi3/jap KO3FaJibIChIH
MHTepBaaAbl petrTey xyuesepiHiy ([IKUPXK) keneci moesmap apacbhlHAafFbl apajblKTapAbl
KbICKApTy OOMbIHIIA (YHKLUOHANABIK MYMKIHJAIKTepI KeHeUTiNAi: Ke3JAblK Kyiesep
»KapThblIall aBTOMATThI G6JioKTay »xyWesepiMeH (KAB) aybicToipbliabl. bys, atan alTKaHAa,
KOChIMIIA MapaJ/ijiesib KOJAApAbl TacbIMa/ilay KeJsieMi apThill KeJe XaTKaH ydackeJsepne
eHTi3y Mep3iMiH y3apTyFa MyMKiH/iK 6ep/i.

Kasakctan Pecny6sukaceinga «KTXK» YK» AK Temip »kos1 aBTOMaTHKachl K9He TeJie-
MexaHuKa (TXKAT) »kyieci HerisiHeH THiCcTi MHQPaAKYPbIJIbIM KOPCETKIIITEPiMEH CUNIAaTTaJa/ibl.
[To¥bI3/1ap KO3FaJIbIChIH 6aCKapy/bl xkoHe 6aKpLIayabl KamTaMachi3 eTeTiH TXKAT KypaMbiHa
MBbIHaJIap Kipeji:

- 3JIEKTPJIIK OpTaJbIKTaHABIPY yHesepi (30);

- apaJiIbIKTa OUbI3/1ap KO3FaIbICbIH MHTEPBaiAbl peTTey xkyuenepi ([IKUPXK);

- nepee3AiK CUrHaJIv3alus;

- aucneTtyepsik opranbiKTaHabipy ([10) men aucnetyepJik 6akbiaay (/[B) xkyienepi.
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Apanbik TesiM/ieri »KblDKbIMaJ/Ibl KYpaM KO3FaJibIChIH OaKbLIay KoHe 6acKapyFfa TeMeH/le-
rigen [IKUPX kipeni:

- aBTO6JIOKHpOBKa (AB);

- KapThlJ1alk aBTOMATThI 6/10kMpoBKa (?KAB);

- paguobsokupoBka (PB).

JKapTtbinait aBToMaTThl 6710KMpoBKa (JKAB) - 6ip HeMece eKi »k0J11bl apaJibIKTapAaFbl ONbI3-
JlapJblH KO3FaJIbICbIH HHTEPBaJIbl pETTEYTe apHaJIFaH KypaJibl 6e/iri 6epy, OpTaJblKTaHIbIPY
koHe 6JiokTay (COB) KypblLiFblIapbIMeH Ka0AbIKTa/JFaH OeKeTTepre ipresec apajablKTapAa,
OHbIH, iiHAe 6ypmanapabiH 0 )KoHe Ke3-KeJITeH YJITiJleri CirHa/sjapMeH »KabblKTana bl [ 3].

Kazipri yakpiTTa 6ip-6ipiMeH Halllap HHTerpanysJiaHFaH ecCKipreH TeXHOJIOTHsJap/ibl
naiiasaHaTblH KeNTereH eHAIPICTIK KyHesep KoJsAaHblayna. UHOpaKypblIbIM BeHepPJikK
KeTKi3ylliJiepiHe eTe TayeJsJi XoHe OJIapAbl YCTAay MEH >KaHFBIPTY YLIIH auTapJIbIKTau
HWIBIFbIHAAPABI Tasan eTefi. CoHabIKTaH oTaHAblK TXKAT gaMbITy Maceseci ©3eKTi 60JIbIN
OTBIp.

JdJicHama

Byrinri TaHza MaructpaibJblK >KeJiHiH NaujanaHy y3bIHAbIFBI 14 906 kM Kypal/bl,
Kasnbl caHbl 849 TeMmipkos cTaHUUSACHI O6ap. Maructpasjb/blK >KeJli MeH CTaHIusAaap
noeszap/blH 6TKI3TIIITIrI MeH 6HAey KabijleTiHiH 6episireH napaMeTpJiepi Ke3iHje oJap/blH,
NOWBI3AAPBIHBIH, KAYiNCi3Airi MeH Y3[iKCi3 »KYMBICBIH KaMTaMachbl3 €Ty YVIUiH MNOWbI3JAap
KO3FaJIbICbIH O6acKapyfa apHaJiFaH aBTOMAaTHKa, TeJeMeXaHWKa, eCeNTeyilll TeXHUKA >KoHe
MHPOpMaTHKa XKyiesiepiMeH *abJbIKTa/lFaH [4] .

ApasiblKTapza NoUbI3AapAbIH KO3FaJIbIChIH KAyillCi3iriH KaMTaMachl3 eTyAiH TeXHUKAJBIK,
KyHeJsiepi 60/1aThIH JIOTUKaJIbIK NPpUHLUITED. BiiokTay »ylesepi Keseci Kputepunaiep 60i-
bIHILIA KiKTeJIei:

- Ke3eKIliHiH HeMece JucneT4yep/liH ic-opekeTiH Kayinci3 TexHuKa/bIK 6aKbl1ay/blH 001y bI
HeMece 60JIMayhl;

- XKyHeJsiepZi OpTaJbIKTaHAbIPY Adpexeci.

OpTanblKTaHABIPBLIFAH XKYHesepe aKnapaT »KepriJikTi geHreiae 6ip 6J10KTay NOCTbIHAH
KeJsiecire 6episnefi. AliTa KeTy Kepek, 0cbl QYHKIMsIAp KOHTEKCTIHAETI CTaHIMsIap, pa3be3ep
»K9He O6achln 03y NYHKTTEPI Ae 610KTay 6ekeTTepi 60Jibin Tabbliaabl. OpTasblKTaH/bIPbLIFaH
KyHesiepze bipHelle 6/10K-6eKeTTep/eH ajJlbIHFaH aKnaparT Oip »kepJe XUHasla/bl, AFHU XKyile
6JI0K-TIOCTTapAbl KalbIKTaH 0acKapy MeEH >KOJIAbIH, OOCTBIFbIH 0OaKbliaay[bl KaMTaMachl3
eTyi mwaptT. TAT xkyienepi HerisiHeH 1-kecTefe KeaTipiireH TUicTi UHGPaKYpbLIbIM KepceT-
KilnTepiMeH cunaTtTasazpbl [5].

1-kecte. «KazakcrtaH TeMip »xko0s1b1» ¥K» AK xenicingeri TAT Kypblifbl1apblHbIH KOPCETKIIITEPI

Ne TexHUKaJIBIK Kypa/AapAblH aTaybl Oumem GipJtiri JKasmbl caHbl
1 JucnieTyepJiik OpTaIbIKTaHAbIPY KM. 14803,55
2 BekeTTik xylesep en. 849
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2.1. KinTTik Toyenginik e/l. 30
2.2. BekeTTik opTanbikTanasipy 30, MIIO, PIIO el. 839

3 BekeTTiK xylesiepMeH abAbIKTajIMaFaH el. 12

4 Konablk 6JI0KMpPOBKA KM. 14 468,55
4.1. ABTOMAaTTHBI 6JI0KHPOBKA KM. 10 311,85
4.2. | Paguo6aokupoBkay (maigasaHyFra 6epiiMereH) KM. 0(1570)
4.3. | XapTbLiail aBTOMaTThl 6JIOKMPOBKA KM. 3970,5(1570)

(CUPAII-E)

[TKHUPXK-MeH ababIKTaJIFaH »KeJiHiH y3bIHABIFbl: aBTOMATThI 6J10KTay Ab - 10311,85 kM
(65%), xapTbliail aBToMaTThl 6s10KkTay (CUPAI-E) - 3970,5 (1570) kM (35%) (1-cypeT). Ab
koHe JKAB xylesiepi ap xkbuigapbl (1960-2000) >xaHa TeMip:KoJ1 ydyacKesepiH cajy HeMece
KOJIZJAHBICTAFbl TEMIP2KOJI y4acKeJIepiH KauTa Kypy Ke3iHze eHrisiiji.

Conrbl 7 xbiga (2011-2017 k.0k.) caJibIHFaH TeMipXKoJIAap/ibIH, KaHa y4yackesepi (1570
KM) paZl0o06JIOKMPOBKaMEH »Kab/ibIKTaIFaH.

KasipriyakbiTTa « KT?K» YK» AK MarucTpa/ibibIKKe1iCiH/1e K0J11bIK 6JIOKHUPOBKa XKYHECiHIH,
31 Typi KonpaHbL1aAbl [6]. 2-KecTefie KeATipijiireH JiepekTepre caiikec 35 kaHe 0/laH Jia Kell
KbLJI CbIHY NaiJanany Mep3iMmi - 4 387 km (38,6%), 3501 km (30,85%) [TIKUPXK naitganany
Mep3imi 40 xkblijaH acajbl. Bys peTTe xekesiereH y4yackesiep 50 *bL1JJaH acTaM YaKbIT OOUBI
nalAa/JaHblIbII Keseai (6TKeH Facklp/blH 60 *Kbl1JapblH/Aa al1a/laHyFa 6epiareH).

Temip>kos1 aBTOMaTHMKacbl MeH TeJeMeXaHHWKa >KyWeJiepiHiH Kah-KyWhiH Tasjay KoJja-
HbICTaFbI )Ka0AbIKTbIH T03ybl 70%-/aH acaTbiHbIH *oHe 2030 KblIFa Kapal 0yJ KepceTKill
85%-/1aH acybl MYMKIiH eKeHiH KepceTe/,.

OcspLialiia, KoJJaHbICTaFbl CUTHAJA O0epy, oOpTaJblKTaH/bIPYy KoHe OJIOKTAy KylesepiMeH
abJbIKTa/IFaH TEMIipXKOJI yyackeJiepiH KaliTa Kypy »KoHe »XaHapTy 6acbIM MiHJeTTep 60J1ybl
Kepek. KentereH xkyiiesnep eckipreH >koHe peJie, 6acKapy MyJbTi XKoHe 6acKa KOMIIOHEHTTED
CUSKTbl aHAJIOTTHIK >KabJblKKa Heri3jie/ireH, ojap eHji eHAipiiMeifi, 6y osapAbl KyTin
yCTay MeH aybICThIPYAbl KUbIHAATaAbI [7].

IlyTeras O10KHpoBKa

35%

39705 km ‘ 6 5%

10 311.85 xM

Ab IIAB

1-cypeT. KP Mmaructpanbjpbik, xkenaicinge naigananbliaTbiH [IKUPXK y3b1HABIFB]
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MarucTpanbAbIK Kesifie XYMBIC icTey yLIIH KeNTereH MaHbI3Jbl OHJIPICTIK XyHeJsep
KoJ1JaHblIabl. By xxylesiep y3ak yakbIT 00Mbl KOJIAAaHbLIAAbI, OJIapAbIH KOILIiJIIri eckipreH
TEXHOJIOTHSJIap MeH 9pTypJii 3JieMeHTTiK 6a3asap, 6ip-6ipiMeH epkiH MHTerpayusaHfaH
miaTdopMasiap HerisiHge »xacanafaH. OcbIHbIH, HaTWxeciHge KP Temipkos »xesiciHiy
MHpaKypbLJIbIMBbI OCBI IeIiM/ep/iH BeHepJliK )KeTKi3yllisepiHe KaTTbl TAYeJ, aj 0J1apAbl
nanjajaHy KyTil-yCTayFa )KoHe )KaHFbIPTyFa KOCbIMUIA WIBIFbIHAAPABI Tajs1an eTeli. KentereH
eH/JIipicTiK »KyWesiepAiH, COHBIH illiHAe cxeMasap MeH OafFjapJaMasiblK >acaKTaMaHbIH,
JIOTUKAChI eCKipreHKaHe MarucTpaabAbIKKeli UHPPaKypblJIbIMBIHBIH TaJlalTapblHA dpAalbIM
colikec kesie 6epMmeiai. bys kyiesep/iH Herisdi aHaJOrTHIK ammapaTtypa - peJie, 6ackKapy
NyJbTi, My/AbT-TabJsio, JabbL1 OepriliTep, UHAUKATOPJIAD, peJiesiK KoHe aKKyMyJSATOPJIBIK
mkadTap, MesieHTbEB KYJIBbINITAPhl, OaFbITTAYIIbI allllapaTTap >KoHe T. 6. 6OJIBIN Tabbl1a/lbl.
MyHgail KyHesnep/iH »*abAbIKTapbl iC Ky3iHJe TOKTATbLAJAbI, HOTHXKECiHJEe oJlapAbl ycTay
YK9HE aybICThIPY KOPbIMEH KaMTaMachl3 €Ty MYMKIH/Ir KOK, [6].

[ xxoHe Il caHaTTafbl TeMip:koJ >KeJsijiepi aBTOMATThl OJIOKTay HeMece paAroObJIOKTay
KYPbLJIFblIAapbIMEH a0/ bIKTalybl Kepek, aJ l11 xxaHe [V caHaTTaFbl k0J1jap/ia »KaHe a3 )KYMbIC
ICTEUTIH KeJisiepZie OWBI3AAP KO3Fa/bIChIHBIH, KEeNJIAIK Kayilci3iriH KaMmTaMachbl3 eTeTiH
NOMBbI3IapAblH, KO3FaJbICBIH peTTey/iH KapamahblM Kypasizapbl 60Jybl MYMKiH. MyH/jai
KYpbLIFblIapFa eH aJbIMeH XapThliahi aBTOMATThI 6y10KkTay (?KAB) Hemece Kasipri yakpITTa
YKYMBIC iCTeN TYpFaH »KaFJai/ia 3JIEKTp )Ke3JAbIK KYHeHi caKkTay »kaTazbl (2-cypeT) [4-5].

JKapTsinaii aBTOMaTThI OIOKHPOBKA

1570.7 xm 1 973.4xm

0
St 50%

11%

4264 xMm

ITaiifamaHy HOpMaTHBTIK Mep3iMi 6Till KeTKeH
ITafinanaHy HOpPMATHBTIK Mep3iMiMeH
PB ITAB pesXHMiH/Ie KYMBIC icTelini

2-cypet. KazakcTan PecnyG/iMKachIHbIH, MAaruCTPa/Ib/IbIK, XKeJTiCiHeri maiaJaHblIaThIH XKapThLIak
aBTOMATThI BJIOKTAY XKYHeCiHiH Y3bIH/bIFbI

Temipkos1 »xkesisiepiHiH ©TKi3y KabizeTiH KaMTaMacbl3 eTyAl Tajjayfa CyleHe OThI-
pbin, TAT »xyHesiepiH >KaKcapTy, »KaHFBIPTY TacbIMaJlZjay NpPOLECIH XKeZesleTyre KoHe THICiH-
1le TacbIMaJiJapAaH TYCEeTIH KipictepAl y/arauTyra acep etexi. MacesieH, Mbicasbl, XX
FaceIpAblH, asgfbl MeH XXI FachIpAblH 6acbiH/la CHUTHaAJ O6epy, OpTaJbIKTaHAbIPY KoHEe O6JI0K-
Tay KYpBUIFbLJIAPbIH €HTi3y Ke3iHJe IOWbI3AApAbIH, KO3Fa/bIC Kayinci3airi JeHreuiHiy
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YKOFapblJlaybIMeH TeMip»KoJijap/blH, 6TKi3y KabijseTTiniriHiH alTapsblKTall (6ipHelue ece)
ecyi 6arkaaanl [8].

KaszakcraH Pecny6sinkacbiHbIH, TeMip o kesiringeri [IKUPXK »kylienepiHiy arbiMAaFbl TO3y
JleHreli KypblIFbLIApAbIH OipHellle peT iCTeH LWbIFY KayIliH >K9He COHbIH, CaJlJapblHaH 6TKi3y
KabiseTiHiH alTapJbIKTall TeMeH/JeyiH, XKYKTepAi TacbiMasay O0UbIHIIA MiHAeTTeMelepai
OpbIHJAaMay/ibl, KipiCTep/iH *KOFaJIyblH dHe aublIIyJ CAHKLMAJIAPbIH TyAbIpa/bl.

Herisri Macenenepre xarta/ibl [6]:

- KaszakcTaHza TeMip:koJ1 KeJiiri yWeJsiepiH a3ipJiey koHe cepTUPUKATTaAy YIUiH MaMaH-
JlaHIbIPbLJIFAH YHBIMJAPAbIH 60JIMayhl.

- Ky¥ienep meH ka6 bIKTap 6H/ipeTiH OTaH/bIK K9CIMOPbIHapAblH TalllbLIbIFbIHA Oal1a-
HBICTHI IeTeNAIK eHAIpyLIiiepre Tayeaailik.

- EHri3isireH MUKpONpoLeccOpJIbIK, xaHe U PJIBIK XKyHeJsiep YIIiH CEpBUCTIK KbI3MET KOp-
CeTy KaXKeTTiJiri, kebiHece 6i/iKTI mepcoHaiblH KeTicneyuliJliriHeH CbIPTKbl MaMaHAAPAbI
TapTyAbl TAJAll eTe|.

- Kpi3MeTKepJiepze WarblH MEXaHUKaJIAH/bIPY Kypa/iJapbIHbIH, 2KoHe MaMaHAaHAbIPbLIFaH
KypaJ/iZiblH, 60J1Maybl.

- CTa”HuMsiIap/iblH HEMECe KO0JIAap/blH, KOHQUTYpaLMsCchl ©3repreH Ke3Jie yiliHIli Tapan
MaMaH/lapbIH TapTy, OyJI IIbIFbIHAAPABI apTThIPa/bl XKaHe 00a1apAbl KUbIHAATabl.

KaszakcTaHHbIH TeMip KOJAAapblHAAFbl aBTOMAaTHKa »X9HE TeJIeMeXaHWKa *KyWeJepiHiH,
KYPBUIFBLJIAPBIH eJieysi TypAe MOJepHHU3alUs >KacaJMaraH Kafjauga «KasakKCTaHHBIH,
2050 >xpL1apFa Kapad asemzeri 6acekere Kabisierti 30 esiiH KaTapblHa Kipyi »XeHiHaeri
«Kaszakctan-2050» cTpaTerusicblH OpbIHAAY MYMKiH 06o0/iMaiabl. KosgaHbICTaFbl TO3bIFDI
»KeTKeH >XyHeJsiep 6acKa AaMbIFaH eJiJieperi TEMip»KoJ aBTOMAaTUKAChIHbIH, )XKOHe TeJeMeXxa-
HUKACBIHBIH, U PJIbIK MUKPOIIPOLLECCOPJIBIK XKyHesiepiMeH 6acekere Tyce aaManzpbl [9].

ApanbIKTapAablH, Tikesel y4ackesepiHze a3ipJieHin xaTkaH MIKAB yaATTBIK LUQPIBIK,
YKYHWeCI, 3KOJIJIbIH KaKChl Kal-KYHiMeH y4aCcKeHiH XbUIAaM/bIFbIH caraTbiHa 200 KM-Tre feuiH
apTTbIpyFa MYMKiHJik 6epezi. Kasipri yakbiTTa )KAB Ke3iHze apasiblK cTaHLMsIapAbl aBTO-
MaTThl 9peKeTKe TYpJeHJAipyre apHa/JfaH KypbUIFbLIAp KeHiHeH KoJiAaHblIabl. KekesereH
6eJieK NMYHKTTEpP/iH aBTOMATThl XKYMbIChI €Ki Kepllijiec 6eKeT Ke3eKlIiJiepiH Koca/bl KoHe
6JI0K-TIOCTTap/Aa MOUWbI3AApAbl KecCill 6Ty KaXKeTTiJiri 6o/iMaFraH Ke3Je eKi apasbIKThl 6ip
apaJibIKKa KOCY »K0JIbIMEH »XapThlJIail aBTOMATThI 6JIOKMPOBKA KYMbICbIH KAMTaMachI3 eTe/j.

MukponpoueccopsblK KapTblJlall aBTOMAaTThl OJIOKUPOBKa eki Oipfied »KapThlaau
YKUBIHTBIKTAH TYPa/ibl — Keplllijiec beKeTTepAeri pesesik 6eMe/ie OpHalacKaH KOHTPOJLIED
6s10kTapbl (3-cypeT). ABTOMATThl OaKbliay NYHKTIiHJAE KabJblK CTaHAAPTTbl CUTHAJ/JBIK
pesieiik mkadTa HeMece TacbiMaJJaHAThIH MO/YJbJle OpHaJiaca/ibl. OHbI KOCY YILIiH KOCbIMIIIA
6aiisiaHbICc KabeJliHiH ceiMAapbl KaxkeT eMec. OHbl nanganany XKADB xxaHa asieMeHTTik 6a3ara
aybICTBIPYFa, MOWBI3AAP KO3FaJbICBIHbIH Kayinciszirin aprteipyfa, KAB GyHKLMOHANABIFEI
MEH CeHIM/JIIriH KeHEUTYyTe, KbI3MeT KepCeTyAi eHingeTyre, KypblLibic koHe maujaiaHy
Ke3iH/Jie LIbIFbIHJAapAbl a3alTyFa MYMKIH/AIK Oepei.

O3ipJiey 6apbIChIH/A MOWBI3apAbl KaObLI/ay *KoHE KOHEJITY Ke3iH/le CTaHI sl 60MbIHILIA
Ke3€eKIIiHiH d/leTTeri ic-KuMbLI TapTibi cakTanaabl. MXKAB annapaTtypacskl 6ipaeit 6j10KTap
MeH TOopanTapAbl Nai/jajiaHa OTbIPbII, OipbIHFAl annapaTThIK-0aFjap/iaMasblK maaTdopma
Heri3iHJe apeKeT eTe|.
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M?KAB-HbIH cbIpTKbI COB xyiiesiepimeH e3apa apekeTTecyi MXKAB KOHTpoJ1/1epi 6J10TbIHbIH,
THICTI KipicTepiHe TYyCeTiH JUCKPEeTTi 6acKapylibl acepsiepAi Kabbliaay *koHe OGacKapyuUlbl
peJiesiep/i KOCyFa KoMaH/aiap 6epy apKblJbl )Ky3ere acblpbliajbl.

MMADB apasnbIKTa KOJIJaHy HOTHXKeCiHJe KypZeJi KYpbLJIbICKA, NOCTTHIK, KYPbIJIFbLIap/bI
OpHATY¥a KoHe KOeH/leyre KeTeTiH WbIFbIHAAP a3ada/bl.

Bbainansbic xeniniepi petinge MXADB uudpbIK xyieci cbiMAbl 6aiiIaHbIC apHaJIaphbl KOK,
HeMece OJIapAblH KYpPbLIbIChl THIMCi3 OOJIFAH »KaFjaijap/a, Mbicajibl, AJIMAaThl KaJaChIHbIH,
MEeTPOIIOJIMTEeHI paZjMoOapHaHbl NakjaaHa ajlajbl.
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A cTammmacH B crammiacs

3-cypeT. 93ipJ/ieHin xkaTKaH YATTHIK LU pJblK MMKADB »kyieciHiH KypblIbIMbI

TanubIKThI-ONTHUKAMBIK, 6alJIaHbIC KeJiiepi MeH pajiioapHa GOWbIHIIA JlepeKTepai 6epy
KyHesiepiH naiganany GusuKabIK KeJliHi (Kabesbik xKoHe aye), AeMeK, KypaMbIH/a MbIC 6ap
MaTepuaiapAbl YpJayibl 60AbIpMay apKblLibl MalAa/1aHy WIbIFbIHAAPBIH a3alTyFa MYMKIHAIK
6epeni. MXKAD xxababIKTaniFaH yyackesiepi AucreTyep ik 6ackapyfa 6epyre 60/1a/bl.

OTKi3y KabisieTTiliriH apTThIpY.

Temip >xos1 TesiMiHiH O6TKi3y KabisieTi Jien OHbIH TEXHUKAJbIK CHUIIATTaMajlapblHA >KoHE
KO3FaJIbICThl YUBIMJACTBIPY dJicTepiHe 6ailJlaHbICThl O6ip TAyJ/iKTe OChI TesiM apKblibl 6TE
aJIaThIH OeJITiJi Y3bIHABIKTAFbl )KOHE CaJIMAaKTaFbl )KYK ONbI3JapbIHbIH, (M10€3/] )KYITapbIHbIH)
€H KeIl CaHblHA KaTbICThI.
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Temip »xo0ab1H, 6ip 0Bl TeJNiMiHIH ©TKi3y KabiseTi 6esrisii 6ip Aapexe/ie curHas 6epy,
OpTaJIbIKTaHABIPY XKaHe 6JI0KTAy KYpbLIFbLIapblHAa 6alJIaHbICThI, 6UTKEeHI COHFblIapbl NONBI3
apaJblK KoHe 6eKeT apaJsiblK UHTepBaJIFa acep eTeji.

[To#bI3jap KO3FaIbIChIH NMapaJsiiesib/i YUbIMAACTBIpYMeH 6ip »KOJI/Abl LIEKTeY yYacKeCiHiH
MaKCHMaJl/ibl 6TKi3y KabiseTiH ecentey ¢popmyJia [10] apKblibl )Ky3ere acblpbLia/ibl:

(1440-¢,, ) «,

N = ) 1
e t +27 (1)

MYH/JaFbl ! — NOMBI3JAp >KYObIHBIH (eKi 6aFbITTa) WIEKTENTIH ydackeci 60MbIHIIA Ta3a
KYPY YaKbIThl; {,. —>K0OCIapJibl TYPAE KYPbUIbIC IIEH K6H/Iey )KYMbICTapbIHA O6JIiHTeH TAYMiKTiK
YaKbIT KOJIEMIHIH Y3aKTbIFbl, MUH

KosigaHbIicTarbl MeXaHUKaJaHABIPY KypaJJapblMeH >9He >XYMbIC TeXHOJIOTUACBIMEH
!, OHIMAIIIKTI ecenTeyeri MoH Gip 0JI/bI 2KeJlijiep YLIiH 75 MUHYT, KOC 0JI/Ibl KipicTipysepi
6ap xeJtisiep yiiH - 90 MUHYT, a1 eKi o0J1/bl XKeJlisiep yilid - 150 MUHYT KaObL1jaHazbl.

o, - TexXHUKAaJIbIK *a0/IbIKTbIH CEHIM/ILTIrH ecKepeTiH KOAPPUIIMEHT; X7 — MOUbI3AAP KYObI-
HbIH 6€KeT apaJsiblK MHTEePBaJIblH CaKTay YIiH y/ey kaHe b6asiyyiaybl, MUH.

Xt=1,,+7,,+7,, (2)

MYHJAFbl 7,, - KapCbl GaFbITTaFbl NOWBI3JAP/AbIH Oip Mesrijjie Me3rijifie KeJMeWTiH
apanblfbl; 7., - HNOWBI3JApAbl Kecill 6Ty UHTepBajbl; 7, — NOWBI3/bI YIETy MeH GasysaTy
yaKbIT UHTEPBaJIbl.

Eki »ko/11b1 yyacKeHiH 6TKi3y KabisieTi moWbI3Zjap/blH apasblK 66JeK MYHKTTEpP apKbl/bl Oip
’KAKThI )KoHe TOKTAyCbI3 KO3FaJbIChbl 6ap apOip »K0J1 YLIiH )KeKe aHbIKTa/1a/ibl:

- TeJsliM aBTO6JIOKMPOBKA XoHEe AUCIeTUYePJIiK OpTaIbIKTaHAbIPYAbl aii/jalaHFaH Ke3iH/e;

N = (1440- Jtm)-aH , 3)
p

MYHJaFbl J, — OPHBIKTBIPBLIFAH 6aFbITTAFbl IONBI3JAP APAChIHJAFBI €CENTENreH apasIbIK

MHTEepBaJl.

- TeJliM )KapThlJlall aBTOMATThbl OJIOKMPOBKA Nal/ja/laHFaH Ke3iH/e;

vy (1440-1,.)-a, , (4)

max
tep + 2-nc

MYH/IaFbl /,, — XYK [OHBI3bIHbIH apa/iblKTa INEKTeYIli Te/iM 60MbIHIIA XYPY YaKbIThl, MUH;
Ty — IOMBI3AAPABIH Oip GaFbITTAFbI )KYPYiHiH 6€KeT apasiblK UHTepBaJibl, MUH.

HoTHKesiep MeH TaJIKblIayJiap

XKorapbiga kepcetijsireH ¢opMmysiasapFa cydeHe OTbIPbIN, OpTalla »KeJiHi Kecim eTy
KOPCETKIIITEPiH, )KYPY YaKbITbIH >XoHE T.0. >KapThLJIall aBTOMATThl 6JIOKUPOBKAHbIH, OPHbIHA
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6ip >k0J17bl TeJIiM/le aBTOOJIOKMPOBKAaHbI €HIi3y 6TKi3y KabiseTTiJiriH apTThIpyFa MYMKiH/ZiK
6epe/i.

(28,97+6+4+4)/(28,97+3+1+4)=16,2%

JKapTbiiait aBTOMaTThl 6JI0OKMPOBKAHbIH, OPHbIHA €Ki »K0J1jbl TeJliMI'e aBTOOJOKUPOBKAHbI
€HTIi3y apKblJIbl TeJIMHIH 6TKi3y KapKbIH/bLIBIFbIHbIH »KOFapblIayblHA 9KeJle/i:

(15+9,2)/8=202,5%.

Ocplaiiia y3bIHAbIFEl 3289,77 makblpblM 6ip »K0J1/ibl KapThllal aBTOMATThl 6JIOKUPOB-
KaHbIH, )KoHe y3bIHAbIFbI 13250 makKpIpbIM eKi K0J1bl XKeJlisiepAiH 60JyblH eCKepe OThIPHIII,
6apJsiblK Kesisiepaid, 15887,29 makblpbiMAbl aBTOGJIOKMPOBKaFa aybICThIPY OTKi3y Kabi-
JIETTIJIIriH apTThIpyFa MYMKIiHJiK 6epe/i:

20,73%-16,22+0,083%-202,5%=3,5%

Bys peTTe, popMynanapaaH KepiHin TypFaHAau TeJiMHIH 6TKi3y KapKbIH/bLJIbIFbIH €CENTEY
OGapbIChIHAA TEXHUKAJbIK KypajaJapAblH (MHPPaKypblIbIM MeH KbL/DKbIMaJIbl KYPaMHbIH),
OHBIH, illiHJEe 6esri 6epy, OpTa/bIKTaH/bIPY KoHEe 0JI0KTAY KYPbLIFblIapPbIHbIH, ’KYMBICbIHBIH,
ceHiMJIisiriH eckepeTiH K03 PUIMEHTTEP KOJJaHbLIA/bl.

HakTbl nepekkeszaepre cail ceHiMAisiK - OyJ1 MalllMHaJAp/iblH, MeXaHU3M/EPAiH, KypblI-
FblIAP/IbIH, KYPbLIbIM/IAPAbIH, )KoHe T.0., 0JIapAbIH, )KYMbIC CUNIATTaMa/IapblH KAKETTi YaKbIT
apasibIfblH/Ia CaKTall OThIpbIN, Oesrisi 6ip yHKUMAIapAbl OpblHAAYFa apHa/IFaH KAacCHUeTi.
[ToibI3jap KO3FaJbICBIH 6acKapy »KyileciHJe oJlapAblH, CeHIMAiNIK JeHreliH cunaTTay YIUiH
€Ki Heri3ri KepceTKill KOJIJAHbLJAAJbl: ICTeH WIBIFY aFbIHBIHBIH NAapaMeTpi kKoHe KaJilblHa
KeJITIpYAiH opTalla YaKbIThI.

KOopBITBIHABI

«KTH» ¥K» AK »xkenicingeri eckipren TXKAT »xylesiepiHiH »kaW-KyhiHe XKyprisijireH taJ-
Jlay O6ip-6ipiMeH aJici3 MHTerpauusjaHfaH abJblKTapZblH TO3ybIHbIH XOFapbl JeHTeWiH
aHbIKTayFa MYMKIiHAiK 6epAi, 6ys TeMip>KoJ MHPPAKYPbIJIbIMbI )KXYMbICbIHbIH, THIMJIIITiHIH
TeMeH/JleyiHe >KoHe BeHJOPJIbIK JKeTKI3yllijiepre >KOofapbl TayeJiliKKe >XoHe OTKi3y
KabiJIeTiHiH XKeTKiJiKci3girine akenepni.

OTtanabik TXKAT-Ka Kelly TEXHOJIOTUSJIbIK TOYeJCi3ZiKTi apTThIpyFa, KabAbIKKa KbI3MET
KOPCEeTY KoHE KAaHFbIPTY IWIBbIFbIHAAPBIH a3aUTy¥a, COHAAN-AK dPTYPJIi )KyhesiepAiH HeFypJibIM
»KOFapbl UHTerpalUsiJIaHy [IopexeciH KaMTaMachl3 eTyre MyMKiH/ik 6epeji.

93ipsieHin xaTkaH MMADB yiATTbIK LUPPJBIK Kyheci LHUPPJBbIK TeXHOJIOTHsJIap MeH
3USATKEPJIIK aJropuTMJepAi NalAajaHy apKblibl KayilCi3ZiKTiH >KOFapbl AeHreHiH KaM-
TaMacbl3 eTe/li, NMOWbI3AAP/AbIH, KO3Fa/bIC KbUIJAMJABIFbIH apTThIpyFa >X9He TeMipXKoJl
KeJlisiepiHiH 6TKi3y KabiJieTiH apTThIPYFa, COHAAN-AK )Ka0AbIKKA KbI3MET KOPCETY MEH KOH/IeY
IIBbIFbIHJAPbIH a3alTyFa MYMKiH/iK 6epeji.
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Ocblnaiia, otangbIK T2KAT, onbiH iminge M?KAB xyleciH a3ipJiey xoHe eHrizy Kasakcras-
JaFbl TeMIipXKO0JI TacbIMaJIAApPbIHbIH, TUIMALIITT MeH KayilcCi3AiriH apTThIpy YLIIH KaXeTTi
KaJZlaM 00JIbIII TaOblIabl.

AJIFbIC ATy, MYAJeJiep KaKThIFbIChI

By 3eprTeyai Kasakcran Pecniy6sivkace! FolibIM »kaHe OFapbl 6i/1iM MUHUCTPJIITIHIH FhL1bIM
KOMUTETI 6GaFJapJiaMasblK-MaKCaTThIK, Kap:KbJIAaHABIPY LieHOepiHJe KapiKblJIaH/blpaJbl
(rpant Ne «BR28512103 HWHuTesnekTyanabl 6ackapy ¢yHkuusaapbl 6ap KZ-MXAB-MA
HUPPJBIK )KapThllall aBTOMATThI OJIOKTAY/blH UHTerpalysaJlaHFaH yJIecTipiireH MOAyIbJiK
KyHeciH a3ipJiey)
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*Akademus I'padxcdaxckoli asuayuu

IludpoBast HAMOHA/IbHAsA MUKPONPOLECCOPHASA CUCTEMA M0JIyaBTOMAaTUYE€CKON 6JI0KUPOBKH
AJisl yBeJIU4eHMs IPONyCKHOU CIOCOGHOCTH KeJie3HbIX Aopor KaszaxcTraHa

AHHOTanus. B cTaTbe paccMaTpUBAIOTCH aKTyasbHbIE MPOGIEMbI, BO3HUKAIOLIME Ha KeJe3HO0-
POKHBIX CTAHLIUSAX B CBSI3U C U3HOCOM 060PYA0BaHMs, yBeJIMYeHUeM TPaHCIOPTHON Harpy3Ku U poCTOM
KOJINYEeCTBA aBapUMHBIX CUTyalMd. AHA/M3 COCTOSIHUS CUCTEM CUTHAJIM3ALUH, LEeHTpPaIu3aluu U
6JIOKUPOBKH IO0Ka3aJ, YTO UX PU3UYEeCKUN U3HOC CYLeCTBEHHO NpeBbIIIaeT JONYCTUMble HOPMbI U
MOKEeT MPUBECTU K CHIKEHHUIO 6€30MacHOCTH JBWKEHHS M0e3/10B U MPOIYCKHOM CIOCOGHOCTH.

Hcnosb30BaHMe ycTapeBIINX, C/1ab0 UHTETPUPOBaHHBIX CUCTEM U BbICOKasl 3aBUCHMOCTD OT BEHZ,EPHbIX
NOCTaBLIMKOB TPeOyIOT nepexoja Ha oTedecTBeHHble CXKAT. B cBA3M € 3TUM pa3paboTKa 0Te4eCTBEHHbIX
CXAT craHOBUTCA NPUOPUTETHBIM HAMpaBJIeHHEM /[Jisl OOecledeHUs] TEXHOJIOTMYeCKOM He3aBu-
CUMOCTH U NOBbIIIeHUA 3P PEeKTUBHOCTH NPOU3BO/CTBA.

B crathe npuBogaTcsa nokasatenn ycTpoucTB KAT Ha cetu AO «HK «KTX», cpaBHUTenbHBIN
a”asius npotsxeHHoctu CUP/II u [1AB, akcniyaTupyeMble Ha MaructpaibHol ceTu PK, npencrasiena
CTPYKTypa paspabaTbiBaeMOl HanuoHalbHOW nudpoBoit cucteMbl MIIAB ¥ pacueTbl NMpONycKHOU
cnoco6HocTu. PaspabaThiBaeMas HalMoHaJibHasA IudpoBas cuctema MIIABP Ha nmpsMbIX y4yacTkax
[IEPErOHOB MPU XOPOIIEM COCTOSIHUM MYTH MO3BOJHUT YBEJUYUTh CKOPOCTh y4yacTka o 200 kMm/yac.
Pe3ysibTaThl pacyeTOB I0Ka3bIBAIOT, YTO BHEJpeHH e CUCTEMBI aBTOOJIOKUPOBKY HA OAHONYTHOM JIMHUHU
BMecTo [IAB cnoco6cTByeT yBesTM4eHHI0 TPOMYyCKHOM cnoco6HOCTH Ha 16,2%, Ha BYXIY THOU JINHUM —
Ha 202,5%, a 3aMeHa M0JlyaBTOMAaTHYECKOM GJIOKUPOBKH Ha aBTOMATHUYECKYI0 YBEJUUUT MPOMYCKHYIO
criocobHoCTb Ha 3,5%.

Kio4eBble c/10Ba: XKeJIe3HOJ0POKHAsI aBTOMATHKA, TeJIeMeXaHUKa U CBSI3b; UHTEPBaJIbHOE PETY/IU-
poBaHHMe JBUKEHUSA N0e3[0B; MUKpPOIPOILlecCOpHas MoJiyaBTOMaTHYecKas 6JI0KHUPOBKA; NPOIyCcKHas
CIOCOGHOCT.
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Digital national microprocessor-based semi-automatic interlocking system to increase railroad
capacity in Kazakhstan

Abstract. The article deals with the current problems arising at railway stations due to the wear
and tear of equipment, increasing traffic load and growing number of accidents. Analysis of the state
of signaling, centralization and interlocking systems has shown that their physical wear and tear
significantly exceeds permissible norms and can lead to a decrease in train traffic safety and throughput
capacity.

The use of outdated, poorly integrated systems and high dependence on vendor suppliers require the
transition to domestic RATS. In this regard, the development of domestically produced RATS. becomes
a priority to ensure technological independence and improve production efficiency.

The article presents the indicators of RATS devices on the network of JSC “NC ‘KTZh’, a comparative
analysis of the length of SIRDP and PAB operated on the main network of the Republic of Kazakhstan,
the structure of the national digital MSAB system being developed and capacity calculations. Developed
national digital system of MSAB on straight sections of crossings, at good condition of a way will allow
to increase speed of a section up to 200 km/hour. Analysis of calculations shows that introduction
of autoblocking on single-track line instead of SAB leads to increase of throughput capacity - 16,2%,
introduction of autoblocking on double-track line instead of SAB leads to increase of throughput capacity
- 202,5%, replacement of semi-automatic blocking by automatic blocking will increase throughput
capacity by 3,5%.

Key words: railway automation, telemechanics and communication; interval train control; micropro-
cessor-based semi-automatic interlocking; throughput capacity.
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Temip k0.1 KpaHAAPbIHbIH, KOHCTPYKIUAJIAPbl MEH MEH aKay/IapbIHA
LIOJTy

I.b. XaiipIT6aeBa*'", B.T. Cazam6aeBa , A.b. bosiaToBa

JLH. I'ymunes amwvindarul Eypasusi yammeolk yHugepcumemi, AcmaHa, Kazakcman

(E-mail: gloriya_haitbae@mail.ru)

Angaartna. bys MakKasiaia TeMip»K0J1 KpaH4ApPbIHbIH HeTi3ri KOHCTPyKLMAJIa-
pPbl MEH XYMbIC IPUHLMIITEP], COHZAN-AK, OJIapAbIH, KU1 Ke3/jeCeTiH aKayJiaphbl
KapacThIpblIabl XKoHe NMalia/laHyFa 6alaHbICThI aKayJ/ibl aKTijiepAi Taajay
YCBIHbLIFaH. KpaH KOHCTPYKLMAapbIHBIH HETi3ri 3/1eMeHTTepi, COHBIH, illiH/e
KeTepy MeXaHU3M/Iepi, TipeK-Kypic 6eJiiri, xkebesep, 6ackapy xyresepi xoHe
M/ paBJYKaJbIK KYpbLUIFbLIAP XK9He KayillCi3 ik »Kyuesepi cunattanassl. [1au-
JlaJlaHy NpOILeCiH/le aHbIKTa/IFaH €H Kol Tapa/ifaH aKayJapFa, MbIcaJsbl, KOH-
CTPYKUHUSAJBIK 371eMEHTTEP/AIH TO3ybl, 6acKapy »KyHesepi MeH T paBJaruKabIK
MeXaHu3M/JepAeri akay/jap, COHAAu-aK, KpaHHbIH, 1lIaMaJlaH ThIC XKYKTeJyiHe
HeMece Yy3aK YaKbIT NaWJajaHblIyblHa 0AW/aHBICThI 3aKbIM/IaHyJIap epeKlie
Hasap ayaapafbl. AKay/ibl aKTiIepAi Tajaay HerisiH/e akaysiap/blH naiaa 6o-
JIybIHBIH, HeTi3ri cebenTepi aHbIKTasabl. MakasaZja akay/lapAblH aablH aay
H1apaJiapbl, OHBbIH, illliH/le TEXHUKAJIBIK, KbI3MET KOPCEeTY MEH ONepaTopJiap/blH,
KayiIlCi3Zjik HyCKay/lapblH OpbIHJAy MaHbI3AbLIbIFbI aTan eTiieni. Akaysap
TypaJibl aKnapaT »KMUHAy KoHe CTaTUCTUKAaHbI )KMHAKTAay MaHbI3/lbl peJl aTKa-
pajbl )XoHe KOHCTPYKTOpJAp¥Fa, IKCIIyaTalUsAJIbIK MaMaH/JapFa, COHAAU-aK,
TeMIip>K0J1 KpaHAapbIHbIH, KayillCi3 nai/ja/laHy HOpMaTUBTEPIH a3ipJieyiisep-
re KoHe KaWTa KapayllblJlapFa auTapJibIKTal naujabl.

Ty#in ce3aep: TeMipKoJ1 KpaHZAapbl, KYpPbLIbIMBI, XIKTeyi, aKkay/bl ak-
TiJiep, CTaTUCTHUKA.
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Temip 3041 KpAHOAPLIHbIY KOHCMPYKYUSAAPbI MEH MeH aKay/AapblHA WOaY

Kipicne

Temip >xos1 KpaHzapbl, TeMip»oJ HHPPAKYPbLIbIMbI 00bEKTIIEPIH/E KbL/LKbIMa/bl Ky-
pPaMHBIH, TYCy CajJapJiapblH KO0 Ke3iHJe KYMbICTapAbl OpPbIHAAY YUIIH, COHAAU-aK TeMip
YKOJIAApAaFhbl XKacaH/bl KYPbUIBICTApAbl KaWTa KYypy *KoHe THeYy — TYCipy »KYMbICTaphbl YUIiH
nai/iajaHblIaTbIH MaHbI3/bl TEXHUKAJIBIK Kypasgap 60Jibln TabbuiaAbl. OJap ayblp koHe ipi
KYKTepZAi TUiIMAI )koHe Kayinci3 TackiMasiiaybl KAMTaMachi3 eTe/li, 0y TeMip>KoJ1 TacblMaJiblH
YUBIM/IaCThIPYAA ieulyili peJ aTkapagbl[1].

JlereHMeH, Ke3 KeJIleH Kyp/eJsi MexaHUKaJbIK Ka0JbIKTap CUSAKTbI, TEMIPXKO0JI KpaH/ apbl
y3aK Mep3iM/Ji naigasnany, cbIpTKbl GaKTOpJap/blH 9CEPIHEH HeEMece TEXHUKAJIbIK KbI3MET
KOpCeTYAIH >XeTKINIKCI3ZiriHeH TybIHZAybl MYMKIH 9pTypJii aKay/apfa yiublpaugbl. bByu
MalllMHaJIapAblH CeHIMAi/Iri MeH Kayinci3iriH apTThIpy YIIiH »KyMbIC 6apbICbIH/la aHbIKTaJIFaH
aKayJiap TypaJbl aKllapaTThbl YHEMI )KUHAI, TaJA4ay KaXKeT.

JdjicHamMa

ByJ1 3epTTey »KyMBICBI TEMIpP>KO0JI KpaHAapbIHbIH, KOHCTPYKLUAJIAPBIH LI0JIyFa, COHAAN-aK
aKayJ/ibl aKTijiepAi Tajajayfa 6arbITTa/IFaH, Nai/ia/laHy NpoleciHje MaMaHAap/blH ajAblHAa
TYpFaH Heri3ri npo6JieMasiap/ibl aHbIKTayFa MYMKiH/iK 6epeji.

KasakcTaHHBIH TeMip K0J1JapblHAa, KalUTa THey NyHKTTepi MeH CTaHLUsJIapAa, COHAaMn-
aK KeHJey KYMBICTApbIH OpPbIHAAY YUIH THUIMJAI KYMBICTBI KaMTaMacbl3 €TEeTiH TeMip >KoJI
KpaHAapbIHbIH, TypJepi nagananbiiaabl. "Kaszakcrad Temip xkouabl" YK AK nalipanaHaTbiH
KpaHzapablH Herisri TypJsiepi (Kecre 1): E/ZIK-300, EJAK-500, EJK-1000, EAK-2000][2].
[epmaHus xoHe P® enpipicinig KXK-1572, KXK-971 engipici. 'epmanus engipetin E/JIK
kpaHgapabl TAKRAF kom6rHaThl 1970-1990 xkbligap apasblfblH/a WbIFAPbLII/bI, OChLIAMIIA
KpaHgapabiH 6ya Typi 30-50 xKbl1iaH acTaM yaKbIT }KYMBbIC Xkacal KeJsefi [3].

1-kecte. "KasakcraH TeMmip »kosbl" YK AK naiijanaHaTbIH KpaHaap/blH Heri3ri TypJiepi

TeMipaKoJ1 xKypiciHAeri KpaHAapAblH aTaybl, TYPi | WIbIFAPbLIFAH XbLJIbI JKYK KeTeprilTiri
EJAK-500/1 1990 80 ToHHa;
EJIK-2000 1980 250 ToHHa;
EJAK-500 1980 80 ToHHa;
KXK-1572 2012 150 ToHHa;
EJK-500 1973 80 ToHHa;
EJAK-500/1 1986 150 ToHHa;
EJK-300/2 1989 60 ToHHa;
EJK-1000/4 1987 150 ToHHa;
EJK-1000/2 1983 150 ToHHa;
K¥XK-971 2012 80 ToHHa
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I'B. Xativim6aesa, b.T. Casambaesa, A.b. Boaamosa

1-cypet. EJK-500 TeMip >k0J1 KpaHbI

Temip>koJs1 KpaHJAphI €Ki HeTi3Ti 66eJ/1iKTeH Typa/bl: aiHa/IMaJlbl )XoHe KOo3Fa/iMauThIH. E/IK
TUINTI KpaHJap TOPT Herisri MexaHW3MMeEH a0/ bIKTaJFaH: XKYKTIiH Heri3ri koHe KOoCaJKbl
KeTepiiyi, kebeHiH y3apbill UIbIFYbIHbIH 63Tepyi, HeTi3ri »KoHe KocaJKbl OYpbLIYy, COHJAM-
aK, e34iriHeH xypeTiH Ko3fasbic. CoHbiMeH KaTap, EJIK -1000 xoHe E/JIK -2000 mozenbaepi
©3/iriHeH XypeTiH »kebe Tecey IJaTPopMacbIMEH >XoHe KpaHHbIH, ©63iHJe OpHaTbLIFaH
JIN3eJib/li 3JIEKTP KOHJBIPFbICHI 6ap (IPOTUBOBEC) KAPChl CaJIMaKIeH abibIKTa/IFaH[4-6].

Tipek pamameH xabAbIKTa/JfaH KpaHHbIH, alHa/IMaJ/bl OeJIiriHje: TipeK-alHaJIMaJlbl
KYPbLIFbIHBIH, KOFapFbl 06JIiri, OypblIy, XXYKTI KeTepy MeXxaHU3MJepi, kebeHiH y3apyblH
©3TepTy, KOHCOJIbJep/i Y3apTy; IN3eb-3JIEKTP KOH/bIPFBICH], alllapaTThIK 0eJiiri 6ap 6ackapy
KabUWHAChI, COH/|ali-aK, TOJIMCIACT MeH MOPTaJbl 6ap xebe.

KpaHHBbIH >Kypic beJsirinje: Tipek-aliHa/JIMasibl KYPbUJIFbIHbIH, TOMEHTI 66J1iri, ayTpurepJepi
MeH ypic apbasiapbl 6ap Kypic »KaKTaybl, TeXKeTill »yHeci, aBTOTipKerilll kxoHe e3/liriHeH
»KYpPETiH MeXaHU3M OpHaJlacKaH. [7-8].
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2-cypeT. a)EJIK 300 kpansbl 6) TipekTepiHe opHATy cxeMachl

KeHin xxoHe opTala TeMip:K0J1 KpaHAAPbIHbIH KYK KeTeprimTiri 20-gaH 30 TOHHa¥fa JieHiH,
as ayblp Kpanzgap 80-HeH 250 ToHHara feHiH. Os1apApblH KYK MOMeHTTepi calikeciHiie 800-
5000 xH-Mm xane 5000-25000 kH-m Kypaigbl. TeMip>kos1 KpaHJapbIHbIH XebeCiHiH y3apybl
4-teH 28 MeTpre JeiliH e3repyi MyMKkiH. XKeGesiep pesibc »KOJIbIHBIH, 60MbIHJA OpHaJacKaH
Ke3Jle KpaHJapAblH YK KOTeprillTiri cosl TYpaKTbLIbIK KOpJapblHJAAa KeJileHeH OaFrbITTa
OpHaJIaCKaHHaH IllaMaMeH ekKi ece »ofapbl. KeTepiny xbL1aMAblFbl MUHYThIHA 1,15-TeH 32
MeTpre AeliH e3repeni[9].

¥3apyblH ©3repTy MeXaHW3MiH KOCNaFaH/a, KpaHHbIH 0apJiblK MeXaHU3M/JEpPiHiH KeTeri
3JIEKTPJiK 6oJibil TabblaaAbl. By MexaHu3Mzep Au3esbli KO3FaATKBIIIBI 6ap JKeke
reHepaTop/ZilaH HeMece CbIPTKbl TOK KO3iHeH »KyMbIC icTerai. TeMip»kos KpaHJapbIHbIH peJibC
»KOJIBIMEH KYPY KbLIJaM/bIFbl caraTblHa 60-TaH 100 KM-re fgeuiH.

KpaHHbIH allHa/ly MexaHHW3Mi 6acKa aiiHaJMasibl KpaHZapfa YKcac. AilHaly »Kbl1AaM/bIFbI
YJIKEH KYK KeTepriu kpaHzap yiin 0,5 aitH/MuH (2Ky3/iereH TOHHA) *K9He XeHiJ1 KpaHAap YLUiH
1,5 aitH/MuH feitiH. Temipaosa KpaHZapblHbIH MUHUMaJ/Ibl Y3apybl 4 — TeH 8 M-Te JieiliH, an
MaKCUMYMBbI 22-71eH 28 M-Te JieliH e3repeni.¥3apyblH 63repy YakbIThl 1-1eH 6 MUHYTKA JeHiH.

Temip:kos1 KpaHAapbl MaMaHAaHABIPbIIFAH TeMIipK0J MJ1aTGopMasiapblH/a OpHATbLIA/bl.
Kesik >xkafpaliblHAa KpaHHBIH Kebeci kab/blK KUBIHTbIFbIHA KipeTiH 6acka miaTdopmara
canbiHaAbl. Kpan msatdopmacekl TepT-ceris JOHFaJlaK ocCbTepiHe cyWeHefi. JloHFasak
YKYITaphl YUI k9He TOPT OCbTi TEHTEePIM apbasiapblHa TONTACThIPpbLIFaH. OCbKe MaKCUMaJbl
pykcat etinreH xykteMe 200 kH Kypaizapl. KpaH niatdopmanapbl cTaHAApPTThI TEMipXKOJI
TipKeMeJiepiMeH a0 bIKTa/FaH, 0yJ1 KpaHAbI IOUBI3/bIH 66J1iri peTiH/e FaHa eMec, COHbIMEeH
KaTap KipiKTipiJireH Ko3fa/ibIC MeXaHU3Mi MeH CTaHAAPTThl THEBMATUKAJIBIK KETEKTI Texey
»KYHeCiHiH apKacblH/la JOKOMOTHB PETiHAe NalAaJaHyFa MyYMKIiHAIK 6epe/i.

3-cypeT. TeMip >k0J1 KpaHBIHBIH, KYpic 66iri
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I'Bb. Xativim6baesa, B.T. Cazambaesa, A.b. Boaramosa

Temipkon kpangapbiHblH esmeMmgepi MECT 9238-83 crangaprTapblHa CoMKecC KeJyi
Kepek. TeMip>oJ1 KOJJAapbIHbIH, KUCBIKTBIK pazuycbl KeMiHge 120 MeTp 60Jiybl Kepek.
Temip>kos1 KpaHAapbiHbIH, Maccacbl 60-taH 300 ToHHara AeMiH e3repefi. bys1 kpaHgap/AbiH
mwiaTgopMasapblH/a FUApPaBAUKaJIbIK TipeKTepi 6ap TOpT-ceri3 ailHa/iMaJibl apKaJbIKTap 6ap.

Kpan/bl nmalifasany Ke3diHfie arFall »kacTbhIKTap (LIMaj TopJapbl) aj/iblH-aja TipeKTePAiH
acTbhlHa KOUBLIa/bl, 0yJ1Kep/ieri opTalia KbICbIM/ bl TOMEHETYTEe KOMEKTECE/i; pyKcaT eTiJireH
KpicbiM 0,15-0,2 MIla kypaiigbl. KpaH/Zbl )KyMbIC OpHbIHA OpHATIAac OYypbIH, TONBIPAKTBIH,
cunaTTaMasiapbl TypaJibl MaJIMeTTep aly KepeK. TeMip»KoJ KpaHbIH OpHATY »KoHe »KYMbICKA
JManbiHgay npoueci 0,5-teH 1,5 caraTka Jielid co3biiaabi[10-11].
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4-cyper. a) E/IK-500 kpaHbIHBIH ayTpUTrepiHiH XkaJMbl KepiHici MeH akay Typi
HaTuxesiep MeH TaJIKbl1ayJj1ap
"KazakctaH TeMip oJibl"AK YJATTBIK KOMIAHUSCHI GOMBbIHILA TEMip»K0J KpaHAapbIHbIH
aKayJiapbl M€eH iCTeH LIbIFYJIapbl TypaJ/ibl MAJIIMETTEp KeJTipiJreH.
Conrbl 2020-2024 xKbl1apAaFbl TEMIPXKOJ KpaHAAPbIHBIH aKayJlapbl MeH iCTeH LbIFYJIaphl

1-kecre.

2-kecte. TeMip:KoJ1 KpaHJapbIHbIH aKay/1apbl MeH iCTEH IIBIFYbI

Kbt | kpaH TuNI | akaysap | AKypic | 3J1eKTpO | KO3FaJITKbILI KpaH KOHABIPFBICHI
CaHbl 6eJIiri | »KabJbIK,
2020 | EAK-1000/1 178 91 24 38 3
2021 EJIK-500 129 91 30 18 3
2022 | EJAK-1000/2 100 214 31 36 3
2023 EJIK-500 154 79 19 14 3
2024 | EJIK-1000/2 186 87 88 8 3
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KpanzapablH y3aK KbI3MeT eTy Mep3iMi, 93ipJieHr'eH HOPMAaTUBTIK KbI3MeT Mep3iMi, KOCaJKbl
6eseKTep/liH, 60JIMaybl aTajJfaH KpaHJapAbl aljalaHy/la KUbIHAbIKTapFa akese/li. COHFbI
2020-2024 xpL1japAaFbl TEMipKOJ KpaHAapblH TEXHUKAJIBIK TEKCEPY HOTHXKeJiepi 60MbIHIIA
aJIbIHFaH aKayJsbl aKTulepZi Tanjay Ke3iH/Jle aHbIKTaJFaH akay/aap/blH Kell 6esiri "xypic
OeJiirine” (kasnbl caHbIHBIH, 72%), "asiekTp kababikTapbiHa" (10,3%), "Ko3FaiaTKbILIKA"
(8,4%), "kpaH KoHAbIpFbIcbIHA" (8,6%), "kebe" (0,2 %) THecini ekeHAiri aHBIKTaIAbI.

TeMip>kos1 KpaHAapbIHbIH, KOHCTPYKIMAJIAPbIHbIH, HETi3ri MaceJsieci — 6apJiblK aKayJlap/blH,
Kel 6eJIiriH KypauThIH XKypic 6eJiiriHiH akaybl.

10,3
8,6
0,2
8,4

72,5

m Kypic 6eniri KO3FaNTKbIL xebe KpaH KOHZAbIPFbICHI 3N1eKTPOXKabAbIKTAP

5-cypeT. TeMip»koJ1 KpaHbI aKAy/IapbIHBIH, IHArPAMMAaChI

Temip:kos1 KpaHAAPBIHBIH TipeK-XKypic 6eJirinaeri akaysiapAbiH cebenTtepi apTyp/ii 60J1ybl MYMKiH
»koHe OipHellle pakTopJiapFa 6akaHbIicThl. Heri3ri cebenTepi:

1. BesnmekTepziy To3ybl: TeXHUKaJIBIK KbI3MET KOPCETY/AiH )KeTKIJIIKCI3/iri HeMece maMaZiaH
TBIC ali/ja/laHy TipeK-Kypic 66JIiriHiH MOUBIHTIpEeKTepi, IoHTe/IeKTepi, pesibCTepi xKaHe backa
Jla 6eJlikTepiHiH To3ybIHA 9KeJiei. HoTmkeciH e Aipisigey MeH Ko3FasibiCc OY3blIbICTaphI Maka
60J1blI, aKay/1apFa cebemn 60J1ybl MYMKIH.

2. MaTepuanjapAblH canacblHbIH, TeMeHJiri: Erep kKpaHHBIH Tipek-x)ypic 6eJiriHgeri
KOMIIOHEHTTEep camnachl3 MaTepHasJlapAaH >KacaJjca, 0Jlap XYMbIC Ke3iHJe Te3 OY3bLIbIII,
acipece XOFaphbl )KyKTeMeJlep Ke3iH/e Te3 3aKbIM/[aHYbl MYMKIH.

3. Kypactbipynarbel KaTesiktep: Keke OesiikTep/iiH JAypbIC OpHaTbLIMaybl HeMece
KypacThbIpblIMaybl TipeK-XKypic )KyHeciHeri »KyKTeMesiepAiH AypbIic 6eJiiHOeyiHe aKeJtin, Oy
©3 Ke3eriHje 3aKbIMJapFa aJiblll KeJayi MYMKiH.

4. KpaHHBIH apThIK XYKTesyi: KpaHHbIH KeTepy MYMKiHAIIHEH acblll KETY OHbIH TipeK-
Kypic 6esiriHiH 3aKbIM/IaHybIHA 9KeJiei. Mblcasbl, apThIK XXYKTEME JOHreJIeKTepAiH HeMece
ocbTepAiH AedopMalysaiaHyblHA cebel 60Jiybl MYMKiH, OY/J1 KpaHHbIH KYMbIC THIMAiJIIriH
TOMEH/eTIll, aKay/lapFa »0JI alla/ibl 6-Cyper.

5. JkcnyaTtanus epexesepiHiH 6y3buiybl: KublH aya-paiibl kafFjaiiapblHAa (MbIcasibl,
KaTThl asi3/la HeMece bICTbIKTA) HeMece AypbIC MakjanaHbay Tipek-Kypic 6eJiriHiy Te3
TO3YbIHA aJbIll KeJyi MyYMKiH.
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6. Koppo3usa: CeIpTKb! OpTaHbIH Tepic acepi, acipece »xOFaphl bIFAIbLIBIK HEMeCce TY3/bl
aya (»kara MaHbIHJAAFbl alMaKTapAa) MeTaslJl OeJilleKTepiHiH, KOPPO3UsICbIHA dKeJIill, OHbIH,
YKYMBICBIH OY3ybl MyMKiH.

7. TexHUKaJIbIK, KbI3MET KepceTy »KeTicneyurijiri: To3raH OesliekTep/i yaKbITbIH/IA aybIC-
ThIpMay HeMece TeXHUKaJbIK KbI3MeT KepceTy/i opblHJaMay Ja akayJapAblH cebebi 601ybl
MyMKiH. Tipek-xypic 6eJiiriH yHeMi Tekcepy, Mailjlay >KoHe KeH/Jey akayaap/bl 60JAbIpMayFa
KOMEKTeCei.

Ocnl GapJibIK dpakTOpIap TipeK-Kypic 6eJiirinfie akaysiapra akeJiin, 6y/1 KpaHHbIH, Kayinci3iri
MeH KYMbIC THiMAiniriHe Tepic acep eTyi MyMmKiH[12-13].

AxayJsiap/ZiblH a/1/ibIH aJly LiapaJiaphbl:

- TeXHUKaJIbIK KbI3MeT KepCeTy, SFHU YaKbITbLIbl TeKcepicTep MeH NpodUIaKTUKAJBIK
KbI3MeT KopCeTy aKayJap/ZblH a1/ blH aj1aJbl.

- Kayilci3fiK HYCKay/JapblH OpbIHAAY: OollepaTopJapAblH, AYPbIC HYCKYJIapAbl OpbIHAAYHI,
acipece )XYKTiH KoTepiJieTiH KeJieMi MeH caJiMaFblHa KAThICThI.

- JKofapel camanbl MaTepualjap MeH KOMIIOHEHTTep NaijjajiaHy: KpaHHBIH O6apJiblK
6eJl1eKTepi canasbl api, ceHiM/Ai 601ybI THIC.

6-cypet. TeMip »0J1 KpaHBIHBIH, XXYpic ap6asapbIHIaFbl CAaHbLIAY JIACTUHAJIAPBIHBIH, TO3YbI

KopbITBIHABI

KP-na TemipkoJ1 KpaHAapbIH MaijasiaHy 60MbIHIIIA MaTepUasjap KUHAY KoHe aKIapaTThI
TaaAay:

1. KP Typsi o6JsbIcTapblHbIH, TEMipXKOJ CTaHIUAAAPbl KapaJabl, oHAa 30-50 Kbl 60bI
naiaJaHbLIBbIN KeJle )XaTKaH 60-Ka *KybIK TEMipKoJ1 KpaHAapbl MakAa/laHbLIa/bl, OJap/blH
KOHCTPYKLMsJIapbIHAA eJieysii akaysiap 6ap.

2. Herizri akaysiap xypic 6esirine (72%), "asiextp »xab6biFbiHa" (10,3%), "KO3FaATKbIIIKA"
(8,4%), "kpaH KoHAbIpFbICbIHA" (8,6%), "xkebere" (0,2%) Tuecini ekeHi aHbIKTaI/bl.
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3. MaHpbI13/b] peJ aTKapaThIH aKay/iap TypaJibl aKllapaT }KUHAY KoHe CTaTUCTUKAaHbI )KUHAK-
Tay KOHCTPYKTOpJIAapFa, 3KCIIyaTaUUAJbIK MaMaHJApFa, COHJAAN-aK TeMipXoJ KpaHAapblH
Kayilnci3 naijjasaHy JeHreiid apTThlpy 60UbIHIIA THICTI lapasap Kabblajay YLIiH TEMip»KOJI
KpaH/JapbIH Kayilnci3 nanjaaHy HOpMaTUBTepPIiH a3ipJieyliijiepre )KoHe KalTa KapayllublJlapFa
alTapJ/bIKTal Nan/ia oKeJsie/li >koHe O/laH dpi 3epTTey YIIiH TeOpUSAIbIK 6a3a xacauzpl.

ABTOpJIapABbIH, KOCKAH YJieci

XaubiToaeBa ILb. - xaT-xabap aBTOpHI peTiHAe aBTOpPJIap Y>KbIMbIHBIH KYMBbICbIH YHJIeCTip/Ai
»KOHe MaKaJslaHbIH KipicIie, Heri3ri 66J1iM koHe KOPbIThIH/AbIHbI KAMTHUTBIH Heri3ri 6eJiiMepin
Kasblll, 9/lebMeTTepre 1I0J1Y Kaca/ibl, pelakHsaa/ibl.

Cazam6aeBa B.T. - )KyMbIC HOTHXKeJIEPiH TaslayFa KoHe TYCIHAipyre, MaTiH »a3yfa oHe
OHbIH Ma3MYHbIH CbIHM TYpPFbIJJaH KauTa Kapayfa, MaJiMeTTep/iH AYpPbICTbIFbIHA HeMece
MaKaJlaHbIH, 0ApJIbIK 06JIIKTepiHiH TyTacTbhIFbIHA KAaTbICTbl MaceJsesiepAi AYPbIC 3epTTeyre
»K9He Ilellyre auTapJbIKTau yJiec KOCTBI.

BosiaToBa A.B. - mMakasaza KentipisireH rpadukTep MeH KecTeJsep/i AalbIH/AI, HOTHXKeJlepre
Tajay acazbl.
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I.b.XaibITOaeBa, b.T.Cazam6aeBa, A.b.bos1aToBa
Eepa3sulickuli HayuoHa1bHbIU yHUBepcumem umeru JI1.H.I'ymunaesa, AcmaHa

00630p KOHCTPYKL U U AedeKTOB y3J10B XKeJIe3HOAOPOKHbIX KPaHOB

AHHOTanuA. B 1aHHOM cTaTbe paccMaTPUBAIOTCA OCHOBHbIE KOHCTPYKLMH U MPUHLMUIIBI PabOThI
’KeJIe3HOJJ0POXKHBIX KPaHOB, a TaKKe UX YacTble HEUCIIPABHOCTU U NpeJCTaBJeH aHa/IU3 edeKTHbIX
aKTOB, CBSI3aHHBIX C 3KCIUIyaTanued. OnucaHbl OCHOBHBbIE 3JIEMEHTbl KOHCTPYKIMHA KpaHOB, B
TOM 4MCJIe NOJbeMHble MeXaHU3Mbl, ONOPHO-XOJ0Basl 4acCTb, CTpeJbl, CUCTEMbl YIpaBJeHUS U
TU/pPaBJIMYECKHE YCTPOMCTBA, a TaKXke CUCTeMbl 6Ge3omacHocTH. Oco6oe BHUMaHUE YesseTcs
HauboJjiee pPaCIpOCTPaHEHHBIM JedeKTaM, OOHApYy:KEHHbIM B IpOLEecce 3KCIJIyaTalUH, TaKuM,
KaK HM3HOC KOHCTPYKTHMBHBIX 3J1eMEHTOB, HEMCIPABHOCTU CHUCTEM YyNpaBJeHUs U TUMJpaBJIHYeCKUX
MEeXaHHU3MOB, a TaKXKe NOBPEXEeHHs, CBSI3aHHbIEe C IePerpy3Kod WK JJIUTENbHBIM UCI0JIb30BaHUEM
KpaHa. Ha ocHoBaHWHU aHann3a 1ePpeKTHBIX aKTOB BbISBJSIOTCS OCHOBHbIE TPUYUHBI BOSHUKHOBEHHUS
JedexTa. B cTaThe nojuepKUBaeTCsA BAXKHOCTb Mep M0 Npe0TBPallleHUI0 HeHCIIPaBHOCTeH, BKJIt0Yas
TeXHUYECKOoe 0OCAy>KMBaHUe U COOGJII0/leHUe NpaBuJI 6e30MacHOCTH onepaTopoB. C60op nHGopMaLuu
0 HEHCIIPABHOCTSX U COOpP CTaTUCTHUKH UTPAIOT BAKHYIO POJIb U B 3HAYUTEJbHOU CTENEHH I0JIe3HbI
KOHCTPYKTOpaM, CHelyaJMcTaM MO 3KCIJyaTalMM, a Takke pa3paboTYMKaM M INepepaboTyMKaM
HOPMaTHUBOB 6€30MaCHOM 3KCIIyaTaL MU KeJTe3HOJ0POKHBIX KPAaHOB.

KiioueBble c/10Ba: )Xes1e3HOOPOXKHBIN KPaHbl, KOHCTPYKIHSA, KJaccuduKanus, AepeKTHbIE aKThl,
CTaTUCTHKA

G.B.Khaiytbayeva, B.T.Sazambayeva, A.B.Bolatova
L.N. Gumilyov Eurasian National University
Overview of designs and defects of railway cranes

Abstract. This article discusses the main structures and operating principles of railway cranes, as
well as their common faults, and offers an analysis of fault reports related to their use. The key elements
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of crane constructions, including lifting mechanisms, undercarriage, booms, control systems, hydraulic
devices, and safety systems, are described. The most common faults identified during operation,
such as wear of structural elements, faults in control systems and hydraulic mechanisms, as well as
damage due to overloading or prolonged use, are given special attention. Based on the analysis of fault
reports, the main causes of failures are identified. The article highlights the importance of preventive
measures, including regular maintenance and adherence to safety guidelines by operators. Collecting
fault information and compiling statistics plays a crucial role and is significantly beneficial for designers,
operational specialists, as well as developers and reviewers of railway crane safety regulations.
Keywords: railway cranes, construction, classification, defective acts, statistics
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Anpartna. [l1a3MasnblK HIBIHBIKTBIPY NpPOLECIHAEr KOHCTPYKIHUSAIBIK 60-
JIATTBIH, KYPbLIbIMABIK epeKIIe/iKTepi 3epTTesi. beTTik aliMaKTa bLijaM
KbI3/JIbIPY K9He CaJIKbIHJATy Ke3iHJe LIbIHAAJFaH auMaKTbIH KeCiHZiCiHZe
ayCTEHUT TYpJIeHYiHiH (Y—«) apTypJii MexaHU3M/lepiMeH aHbIKTaJaThbIH I'pa-
JIMEeHTTi-KabaTThbl KYpblJIbIM TY3i/J€eTiHi KepceTinreH. beTTik aimakTa gudody-
3WSCbI3 MAPTEHCUTTIK TYpJIEHYAIH JaMUTbIHbI aHbIKTa//bl, OYJ UHe Tapi3jec
MapTEeHCUTTIH MNaijja 6oJiyblHA 9Kesefi. TeMeHri KabaTTapAa ayCTEHUTTIH
bIAbIpaybl AU Py3Us NpoLeciMeH KaHe dp TYpJli JUCIEePCTIK Aapexeeri nia-
CTUHaJbl GeppUT-KapOUATI KOCHaHbIH OJlaH api TysisyiMeH 6ipre »xypezi.
CasKbIHAATY KbLIJAaM/bIFbl HEFYPJIbIM XKOFapbl 60JICa, aJIbIHFaH GeppuUT-Kap-
OMATI Kocnachl AUCIEPCTi 60J1azbl, COFYPJIbIM MJIACTHHA apaJiblK, KALIbIKTHIK
a3 6o0s1aTbIHBI KepceTiireH. Bys aucnepcus JapeeciHiH KOFapbliaybIMeH
OepiKTiK cumaTTaMasapbiHbIH (6epiKTIK - 0, KaTTbLIbIFbl — HB) xoFapblia-
ybIHA, aJl JIAaCTUKAJBIK CUIIaTTaMalap/blH, (CaJbICTbIpMaJibl y3apy - & XoHe
YKUBIPBLIYDI - ) TOMeH/eyiHe aKee|.

BosiaTThbiH 6eTKi KabaTbhIH/a rpaiueHTTi-KabaTThl KypblJIbIMHbIH, KaJIbII-
Tacybl MapTEHCUTTI KypbLIbIMJAApAaH TPOOCTO-MAapTEHCUTTI KoHe apaJsiac
IJIaCTUHAJ/bl KYpbLAbIMAApFa (TPOOCTUT, COPOUT) KYPT OTY LIeKapacCbIHbIH
TY3i/1yiH 0l0Fa MYMKIiH/[iK GepeTiHi aTanm eTi/ireH, OHbIH KeMeriMeH 6o0Jat-
ThIH, ’KaHacy-1lapluay 6epiKTiriH apTThipyFa 60/1aThbIH MaHbI3/bl GaKTOpJIap-
JIbIH, 6ipi 60/1IaTThIH )KapbIKKA TO3IM/iJIiriHe bIKNAJ eTe TyCe/i.

Ty#iH ce3aep: 60/1aTThl JOHFa/IAK, MJIa3MaJbIK, MIbIHBIKTBIPY, KYPblIbIM-
HbIH, KaJIbIITACYbl, TY3iJly MeXaHU3M/epi, 6ipTeKTi eMec KypblIbIMAap, Kypbl-
JIBIMZIAPAbIH, JUCIIEPCUACH], MeXaHUKAJIbIK KacueTTepi.
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Kipicne

CoHFBI XbLIJAPHI 3epTTEYILIIEP/iH Ha3apbl MeTaJIJIaH »acaJfaH MaTepuagapabl 6epik-
TeHJIpeTiH apTYpJi TEPMUSJIBIK 6HJeyeri rpaiueHTTi-KabaTThl KYpPblJIbIMJAPAbIH KaJsblII-
Tacybl MEH JlaMy 3aH/AbLIbIKTapbIH TR KipUOeJlik 3epTTeyre Kebipek ayjapbLiy/a.

Bys1 onap/iblH, ©3€KTi/liriH kepceTeai xoHe Oip >kKaFblHAaH IrpaJjMeHT-KabaTThl KYpPbLIbIM-
Jlap/iblH, KaJbIITACybl MEH JJaMybIH/a XKYPETiH NpoLecTepAiH, PU3UKaIbIK TAOUFAThI a3 3epT-
TeJITeHJliriMeH TYcCiHAipijiie/i, ekiHIli )KaFbIHAH TpaJlueHT-KabaTThl KYpblIbIMAAp GoJsaTTap
MeH KopbITHasapFa aHa, OypbIH 6eJrici3 kacueTTep 6epe/i.

Atan aWTKaHja, Ma3MaMeH UIbIHAAJFAH KYPbUIbIMABIK 60JIaTThIH OeTKi KabaTbIH/A
rpajIMeHTTi-KabaTThl KYPbUIBIMHBIH, KaJbIITACybl MAaPTEHCUTTI KYpbLIbIM/JapAaH TPOOCTO-
MapTEHCUTTI KaHe apaJsiac JIaCTUHAJIbI KYPbLIbIMJapFa (TPOOCTUT, COPOUT) KYPT OTY lLieKapa-
CbIHBIH, Ka/IbIITACYbIH 010Fa MYMKIiH/iK OepeTiHi aTan eTiireH). bys ¢pakTop Heri3ri 60Jibin
caHaJazbl, 0J1 O0JIaTThl AOHFAJAKTbIH, KOHTAKTIJi LIapmiay OepiKTiri MeH »KapblKllajapra
TO3IM/iJIiK IeHreliH apTThIpa ajajbl.

MamunHanap MeH MeXaHU3M/JEepAiH KaTThl KYKTeJreH OeJsilleKTepi MeH TopanTapbIHbIH
TO3yFa TO3IMJAIJIITIH KoHe aHacy LIapliayblHa TO3iMJAIIIrIH apTThIpy YLIIH Ky3ere acblphbl-
JIaTbIH OeTTIiK IJIa3MasiblK IIBIHBIKTBIPY (KaTaWTy) Ke3iHJe makga 60JaTblH TI'paJUeHTTi
KabaTTbl KypbLIbIMAAP €peKlle KbI3bIFYIIbIbIK TyAblpaabl. bysn kenm »karganja imki
KabaTTap/aFbl OacTanKbl KAaCHEeTTepiH caKTail OTbIpbIN, O6JIIEKTiH €eH KOl YKTeJreH
)KYMbIC OeTiH FaHa HbIFAUTKAHJA MEPTiliKTi TepMUSIBbIK OHJAEY/iH TEXHUKAJbIK oHe
3KOHOMHKAJIbIK TYpFblaH Heri3genreHpiriMmen Ttycivgipineai [1]. [lnasma maTepuasnjbiH,
6eTiHe acep eTKeH/le, TeMIlepaTypa rpaJJUeHTIiHIH dcepiHeH Kyp/eJsi KepHey KyHiHiH 6eTki
KabaTTapblHja naiza 60syblHA dKeJseTiH OipKaTap QU3UKa-XUMUSJBIK IPOLECTEDP KYpeJi.
KublHTBIKTA OyJ/1 mpouecTep 6HJAeJieTiH MaTepuas/blH OeTKi KabaTblHAA KeIll KabaTThl
KYPbLJIBIMHBIH, Ka/IbIITACyblHA bIKNAJ eTeJi, OyJ OCblHJal KYpbIJIBIMHBIH, KaJbINTACy >KoHE
JlaMy epeKuleJliKTepiH koHe 60J1aTThl JOHFATAKTbIH THICTI QU3UKaIbIK-MeXaHUKaJIbIK, )KoHe
KbI3METTIK KaCUeTTepiH 3epTTeyAi KaxeT eTe/i. TeMip»KoJl TaCbIMaJIbIHbIH, )KOFapbl KapKbIH-
JABLIBIFbIHA, KbLXKbIMaJIbl KYPAaMHbIH OCbTEPiH/ET] YJIKEH )KYKTEMeJIepre, NoNbI3ap/blH ecin
KeJie )KaTKaH XblIJaM/IbIFbl MEH MaccacblHa 6aW/IaHbICThI TO3yFa TO3IM/Ii/IiK NeH KOHTaKTiJi
mapiuayfa TesiMJiMiKTI apTTbipy Macesieci yJKeH NpPaKTUKaJbIK MaHbI3fa Ue 00JIaTbIHbIH
eckepy Kaxer [2, 3].

JdJicHamMa

Xumusablk Kypambl 1-kectege (TOCT 10791-2011) kenTipisiireH 2-11i MapkaJibl KEMipTeKTi
60J1aTTaH >KacajifaH TyTac WJeM/JleJireH JIOHFaJaKTapbl OETTiK MJa3MaJiblK, IIbIHBIKThIPYFa
ylIbIpajbl.

1-kecte. boslaTTapaaFbl XUMUSJIBIK KOChLIBICTAPAbIH KypaMbl (%)

0 C Mn Si p S Ni Cu
0,570 0,780 0,350 0,027 0,030 0,17 0,12
0,630 0,820 0,420 0,025 0,036 0,19 0,15
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BepikTeHAipeTiH TepMUANBIK 6HJeyre YIIbIparaH JOHFaJaK KUEKTEepiHiH MexaHUKaJIbIK
kKacuetTepi (TOCT 1497 6o0iibiHIIA 0, §, W) nuaMeTpi 15 MM, ecenTik y3bIHAbBIFbI 60 MM yJTije,
COKKbI TYTKbIpJIbIFbI — [OCT 9454 6o¥ibiHIIa 1 TunTi yarinepae KCU, 29430 H xxykTeMe Ke3iHae
auameTpi 10 mm mwapmed 'OCT 9012 6o0¥ibiHIIA KaTThIbIK — HB) 2 kecTene kesTipisreH.

2-kecte. bosIaTThIH MexaHUKaJIbIK KACUETTePi

Ne o, 5, v, KCU. 20 MM »kuekteri HB
n/o | H/mm?2 % % | Jx/cm? TepeHaikTeri HB

1 1017 15,0 32 0,34 258 267

2 1100 12,5 21 0,37 285 296

JloHFanaK, »KOTacCbIHBIH, >KYMbIC OeTiHEeH CblpFaHay OeTiHe 6©Ty aWMarbl IJIa3MaJbIK
6epikTeH/lipyTe yibIpa/ibl. BosaT KyphLIbIMbIH HbIFAUTY lIeKapaCbIHbIH €Hi 25-26 MM )KOTaHbIH,
YKOFapfFbl KaFblHAH 2-3 MM apaJjblKTa 6acTanajbl. bys1 peTTe muasMasnblK, OepikTeHZipyZiH
pexuMi Kesecifieil: TOK Kywi 275 A, 3JIeKTp JofacbiHbIH, KepHeyi 120 B, mofa KyaTbIHBIH,
HOMHHa/Abl MaHI 35 KBT, KOpFaHbIC ra3blHbIH, WIbIFBIHBI 5 J1 /MUH, GepiKTeHAipy Ke3iHzeri
aitHasy xwuiniri 0,143 aliH/MUH (JOHFa/JIaKTbIH TOJbIK ailHa/AbIMbI Y1IiH 7,0 — 7,2 MUH).

MaKpoCKONMUAIBIK, 3epTTey/iep a30T KbILKbLIBIHBIH 25% cy/bl epiTiHZiciMeH eHJey/eH
KeUiH KeJileHeH, 11abJIoH/1a Ky prisiniji. MuKpockonusablK 3epTTeyiep x200 yakenTy Kesinzae
«Neophot» onTHKa/NbIK MUKPOCKONITbIH, KOMETiMeH CerMEeHTTEH KeJl/leHeH, OaFbITTa KeciireH
MUKpoULIUPTepAe OepiKTeHAiIpiareH KabaTThl caKTay IIapTbIMEH XXYPri3iiji. dJ1eKTpOoHAbI
MUKPOCKONUANBIK, 3epTTeyiep Jeol]EM 2100 3yieKTpoHJbl MHUKPOCKONbIHAA >KYPTi3ijfi.
MUKpOKYpPBIIBIMABI, OepiKTEeHAIpy TepeHJiriH, »KOTaHbIH KeJJeHeH KuMacbl OOWbIHILIA
MUKPOKATTBLIBIKThIH, TapajyblH, 6epiKTeH/ipisireH 6eTTep/AiH canackl 3epTTeNI].

[lIbiHAanFaH KabaTThlH, MUKPOKATThLIBIFbIH eJuiey 'OCT 9450-2006 «AsiMmas yuTapbiH
6acTblpy apKblIbl MUKPOKATTBLABIKTHI eJilley» TajantapblHa caiikec 1,962 H (200 rc)
KykTeMe Kesinge [IMT-3 KaTThI eJilIeriliTe eHAeyTe AediH MUKPOULIUTE XKypriziaai.

JJIEKTPOH/IbI-MUKPOCKONIUAJBIK, 3epTTeYy/le pellJIMKalapAbl MYKUAT JalblHayFa epeKlle
Hasap ayzapbLijbl. Bysn »xafFfjailjla eH MaHbI3[bl C3T MeTa/iorpadus/blK HMIUPTep/iH
pemnJIMKaJapblH MeTajJbl 3JIEKTPOJUTTIK epiTy apKblibl 0eJsiy 60J/bIn Tabblaazbl. YJTiHI
epiTy pem/iMKaJa cbl3aTTap MeH KecysepJeH 6actana/bl. HaTuxKeciHje KeMipTeKTi mJjeHKa
KYbLIaZbl >KoHE KAaObIFbl apIIbLIab.

JJIEeKTPOJIMTTIK 9AICTI KOoJIJaHFaH Ke3/le, KyiMaJlaH 6eJiliHy npoleci yarigeri ra3gapablH,
6es1iHyiMeH Jie 6acTaMachiH ana/ibl. KaTThl ras mblFapyMeH 6ipre »XypeTiH MJIeHKaHbl 06JIy/IiH,
ThIM KapKbIH/Ibl NpOLIECi peNJIMKaHbIH >XbIPTbLIYbIHA 9He Oy3blIyblHA 9KeJayi MYMKiH,
acipece epeckeJs pesbedTi Terictey Kesinae. KylMaHbl 661y TOpTi6i y/AriHiH KYpblIbIMbIHA
6aisaHbIcThl. Ocblialua, 6ip KOPBITIAHbIH, 6pecKesl XoHe YCaK, AUCHEepCTi KypblIbIMAAphI
KyHMaHbl 0eJy/iiH apTypJ/i peXuMiH KaxeT eTefi. KopbplTna KypaMbIHbIH 63repyi, COHbIMEH
KaTap 06J/1y pexKMMiH 63repTy KaXKeTTiJIiriH Tybipaibl. OcbLiaiiiia, 60J1aTThIH KypaMblH/aFbl
KeMipTeri MeJillepiHiH KOFapbliaybl KaWTajaMa LEMEHTUT TOPbIHbIH NaWaa O0oJybIlMeH
6aliKasiaZibl, OY/J1 LIEMEHTUT y4yacKeJsiepi OHBIH KYbLIYbIH TOKTATATbIHABIKTAH, KYWMaHbIH,
O6eJliHyiHAEe acKblHyFa oKeJieJi. YJITiHI 3JIEKTPOJIMUTTIK €epiTy apKblibl penJiMKaHbl 6eJy

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 175
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



TE.Capcembaesa, AT KaHaes

Ke3iHJle 6oJiaTTaFbl JUCHEpPCTi KapOuATepAiH eTe Kol caHbl MJIEHKa acTblHAA epiMereH
KapOu/ OeJlleKTepiHiH LieMeHTTeJreH KabaThIHbIH, NTal/ja 60/1yblHA bIKIIAJ €Tyl MYMKIH, Oy.JI
IJIEHKaHbIH KaJbIIThI 66J1iHyiHe o0J1 6epmeiai [4, 5].

HoaTnxesiep KoHe TaJKbl1ay

1-cypeTTe »KOFapbl/ia KOPCETIJITeH pexXUM GoMbIHIIA GeTTiK NJ1a3MaJlblK KaTaluTy Ke3iHje

naiifja 60JIFaH TyTacC WJEKTeJreH JOHFaJaKThl BosaTThlH rpajjueHT-KabaTThl KYpPblIbIMbI
KeJITipiJIreH.

Maprencur —_
Maprencut+ TpoocTutr —>

Tpooctur + copoUT —0->

CopOut + nepaur ———»

Ilepnut —

bactankpl KyppuitbiM ——

1-cypeT. BepikTeH/ipisireH aliMaKTa rpaIUeHTTi-KabaTThbl KyPbLIbIMbI

3-KecTezie M1a3MaJIbIK-TEPMUSIJIBIK, 9CEP €Ty alMarblHa 6aiJIaHbICTBI MUKPOKATTHIJIBIKTBIH
e3repyi (MKM) KepceTiJireH.

3-kecte. KaTalThlIFaH KabaTThIH TePEHIri 60MbIHIIA KYPbIJIBIM MeH MUKPOKATThIJIBIKTBIH 63Tepyi

BeTkeiiflen | MukpokaT- | MUKpPOKYpPBLIbIM BeTkeiigeH Mukpo- Mukpo-
KallbIKTHIK, | ThlIbIK, HV , KAlIbIKTBIK, KaTTBLIBIK, KYpPbLJIbIM
MKM MKM HV,
50 872 [lnacTuHanbl 1100 425 Tpooctut
100 850 MapTeHCHT 1200 460
150 800 1400 403
200 803 1500 380 Copbur +
300 764 1600 323 epuT
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400 585 [lnacTuHaNbI 1800 301
500 580 MapTEeHCHT + 1900 290
600 550 TpoocTuT 2200 272 MepauT +
700 546 2400 260 deppuT
800 536 2700 263
950 500 2900 261

Kecte 3 Kepin oTbIpFaHbIMbI3Zlall, MMKPOKAaTTbUIBIKTbIH e3repyi 872 HV -261 HV ,
AvanasoHbiHga 6osagel. 0,05-0,30 MM TepeHJiKTe MUKPOKATTbLIbIFbI 871-764 HV , map-
TeHCUTTI KypbuibiM, 0,40-1,00 MM Tepenaikre, 585-500 HV , MUKpOKaTThUIbIFbI 6ap TPOOCTO-
MapTeHCUTTIK KypblLIbIM 6adKasnazbl. CofaH KeHiH MUKpPOKATThLIbIFEI 500-403 HV , 1,00-
1,40 MM TepeHAiKTe 60J1IaTThIH TPOOCTUTTI KyHi 1,40-2,20 MM TepeHJliKTe COPOUTTIK KyHre
397-272 HV ,, copaH KediH Herisri MeTa//iblH KydHiHe TOH MUKPOKATTbUIbIFbI 260-263 HV ,
60J1aTbIH peppUT-NIEPJUT KYHiMeH >KasFaca/ibl.

A¥iTa KeTy Kepek, >KOFaphbl ’KbLJIJAMABIKTHI Y3/1KCi3 caJKbIHATY Ke3iH/e eKi ¢pa3asibl Kyphbl-
JIBIMJIapAbIH, (TPOOCTHUT, COPOUT HeMece MepJIuT) Ty3iJly IpoLecTepiH aXKblpaTy MYMKIiH eMec,
OUTKeHI CaJIKbIHJATblJIFAH 6HIMHIH KeJileHeH, KUMachl OOMbIHIIA TeMIlepaTypaHblH, 63repy
KbLIAAM/JBIFbl TYPAKThI 601611 KasiMaibl. LIbIHABIFbIHAA TPaHCcPOpMaLMs NpoLecTepi TeM-
nepaTypa MeH AaMy yaKbIThl 60MbIHIIA OipiHiH YCTiHe 6ipiH Kocaibl, OyJ 91eTTe MAPTEHCUT +
TPOOCTHUT, TPOOCTHUT + COPOUT HeMece COPOUT + MepJIUT TYPiHJETI apasac KypblIbIMAAp/blH,
Ty3inyiHe akesneni. (1-cypeT).

Bepisnren KypbuibIMJapAaH koHe Taxipubesik MajsiMmeTrTepZeH (1-cypeT koHe 1-KecTe)
KaTaw TepeHJiriHJie apTypJ/li MUKPOKATTbIIBIKTaFbl OipHelle KYpblIbIMAbIK alilMaKTap/blH,
TY3U1yi aHbIK 6allKaJaTbIHbI aHbIK. MeTa//1JblH >KOFapFbl KabaTTapblH/A 63iHiH XUMUSIBIK
KypaMbl OoMbIHIIA KeMipTeriHiH Meswepi 0,57-0,63% 6osiaTblH 60JIaTKa COMKeC KeJleTiH
aiimak 6ap. KypT cankbiH/laFaH Ke3/e 0J1 5-15 MKM JucnepcusiMeH UHe Tapi3/ii MapTeHCUTKe
anHanaabpl. OfaH KeWiH ayCTEHUTTIH, TPOOCTO-MapTeHCUTKe auHaly TepeHAiri ~0,6 MM
60/1aThIH alMaK Kesieai. By Kyhiep/iH MUKPOKYPbLIBIMBIH/A )by KA0ATBIHBIH TepPeH/IriHe
6alJIaHbICThI AYCTEHUTTIH a3/laFaH KaJlJ|bIK MeJillepiHiH 60/1ybl 6alKaaaabl.

Opan keitin (~0,4 MM) TpooCcTUT KabaTbl naijja 6os1ajbl, 6y KabaTTa MUKPOKATTBLJIbBIK
TOMeH/el/li oHe KaJbIlTacKaH (asanap/blH KeJeMJiK KypaMblHa 6alJaHbICTbI 6oJazbl;
COJlaH KeliH KypblibiM/a maMaMeH 0,8 MM TepeH/ikTe copouT naiaa 6osazbl. [laitga 6osFan
COpPOUTTIH OpHasiacy aliMarbl OYpBIHFbI ayCTEHUT TYWipJiepiHiH OpTaJjblK aliMaKTapblMeH
aHbIKTas1a/bl, 0J1apAaFbl GeppuT MeH LieMEeHTUT KOMIIOHEHTTEPiHiH TPOOCTUTIIEH Ca/lbICThIP-
FaH/Ia a3 JMCIEePCUsIChIMEH XK9HE MUKPOKATThLIbIFbI TOMEH, OYJ1 COHBIMEH KaTap KypaMbIH/1aFbl
dazasap/blH KeNTirine 6aiJIaHbICTHI.

YariHiH TepeHiH/e OYPbIHFbI ayCTEHUT TYHipJiepiHiH L1eKapajapblHbIH TYHiCKeH epiHje
nepJuT nanga 6oJsiaZibl K9HEe OHBIH, MeJilepi OipTiHAen apTta Tyceai. KypblibiM nepsnT-
COpOUTTI 60JIBII KaJ1a/1bl, CO/laH KelliH GeppuT-niepsuTKe Teric eTei. JKa/inbl MUKPOKATThIJIBIK,
6acTankhbl JieHreure eliH TeMmeHael/i. bacTankbl Kyi — 6yJ1 GeppuT MeH NepJauT A9HAepiHiH
Kocnachl, 9p pasaHbIH YJKeH yJeci colikeciHie 20-80% Kypahabl.
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Cop6buUT meH TPOOCTUTTIH eki ¢asanbl KypbLIbIMbI TeK 3JIEKTPOHJbl MHKPOCKOITA
aHbIKTa/Na/bl, OUTKEeHI OyJ KypbUIbIMJApAbIH, KabaTapaJsblK KalbIKTBIFbl ONTHKAJBIK
MUKPOCKONTBIH, pyKcaT eTy uieriige (~ 0,2 MkM) 6osajbl. 2-B X9He 2-C CypeTTepiHJe
3JIEKTPOH/Ibl MUKPOCKONTBIH, KeMeriMeH Tycipiiren x5000 yJskeWTy Ke3iHAe COpOUT IeH
TPOOCTUTTIH poTOCypeTTepi KepceTiiireH. By KypblibIM/IbIK alMaKTapAblH eKeyi e pepput
IIeH LIeMeHTUTTIH aybIClla/ibl TAKTaJapblHAH TYPAThIHbI AHBIK KOpiHe/l.

2-cyperT. Y3/iKCi3 ca/IKbIHJATy Ke3iH/le ayCTEHUTTIH bIAbIpaybIHbIH KYPbIJIbIMbI
(a -mapTeHncurt, x1000); (6- nepauT, x1000); (B —copbuT, x5000); (r- Tpooctut, x5000);

['OCT 10791-2011 6oiibiHIIA 2-/12pexxeJii JOHFaIaK 00J1aThbIHbIH aHAJIOThI 60JIBII TabblIAThIH
TMIIO3BTEKTOUATHI KeMipTekTi 6osaatTbiH (0,59-0,63% C) TUNOTIK TepMOKHHETHUKAJBIK
JluarpaMMachbl HerisiHje rpaJjueHTTi-KabaTThl KYPbIJIBIMHbIH, KHHETUKAChl MEH KaJIbIIITACY
3aHABLIBIKTApPbIH KapacTbipailblK (cypeT). 3). TyTac cbhI3bIKTap ayCTEHUTTIH, Y3/iKci3 caJ-
KbIHJATY Ke3iH/le blJiblpayblHa (TEPMOKUHETHUKAJBIK), HYKTeJi ChI3bIKTAp ayCTEHUTTIH, TY-
paKThbl TeMIepaTypaza (M30TepMUSJIBbIK) blAbIpayblHa COMKeC Kesefi [6].
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MapreHcutTik HykTeciHeH Mn (~2600C) >xofapbl TeMIepaTypajap/arbl TepMOKHHETHKa-
JIBIK JMarpaMMa TeK 0ip KMHeTHKasblK MaKCUMyMMEH CHUINATTaJaTbIHbIH Kepyre 6osazbl, OyJ1
AyCTEHUTTIH, bIJbIPAybIHbIH, apajblK MeXaHU3MiHiH, >KOKTbIFbIH OLIAipesi (AuarpaMMaHbIH,
KeJieHKeJieHOereH 6eJtiri). KofFapblZia KepceTiireH TeMnepaTypaiapja ayCTeHUTTIH, blJibl-paybl
nndPy3usa apKbLIbl XKypeZi *KoHe Auclepcusi Japexeci apTypJii peppUT-Kapou KOCIaChIHbIH
TY3UlyiMeH Gipre »xypezi. JlucnepcusiblK JiapexxkeciHe 6aiaHbICTbl GeppUT-KapOrJ, KOcrachl
IEePJIUT, COPOUT HEMeCe TPOOCTHUT Jiel aTajazbl, 6y KocnaHblH, 1, C xkaHe T-re 6eJ1iHyi IapTThI
»K9He OyJ1 KypbLIbIM/Ap apacblH/la HAKTHI LiIeKapa 0K eKeHiH aTall 6TKEH YK6H.

Cypet 3-Te aycTeHUTTi V3 (KpUTHUKAJbBIK KATal >KbLIJaM/bIFbl) K9HE OJaH Jla »KOFaphI
KbILAM/bIKIIEH CaJIKbIHAATKAaHJAA IJIaCTUHAJNbl MapTeHCUT Ty3ileTiHl kepiHexi. TeMmeH
CaJIKbIHZATY KbLIJAM/BIFbI V2 Ke3iHJe aca CaIKpIHAATBIIFAH ayCTEHUT TPOOCTO-MAapTEHCUTKE
allHaJ1aApl: TYpJaeHAipy imiHapa nepaut (Auddysus), imiHapa MapTeHCUTTIK (AU dy3uschI3)
MexaHU3MMeH KypeZi. V1 ofaH Aa TeMeH CaJKbIHAATYy KbLIJaMJbIFbIHAA TpaHCcPopMaLus
IepJIMT NeH COPOUTTIH eKi ¢pazasibl KYpbLIbIMJAapbIHbIH TY3i1yiMeH AU PY3UsIbIK MEXaHU3M
6oibIHIIA JaMU/bl [7].

CoHbIMEH KaTap, TePMOKUHETHUKAJbIK JAuarpaMMa ayCTEHUTTIH OEeWHHUTTIK KYypbLIbIM-
Jlap/iblH Nai/ia 60JlybIMeH TYpJIEHYiHiH apasiblK MeXaHU3MiH >Ky3ere acblpy MyYMKiH eMecCTiriH
KepceTe/li (?KOFaphbl CaJIKbIH/JATY »KblJJIaM/IbIFbIHA 0AalJIaHBICTBI KOMIPTEK aTOMJAPbIHBIH KalTa
6eJiiHyi icke acnai/ibl), COHABIKTAH OyJI Xafjai/ia TpaHcpopMaL s He NMEePIUTTIK MeXaHU3M
6oibIHILA (CaJKbIHAATY KbL1JaMAbIFbl V1, V2), He apasiac nepauT-MapTeHcuTIieH (V2 xxoHe V3
apachIH/IaFbl CAJKbIHAATY KbLJI11aM/IbIFbl) HEMeCe MAPTEHCUTTIK MeXaHU3M OOUbIHIIA JAMUJbI.

[lepnuTTiH Ae, MapTeHCUTTI Ae TypJieHJipy/aep/iiH Heri3i ayCTeHUTTIH O6eT-IeHTpJIeHIeH
KPHUCTaN[bIK TOPBIHBIH Telle-TeHIKTIH KeJleMi-IleHTpJIeHTeH TOpbIHA HeMece aca KaHbIKKaH
deppuTtke (y—a) nouMopdThI aybICybl EKEHIH OaliKayFa 60J1azbl.
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2-cyper (0,60-0,65 % C) KypbLIBIM/BIK 60JIATTAPAAH aca CybIFaH ayCTeHUTIiHIH,
bIIbIPAY JIMarpaMMachiHbIH cXeMachl [6]
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2-cypeTTeri y3iK CbI3BIKTAp ayCTEHUTTIH HU30TEpPMUAJBIK TYpJIeHYiHe, TyTac CbI3bIKTap
Y3AiKCi3 caJKbIHAATY Ke3iHJeri TypJeHyre colKec KeJe/li (TepMOKUMHeTHUKAJIbIK AUarpaMMma).
M30TepMUANBIK KaFjanJa KoHe TYpaKThl CAaJKbIHAATY IpOLECiHAe ayCTeHUTTIH TypJieHy
KMHETHUKaCbIHbIH, 0ip Me3rijiJie Kepiuisiec 60Jybl TEpPMOKHHETHUKAJBIK, AHarpaMMaliapAarsl
CbI3BIKTAp HM30TEpMUAJBIK JHarpaMMaHbIH OH, »X9He TOMEHTI >XafblH/Jd OpHaJaCKaHbIH
KepceTe/i. by caIKbIHAATBIIFAH AQyCTEHUTTIH TYPAKThI CA/IKbIHAATYAAFbl TYPAKTbIIBIFbIHbIH,
dJIleKamn/la »KOFapbl €KeHiH »K9He TYpJIeHY acKblH CaJKbIHAATBLIFAH ayCTEeHUTTIH U30Tep-
MUSAJIBIK bIJbIpay KaFJalblHa KapaFraH/Ja TOMeH TeMIlepaTypa/ia )KypeTiHiH KepceTe/l.

Byn mnponecc Toxipubee KOHCTPYKLHUAJIBIK 6oJaTTapAblH MaHbI3/bl KYpPbLJIbIMABIK
cUIIaTTaMachkl 60JIbIN TaObLIATBHIH IJIACTUHA apaJblK, KAlIbIKTbIKTA KepiHeai. [linacTuHanap
apacblH/aFbl KALIBIKTBIK NEPJIUTTIK KYpbLIbIMAAPJAFk] ipresiec GeppuT MeH LLeMeHTUT IJIMTa-
JIApBIHbIH, KQ/IbIHABIFbIHBIH, OpTallla KOCBIHABIChI 601kl Tabbl1abl. Ocbliailia, cCaJKbIHAATY
KbLJIJLIaM/bIFbl HEFYPJIbIM KOFaphl 60Jica, COFYPJIbIM IJIACTUHA apaJsiblK KAUIbIKTBIK, a3bIpak
’K9He aJIbIHFaH ¢peppUT-Kapouj Kocnacbl HeFypJIbIM JUCIEPCTi 60J1ca, COFYPJIbIM 00JIAaTThIH,
MHUKPOKATTbLIbIFbI (KaTThLJIBIFbI) )KOFapbl 60s1ab! [8, 9].

ATan eTKeH/ieH, KYpbLJIbIMABIK KaiiTa TypJieHyJepAl Tanjay Ke3injae peppUT-1eMeHTUTTIK
KYPbLJIbIM/Jap/iblH IEPJIUTKE, COPOUTKE HEMECE TPOOCTUTKE 66J1iHYi LIapTThI XKIHE 9 TTe, Oy
KYPbLIBIMJAP apacbliH/a HAKThI LIeKapa 0K eKeHIH ecTe YCTaraH »eH. ONTKeHi, ic xKy3iHze
Ta3a TPOOCTHUT, COPOUT HEMece MepJUTTiH Maija 60y NpoLecTepiH aXXbIpaTy MYMKIiH eMec,
TYPAKThl CaJIKbIHAATY NpOLeCiH/e CaJKbIHAATBIIFAH OHIMHIH KeJleHeH, KUMachl 60MbIHIIA
TeMIlepaTypaHblH 63Tepy >XblIJAaM/bIFblHA 0alJIaHbICTBI OJ1 ©3repMeJii XKoHe CblHaJaTblH
60J1aTThIH TepMO(HU3UKAJBIK KacHeTTepiHe OaiJiaHbICTbl Oesrijii 6ip 3aH OOWBIHIIA
e3repezi. CoHpal-aK, MepJUTTEH alblpMallblIbIFbl, COPOUT K9HE TPOOCTUT Teme-TeHAIK
KOMITIOHeHTTepi eMec. KosijaHbICTaFbl OHAIPIC KaFAalubIHA CAJIKBIHAATY, 94eTTe, Tele-TeHAIK
eMec KdHe OyJ1 COpOUT IeH TPOOCTUT PpeppUTiHiH KeMipTeriMmeH 6esirii 6ip acKbIH KaHbIFybIHA
aKeJiesli, 0yJl KeMiHHEH MeXaHUKaJIbIK KacMeTTepre acep eTyi MyMKiH. ATan alTKaH/a, IepJIUT,
COpOUT HeMece TPOOCTUT KypbLIbIMAAPbI 6ap 60JIaTThIH, MeXaHUKaJbIK KacueTTepi GeppuTt
IleH LleMeHTUT apacblHJarbl 0eJly OeTiHiH ayZaHblHA Typa nponopuyoHaagbl. COHABIKTaH
ayCTEeHHUTTIH, blJblpay TeMIlepaTypacblHbIH, TOMeH/leyiMeH oHe KYpPBbIJIbIMHBIH, THICiHIIe
yCaKTa/lyblMeH (AUCHEPCUANBUIBIK [JdpeXeciHiH Kyllewi) ¢QeppUTTIK IJIACTUHKAIAp
KeMipTeriMeH GipuiaMa 1amMa/ilaH ThIC KaHbIFa/ibl, O€piKTiK cunaTTaMasapsbl (6epikTiri - oB
KaTTbLIbIFbl — HB) apTazpl, an niacTukKaablK, cunaTTaMasapsl (CaJblCTbipMaJibl y3apybl — O
»K9He Tapbliybl — ) azasaasl [10, 11].

1-cypeTTe KeJTiplJireH MUKPOKYPbIJIbIMAp MEePJUTTIre MAPTEHCUTTIK TY31JIiIMHIH Cca/bIH-
FaHbIH KepceTeAi. Ocbuiaiia, 5500C-4600C ~ TemnepaTypasblK apasiblKTa V2 caJKbIHAATY
KbLIJAM/bIFbl Ke3iHJe ayCTeHUTTIH 6ip 6eJiri aguddy3uanblK MexaHU3MMeH TPOOCTUTKe
aliHasafbl, KasiraH 6estiri MH (~ 2600C) HykTeciHeH TeMeH AU Py3UsIChI3 MAPTEHCUTKE 6TE/.
KesTipinreH »xoHe 6acka la OCbIFaH yKcac MblcajlZjap 9pTypJii *KblJIJAaM/bIKIIEH CaJIKbIHAATY
Ke3iHJle KypblIbIMAAP/AbIH TY31IyiH 3KCIepUMeHTaJAbl 3epTTey KapalnaublM MiHJAET eMec
eKeHiH KepceTe/ji, eTKeHi 01 6ipHele ¢pakTopJapFa 6alJIaHbICThI: €H a/1bIMEH CAJIKbIHAATY
KbLIJJaM/bIFbIHA, KHHETUKaFa KoHe JJaMyJblH TeMIlepaTypaJblK LIapTTapbiHa. 6esriai 6ip
TYpJIeHAiIpY Ke3iHAe osap 6esriji 6ip liekTepAe e3repyi MyMKiH. TypJsieHy Tek 6ip MexXxaHU3M
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apKblJIbl Ky3€ere acaTblH TeMIlepaTypa LieKapajapblH 60/1Kay )XKoHe TPOOCTUT, COPOUT HeMece
NEepPJUTTIH KypblJIbIMAbIK aiMaKTapblH HAKTHI lIEKTEY dpKalllaH MyMKiH eMec. llIbIHAbIFbIHIAQ
TYpJIeHy IpolLiecTepi TeMmnepaTypa MeH JaMy yaKbITbl OoWbIHLIA 6ip-6ipiMeH KabaTTacysl
MYMKIiH, 6yJ1 apaJjiac IJiaCTUHa Tapi3/i KypblIbIMJapAblH Maiia 6osybiHa aKesnei [12, 13].

KopbITBIHABI

1. TlnasmasnblK GepikTeHAipiireH 60/aTThIH, O0eTKiI alMaFbIH/AA KOFapPbl KbLJIAAMbIKTbI
KbI3/IbIPY YKOHE CaJIKbIHAATY Ke3iHze 6epiKTeH JipiireH akMaKTbIH, KUMaCbhIH/AA ayCTEHUTTIH,
(y—a) TypsieHyiHiH apTypJi MexaHHW3M/lepiMeH aHbIKTa/IFaH rPaJMeHTTi KabaTThl KypblJIbIM
naiija 60JIaThIHJbIFbI KepceTisireH. COHbIMEH KaTap, KaXKEeTTi MeXaHUKaJsblK KacUeTTep
KelleHiH (0epiKTiK, KaTTbLJIbIK, UKEM/IJIK K9He KaTThLJIbIK) KAMTaMachI3 eTy TYpPFbICbIHAH
MeTaJAblH, OHTAWJ/Ibl KYPBIJIBIMBbI )KOFapbl AUCHEPCTI MAaPTEHCUT, TPOOCTO-MApPTEHCUT KoHe
COpOUT YCHIHBLIFAaH O6ipTEKTI eMec apaJjiac KYpbLJIbIM O0JIbII TaObLIa/bl.

2. TepMOKMHETHKAJIbIK JAuarpamMara Heri3feJreH MUKPOKYPbLIBIMJbI Tal[ady >KoHe
TEPMUSJIBbIK alMaKTbIH KeJlJeHeH KHMacbl O0MbIHIIA MUKPOKATTBLIBIKTBIH, MakAa 60Jybl
60J1aTThI IOHFAJIAKThI OETTIiK TEPMUSJIBIK O€piKTEeHAipy Ke3iH/je MapTeHCUTTI )KoHe NepPJIUTTIK
TY3iJ1ic rpaZMeHTTi-KabaTThl KypbLJIBIMHBIH Naija 60JiybIMeH KypeTiHiH kepceTefi. beTki
ailmMakTa AuPQy3uachl3 MapTeHCUT TY3iJiMi JaMblll, UHe Tapi3jec MapTEHCUTTIH Naiza
6osybIHa aKesefi. ToMeHri KabaTTap/ia ayCTEHUTTIH biAblpaybl AU dY3Us apKbLIbl KYypeai
KoHe Jucnepcus Aapexeci apTypJsi miaacTUHaibl GeppUT-KapOuJT KOCHACBIHbIH, Maija
60Js1ybIMeH bipre xKypeai.

3. CanKbIHAATY KbLIAAMJbIFbl HEFYPJIbIM >KOFapbl 06o0Jica, ajblHFAaH (QeppuTTi-KapOuzj
Kocrnacbl JAucrnepcti 6oJsiaZibl, MJacTHHajJap apacbhlHAAFbl KalbIKTBIK COFYPJIBIM a3
6os1azpl. COHABIKTAH KYpBLIBIMHBIH, JAUCHEpPCUsl [J@peXeCiHiH >KoFapbliayblMeH OepiKTik
cunaTtTaMaznapsl (6epikTiri - 0B KaTTblLIbIK - HB) apTazpl, an niacTukanblK cunaTraMasap
(canbicTblpMalibl y3apy — & koHe Tapblay-|/) ToOMeHAeNai.

4. TlnasmasiblK GepiKTeHAipijireH 60J1aTThl AOHFaJ/JAKTbhlH, 0eTKi KabaTblHJA I'pPaJUeHTTi
KabaTTbl KYPBLIBIMHBIH KaJIbIITACybl MAapTEHCUT KYpPbLIbIMJJapblHAH TPOOCTO-MApPTEHCUT
»K9He apaJsiacIJIaCTUHAJBIKKYPbLJIbIM/IapFa (TPOOCTHUT, COPOUT ) KYPT aybICYAbIH LLIeKapaChIHbIH,
naiijia 6oJiyblH 60J1blpMayFa MyMKiH/Iik 6epeTiHi aTanm eTiifi, 6y 60JaTThl AJOHFAIAKTbIH,
»KaHacy-1lapuiay 6epiKTiriH apTThIpaThIH XoHE OHbIH XKapbIKKa TO3IM/i/liriHe bIKnasa eTeTiH
MaHbI3bl GaKTOpJap/bIH 6ipi 60JbIN TAOBLIAABI.

Anrbic. MakananbigMaTepuangapol/.H.I'ymuieBaTeiHgarbl EYY TeXHUKA FbLJIBIMAPbIHBIH,
JOKTOpBI, «CTaHAapTTay, cCepTUPUKATTAY KOHE MEeTPOJIOrUs» KadeApacblHbIH Npodeccopbl
AT. KanaeBneH 6ipJiecin JaibiH a1/ bl.

ABTOpJ/1apABbIH, KOCKAH YJIeci.

A.T. KaHaeB oCbl MaKaJlaHbIH MATiHIH a3y/a eJieyJli 3UuTKepJIiK y/1eCiH KOCKaH.

T.E. Capcem6aeBa, JiepeKTep *KUHA/bl, OJIapAbl TalZAyMeH >X9He »KYMbIC HOTHXKeJiepiH
TYCiHZAIpyMeH alHa/bICThl. COHAaU-aK, aBTOPAbIH KOCKaH yJieCi MaKaJlaHbIH Ma3MYHbIH, OHbIH
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JIM3alHbIH KaliTa Kapay »koHe MaKaJlaHbIH COHFbl HYCKACBIH apusJay YIUiH 6ipsecin 6ekiTy
GO0JIBII TaObLIA/bI.
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T.E.Capcem6aera*!, A.T.Kanaegn?
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dopMHpOBaHUE rPAJUEHTHO-CJIOUCTOM CTPYKTYPbI B KOHCTPYKIMOHHOM
CTa/Iu IPY TJIa3MEHHOM 3aKaJIKe

AHHOTanusa. VccienoBaHbl CTPYKTYpHble OCOGEHHOCTH KOHCTPYKIIMOHHOW CTalu B Impoliecce
IIOBEPXHOCTHOI'0 IIJIA3MEHHOI0 yIIpoYyHeHHU. [loka3aHo, 4TO IPU CKOPOCTHOM HarpeBe U OXJIaXJeHUHU
B IIOBEPXHOCTHOM 30He GOpMUPYeTCs rpaiMEHTHO-CJ0UCTas CTPYKTYpPa, onpejiessieMast pa3JIMuHbIMU
MeXaHW3MaMH TpeBpallleHus1 aycTeHUTa (Y—a) B CeYyeHUM 3aKaJeHHOW 30Hbl. YCTAaHOBJIEHO, YTO
B NOBEPXHOCTHON 30He pa3BuUBaeTcs 6e31uddy3MOHHOE MapTEHCHTHOEe INpeBpallleHHe, KOTopoe
IPUBOJAUT K 00pa30BaHHUIO MroJIbYATOTO MapTeHCUTAa. B HMXKHUX CJI0AX pacnaj, aycTeHWTa
CONpOBOXJaeTca npoueccoM JUPPy3uH U B JasbHellleM 06pa30BaHUM IJIAaCTUHYATOW deppUTO-
KapOMHOW CMeCH pa3HOM CTelleHH AUCIepCHOCTH. [lokazaHo, 4eM 60J1bliIe CKOPOCTD OXJIKAEHHUS, TEM
JucrepcHee nojay4vawuascs ¢eppuTo-KapoujHas cMech, TEM MeHbllle BeJIMYMHA MEKIJIACTUHOYHOI0
paccTosAHUA. JTO BeJleT K TOMY, 4YTO C yBeJUYEHHEM CTelleHU JUCIEePCHOCTH NPOYHOCTHBIE XapakK-
TEPUCTHUKH (IPOYHOCTh — OB TBepLOCTh — HB) Bo3pacTaloT, a mjlacTU4ecKue XxapaKTepUCTUKU (OTHOCH-
TeJIbHOE yJI/INHeHUe — § U Cy>KeHHe — ) YMeHbIIAKTCH.

OTMedeHO, UyTO popMUPOBaHUE B MOBEPXHOCTHOM CJIOE CTAJIM IPAafHEHTHO-CJIOUCTON CTPYKTYpPhI
II03BOJISIET UCK/IIOYUTDb 06pa30BaHMe pe3KOW IpaHHUIbl Iepexo/ia OT CTPYKTYP MapTeHCUTa K TPOOCTO-
MapTEHCUTHBIM U CMeIlaHHbIM IJIACTUHYATBIM CTPYKTypaM (TPOOCTHUT, COPOUT), ABJSIOLIEr0 OAHUM
13 BXKHBIX GAKTOPOB, C IOMOIIbI0 KOTOPOT'0 MOXXHO INOBBICUTb KOHTAKTHO-YCTAJOCTHYIO NPOYHOCTH
CTa/ly U B fla/IbHeHIIeM Oy/ieT CIOCOOCTBOBATD €€ TPELMHOCTONKOCTH.

Kiro4yeBble cj10Ba: KojiecHas CTaJlb, JIa3MeHHasl 3aKaJika, CTPyKTypooO6pa3oBaHHe, MeXaHU3MBbI
IpeBpalleHNs], HEOJHOPOAHbIE CTPYKTYPHI, AUCIEPCHOCTb CTPYKTYP, MEXaHUYECKHUE CBOMCTBA.

T.E.Capcem6aeBa*!, A.T.Kanaen?
18.Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan
2Eurasian national university, Astana, Kazakhstan

Formation of a gradient-layer structure in structural steel during plasma hardening

Abstract. The structural features of structural steel in the process of surface plasma hardening have
been studied. It is shown that during rapid heating and cooling in the surface zone, a gradient-layered
structure is formed, determined by various mechanisms of austenite transformation (y—«) in the section of
the hardened zone. It has been established that a diffusion-free martensitic transformation develops in the
surface zone, which leads to the formation of acicular martensite. In the lower layers, the decomposition of
austenite is accompanied by the process of diffusion and the further formation of a lamellar ferrite-carbide
mixture of varying degrees of dispersion. It is shown that the higher the cooling rate, the more disperse

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N21(150)/ 2025 183
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



TE.Capcembaesa, AT KaHaes

the resulting ferrite-carbide mixture, the smaller the interplate distance. This leads to the fact that with an
increase in the degree of dispersion, the strength characteristics (strength - ¢ in hardness - HB) increase,
and the plastic characteristics (relative elongation - § and contraction - {r) decrease.

It is noted that the formation of a gradient-layered structure in the surface layer of steel makes it
possible to eliminate the formation of a sharp transition boundary from martensite structures to trooste-
martensitic and mixed lamellar structures (troostite, sorbite), which is one of the important factors by
which contact fatigue strength can be increased steel will continue to contribute to its crack resistance.

Keywords: wheel steel, plasma hardening, structure formation, transformation mechanisms,
heterogeneous structures, dispersion of structures, mechanical properties.
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JHepro3pPpeKTUBHOCTH B APXUTEKTYype MKOJIbHBIX 3JaHUM:
K/II04eBOU PaKTOp YCTOMYUBOIO Pa3BUTHUSA

C.I. CagbikoBa' , A.A. Cails1ay6eKOB

Eepasutickuil HayuoHabHblll yHUsepcumem um. J/1.H. ['ymuaesa
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AnHoTanMsa. CoBpeMeHHble 06pa3oBaTe/bHblE yUYpeX/JeHUs BbIHYXK/EeHbl
aJlanTUPOBaTbCA K U3MEHEHHUAM B 00LIeCTBEe U HOBBIM TPeOOBAaHUAM, Ipeb-
SBJIIeMbIM K y4e6HOMY mporeccy. B aTol cBA3M apXUTEKTOPHI U AU3alHEPHI
pa3pabaTbIBalOT MHHOBALMOHHbIE MOJXOAbl K NPOEKTUPOBAHUIO IIKOJIbHBIX
3/laHUM, CTpeMsICh CO3/aTb rUOKue, 3QPEeKTUBHbIE U 3KOJIOTUYECKH YCTOM-
YyBble MIPOCTPAHCTBA. B cTaThe paccMaTpUBalOTCs KJIOYeBble TEHJEHLUHU B
apxXUTeKType LIKOJIbHbIX 3/laHUM, HallpaBJIeHHble Ha MOBBILIEHUE 3HEProsd-
$EeKTHBHOCTH U CHW)XKEHHMe BO3JeMCTBUSA Ha OKpy:xarlylo cpefy. OcHOBHoOe
BHUMaHUe y/ie/I1eTCs MCI0JIb30BaHUI0 BO30OHOBJISIEMbIX UCTOYHHUKOB 3HeEP-
TMY, TaCCUBHOMY NPOEKTUPOBAHUIO, UHTEJJIEKTYaJIbHbIM CHCTEMaM YIpaB-
JieHUs], a Takxke cepTudukanuu 3aaHud no crangapram LEED u BREEAM.
[IprBeseHbl IPUMepHI YCIIEIHbIX IPOEKTOB, TaKUX, Kak «HavdasbHas 1mkoJa
eCTeCTBEHHbIX HAayK U 6Mopa3HooOpasus» B [lapuxke U KyJbTypHO-06pa3oBa-
TeJIbHbIN LleHTP YoapBaTThl, KOTOpbIE IeMOHCTPUPYIOT BaXKHOCTb BHEJpEHUS
3Hepro3PpeKTUBHBIX TEXHOJIOTUH [Jisl CO3AaHUS KOMPOPTHBIX U yCTOUUUBBIX
oOpa3oBaTeIbHBIX NPOCTPAHCTB. KpoMe ToOro, paccMoTpeHbl MHHOBALlMOHHbIE
MaTepHaJibl U TEXHOJIOTHUH, CIOCOOCTBYIOIME CHUKEHUIO SJHEPTONOTpebI1eHUsA
Y co3/1aHuI0 KOMPOPTHOM yuebHOU cpebl. 0cob60e BHUMaHUeE YA eseTCs POar
IIKOJIbHBIX 3/laHUM B OPMUPOBAHUHU 3KOJIOTMYECKOTO CO3HAHUA Y YYEHUKOB,
YTO ABJISETCA BaXXHBIM 3JIeMEHTOM B BOCIIMTAHUU OyJyIIUX TOKOJEeHUH. 3Ha-
YMMOCTb JJaHHBIX [IPOLECCOB, a UMEHHO UHTerpalus NpUpOAHBIX PECYPCOB B
chepy apXUTEKTYpbI /15 Pa3BUTHUS IKOJIOTUUYECKON U IKOHOMUYECKOHN yCTOM-
YHMBOCTHU 0COOEHHO NOJAYEePKUBAET UX BOXKHOCTb.

KiroyeBble €/10Ba: apXUTEKTYpa, UCKYCCTBEHHbIN MHTEJIJIEKT, UHHOBALU-
OHHbIE TEXHOJIOTUH, IHEPT03PPEKTUBHOCTD.
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IHepeoappekmusHocmsb 8 apxumekmype WKoAbHbIX 30aHULL: KAYe80l hakmop ycmoliuugozo pa3eumusi

BBeaeHue

CoBpeMeHHble 00pa3oBaTesibHblE YyYpeX/JeHHUS CTAJKHUBAKOTCA C HeobOX04WMOCThIO
ajlanTalyy K ObICTPO MEHAIIIUMCS YCJAOBUAM KU3HU U HOBBIM TPeOOBAaHUAM K y4eOHOMY
npoueccy. JHeprosapPeKTUBHOCTb B 3/1aHUSAX U ee BJIMSIHHUE Ha OKPYXKAWILYI Cpeay CTajlo
OJlHUM U3 HauboJiee aKTyaJIbHbIX OOLeCTBEHHBIX BONPOCOB B NOC/AeJHUE JecAaTuaeTusd. Bo
MHOTHX CTpaHax rpsAylliee COKpalleHue 3anacoB HCKONaeMbIX 9HEPTOHOCUTe e NPUBOAUT
K HeOoOXOJMMOCTHU IpOBeJleHWs O4YeHb >XeCTKOW MOJUTUKU B 00J1aCTU SHEPreTUKU H
OKpy>Kalollel cpe/ibl, B LLleHTPe KOTOPOU perysisipHO OKa3blBaeTCsl CTPOUTEbHBIN ceKTOop. [1]

B oTBeT Ha 3TO apXUTEKTOPHI U JHU3alHepbl pa3pabdaThlBalOT MHHOBALMOHHBIE MOJXO/bI
K MPOEKTUPOBAHUIO IIKOJIbHBIX 3/1aHUH, CTpPEMsChb co3JaTb 6oJiee rubkUe, 3GPeKTUBHbIE
u Ge3onacHble NPOCTPAHCTBA. JTU TeHJEHLMH HalpaBJieHbl Ha IOBBbILIEHUE KayecTBa
o6pa3oBaHusA, KOMPOPTHOrO NMpebbIBaHUS YYEHHUKOB, a TaK)Ke HAa BHeJpeHUe IKOJO0TUYECKU
yCTONYMBBIX pelieHUH. [loMHUMoO 3TOr0, pa3BUTHE TEXHOJIOTUM U MHHOBALMOHHbIe MaTepHaJibl
MO3BOJISIOT CYLeCTBEHHO CHU3UTb 3HEpPro3aTpaThbl Ha IKCIJIyaTalUI0 3[JaHUH, CHOCOOCTBYS
YMEHBILIEHHUIO YIJIEPOJHOTO C/e/la U CHUKEHUIO 3aTPaT Ha CcoZiepKaHUe y4eOHbIX 3aBe/leHUH.
Takue mnoAxoAbl CTAHOBATCS BaXXKHbIM 1IaroM Ha NYTH K YCTOWYMBOMY pPa3BUTHUIO MU
$OpMUPOBAHHUIO IKOJIOTMYECKHA OCO3HAHHOTO MIOKOJIEHHUS.

CyuiecTByeT MHEHUE, YTO 33/ja41 IHEProcOepeKeH s U IOBbIILeHUsl 3HEPro3GPeKTUBHOCTH —
3TO OTBETCTBEHHOCTb UCKJIIOUUTEJIBHO rOCYAapCTBa, CBOEro poja oprIMaibHas MUHULMAaTUBA,
He CBsI3aHHas C Halled MOBCeJHEBHOMW >KM3HbIO, 0COOEHHO B CTpaHe C TaKUMHU OOraTbIMU
pecypcamy, Kak Kazaxcran. OfjHaKko Takoe NpejAcTaBJeHHe OLIMO0YHO U MOXKET NPHUBECTH
K Cepbe3HbIM HeraTUBHbIM MOCAeACTBUAM. OCHOBHble MCTOYHUKHM 3HEpPrUM, TaKHe, KakK
TeIJIOBbIE, aTOMHBIE U THZAPO3JIEKTPOCTAHIIMH, HAHOCAT 3HAYMTeJIbHbIN yIllep6 OKpyKalolen
cpefe. Kaxxjast HoBasi CTaHIMS JIMILAET HAC U OyAyLive NOKOJIeHUsl YUCTOT0 BO3/yXa, 3eIEHbIX
JIYTOB Y IIPO3payHbIX peK. Y aTOoT Bonpoc BaxkeH He B Ja/IEKOM NepCIeKTUBe, a YKe cerofHs. [2]

KazaxcTaH B JJaHHOM IlJIaHe JJaBHO BBINYCTHJI TOCYAApPCTBEHHBIE JOKYMEHTDI, PETYJIUPYIOLHE
BOINIPOCHIIHEPTro3PpPeKTUBHOCTH. OHMI03BOJIAIOT CO3JaTbHOPMATHBHO-IPABOBYI0 OCHOBY Z1JI51
BHe/IpeHHs1 COBpeMEHHBIX TEXHOJOTUM 9HeprocoepexeHrs U yCTOMYMBOT0 NPOEKTUPOBAHUS.
JlaHHBIe JOKYMEeHTBI, Takue, Kak 3akoH Pecny6sinku Kazaxctan «06 sHeprocbepexeHUH U
NOBbIIIEHUU 3HeProdaPpPeKTUBHOCTHU» [9] OpHeHTHUpPOBaHbl HA obecreyeHrWe ONTHMaJbHOIO
sHepronoTpebyeHNUs B 3aHUAX. OHU 06A3bIBAIOT NMPOEKTHUPOBLIMKOB MCI0Jb30BAaTh MaTe-
pHasbl C BBICOKUMU TENJIOU30JISIUOHHBIMU XapaKTepPUCTUKAMH, BHEJPATb CUCTEMbl aBTO-
MaTHU4YeCKOro yIpaBJeHWs 3Heprued M Y4YUThIBAaTb IKOJIOTUYECKHEe aCleKTbl Ha 3Talle
IpPOEKTUPOBAHUA. JTU Mepbl CTUMYJUPYIOT Iepexof, 0O6pa3oBaTesJbHBbIX YYPEXJAEHUH K
3Hepros$PeKTUBHBIM CTAaHAAPTAM, MUHHUMHU3UPYIOT 3aTpaTbl Ha 3KCIJIyaTalUI0 3JaHUU
M CHOCOOGCTBYIOT CHHXKEHUIO HEraTUBHOTO BJIMSIHHUS Ha OKpyawulyw cpeay. Kpome Toro,
rocy/lapCTBeHHasi IporpaMma Mo «3eJleHOM 3KOHOMUKe» B KaszaxcrtaHe [10] cTaBUT Lesb
aKTUBHO MUHTErpUpPOBaTh BO30OHOBJISIEMble UCTOYHHUKU 3HEPTUU B CTPOUTEJIbHBINA CEKTOD,
BKJIIOYasi 00pa3oBaTesibHble yUpeX/JeHHs, YTO Coco6CTByeT pOPMHUPOBAHHUIO YCTOMYMBOU
M 3IKOJIOTUYEeCKU Oe3omacHOW HMHPpPACTPYKTypbl. TakuM o06pa3oM, JaHHble HOpPMaTUBHbIE
aKThI IO3BOJIAIOT He TOJIbKO COKPAaTUTh 3HePronorpebeHre U 3KCIJIyaTalluOHHbIe PACXOAbI,
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C.1I. Cadvikosa, A.A. Catinay6ekos

HO U NOBBICUTb KayeCcTBO 06pa3oBaTeJbHOU cpeJibl, Aiesass eé KOMPOPTHOU M 9KOJIOTHYECKU
YCTONYUBOM.

[lesb faHHOU CTAaTbU — BbISIBJIEHUE KJIOYE€BbIX UHHOBAIMOHHBIX TEHJIEHIIMM B apXUTeEK-
Type LIKOJIbHBbIX 3JaHUU U 3HeproddpQPeKTHBHOTO NOAX0AA B HUX MPOEKTUPOBAHHUU.
OcHoBOM s 0630pa JIUTEpaTypbl CTaJd CTAaTbU U3 JAHHBIX UCTOYHUKOB: [loBbilleHHe
s3HeprosapdekTuBHOCTU BO PpanHuuu: onbIT A.RIE.L. v Bbiclied HWH)XeHEPHOW IIKOJIbI
[Tapmka (MINES-ParisTech) oTpaxkeHo B uccienoanuu banauna B.10., Cenesnesoit U.C. [1];
Ocob6eHHoCcTH GOPMUPOBAHMS «3€JI€HOU» IIKOJIbl OCBellleHbl B cTaThe A3apoBa E.B., 3aaupako
U.H., [lnetHep 0./, lllumyTrHa E.H. «3HeprosdppekTHBHAsA 1IKO/1a: KAKAIKOHOMUTb e HbI'U» [ 2];
[ToBbiieHNE 3P PEKTUBHOCTH C IOMOILbIO IPOTPAaMMbl SHEPTOMeHe)KMeHTa KaK YCTOMYMBOU
NpPaKTUKHK B IIKOJIaX UcciaegoBaHbl aBTopaMu: Fadi AlFaris, Adel Juaidi, Francisco Manzano-
Agugliaro [3]; [IpuHLUMN HCNOJB30BAHUS MECTHBIX 3KOJIOTHUYECKHM YMCTbIX MaTepuasoB
M COJIHEYHBIX MaHeJield MOKa3aHbl B mnpoekTe «HavasbHas IIKOJIA eCTECTBEHHBIX HayK U
6uopasHoobpas3us Chartier Dalix Architectes» [4]; MupoBo# onbIT GOPMUPOBAHUS IIKOJIbHbBIX
3/laHUM Ha OCHOBE 3Heprocbeperawiiux TEXHOJOTUM uccaenoBaHbl B cTaTbe CMosinHa C.H.,
Kucenesa O.B. [5]; UckyccTBeHHBIN MHTEJIJIEKT KAK KOMIIOHEHT UHHOBALlMOHHOTO COJeP>KaHUSA
0611ero 06pa3oBaHUsl: aHAJIM3 MUPOBOTO ONbITA U OTE€YECTBEHHbIE MePCIEKTUBbI OTPAXKEHBI
B TpyAax CazbikoBoil A.P, JleBuenko WU.B. [6]; [IpoeKT c Mcno/ib30BaHUEM 3KOJIOTHUYECKU
YHCTBHIX MaTepHaJIOB U CUCTEM 3HeprocoepekeHusi aBTOMaTU3UPOBAHHBIM HCKYCCTBEHHBIM
VMHTEJIJIEKTOM M0Ka3aH Ha npuMepe «KyabTypHbIM U 06pa3oBaTesibHbIM LieHTp YoapBaTTa»
apxuTekTopa Moap Hauro» [7];Takxe GbIJIO PacCCMOTPEHO MCIOJb30BaHHE HCKYCCTBEHHOTO
VMHTEeJIJIEKTa B MPOEKTUPOBAHUM 3HeprodpQPeKTUBHBIX LIKOJ, U XOpPOLIUM MpPUMep CTall
NPOEKT «IKBYyACKas cpeaHss mkosa» (Edgewood High School), cipoekTupoBanHbiit Daniels
Construction [8]; 3akon Pecny6suku Kasaxcran «06 sHeprocbepexkeHUHM U MOBBILIEHUU
sHeproapdexktuBHOCTU» [9]; [lN1aH MeponpUATHH no peanusaunuu KoHlenuuu mno nepexony
Pecny6snkuKazaxcraHnk"3esneHolisakoHoOMUKe"Ha2021-2030roab1[10];3HeprosadpekTuBHbIE
MaTepuasbl: 0630p B kypHase Buildings vcnosb3oBaHre MHHOBALMOHHBIX CTPOUTEIbHbIX
MaTepUuasioB, TaKUX, Kak 6M06eTOH, da3onepexoHble MaTepraabl U UHTEIrPUPOBAHHbIE B
3/laHue GpOTO3/EKTPHUUECKHE NTaHe/ U OblIM OXBaueHbl B cTaTbe fAxbsa Anaccad [11]; 3enenas
apxuTeKTypa U sHeproapdekTuBHOCTb: UccienoBanue B Engineering Science & Technology
Journal paccmaTpuBaeT MHHOBALMOHHbIE MOJAXO/Jbl K MPOEKTHPOBAHUIO 3JJaHHUUM B CTaThbe
AnuvekaH AknaH YMmox, Axegaiio Anedpemu u Kennet Udeanbu MbekBe. [12] TakuM o6pa3om,
OCBellleHHe 3TOU TeMbl B TpPy/laX pa3/IMUHbIX aBTOPOB MOAYEPKUBAET BOCTPEOOBAHHOCTD U
aKTyaJIbHOCTb UCCJIe[J0BAaHUM B 06/1aCTU MHHOBALMOHHBIX 9HEPro3pPeKTUBHbBIX TEXHOJIOTHUH,
NpUMeHsSeMbIX B IPOEKTHPOBAHUY U CTPOUTENbLCTBE COBPEMEHHbIX IIKOJIbHBIX 3/JaHUM.

MeTogos10rus

MeTopo10TMs JAHHOUW CTaThbU NpPeACTaBJsET COOOM NMPOLLECC UCCAEeJOBAHUS U CUCTEMa-
TU3AI[UU 3apyOEXKHbIX HAYYHbIX TPYZ0B, 00pa30BaTe/bHbIX 3JIEKTPOHHBIX PECYPCOB U UHTEPHET-
HMCTOYHHUKOB I0 TeMe 3HeproadpPeKTUBHOCTH, «3eJIeHOU» apXUTEKTYPbl U HHHOBAIMOHHOT'O
N0/X0/a B MPOEKTHPOBAHUM IIKOJbHBIX 3JaHUNA. O6'bEeKTaMU MCC/IeJOBAHUS CTA/IM CTAaThU 32
nocaeaHue 10 sieT, oTHocALKECS K TeMe 3HeproadpPpeKTHUBHOTO NPOEKTUPOBAHUS.
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[Ipy HanMcaHMM [JAHHOW CTaTbM OB NPOBEJEH aHaIU3 CYLIECTBYIOILIUX TeHJeHLUH
Y TEXHOJIOTMU B 00/1aCTM NPOEKTUPOBAHUA 3HeprodpPeKTHBHBIX IIKOJbHBIX 3JaHUH. B
KauecTBe KJI04YeBbIX MCTOYHUKOB UCI0JIb30Ba/IMCh HAy4YHble CTaThH, 0TYEThI MEX/YHAapOHbIX
OpraHM3alUi M MpPUMepbl YCHEUIHbIX IPOEKTOB 3HeproadpdekTUBHbIX wKoJ. Ocoboe
BHMMaHHe ObLIO y/e/leHO cucTeMaM cepTudUKauuu 34aHui, TakuM, kak LEED (Leadership
in Energy and Environmental Design) m BREEAM (Building Research Establishment
Environmental Assessment Method), koTopble ycTaHaBJIUBAOT CTaHAAPThI 3KOJIOTMYECKOTO U
3Hepros$pPeKTUBHOTO NPOEKTUPOBAHMUS.

BbliM M3yyeHbl OCHOBHble TeOpeTHYeCKHe M MpaKTHYecKhe paboThbl MO BONpOCaM
9Heprosa$pPeKTUBHOCTH B apXUTEKType Y4eOHBIX yYpexJeHUH. BblIM npoaHaIu3WpOBaHbI
IpUMepbl IPOEKTOB U3 Pa3HbIX CTPaH, TaKuX, Kak Ppannusd, lepmanus u CIIA, 115 BeiABIeHUA
YCIeIIHbIX pelleHuH KU NoAxXoAoB. Takke pacCMOTpeHbl MeXAyHapoAHble CTaHAApTbl U
cucteMbl ceptudukauud, Takde, kak LEED u BREEAM, c 1esbi0 OlleHKH UX BJMUSHHUS Ha
pa3BuTHe 3Hepro3GPeKTUBHBIX IIKOJbHbIX 3JaHUW. ITU CUCTEMBbl OBbLIM BBIOpPAaHBI Kak
HauboJiee aBTOPUTETHbIE U IPUMEHUMbIE /1JIs1 IPOEKTUPOBAHUS IKOJIOTHYECKHU YCTOMUUBBIX
00BEKTOB.

Pe3ysbTaThl M 06CYKAEHUS

JHeproaddeKTHBHbIE MIKOJIbI ABJIAIOTCA BaOXKHBIM 3JIEMEHTOM IMPOYHOTO 3KOJIOTMYECKOr0 U
3KOHOMMYECKOI'0 pa3BUTHUSI 00pa30BaTesIbHbIX yupex/ieHUil. BHeapeHre 3HeproadpdeKTHBHbBIX
TEXHOJIOTUH B LLIKOJIaX IOBBILIAET 06 1eCTBEHHY0 0CBEL0MJIEHHOCTb 0 HE06X0AUMOCTH 3a60ThI
06 OKpy»amwllel cpejie U palOHaJbHOI0 UCI0Ib30BaHUS IPUPOAHBIX PECYPCOB. ITO BAXKHO
JIJ1s1 BOCIMTAHUS 3KOJIOTMYECKU CO3HATeJIbHBIX I'pax/JaH. BHepeHne sHeprosa¢pPpeKTHBHBIX
NPUHIMIOB MNPOEKTUPOBAHUS B apPXUTEKTYPY LIKOJBbHBIX 3JJaHWU MO3BOJUT yYMEHBLIUTH
notrpe6eHre 3HEPTUM /ISl OTOIJIEHHUS, OCBellleHUs], BEeHTUJISLUU U PaboThl 060py/0BaHus,
YMEHbLIUTb HeraTUBHOE BO3/EeHCTBUE Ha OKPYXAWILyl Ccpeay, YTO JesjaeT UX OoJee
YCTOWYHUBBIMU U 9KOHOMHUYHBIMU B 3KCIJIyaTallMK. ITO KpaiiHe aKTya/IbHO B HbIHEILLIHee BpeMsi
MHOQJIALUYU U KJIMMaTUYeCKUX U3MEHEHHUH 110 BCEMY MUPY.

M3MeHeHHe K/auMMaTa U Oyjyllee 3HepreTUYECKUX HWCTOYHUKOB INPEACTaBISIOT CO60M
cepbe3Hble BbI30BHI JJIS1 YesioBeYecTBa. M croib30BaHMe YeJI0BEKOM MCKOMAaeMoro TOIJIMBA
He TOJIbKO OKa3blBaeT corpeBaroliuil 3¢ deKT Ha NOroAy, HO U NPUBOJHUT K IHEPreTHYECKOMY
fedunuty. Tekylre sKoJ0rniyeckre npob6aeMbl KOPEHSITCS B HEJJOCTATOYHOM OCO3HAaHUU U
€J1a60CTHU KYJBTYPHOI'0 OTHOLIEHUS K B3aMMOJEWCTBUIO YesloBeKAa U NMPUPO/bL. YCTOUYHUBOE
00111eCTBO MOXXET OBbITh CO3/laHO TOJIbKO HAa OCHOBE 3HAHUW U MOHUMAHMUS, TPEOYIOUIUX
npeobpa3oBaHUsl 00pa30BaTeJbHOIO CeKTOpa /JJis BHEAPEHHS INPAaKTUK YCTOMYHMBOTO
pa3BUTHSA U B3aUMO/J,eUCTBUSA C 9KOCUCTEMAaMHU. [3]

[IpoexkTrpoBaHue 3HePTro3pPeKTUBHBIX LIKOJI BKJIIOYAET B Ce6s1 UHTETPalMIo TEXHOJIOTUN U
MEeTO/I0B, HallpaBJIeHHbIX HA MUHUMU3ALUI0 IOTPe6IeHUS SHEPTUM U CHUXKEHUE HETAaTUBHOTO
BO3/IEWCTBUS Ha OKpyxatouywo cpefy. OfMH K3 KJIOYEBBIX 3JIEMEHTOB TaKOro IOJX0Aa
- 3TO MCHOJIb30BaHUE MACCUBHBIX APXUTEKTYPHbIX peLIeHUN, KOTOpble ONTUMHU3UPYIOT
MCI0JIb30BaHUE COJIHEYHOTO CBETAa U €CTECTBEHHOW BEHTWJISLIMH, YTO, B CBOIO OYepejb,
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CHWKaeT MOTPeGHOCTD B 3JIEKTPOIHEPTUHU [1Jis OCBEILleHUS] U KOHJAMLIMOHUPOBAaHHUSA BO3/yXa.
BakHbIM acleKTOM S$IBJISIETCS HMCIOJIb30BaHWE BO30OHOBJSIEMBIX HWCTOYHUKOB 3HEPTUHU.
CucTteMbl, Takue, KaK COJIHEYHble MaHeJU W BeTpsHble YCTAHOBKH, MO3BOJISIOT YaCTUYHO
WJIM TOJIHOCTBIO Y/IOBJIETBOPATH 3HEPreTUYecKMe MNOTPEeOHOCTU UIKOJbl, MUHUMU3HUPYS
3aBHCHUMOCTb OT TPAJULIMOHHBIX UCTOYHUKOB 3HEPTUHU U YMeHbLIas yIJepoAHblil cief. Kpome
TOT0, 0C000e BHUMaHUE yAeJisieTCsl BbIOOPY MHHOBALMOHHBIX CTPOUTEJIbHBIX MaTepHaJsioB,
KOTOpbIe 06eCleYrBaI0T BbICOKYO TEMJJIOU30IALMI0. ITO N03BOJISIET COKPATUTh TENJIONOTEPU
3MMOM M yMEHbUIWTb IeperpeB NOMEIeHUW B JIETHUW NepuoJ, co3JaBass KOMQPOPTHYIO
BHYTPEHHIOIO Ccpefly AJis yueb6Horo nponecca. [11] He MeHee BaXKHBIM 3/1eEMEHTOM SIBJISKOTCS
YMHbIe CUCTEMbl YIpaBJieHUsl 3[jJaHHEM, KOTOpble MO3BOJSAT 3)pPEeKTUBHO peryjupoBaThb
OCBELEHHOCTb, TEMIIEPAaTypy U BEHTWISALUIO B 3aBUCUMOCTU OT MPUCYTCTBUA JIOJEH U
BHEILHHUX YCJA0BUN. DTU TEXHOJIOTUU IOMOTAIOT CHU3UTh PACX0/, 3HEPTUU U ONNTUMU3UPOBATh
paboTy UHXXeHepHbIX cucTeM. K 3e/IéHbIM TEXHOJIOTUSIM B NMPOEKTUPOBAHUU LIKOJ MOXHO
OTHECTH UCI0JIb30BaHUE 3eJIEHbIX KPbIIll, KOTOPbIE HE TOJIBKO yAY4YLIAT TENJIOU30/ISLUI0, HO
Y CIIOCOOCTBYIOT y/Iy4IlIE€HUI0 KayeCTBa BO3/iyxa ¥ CHUXKEHUIO YPOBHS 1yMa. Takue 3/1eMeHThI
JleJIaloT 3/1aHue 3KOJIOTUYeCKU YCTOMYMBBIM, BHOCAT BKJIA/] B COXpaHeHHe 6Mopa3Ho0oOpa3us
¥ noMoraroT GOpMHUPOBATh y y4yalUXCsl OCO3HAaHHOE OTHOLIEHHEe K NPUPOJHBIM pecypcaM.
TakuM 06pa3oM, KOMILJIEKCHBIM NOAXOJ, K MPOEKTUPOBAHHUIO 3HEProdPp(PeKTHUBHBIX LIKOJI
CIOCOOCTBYET CO3/JJaHUI0 y4eOHbIX 3aBeJleHHUH, KOTOpble He TOJIbKO 3KOHOMST Pecypchl, HO U
CO3/aI0T 6JIarONpPUATHYIO Cpeay AJis 00yyeHuUs. [12]

B HbIHellHee BpeMsl CYLIeCTBYIOT MeXJyHapOJHble CUCTeMbl cepTUUKALUM 3JaHHUH,
KOTOpble YIPOLIAIOT TOHWMaHHWE 3KOJOTMYHOTO MPOEKTUPOBAHHUS, OLEHUBAKT HX
3KOJIOTUYECKYI0 YCTOMYUBOCTb M 3Heprosa¢pdektuBHocTb, a MMeHHO LEED (Leadership
in Energy and Environmental Design) u BREEAM (Building Research Establishment
Environmental Assessment Method). OHu ucnosb3ywTCcA AJi pa3pabOTKKW U ymnpaBJieHUs
3/laHUSIMU, CTPEMSIIMMUCI MUHUMU3UPOBATh BpeJHOE BO3/eICTBUE HAa OKPYKAIOLLYI0 CPELY.
B npoeKkTHpoOBaHHUSA y4eOHbIX YUpPEXAEeHUN MOXKHO Oy/leT OTTaJKUBATbCA OT JAHHBIX CUCTEM
cepTUPUKALUY, YTO yIpOLUIaeT NOHUMaHUe 3Hepro3adPeKTUBHBIX IIKOJ U He yIycKaeT BCe
3JIeMeHTbl 3HeproaPpeKTUBHOTO NpoeKTUpoBaHus (puc.1).

Ceilyac eCTb MHOXECTBO NPUMEPOB 3HEProd3PPeKTUBHBIX LIKOJI, KOTOPbIE UCIOJIb3yIOT
aKTHUBHbIE U NACCHBHbIE CUCTEMBbI 3HeprocoepexxeHust. CamMbli MONYyJSIPHBIA PUMepP TaKUX
1KoJ1 — 3To HavasibHas 1IKoJIa ecTeCTBEHHBIX HayK U 6Uopa3Hoo6pasus (Ecole Primaire des
Sciences et de la Biodiversité) B [lapurke, @paHiius, CHpOEKTUPOBAHHbBIN apXUTEKTYPHBIM 6I0PO
«Chartier Dalix Architectes». HauasibHas mikoJia ¢ co6CTBeHHOM NMPUPOAHOM cpenol. [IpoekT
6bl1 pa3paboTaH B paMKax 0060 MHHOBALlMOHHOW MpPOrpaMMbl, HallpaBJeHHON Ha 3alliUTy
OKpy»Karolieil cpesbl. KoHllenuusa 3aHsl OCHOBaHa Ha CO3/laHUM NMEPBUYHOrO JaHAmadTa,
TEKCTYPbl U KOMIIOHEHTbI KOTOPOTO OyAyT 3aUMCTBOBaHbI U3 60Jiee LIMPOKOTO JaHAWAPTA,
KOTOPbIM HallOMUHAET JiaHAadTHbIE TOPHble MECTHOCTH. /laHHas 1IK0JIa UMeeT TPU YPOBHSA
03eJIeHEHUs], Ha KPOBJIe KOTOPOM HAXOAWTCS LIKOJIbHbIA OrOpoJ U €afi, 3a KOTOPbIM JE€TH
YXaXXUBAIOT U MO3HAIOT OKPYKAaKIUKA MUP.
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. N
PucyHok 1. HayaibHasi IK0JIa eCTECTBEHHBIX HAyK U 6MOpa3Hoo6pa3us
(Ecole Primaire des Sciences et de la Biodiversité), [lapmk, ®paHnus.

ITOT NPOEKT NpeAcTaBseT cob60oi "naHAadT KaK )KU3HEHHOE IPOCTPAHCTBO", a HE IPOCTO
3/laHue. 3/laHHe COCTOUT W3 JIByX OTJle/IbHbIX YacTel: 6eTOHHbIe YacTH — $acajbl, U YacTH,
BbINIOJIHEHHbIE U3 PACTeHUH — Kpblllla. ITa 060/104Ka 06BOJIAKKMBAET LIKOJIY, CO3/jaBas 00U
06beM C MJIAaBHBIMHM KOHTYpaMM U TMOKMMHU JIMHUSIMM, OTKpbIBasi IJIaBHble BHYTPEHHUE
IPOCTPAHCTBA U 3J1aCTUYHbIE BHEIlIHUe, U36erasi pa3pblBOB MeX/ly 00'beMaMu (puc.2, puc.3).

@y =g % . { [' SRS \

\
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PucyHok 2. Buj Ha «3e/ieHy10» Kpbilly Haya/ibHOM IIKOJIbl €CTECTBEHHBIX HAYK M
6uopa3nooGpasus (Ecole Primaire des Sciences et de la Biodiversité), [lapmx, ®paHnus.
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PucyHok 3. Buj Ha ¢pparmeHT pacaga. HauasibHas MIK0JI1a eCTECTBEHHbIX HAyK U
6uopasHooGpasus (Ecole Primaire des Sciences et de la Biodiversité), lapmx, ®pannus.

KoMnakTHOe 3/1aHM € BBIXOJUT OKHAMU Ha OKPECTHOCTH, OTKPbIBAasi MHOKECTBO EPCIEKTUB.
WrpoBble MJIOIAAKH — 3TO [IBA OTKPBITHIX MPOCTPAHCTBA, KOTOPbIe B3aUMOJENHCTBYIOT APYT C
ZIPyroM, HaxoAsATCS Ha BUAY APYT Y APYyTa, OLleHUBast ApyT Apyra (0JHaX /bl €TH JOLIKOJIbHOTO
BO3pacTa MOUAYT B HAaYaJIbHYIO IIKOJY). Bce 3aHNe OKpY»XeHO NMPUMHUTHUBHON NPHUPOAHOM
cpefoH, KoTopas JleCTByeT Kak 60Jiee WJIUM MeHee JJ0JITOCPOYHbIM KaTaJlu3aTop COXpaHEeHUs
O0uopa3Ho06pa3us B LieHTpe 6GoJiee KPYMHOro o6bekTa. [edCTBUTENbHO, 3TO COOPYKEHHE
»KUBOE, TOCKOJIbKY €ero BHEUIHWH BHJ MeHsieTcs. biarogapss cBoedl GyHKIMH OCHOBBI
JaHAmadTa, OH NMpeCTaBJsIeT CO60M 060JI04KY, KOTOpasi OYAET OTVIMYAThCA Yepe3 MATh WU
JleCSITh JIET, CO BCEH HEINpeICKa3yeMOCTbI0 MPUPO/ibl, KOTOpPask He 06s13aTebHO MOSBJSETCS
TaM, T/le MOXKHO ObLJIO Obl OXKU/ATh. [4]

HauasibHas 11KOJIa eCTeCTBeHHBIX HaYK U 6Mopa3Hoo6pasus (Ecole Primaire des Sciences et
de la Biodiversité) B [lapuke, @paHiuus, ABASIETCA NPUMEPOM UHHOBALIMOHHOI'O YCTOMYHUBOIO
IPOEKTHPOBAHHUS. ITOT NPOEKT MPOJEMOHCTPUPOBAJI, KAK MOXKHO UHTETPUPOBATb IPUPOJAHBIE
IPOILIECCHI B apXUTEKTYPY LIKOJbHBIX 3JJaHUH U BbIJIEJIUTb CPeIv MPUBBIYHBIX TPAAUIMOHHBIX
IIKOJI. B JaHHOM 1IKOJIe OBIIM MCIIOJIb30BaHbI COJIHEYHBIE TAHE/IU Ha KPbILIE 3/JaHUS, KOTOPbIE
MIO3BOJIAIT CAKOHOMUTD SHEPTHUI0. B 3/1TaHUM yCTaHOBJIEHBI CUCTEMbI aBTOMATHU3aLM K, KOTOPbIE
YIPaBJSIOT OCBELIEHUEM U OTOIIJIEHUEM HAa OCHOBE IaHHBIX O TPUCYTCTBUU JIIOJ € Y TOTOZHBIX
YCJIOBUH. ITO GBLIO CAEIAHO /Il PAa3yMHOTO 3HEPTONOTPebIeHH .

[locsie 3aBeplIeHHUs] CTPOUTEJNBCTBA B IIKOJE Oblla BHEJAPEHA CHCTEMAa MOHUTOPHUHrA
3HepronoTpe6/IeHUs], KOTOpasi OTCJEXHBAET MOTpebJieHUe 3JIeKTPUYeCTBa, OTOIJIEHUS U
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BO/bl B peaJibHOM BpeMeHH. JTO M03BOJISIET peryJiMpoBaTh paboTy CUCTEM B 3aBUCUMOCTHU
OT QaKTUYECKHUX MOTpPeOHOCTEM M MHUHHMHU3UPOBAThb 3Hepro3aTpaThbl. C HCNOJb30BAaHUEM
IporpaMMm JAJisi 3HepPreTU4ecKoro MOJeJMPOBAHUA NPOBOAATCA pPeryJsipHble CUMYJALUY,
KOTOpble MOMOTAlOT MPOTHO3UPOBATh JHEPronoTpebsieHUe B PA3/IMYHBIX KJAWUMaTUYECKHUX
YyCJOBUAX U B 3aBUCMMOCTHM OT HM3MEHEHUH B 3KCIJIyaTalMM 3/4aHUsA (Hampumep, Npu
yBEJMYEHUU KOJIMYECTBAa ydaluxcs). TakkKe HY>KHO OTMETUTb PO «3eJieHble» KpPbIIU B
HallleM [pUMepe HayaJlbHOM LIKOJIbl eCTECTBEHHbIX HayK U 6uopa3Hoobpasus B [lapuxe, To
ero NperMMyI1lecTBO B TOM, UTO CJIOW PaCTUTEJbHOCTU Ha KpblIllle yay4liaeT TeNJ0U30J9LHI0,
yMeHbLIaeT eperpes 3/1aHUsA JIETOM U IOMOTaeT NOoAAePKMBAaTh KOMGOPTHYIO TeMIepaTypy
B MOMEILEHUH, YIy4dlllaeT MUKPOKJIMMAT, yMeHbIIaeT NOTPeOHOCTh B KOHAULIMOHUPOBAHUHU
BO3/lyXa M co3/jaeT KOM$OPTHYIO CpeAly B 3JaHUHU.

TakuMm 00pa3oM, MpoOeKT HayaJbHOW WLIKOJIbI €CTeCTBEHHBIX HAayK U OMOpa3HO0Opasus
cTas1 06pa3uoM 3HeproaGPeKTUBHOIO U IKOJOTUYECKH YCTOMYHMBOrO MPOeKTUpPOoBaHUs. Ero
apXUTEKTypHble Y UHXKeHepHbIe pelleHrs] HalpaBJeHbl HA MMHUMU3AaL U0 BO3JEUCTBUSA Ha
OKPY>KaIoLLYI0 Cpe/ly, CHU>KEHHE SHePronoTpe6/ieHus U co3jaHue KOMPOPTHbBIX YCA0BUH A5
00y4yeHUsl.

CHMI>KeHUe 3HepronoTpeb/eHUsl B UIKOJbHbBIX 3/1aHUSAX, IOCTPOEHHBIX C UCN0JIb30BaHUEM
3Hepro3PpPeKTUBHBIX TEXHOJIOTUN, MOXKHO OLEHUTb Ha OCHOBE PA3/IMYHbIX CTATUCTUYECKUX
uccaeloBaHUM U 0T4yeTOB. OCHOBHBble NOKa3aTeJU KacaloTCsl 3KOHOMHU 3JIEKTPOIHEPTHH,
TEIJIOBOWM 3HEPrud M YyMEHblLIeHUS YIJIEPOJHOro cJjeAa. B 1ikosiaX, MOCTPOEHHBIX C
MCII0JIb30BaHMEM 3HeprospPpeKTUBHbIX TEXHOJIOTUH, 3HEPronoTpebIeHre MOXKET CHUXKATbCS
Ha 20-50% mno cpaBHEHHIO C TPaAULIMOHHbIMU 3aHUsAMU. B 'epmanuu u CeBepHoii EBpomne
BHeJipeHHe CcTaHAapToB Passivhaus B mikosiax mo3BOJIMJIO CHU3WUTb NMOTpPeOJIeHUE 3HEPTUU
70 15 kBt-y/M? B rog, 4To noytu B 10 pa3 MeHblIe, 4eM B OObIYHBIX 3AaHuAX. A B CIIA
KoJIbl, TocTpoeHHble mo ctaHgaptaM LEED (Leadership in Energy and Environmental
Design), mokasbplBalOT CHUXKEHUE IHEPronoTrpebsieHUs] MO CPaBHEHHUIO C TPaJULMOHHBIMU
3j@aHUAMU. [5]. ITU [AaHHBbIe NOKa3blBalOT, YTO 3HeprosapPeKTUBHble TEXHOJOTUU MOTYT
3HAUYUTEJIbHO COKPATUTb OTPeOJIeHNE S9HEPTUU B 00pa30BaTeIbHBIX yUPeXKAEHUAX, CHU3UTh
pacxoAbl ¥ MUHUMHU3UPOBATh 3arpsi3HeHWe NPUPOJHON cpeZibl. B 3TOM NJaHe Ky/JbTypHbIN
Y 06pa3oBaTesIbHbIN 1IeHTP YoapBaTThl NOJUYePKHUBAET BaXKHOCTb MCIOJIb30BaHUS MECTHBIX
pecypcoB JJisl CHMXKEHUSI 3KoJioruyeckoro ciepa. Ilojo6Hble NpOEKTbl J[J0Ka3bIBAIOT,
YTO JIOKAJIbHbIM MOAX0J K BbIOOPY MaTepuhaJioB M TEXHOJIOTHUM MOXeT CYlLieCTBEHHO
NOBBICUTh YCTOWYMBOCThb 3/laHMW U YMEHbIIUTb WX BJUSHUE Ha mnpupoay. CoBpeMeHHble
3Hepro3pdeKTUBHbIE TEXHOJIOTUM W MaTepuasbl MO3BOJSIOT HE TOJbKO CHU3UTh
3HeprosaTpaThl, HO U MMHMMU3UPOBATh BO3/l€eMICTBHE Ha OKpYKalollylo cpely. BHeapeHue
TaKHX pelleHUH B LIKOJIbHbIX 3/IaHUSX CIOCOOCTBYET CO34aHMUI0 KOMPOPTHOW M 9KOJIOTUYHOMN
cpeApbl A/ y4yalUuXcsl U NepcoHasa. B 3TOM npoekTe ObLIM HCNOJIb30BaHbl MaTepUasbl U3
MEeCTHOTO KaMHS U JIpeBeCHUHbI COCHBI. B BecTu6I0/Ie U KOpUJ0pax MoJibl U3 NOJUPOBAHHOIO
6eTOHa UMUTHPYIOT OBEPXHOCTb 3€MJIM CHAPYKH 3/laHHUs, a 3JIEMEHTHI JleKOopa BbINOJJIHEHBI
M3 MEeCTHOTO KaMH$, BKJIloUasl CJaHel U KBapLUT Pa3/IMYHbIX OTTEHKOB CEPOr0 U 3eJIeHOTO.

(puc.4).
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PucyHok 4. O6pasoBare/ibHbIi neHTp YoapearThl (Coarvematta Cultural and Educational Hub),
Kautokeino, Norway.

JanHasa wkosa coorBeTcTByeT ctaHAapTy LEED u BREAM, 4To o03HaudaeT, 4TO 37aHUE
OYeHb BBICOKOTO KayecTBa, C XOPOIIMM MHUKPOKJIMMATOM B MOMELEHUHW W 4Ype3BbIUAWHO
HU3KHMMH 3HeprosaTpataMu. 3gaHue Ha 90% obecneuynBaeT cebs sHepryuen AJis OTOIJIEHUS
U oxJsaxJeHus1 6sarofaps 40 reokaMuHaM, NpoOYpeHHbIM Ha Iy6uHe 0koj0 250 MeTpoB.
CKBaKWHbI CHA0XKalOT 3HEePTHel ABa TEMJIOBbIX HACOCA, KOTOPbIE OJJHOBPEMEHHO 060TPEeBAIOT
U OXJIaXKJalT 3/JaHue, B TO BpeMs KaK TeIJIOOOMEHHHWKHU ISHEepPreTU4YeCKHX CKBaKMH
OTBOJSAT U3JIMILKU TelJla 06paTHO. B caMble X0/104HbIE 3UMHUE JIHU CUCTEMA JIOTOJHSETCs
3JIEKTPHUYECKUM KOTJIOM. [7]

B mkoJsiaXx, KOTOpble ObLJIM pacCMOTPEHBbl B CTaTbe, MCIOJIb30BaHbl aKTUBHblE W Mac-
CUBHbIe 3Heprocobeperarollye TEXHOJOTUHW. BHUMaHUe y/e/is/I0Ch WCIOJIb30BAHUIO COJIHEY-
HbIX [aHeJeW, CUCTeM aBTOMAaTH3alUH YIpaBJeHHUS 3JHePromoTpedJieHUEM, a TaKxKe
MCIIOJIb30BAHUIO 3KOJIOTMUYECKHM YHUCTBIX MaTepUaJioB U «3€JIEHbIX» KpbILI W OMNUCAHbI
NOJIOXKHUTEIbHbIE BO3/J€UCTBUSI UX HCIOJIb30BAaHUSA, BO3JEUCTBUS HA OKPYXKAIOLIYIO CpPEAy.
Jl/1s1 OLlEHKU 9KOJIOTHYEeCKUX MPEeUMYyIecTB 3HeProa$pPeKTUBHBIX UIKOJ ObIM HUCMOJIb30BaHbI
MOJieJIM U CUMYJISILIMYU, KOTOPble NMO3BOJIMJIM NpeAcKa3aTb BO3MOXXHOE COKpallleHue yrJe-
pPOAHOrO cje/ia U APYyTMX HeraTUBHbIX MOCJAEeACTBUNA HAa aTMochepy 3eMsu. Bmecte ¢ 3TuM,
caefyeT OTMETUTb, YTO B LIKOJIAX, MCIOJB3YIOIIUX 3HEPro3p@eKTUBHbIE TEXHOJOTHH,
pacxo/ibl Ha OTOMJIeHUue MOryT cHU3UThCA Ha 30-50% 3a cueT yny4yllleHHOUN TENJI0U30JSLUH,
JIBOMHBIX OKOH W MCIIOJIb30BAHHUSl COBPEMEHHBIX CHCTEM yIpaBJeHHs TEIJIOM, 2 UMEHHO
VHTeJIJIEKTYyaJlbHble CHUCTEeMBbl YIIpaBJeHHUS OTOIJIEHMEM W BeHTUJdALMed. TeMmnepaTypa
B 3/laHUSIX PEryJupyeTcss aBTOMaTU4YeCKH B 3aBUCUMOCTHU OT BPEMEHM CYTOK, MOTOAHBIX
YCJIOBUM M HaJIMYUA JIOJIeH B MOMellleHUU. ITO MoMoraeT u3beraThb nepepacxojia SHEPTUHU
Ha OTOIUIEHHWE WJMU KOHJAULHOHUpOoBaHUe. [loBbllieHMe 3HepreTuyecKou 3QPeKTUBHOCTH
M03BOJISIET HANIPSIMYI0 CHMXKATh J00bIYY U NOTpe6JieHUe TEPBUYHON IHEPTUH, HEOOXOUMBbIX
151 JOCTWIKEHHUS OINpefie/leHHOM LiesM, obecreYrBaTh IHEPreTUYECKYH) HEe3aBUCHMOCTD,
CHKaThb BbIOpOCchl CO2 U TeM caMbIM YyMeHbIIATh OCTPOTY MPO6JIEMbl U3MEHEHUS KJIUMaTa
Y I7100aJIbHOTO MOBBIIIEHUS TeMIepaTypbl. TakuM 06pa3oM, BKJaJ 3HeprodapPeKTUBHOCTH
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sBJIsieTCsl HauboJiee 3HAYUTEJbHBIM W OLlEHMBAeTCs BeJWYUHOU A0 39 % B cleHapusx
ryiobanbHOro norenseHus. CoBpeMeHHble 3HEPro3PpPeKTUBHbIE TEXHOJOTUH U MaTepUasbl
N03BOJISIIOT He TOJIbKO CHU3UTb 3HEpPros3aTpaThbl, HO U MUHUMU3UPOBAThb BO3JENCTBHUE Ha
OKpy>Kamllyl cpeay. BHeJjpeHHe TaKHUX pelleHHH B LIKOJBHBIX 3/JaHUSIX CIOCOOCTBYET
CO3/IaHMI0 KOMPOPTHOM U 3KOJIOTUYHOM Cpefibl [Jisl YYallluXCs U nepcoHaJa. [7]

Takke paccMOTpUM BHeJlpeHHE HCKYyCCTBeHHOro uHTesuiekta (MHU) B 1mKosbHBIA
npouecc o6ydeHus. He cekpeT, UTO UCKYCCTBEHHbIN MHTEJJIEKT BCe 00JIbllle Pa3BUBAETCS U
BHeJApsIeTCs NMPAaKTUYeCKU BO Bce cdepbl, BKJIKOYAs apXUTEKTYPY, AU3aWH, aHAJIU3 JAHHbIX
Y T.I. AKTyaJIbHOCTb MCKYCCTBEHHOTO MHTEJIJIEKTA CO3JaeT HOBble Npodeccuu, CBI3aHHbIe
c ucnosb3oBaHueM MU, U B CKOpOM BpeMeHH WIKOJIbHble NPOrpaMMbl OyyT OOHOBJIEHBI C
HbIHEUIHUMH TeHJIeHUSIMHU UCII0JIb30BAHHUS UCKYCCTBEHHOI'0 UHTEJIJIEKTA B POOOTOTEXHHKE,
MHQPOPMaIMOHHBIX TEXHOJIOTUSX U CBS3aHHBIX C TEXHOJIOTUSIMU MOJyJIEH.

Ba)XHOCTb HMCKYCCTBEHHOTO HWHTeEJIJIEKTA MOXHO PacCMOTpPeTb He TOJIbKO B LIKOJBbHOH
nporpamMmMe, a Tak>xe B IOAJeP>KKe CUCTEM 3KOJIOTUUECKOTO IHEPTONOTPebIeHHS, COKpallleHUs
pacxoloB U YyIpaBJIeHUSI OCBElleHUeM, CUCTEMOW 0e30MacHOCTH U BeHTWIAUuu. s
6e30MacHOCTY LIKOJ ceryac ucnonab3yetcsd U B onpesesnieHny M aHanu3e JIUL IPU BXOJE B
IIKOJIY, B LIKOJIaX C 3HEepro3dPeKTUBHBIM IHEProCHAOKEHUEM UCKYCCTBEHHBIM WHTEJJIEKT
UCIOJIb3YeTCsl [JJI1 aBTOMaTHU4YeCKOW peryJMpoBKM paboTbl BEHTHWJISLMH, OTOIJIEHHUS,
OCBelleHUs Y KOHAULMOHUPOBaHUS BO3/lyXa, IpeJ0TBpallas U3/JIMIIHUE NOTepHu 3Hepruu. Bee
3TH aCleKThbl UCN0JIb30BAHUSA UCKYCCTBEHHOTO UHTEJIJIEKTA C KaX/|bIM ['0/I0M JOTIOJIHAOTCA U
yJAy4LIalTCS AJ1s1 Ka4eCTBEHHOW paboThl U KOM(POPTHOTO UCNOJIb30BaHUsl. [6].

Taxxke yMHble ymnpaB/ieHUsI 3JaHUSIMU 33 CYET MCKYCCTBEHHOTO WHTEJ/JIEKTa UIpParoT
B&XKHYI0 POJIb B MOBbIIIEHUH 3HEProadpdPekTBHOCTU. OHU peryJvpyroT NoTpedbieHre 3HEPTUU
B 3aBUCUMOCTU OT MPHUCYTCTBUA JIIOAEN W TOTOAHBIX YCJOBHUM, YTO NOMOraeT CyLeCTBEHHO
COKPATUTb 3KCILIyaTallHOHHbIE PACXO/Ibl U IOBBICUTb 3KOJIOTUYECKYI0 YCTOMUHUBOCTb COOPY>KEHUM.
[IpeacTaBbTe LIKOJY, KOTOpasi caMa peryJupyeT TeMIlepaTypy, yIpaBJseT OCBELIeHUEM U Jaxe
KOHTPOJIMPYET PACX0/, IHEPTUH, YTOOBI CO34aTh KOMPOPTHYIO U 6€30IaCHYI0 Cpe/ly /1S YYEHUKOB
v yuuTeneil. UMeHHo Tak pa6otaet Edgewood High School B Maaucowne, CIIA - mikosia 6yayiiero,
IZle UCKYyCCTBeHHbIM MHTesuieKT (MU) 3a60TUTCS O TOM, YTOObI 3/laHMe ObLIO MaKCUMasbHO
3HeproaPpeKTUBHBIM U PU ITOM IKOHOMUJIO Pecypchl. (puc.5).

PucyHnok 5. Edgewood High School B Magucone, CIIIA.
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Yto pesaeT 3Ty mKoJsy ocobeHHoM? Haunem c Toro, uto WU 3aech KOHTpoJMpyeT
NpaKTUYeCKH BCe NpPOLecchl, CBI3aHHble C 3HepreTHkKod. Hanmpumep, cucreMa oTomnjeHUs
M BEHTHUJISILUK paboTaeT B 3aBUCUMOCTHU OT BpEMEHH CYTOK, OT0Jibl U KOJIMYeCTBa JIIO/ el
B noMeleHud. [IpeacraBbTe, YTO Ha y/aMIe XOJOJHBIM JileHb, U [0 Hauyaja 3aHATUH elle
HECKOJIbKO 4acOoB — 3/lJaHMe He TPaTUT JIMUIHIOK 3HEepruio, NoAJepKrMBass MUHUMAJIbHYIO
koMdopTHy10 TeMnepatypy. Ho Kak TOJIbKO LIKOJIa HAYMHAeT 0XKKMBaTb, MM aBTOMaTH4yecku
HO/CTpauBaeT TEMIIEPATYPY MO/, HY»/Abl y4EHUKOB, CO3/1aBas yIOT U Temo. OcBellleHUEe TOXe
paboTaeT c yMOM. B KJlacce cBeT 3aropaeTcsi TOJIbKO TOT/a, KOT/a Ty/la BXOJAT JIIoJU. A eciv
Ha yJIdIle sIpKOe COJIHLe, CUCTeMa yMeHbIIaeT SPKOCThb JIaMIl, 9KOHOMS 3JieKTpuuecTBo. U
3TO NPOUCXOAUT 6e3 y4yacTus yesoBeka — WU Bcé pesnaet cam. lllkosia Take HCIOJb3yeT
COJIHEYHBbIEe IaHeJIU, U 34eCb CHOBa Ha noMoLb npuxoauT M. OH oTciiexxuBaeT IpOrHO3 OO bl
Y onpe/iesisieT, CKOJIbKO 3HEPTUY MOXKHO HAKOIUTb, YTOGbI IOTOM UCI0JIb30BaTh €€ Ha HY /bl
3aHusa. HanpuMmep, JIMIIHAS 3HEPrUs MOXKeT ObITb COXpaHeHa Ha Beyep WJIM NAaCMypHbIN
JeHb. Elle ojHO BakHOe NPerMYyIeCTBO — MOCTOSIHHBIA MOHUTOPHHT 9HEPronoTpeb6aeHus.
WU cineauT 3a TeM, KaK UCNOJIb3yeTCs 3HEPTHUS B 3[JlaHUH, U B pea/IbHOM BpeMeHHU NpeJjiaraet
pelieHHUs 0 ee oNTUMU3aLUU. HanpuMep, eciu rae-To uAeT nepepacxofi, CHCTeMa 3TO Cpasy
dukcupyeT u koppektupyetT. OcobeHHocTbh npoekTta Edgewood High School 3aknitouyaertcs B
ToM, uTo MU He npocTo noMoraeT 3KOHOMUTb 3HEPTUIO, HO U YYUT 3TOMY HOBBIX YUEHHUKOB.
Y4yamuecss BUJAT, Kak paboTaeT yMHas IIKO0JIa, KaK TEXHOJIOTMU MOMOTalT 3a60TUThLCA 06
OKpY»Kalllel cpejie, U TOHUMAIOT, KAK MOXKHO KUTb 60Jiee 9KOJIOTUYHO. Y B 3TOM cMbIC/IEe
IIKOJIa CTAHOBUTCS He MPOCTO MECTOM /i/Is1 00Y4YeHHUs], HO U IPUMEPOM TOr0, KaK Mbl MOXKeM
HCII0JIb30BaTh TEXHOJIOTHH, YTOOBI cAeaTh MUp Jy4iie. Edgewood High School — aTo npumep
TOT0, KaK UCKYCCTBEHHbI UHTEJIJIEKT MOXKET He TOJIbKO C/IeJIaTh KO0y 60Jiee 3peKTHUBHOH,
HO Y TOMOYb GOPMHUPOBATH IKOJIOTUYECKU OCO3HAHHOE NIOKOJIeHHe. [8]

[lIKo/1b1, CIPOEKTHUPOBAHHBIE C MCNI0JIb30BaHUeM Y, cTaHOBATCA HACTOALUMU «KyMHBIMUA»
3/laHUSIMH, KOTOPbIE aIallTUPYIOTCS K U3MEHSIOIIUMCS YCI0OBUAM U HYX/1aM, MUHUMU3UPYS
HeraTMBHOE BO3/IeMCTBHE Ha OKPY’KAIOIYyI0 Cpefly. ITO He TOJIbKO 3KOHOMUYeCKU 3 GEeKTHUBHO,
HO ¥ noMoraeT popMUPOBATh 3KOJOTUYECKH CO3HATEIbHBIX YYEHUKOB, KOTOpbIe B OyAylleM
CMOTYT Jiy4llle IOHUMAaThb U YIIPaBJIATb pecypcaMH MJIaHEeThHI.

Takum o6bpasoMm, UM cTaHOBUTCA KJ/OYEBBIM MHCTPYMEHTOM [/l CO3JaHUS 3Heproad-
beKTHBHBIX IIKOJI, KOTOpble CIOCOOHBI pearMpoBaTh Ha U3MEHEHUs OKpYXKalollel cpejbl,
ONTHMU3UPOBATH CBOU PECYPChI U MPEOCTABIATD KaueCTBEHHbIE YCI0BUS [J1s1 00y4YeHUSI.

B xozse aHasM3a NpoeKTUPOBaHUS 3HepProadpPeKTUBHBIX LIKOJbHBIX 3JaHUN ObLJIO yCTa-
HOBJIEHO, YTO BHeJ/IpeHHEe COBpPEMEHHbIX TEXHOJIOTHH M NOJXO/J0B 3HAUUTEJbHO yJaydyllaeT
JKCIJlyaTallMOHHble XapaKTePUCTUKU Y4eOHBbIX yYpeXJeHUH, CHMXKaeT 3aTpaTbl Ha 3Hep-
TMI0 U yMEHbIIAeT HEraTMBHOE BO3/IEHCTBHME HA OKpYXawIyl cpefy. PaccMoTpeHHBIE
npuMepbl, Takue, Kak «HadasbHas 1IKOJIa eCTeCTBEHHBIX HAayK M 6OMOpa3HOOOpasus» BO
®paHIUY, JEMOHCTPUPYIOT, YTO AaKTUBHOE U MTACCUBHOE NMPOEKTUPOBAHUE, A TAKXKE HUCIOJIb-
30BaHMe 3KOJIOTUYHBIX CTPOUTE/bHbIX MaTePHaJoB, COJTHEUYHbIX aHes e, «3eJIeHbIX» KPbIIL
¥ MHTEJJIEKTYaJbHbIX CUCTEM YNpaBJeHHs MO3BOJISIOT JOCTUYb BBICOKOT'O YPOBHS 3HEPIO-
3P PeKTUBHOCTH.

OcHOBHbIe Pe3y/IbTAThl CTAaTbU OTPAKAIT CJAEAYIOIHE acCHeKTbl 3HeproadpPeKTHBHOIO
IPOEKTHUPOBAHHUA LIKOJbHBIX 3/laHUM:
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e CHIKEHHEe 3HepromnoTpeb/ieHHUsl — HMCIOJIb30BaHHWE MACCUBHBIX M aKTUBHBIX 3HEPro-
cOeperarIlux TeEXHOJIOTUH M03BOJIsSIeT CHU3UTh 3Hepro3aTpaThl Ha OTOIJIEHHUE, OXJIAXKAEHUE
v ocBeleHue 710 50%, B cpaBHEHUHU C TPAJUIIMOHHBIMU 3/IaHUSAMY;

e yJydllleHUWe KayecTBa CpeAbl OOUTAHUS - «3eJieHble» KpbIlIM M ¢acajbl, a TaKxKe
WCIOJIb30BaHWE HATypasibHbIX MaTepuasioB U 3PpQPEKTUBHBIX H3OJSALUMOHHBIX pelleHUN
CO3aI0T KOMQOPTHBIE YCA0BUSA [Jisl 00y4eHUs, yaydyllas MUKPOKJIMMAT BHYTPU Y4eOHBIX
MOMeIleHUH;

* UCNOJIb30BaHME aJIbTEPHATUBHbIX HCTOYHUKOB 3HEPTMU M 3KOJIOTHUYECKH YHCThIX
MaTepHaJioB — B JJAHHbIA MOMEHT U3-3a KJIMMaTUYECKHUX U3MEHEHHUH YeJI0BeYeCTBO NbITAETCS
BHeIpUThb BO30OHOBJIsIEMble UCTOYHUKU 3HEPTUH (COJTHEYHbIe MMaHeJ U, BeTPSIHble MeJIbHUIbI U
T.Il.) ¥ UCTIOJIb30BATh IKOJIOTUYECKU YHUCThIEe MaTepUaJibl AJisl COKpalleHUs YIJIepOAHOrO Ce/1a;

e BHeJIpEHUE HMCKYCCTBEHHOrO UHTEeJIJIEKTA B MpOLECC 00y4yeHUs U JAJis 3KOJIOTUYECKOT0
3HeprocHabkeHHs1 - OOHOBJIEHHAs WIKOJIbHAs MporpaMMa M pa3yMHOE HCIOJIb30BaHUE
3HEepPryM 3a cYeT aBTOMATHU3allMU SHEPTONOTPebaeHUS.

BomionieHre BceX STUX MOMEHTOB MO3BOJIUT He TOJIBKO COKPAaTUTh 3HEPronoTpebJieHue,
HO Y NM03BOJIUT BOCIIUTATh HOBOE MOKOJIEHHE 3KOJIOTUYECKH CO3HATEbHbIX I'PaXK/aH.

3aKk/iloueHue

[IpoekTHpoBaHUe 3HEPT03PPEKTUBHBIX KO CTAHOBUTCS 0COGEHHO BAXKHBIM B JaHHBIX
YCJIOBHUSIX IJI00AJIbHOT'O OTENJIEHUS U COKpaIlleHHUs] MUPOBBIX pecypcoB. ONUCcaHHbIE B CTaThe
IpUMepbl TOKa3bIBAIOT, YTO MCIO0JIb30BAHHE COBPEMEHHBIX TEXHOJIOTMH CIOCOGCTBYIOT
COKpallleHUI0 3Hepromnotrpe6JsieHHs, OJHOBPEMEHHO yJydllias YCJIOBUS AJs OOy4YeHHUsT U
MHUHHUMH3UPYSHEraTUBHOEBO3/IeCTBUEHAOKPY KaIOIy0 cpey. BiorocpouHoiinepcrneKkTuBe
HCII0JIb30BaHHE COJIHEYHBIX TMaHeJsJel, UCKYCCTBEHHOr0 WHTeJ/JIEKTa B aBTOMATH3allUU U
IpUMeHEeHHE 3KOJIOTUYECKH YUCThIX CTPOUTEbHBIX TEXHOJIOTUH JeJIAI0T IKOJIbI HE TOJIbKO
0oJiee 3KOJIOTUYHBIMU, HO U IKOHOMHYECKU BBITOJHBIMU. JHEPro3PpPeKTHBHbIE LIKOJIbI
06J1a/1al0T 3HAYUTEJNbHBIMU MIPEUMYIIECTBAMH 110 CPABHEHMIO C TPAAUI[MOHHBIMHU LIKOJIAMH.
OHU He TOJIbKO TMO3BOJISIOT CyIeCTBEHHO COKpPAaTUThb 3aTpaThl HAa 3HEPTHI0O U BOAY, HO H
o6ecreynBalT 60siee KOMGOPTHBIE YCJIOBUSA AJI1 00yYeHHs], @ TAK)Ke YMEHbIIAIT Harpy3Ky
Ha OKPYKaWILyI cpeay. B Jo/rocpouyHoil mepcrnekTHBe TAaKHWe 3/1aHUS CTAHOBATCA GoJiee
BBIFOJHBIMHU ¥ YCTOUYMBBIMH B 3KCIJTyaTal[HH.

[IpoekT «HayasbHOW WIKOJIbI €CTECTBEHHbIX HAayK W OHoOpasHoobpasus» B Ilapuke,
®paHnus, NMOAYEPKUBAET BAXKHOCTb WHTErPAlMM NMPUPOJHBIX MPOIECCOB B apXUTEKTYPY.
ITOT MPOEKT — XOPOLIUK MPUMEP TaPMOHUYHOTO CAWUSIHUS 3JaHUK C MpUpojoi. Xopormias
sHeprosa¢PpeKTUBHASA IIKOJIA C 3IKOJOTMYECKHMM acCleKTOM YJydllaeT 06pa3oBaTebHYIO
cpeay 1 opMHUPYeT OCO3HAHHOE OTHOIIEHHE K OKPYXKaIoLIel cpefie, U JaHHAs UIK0JIA K TOMY
npuMep. [IpruMeHeHHe MACCUBHBIX U AKTUBHBIX 3HEPTOCOEperalwuydx TEXHOJIOTHH, TaKHX,
KaK «3eJieHble» KPBIIIM U UCI0JIb30BaHUE MECTHBIX MAaTepPUaJiOB, A0KAa3bIBAIOT, YTO JAXKE B
YCJIOBUSIX TOPOZCKOM 3aCTPOMKHU BO3MOXKHO CO3/IaHHE 3KOJIOTUYECKH YCTOUUUBBIX 06'bEKTOB.

JHeproadpdeKTUBHbIE NIKOJIbI MIPAlOT BAXKHYK poOJib B peasy3alldd NPHUHIUIIOB
YCTOMYUBOTO pPa3BUTHs B chepe 06pa3oBaHUsS U «3eJieHOW» apXUTEKTypbl. OYeHb BaXKHO
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BHEJIPUTb COBpPEMEHHblEe TEXHOJIOTUM U 3HeproddpPeKTHBHbIE APXUTEKTYpPHblE pelleHUs
B IPOEKTHPOBAaHUE ILIKOJ, 3TO MO3BOJUT 3HAUYUTEJbHO CHHU3UTb JHEPronoTpeb/IeHHe,
YAYYUIUTh KadyeCcTBO 06pa3oBaTeJbHOW cpelbl U MHWHHUMHU3UPOBATb HeraTUBHOE
BO3/IeHCTBUE HA OKpYKalolIylo cpely. BHepeHre BO306HOB/ISIEMbIX UCTOYHUKOB 3HEPTHHU U
MHTeJJIEKTYaJbHbIX CUCTEM YIpaBJeHUsl 06ecrieurBaeT 60Jiee 3KOHOMUYHYIO 3KCILJIyaTal U0
3/JaHUH, Jles1asi UX YCTOMYUBBIMU U aJJallTUBHBIMU K COBpeMEHHBIM BbI30BaM. ONMCaHHbIE B
CTaTbe MpUMepbl 3HEPro3PPEKTUBHBIX IIKOJI SABASIOTCA OTJIUUHBIM PUMEPOM peanu3aluu
3HeproadpPpeKTUBHBIX NIPUHIUIIOB B IPOEKTUPOBAHUHK 06pa30BaATEbHBIX YYPEXKIeHUM.

TakuM o06pa3oM, apxuTeKTypa 3HeproapQPeKTUBHBIX IIKOJ HE TOJbKO TMOBbIIIAET
3KOHOMUYECKYI0 U IKOJIOTHUYEeCKyl0 3(PQPeKTHBHOCTb 006pa3oBaTeJbHbIX y4YpeXJeHUH,
HO U CIOCOOCTBYeT BOCIMTAHHUIO Y Y4YallMXCS 3KOJIOTUYECKOW OTBETCTBEHHOCTH. IJTH
IIKOJIbl CTAHOBSITCS MOJEJbI0 JJis MOApPaXKaHHs, JAeMOHCTPUPYs, KaK MOXHO COYeTaThb
GYHKIMOHANBHOCTD M 3a00Ty 00 OKpyKaloliel cpejie, YTO, B CBOK Oyepe/b, OMOTaeT
dbopMHUpOBaThL Y MOJIOZOTO MOKOJIEHHUS] 0CO3HAHHOE OTHOILIEeHHEe K pecypcaM U YCTOMYUBOMY
Pa3BUTHIO.
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C.ILI. CaapikoBa, A.A. Caily1ayGeKoB
JLH. 'ymunes ambiHdarsl Eypasus yammeolk yHusepcumemi

MekKTen FUMapaTTapbIHbIH, ApXUTEKTYPACbIHAAFbI JHEPrua TUIMALIIrI:
TYPaKThl JaMyABbIH Heri3ri ¢pakTopsl

AnHoTanusa. Kasipri 6iiM 6epy MekeMeJsiepi KoFaMIaFbl ©3repicTepre koHe OKY yAepiciHe KOWbI-
JIAThIH KaHA TajanTapra 6ediMmaenyre Maxkoyp. OcbiFaH 6aliJIaHbICThI CAYJETILINIEP MEH JU3alHepJiep
VMKeMJi, TUIM/I )KoHEe 3KOJIOTUSJIBIK TYPaKThl KEHICTIKTep KypyAbl MaKcaT eTill, MEKTeIl FUMapaTTapblH
»Ko0aJlay/iblH WMHHOBALMSJIBIK TociiiepiH a3ipJieyse. MakasiaZla sHepruss TUIMJIJITiH apTThIpyFa
’KOHE KOpIIaFaH OpTaFa acep/i a3alTyFa OaFbITTaJFaH MEKTEeN KYPbLIbICBIHBIH, apXUTEKTYPAChIHbIH,
Heri3ri TeHJeHUUusJIapbl KapacThipbliaAbl. Herisri Hasap »kxaHapThLIaThIH SHEPrUsAHbl NaWJaNlaHyFa,
NAaCCUBTI JM3aiiHFa, UHTEJJIEKTyalIbl O6ackapy »kyHesepiHe >xoHe LEED xoHe BREEAM Kypblibic
cepTuduKaTTapblHa OaFbITTaNFaH. [laprkaeri }KapaTbIbICTAHY FhLIBIM/IAPHI KoHE 6UO3PTYPJIiIikK
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GacTrayblilll MeKTebi *koHe YoapBaTTa Ma/IeHU-6i/1iM Gepy OpTaJibIFbl CUSAKTBI TaObICTHI K06amap/blH
MbIC/IZIaphl KeJITIpUJITEH, 0J1ap KalJIbl )KoHe TYPaKThI 6i1iM 6epy KeHIiCTiriH Kypy YIIiH 3HepPTrHUsHbI
YHEeM/IeNTiH TeXHoJIoTUsIIap/bl eHTi3y/iH MaHbI3JAbLIbIFbIH KepceTei. COHbIMEH KaTap, SHEPTUSAHbI
TYTBIHY/bl a3aiTYFa )KoHe bIHFAN/Ibl OKY OPTAChIH KYpyFfa KeMeKTeCeTiH UHHOBAaLUAJIbIK MaTepUaaaap
MeH TEXHOJIOTHSJIAp KAapacThIpblia/ibl. boJsaliak ypHnakThl TopouesieyiiH MaHbI3/[bl 3J1eMEHTI 6OJIbII
TabbLIAThIH OKYIUbLIAP/bIH 3KOJOTUSJBIK CAHACBIH KaJBbINITACThIPYAaFbl MEKTEIN FUMapaTTapbIHbIH,
peJiiHe epekKllle Ha3ap ayJapbliaibl. by npouectep/iy, MaHbI3bl, aTaln aUTKAH/A, SKOJIOTHUSJIBIK KoHE
3KOHOMMKAJIBIK TYPaKTbUIBIKTBl JaMbITY YIIiH TabUFU pecypcTap/bl CayJeT cajacblHa OipikTipy
oJ1ap/blH, MaHbI3JbLJIBIFbIH epeKIle aTal KepceTezi.
Ty#iH ce3aep: :kacaHAbl UHTEJJIEKT, 9Heprus TUiMAiiri, caynet, LEED, BREEAM.

S.Sh. Sadykova, A.A. Sailaubekov
L.N. Gumilyov Eurasian National University

Energy Efficiency in School Building Architecture: A Key Factor for Sustainable Development

Abstract. Modern educational institutions are forced to adapt to changes in society and new demands
placed on the learning process. In this regard, architects and designers are developing innovative
approaches to the design of school buildings, striving to create flexible, efficient and environmentally
sustainable spaces. The article examines key trends in the architecture of school buildings aimed at
increasing energy efficiency and reducing the environmental impact. The main focus is on the use of
renewable energy sources, passive design, intelligent control systems, as well as building certification
according to LEED and BREEAM standards. Examples of successful projects are given, such as the Primary
School of Science and Biodiversity in Paris and the Cultural and Educational Center of Choarwatta,
which demonstrate the importance of implementing energy-efficient technologies to create comfortable
and sustainable educational spaces. In addition, innovative materials and technologies that contribute
to reducing energy consumption and creating a comfortable learning environment are considered.
Particular attention is paid to the role of school buildings in forming environmental awareness in
students, which is an important element in the education of future generations. The significance of these
processes, namely the integration of natural resources into the field of architecture for the development
of environmental and economic sustainability, particularly emphasizes their importance.

Keywords: artificial intelligence, energy efficiency, architecture, LEED, BREEAM.
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HcTopuyeckoe pa3BUTHE TOPTrOBbIX 0GbEKTOB COLUA/IbHOM
UHPPACTPYKTYpHI ropoaa AcraHa

J.E. CapcembGaeBa™

Eepasutickull HayuoHa1bHbLll yHUsepcumem umenu J1.H. ['ymunesa, 2. Acmana, KazaxcmaH

(E-mail: dinara5431@mail.ru)

AHHOTanMAa. B ropo/ckoM njiaHUpPOBaHUU OOBEKTHI COLMaIbHON HHOpa-
CTPYKTYPBI ABJATCA BaXXHOU COCTABJIAOILEHN YaCTbI0 Pa3BUTHUA TOPOJaA, YTO
OKa3bIBaeT BJMSHHUE Ha TPaZOCTPOUTEJIbHYI CTPYKTypy. [lnaHupoBo4yHas
CTPYKTypa ropoZia OCHOBaHa 3/laHUSIMU TEPPUTOPHUHU UCTOPUYECKOTO LIEHTpa.
JlaHHOe KccieloBaHMe TOCTPOEHO Ha U3YYEeHUU 00'bEKTOB COLlMa/IbHOM MHPpa-
CTPYKTYPBbI cpepbl TOProsJiu. llesblo uccie0oBaHUsA ABJSAETCA pacCCMOTPEHUE
MCTOPUYECKOTO PAa3BUTHUS TOPTOBbIX 0OBEKTOB COLUAIbHONU UHPPACTPYKTY-
pbl. AKTyaJIbHOCTb MCCJIe[J0BaHUSA OlpesiesisieTCs BbIsBJIeHUEM 0COOeHHOCTeN
00'bEKTOB COLMAJbHOW UHPPACTPYKTYpPhbl B TOPOACKOM IJIAHUPOBAHUH. B pa-
60Te NpoBe/leHO U3y4YeHHUe U aHa/IU3 ONlbITa GOPMUPOBAHUSA TOPrOBBIX 0O'bEK-
TOB COLIMa/IbHON MHPPACTPYKTYphbl HAa IpUMepe roposa ActaHbl. MeTo0/10Tus
UcCaeJOBaHUS BKJIIOYAeT U3y4YeHUS UCTOPUYECKOTO Pa3BUTHUSA yUpexJeHUU
06CIy>KMBaHUSI B HAYYHOU JIUTepaType Mo ryMaHUTAapHbIM U 0011eCTBEHHBIM
HayKaM. B pe3sysibTaTe uccie0BaHUsA BbISIBJIEHbl HICTOPUYECKHE 0COOEHHOCTH
NpPOEKTUPOBaHUA: GOPMUPOBAHKE HA OCHOBE HCTOPUYECKOTO IleHTpa; GOpMHU-
poBaHHe BOJIM3U BOJAHBIX PECYPCOB; Pa3BUTHe Ha llepecedyeHrH [JIaBHbIX Ma-
ructpasei. [[pakTudeckass 3HaUUMOCTb pabOThI 3aK/I0YAETCSA B BOSMOXXHOCTH
IPOEKTUPOBAaHHUA JAHHBIX YYPEXJAEHUH C y4eTOM JJaHHBIX 0COOEHHOCTEM.

Kiwo4yeBsble cs10Ba: convanbHasi UHQPACTPYKTYypPa, YUpPeXAeHUsA 06CayKu-
BaHU{, cpepa TOProBJIY, INIAaHUPOBOYHAsA CTPYKTYpPa, LeHTPBI.
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BBeaeHue

B HacTosillee BpeMs MJIaHUPOBOYHAsA CTPYKTypa COPOJOB MOJBepKeHa MNOCTOSHHbIM
M3MeHeHUAM OJlarozapss BO3JEWCTBUIO TpPaJOCTPOUTENbHBIM ¢akTopaM. B cTpykType
ropo/ia 06’beKThl COLlMaJbHON HHPPACTPYKTYPhI ABJIAIOTCA yUpPeXKJeHUSIMH, KOTOpble MOTYT
obecreuyuTh MOJHOLLEHHOE KayecTBO 00c/aykuBaHud [1]. B aTol cBA3M M3yyeHHE 0ObEKTOB
coLMa/JibHOW MHQPACTPYKTYpPhI HAallpaBJeHO Ha pa3BUTHE 001 eCTBEHHBIX OJ1ar.

M3ydeHne rapAocTpouTebHbIX GaKTOPOB 0O0CHOBBIBAET HEOOXOAUMOCTDb ydyeTa JaHHbIX
MOMEHTOB NMpPU NPOEKTUPOBAHUM I'OPOJIOB,YTO MO3BOJISET OTPAa3UThb UX B3aWMOCBA3b [2].
UccnenoBaHue 0COGEHHOCTEM 3BOJIIOLMM IJIAHUPOBOYHOU CTPYKTYpbl TOPOJOB Mpej-
CTaBJIAeT LHUPOKUH CHEKTp [Jisl NOCAeAYyHIIUMX H3bICKAaHMM B 06JIaCTH COLMabHOM
MHOPPACTPYKTYypbl. BaXHBIM MOMEHTOM AIBJIIETCA PACCMOTPEHHE 06'bEKTOB BHYTPHU IOPO/a,
KOTOpblE PACHOJIOKEHbl B UCTOPUYECKOM yacTu ropoga AcrtaHa [3,4]. /laHHble OGBEKTHI
COXpaHAs UCTOpPHUYECKOe 3HAYeHHe OTPaXaloT OCHOBHble NMPUHLMIBI pa3MelleHUs1 BHYTPHU
ropozaa. O6beKThbl cOLMaIbHOW UHPPACTPYKTYpPhbl B 3aCTpPOilKe ropoja cpopMHUpPOBaHbI B
pe3yJsibTaTe AJIUTEJbHOI0 UCTOPUUYECKOI0 MPOLecca, YTO 0C000 BhlIJe/igeT 3HaYeHHe JaHHbIX
TeppUTOpHUM. PaccMoTpeHue ocobeHHOCTeN GOPMUPOBAHUS 06 bEKTOB COLMATIbHON UHPpPACT-
PYKTYpBbl NO3BOJIAeT NPUMEHATb HApaOOTKU B 00JIaCTU NMPAKTHYECKOTO NMPOEeKTHPOBAHUSA
apxXUTEKTOpaM.

AKTya/JIbHOCTb U3y4eHHUs JAHHBIX 0COOEHHOCTEH BbIABJSETCS B Mpoliecce U3yyeHus BOIN-
pPOCOB BHAy4YHOU JIMTepaType pa3HOro HaNpaBJieH!s, BIPaKTHUKe IPaZ,oCTPOUTENbHOI0 IPOEK-
TUPOBaHUSA ropoJioB. B ciieACcTBUU 3TOro NoATBEPXAAeTC HEOOXOAUMOCTb KOMILJIEKCHOTO
MCC/IeJOBaHUA CYLIeCTBYIOLIMX 0O0'bEKTOB COLMAJIBHON MHPPACTPYKTYPhbl FOPOAaA, YTO 06be-
JIMHsIeT XapaKTepHble 0COOeHHOCTH.

llesb JaHHOI'O UCCJIeJOBAaHUSA — BBIIBUTb 0COOEHHOCTH pa3MelleHHUs] TOPrOBbIX 00bEKTOB
COLlMaJIbHOW MHPPACTPYKTYPhI AJis YAydllleHUs yupexJeHui obcayxuBaHus. C 3TOH LieJiblo
IPOBOJUTCS aHAIM3 UCTOPUYECKOTo npouecca GOpMUPOBAHUSA 3/laHUM TOPTrOBJIM B ropoje
ActaHa c Hayasa XIX Beka.

3HayeHUe JJaHHOW pabOThI BBIABJAETCA B HEOOXOAMMOCTH y4eTa UCTOPUYYEKHUX 0COOEH-
HOCTEeH TOProBbIX 0O'bEKTOB COLMAJIbHOM MHQPACTPYKTYphbl ropoja NMpH NPOeKTUPOBAHUHU
IIJIAHUPOBOYHOM CTPYKTYPHI .

MeToa0/10TUA

MeTo/0/10THS MCCe[OBAaHHUS BKJIKOYAET CeAYIOlIEee:

- M3y4YeHHE UCTOPUYECKOTr0 Pa3BUTHS TOPTOBbIX 00'bEKTOB COLMAIbHON MHPPACTPYKTYPhI
ropoza AcTtaHsbl;

- M3y4YyeHUe CTAaTUCTHUYECKUX [IaHHBIX, MO3BOJIAKOIIEee OTPAa3UTb HaJU4Yhe TOPrOBbIX
00'bEKTOB COI|MAJIbHOW UHPPACTPYKTYPHI B ONpeesieHHble FO/bl;

- W3y4YeHHe U aHaJIM3 JAHHBIX HAayYHbIX UCTOYHHUKOB, KOTOpPble pPacCMaTPUBAIOT BOMPOC
NJIAHUPOBOYHOM CTPYKTYpPbl FOpPO/ia B pa3/IMYHbIX HAallPaBJIEHUSAX;

- doToduKcalysg UCTOPUUECKUX TOPTOBBIX 3/JaHHI MO3BOJIMJIA OTPA3UTh CYILECTBYIOLIEE
pa3BUTHE YUPEXKIEHUH.

204 Ne21(150)/ 2025 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Hcmopuueckoe pazgumue mopzo8bix 066eKmMo8 coyua/abHol UHgpacmpykmypsl 2opoda AcmaHa

PeBy.lIbTaTbI 151 06CY)KAeHl/Ie

06 beKTbI COLMANbHOW MHPPACTPYKTYpPhbl ropofa AcTaHbl CPOPMUPOBAIUCH B pe3y/ibTaTe
MCTOpUYECKOro npouecca ¢ Hayasaa XIX Beka. B HacToslee BpeMsa npouecc ¢opMHUpPOBaHUS
00bEeKTOB COLMAIbHOM UHPPACTPYKTYPbI IPOJ0JIKAET CBOe pa3BUTHeE. O6'bEKThI COLLMATIbHON
MHQPACTPYKTYphl B IJIAHUPOBOYHOMU CTPYKTYpe ropofia OXBaTbIBAOT OCHOBHBIE MEPHOZbI
dbopMUpOBaHUS, KOTOpbIe MO/ BEpPXKEHbI BJIAUSHUI NPUPOJHO-KJIMMATHYECKHX, COLUAIbHO-
9KOHOMHYECKUX (PAKTOPOB.

1.1. ToproBble 06bEKTHI COLUANbHOM MHPPACTPYKTYPbl OYAYYHM OJHOU U3 UCTOPUYECKHU
BaXkHbIX cdep Ha TeppuTopuu CeBepHbIX roposoB KazaxcTaHa GOpMHUPYIOT 4aCThb COLLMATIBHOM
MHOpacTpyKTypbl. cTOpUUecKH JaHHbIE TEPPUTOPUHU JJis1 OYAYLIMX FOPOJOB 3aKPENUIUCh
6narosapa Besukomy IllenkoBoMy nyTH, NpOXOAMBIIMM Ha TeppuTopuu KasaxcraHa.
AKTHBHBIEe TOPrOBO-3KOHOMHWYECKHE OTHOILEHUS B peruoHe IMOBJMAJM Ha  pas3BUTHE
TOPrOBBIX 0O'BEKTOB COLMA/IbHON MHPPACTPYKTYphl. OpraHusanus U NpoBeJeHUe ApMapoK
CO/IeMICTBOBAJI0 OCHOBAHHIO TOPrOBbIX 00'b€KTOB Ha OOIIMPHBIX LeHTPaJbHbIX TEPPUTOPUX
ropoJa (pucyHok 1).

CHauasia XIXBekaropos AKMOJIMHCK (HbIHe ACTaHa) 3HaYUTEJIbHO TEPPUTOPUAJIBHO BBIPOC.
OpgHUM M3 PaKTOPOB, OKA3aBLIMX BJMSHHWE Ha pa3BUTHe ropoja SBUJIOCH PACIOJIOXKeHHe
ropojia — LleHTpa Ha llepeceyeHUH OCHOBHBIX HallpaBJeHUH "KapaBaHHbIX"' yTel. B peruone
JlaHHOe 3HauyeHHe NposiBUJIOCh c mpoBeAeHUeM KosHauHckoi (1848 r.) 1 KoHCTaHTHUHOBCKOM
(1852 r.) spMapku.

Hapsigy ¢ apyruMu o6beKTaMu colMaibHOW MHOPACTPYKTyphl B 1836 roay B KpenocTH
HACYUTBHIBAJIUCh TOPrOBble pAAbI, TOProBble JIAaBKM, MeJIKMe MacTepCKue XuTeseu. B
CBOI0 OYepeZb 3TO OOYCJIOBUJIO CTPOUTEJNBbCTBO CONMYTCTBYIOIIUX OOBEKTOB COLMAIBbHOM
MHPPACTPYKTYphl, Kak 6aHK, moyta [3,5].

-“\& !

T Eﬁif Di

PucyHok 1. Bua Ha ToproBsie psjbl, AoM Kynia Kyopuna
[IpuMeyaHUe: COCTaBJI€HO HA OCHOBAaHUHU JIaHHBIX [2,5]

MaccoBble nepecesieHUsI KpecTbsIH B KOHIe XIX Beka MOBJIMSIJIM HAa yBeJIMYeHHe HaceJIeHUs
M BMECTe C 3TUM MNOCAYXKHUJIU NPUYMHONU K CTPOUTEJNBCTBY OOJIbIIEr0 KOJHWYECTBA JOMOB
kynuoB ([lom Ky6puHa, Mouceesa).
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CTpoUTENBCTBO JAAaHHBIX 0O6bEKTOB MPOUCXOAUJIO HA LieHpasbHbIX ynunax. [lofo6Ho sp-
MapKaM, BO3HUKAIOLIMX Ha MHOTOJIFOJHBIX IUVIOWAAAX CTapbIX FOPOZ0B, TOProBble yupeKJAeHUs
IpHUBJIEKAIOT 6OJIbLIOE KOJMYECTBO HaceJIeHUs B TeUeHUHU JIHS.

JlaHHble 06'bEKTHI MOJYYUIM PACIIPOCTPAaHEHWE HAa TEPPUTOPUM LeHTPAIbHBIX YU, YTO
IIOCJIY?K1JI0 OCHOBOM K MOSIBJIEHUIO ellle 60JIbLIero KoJiM4ecTBa 0611eCTBEHHbIX 3/JaHUN KpoMe
TOPIrOBJIU.

Tak cTpouTeNbCTBO OOBEKTOB COLMAIbHON MHQPPACTPYKTYPhl , KAK MarasuHbl KyMLOB,
6aHKOB CIIOCOGCTBOBAJIM Pa3BUTHIO TOPTOBJIM B KpenocTHU. MecTHOe Kylneyeckoe HaceJleHHe
BBICTYINAJIO MelleHaTaMU CTPOUTEJIbCTBA LUKOJ HapsAy C TOProBbIMU 06'beKkTaMu. B 1929 rony
BOIIPOC NPOKJAJKH >KeJIe3HO-JOPOKHOT0 COO0OLIeHUs OblI NOAJAepXKaH NpeACcTaBUTeJSAMU
KyIleuecKoro cocCJ0BUsA 00/1acTH. JlaHHble Mepbl [OMNOJHUTENbHO MNOAJEpPHaJU TeMIIb
pa3BUTHA TOProBou chepsl.

Heo6x0aMMO OTMETUTH, UYTO cpepa TOProBJU Mo3Bosinaa npuBHecTH B 1830-1916 roasl
MUHMMaJIbHble TpeOOBaHUA OOCIYKMBAaHHWA B MECTO IpPOXKMBAHUA HaceseHUd. [laHHad
chepa BKJIIOYAET MeXaHU3M YACTHBIX MHTEPECOB, IJle 3aMHTEePEeCOBAHHOCTb COOCTBEHHUKA
Bbllle. [losBJIeHUe TOPrOBbIX OOBEKTOB 0Ka3aJ/io BJUSHHWE Ha Pa3BUTHE CMEXHbBIX OTpacey,
KaK 0OaHKOBCKHME Ollepaluy, TOCTUHUYHbIN OH3HEeC, TPaHCHOpPT U T.J. ToproBble OGBHEKTHI
3aKpenuJii HauboJsiee 0OGLIMPHOE LeHTPa/bHOE MECTO JJil pa3sBUTUSA I'PaJOCTPOUTENBHOTO
y3Ja.

1.2. llepuon pa3BuTHs 06beKTOB ¢ 1916 roja nokasbiBaeT BaXXHOCTb 3ZJaHUH, cHOPMU-
POBaHHBIX HAa LEHTPaJbHOM IUIOWAAU. [la/bHEHIINNA POCT KOJMYeCTBA TOPrOBBIX 3JaHUU
ropojia CBsi3aH CO CJeAYIOLUMHU COOBITUSAAMU: CTPOUTENBCTBO NPUCTAHIIMOHHOTO MOCEJIKA B
1929 rozy; CTpOUTENBCTBO JOMOB B BOEHHbIE U NTOCJeBOeHHblIe rojbl 1941-1955 rogpe! [6-8].

B nocsieBoeHHble To/ibl aKTUBHO CTPOUJIMCh MHOIOKBAapTHUPHbIE loMa HA IPUBOK3a/IbHOU
nioimaau. Ha JaHHbBIX yyacTKax BbICTPauBaUCh KAYObI, IeTCKUE CaZlbl BHYTPU MUKPOPANOHOB.

PucyHok 2. Bujg Ha marasuHsl "Mocksa", "Koaoc"

[IpyMeyaHue: COCTAaBJI€HO HAa OCHOBAHUHU JIaHHBIX [2,5]

B roabl ocBoeHus LeauHbl 1954-65 rojibl 6blJ BBICTPOEH 3HAUYUTEJbHBIN KUJI0U QOHJ, .
B/10/1b I/1aBHBIX MarucTpasieil 1 Ha UX lepeceyeHr U NOsIBUJIMCh KPYIIHbIe TOPIOBbI€ 00'bEKTHI

"BecHa", "Kosioc","MockBa" (pucyHok 2).
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B 1965-91 roibl CBsI3aHbI C MOSIBJIEHMEM TOPTOBBIX 00BEKTOB, KOTOPbIE OKA3bIBaJIM IIUPO-
KUU cnekTp ycayr — Jlom 6biTa [9]. ToproBbiM 06'bEKTOM, IPELOCTABJSAIIIMN Ka4eCTBEHHbIE
TOBapbl pa3HbIX MapoK, ABJsJICA LleHTpasbHbIA yHUBepcaibHbI MarasuH (1981r.). Topro-
Bble YHHBepCaJibHble y4YpeX/JeHUs pacloJiarajJucb Ha [VIaBHbIX MarucTpajisx ropoja Hu
LeHTPaJIbHOM MJIOLIAAH.

B 1916-1990 rozael npou3oLes TepPUTOPUAIBHBIA POCT FOPO/a, 3HAYUTEbHO YBEJUYUJI0Ch
HacesieHUe ropojia ¢ 15 Teicssu B 1928 roay a0 287 Teicsad B 1990 roay . O6beKThI COIHMATBHOM
MHQPACTPYKTYpPhbl B MJAaHUPOBOYHOM CTPYKTYpe ropoja 3HAYUTENbHO YBEJUYHUJIUCH, CTO
NIOBJIMAIJIO HA UX KadyeCTBEHHbIE YepTHhI.

B naHHbIe robl TOProBble 0O'BEKTHI COLUATbHON MHPPACTPYKTYpPbl paclIMPUIA HauMe-
HOBaHHE TOBApOB, YTO BBIJEJIMJIO UX YHHUBEPCaJbHOCTb. CTa/d NOABJATBHCA y4peXAeHUs
coueTarolUe pasHble chephl YCIyT, KaK NpadevyHasi, allTeKH, peMOHT OOYyBH, aTesibe U [Ip.
Takue 006beKThl pa3MellaJiMCh Ha KPYIMHBIX MarucTpajisx ropoja U Ha UX NepeceyeHHuH,
06pa3ysl rpafoCcTpoueTyibHble y3Jbl. UCcTOpuyecKUi LeHTp U TpaZjoCTPOUTEJIbHBIE Y3JIbI
CoCpeloTa4MBaJl 00'bEKTbl TOPrOBOro (MarasuHbl), KyJbTypHOTro (KOHIpecc XOJlJ, TeaTp)
U CIOPTUBHOrO Ha3HayeHus. [Ipy 3TOM pasMelleHHe JaHHBIX OOBEKTOB IO TIJIaBHbIM
MarucTpasisax 06ycaaBauBaI0 06yCTPOUCTBO NPOTY/JIOUHBIX aJlJIell Y JOpOr.

1.3.€C1991 no HacTos 1 ee BpeMs c IpUob6peTeHHEM He3aBUCMMOCTU Peciy61mku KazaxcraHh,
a TaKXe C MepexoZioM Ha PBbIHOYHYH 3KOHOMHUKY cdepa TOProB/M mNpuobpesia 6ojblINe
MaclITabbl, yBEJIUYHUI0Ch KOJTUYECTBO YACTHBIX 00'bEKTOB TOPTOBBJIU.

YupexxJieHusi TOProBJIM CTaIu TOProBbIMHU JJOMaMHU C 60JIbIIUM aCCOPTUMEHTOM TOBApOB.
B naHHBIN Nepuoj TOProBble JoMa CTPOWIKWCh B KPYNHBIX MHUKpPOpaWoOHaX ropoja, uTo
CBSI3aHO C POCTOM HaceJIleHUsI U HEOOX0JUMOCTbIO 06ecreueHUs1 HaceJeHUsl yYpexXJeHUsIMU
006CTy>XKMBaHUS.

B 2000 ro/ibl TOproBble yUpeXKAeHUs CTaJIH COBMEIATHCS CAPYTUMU chepaMU yCayT B OJHOM
3/laHUH, KaK pecTOpaHbl, CyliepMapKeThbl, KHHOTeaTpbl, PUTHeC, MapUKMaXepCKUe U CaJOHbI
KpacoThbl, aBTOMOKKA. ITO BbIJ|€JIMJIO COLUAJIBHYI0 POJIb JJaHHBIX yYPEXAEHUN B rOopoZie, Kak
MeCT KpBIThIX peKpealuH (JLocyra) Ha OCHOBe TOProB/rd. MHOTr0OQYHKIIMOHAaJIbHOCTb TOPTOBbIX
00bEeKTOB 0OOCHOBAJI0O CTPOUTENBLCTBO OOJIBIIOTO YMCAA TOPOroBO-pa3B/eKaTebHbIX
neHTpoB ("KepyeH cutu"2007r. ; "Kepyen"2008r,; "Xan Ilateip” 2010r.; "Mera Cuak Bai"
2017r.) . /laHHble 06'bEKTHI Pa3MelAlTCS Ha NepeceyeHUHU IVIaBHbIX MarucTpaJied ropoja,
06pasys KpyInHble rPaoCTPOUTEJIbHbIE Y3J1bl (DUCYHOK 3).

BakHO OTMETUTb COLHUAJbHYI COCTABJSIOILYI0 B COBPEMEHHBIX 0ObEKTaX TOPrOBJIM.
CoBpeMeHHble TOPTOBO-pa3BJieKaTeJlbHble KOMILJIIEKCHI B TOPOJie KOHLEHTPUPYIOT 60JIbIIOE
KOJIM4eCTBO QPYHKIMUA B OJAHOM 3/IaHUH, UTO 00YyCJIaBJUBAET Pa3BUTHE YUPEXKJEHUN JPYTUX
cdep ycayr.

JlanpHel1ee pa3BUTHE TOPTrOBbIX 00'bEKTOB COCTOUT B OPTaHU3aLMM KPYIHbIX MaclITab0B
TOPTOBJIM, YTO NOBBILIAET 3HAYEHUE FOPOJ0B U 0O'bEKTOB 00C/Iy’>KUBAHHUS B HUX.

ToproBo-akoHOMHYeCKHMe OTHOLIEHHWSI B peruoHe CTHUMYJMPOBAJM pa3BUTHE TaKOU
MHQPACTPYKTYPHI, KaK rapaHTUPOBAaHHbIEe PBIHKW COBITA, UX OPraHU3alMI0 B TOPOJEe B BUJE
KPYIHbIX CKJIafoB. Hasinuue soructuyeckoro xaba B ropojie U CONyTCTByMoLias LudpoBas
MHQPPACTPYKTypa MOKET pa3BUBATh JaHHYI0 OTpac/b. Tak 3JIeKTPOHHAsA KOMMepPIUS MOXKeT
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peasiu30BaTb OCHOBHbIE BONPOCHI N0 MPUOJIMKEHHIO 00'bEKTOB COLMATbHOW UHQPACTPYKTYPHI
K IOTPebUTEIIIO.

B cBS131 € 3TUM MOXHO BbI/I€JIUTb COCOOHOCTb TOPTOBBIX 3ZJaHUIN COCpes0TaYrMBaTh 00JIb-
1I0€e KOJINYeCTBO HacesJeHUs B y4acTKax ropoja. ITO CBOMCTBO MO3BOJISIET B OTHOCUTEbHO
KOPOTKUM CPOK Pa3BUTb YCJOBUS XU3HU HaceJleHUs] B MeCTe MPOXKUBAHUS; BbIJI€IUTb MECTO
pa3MelleHUsl ¥ Pa3BUTh €ro B 0011[eCTBEHHBIN LIEHTP.

Pucynok 3. Bug Ha 3ganus TPL "Kepyen cutu”, TPLL "Mera Cunk Bai"
[IpuMeyaHue: cOCTaB/I€HO HAa OCHOBAHWU JIaHHBIX [4,5]

B pesysibTaTe U3y4eHHs HCTOPUYECKUX 3TANOB BbISIBJIEHO, YTO TOProBble 06'beKTHhI ABJIATCH
y4YpeXJEeHUAMU eXeJHEeBHOI'0 I0J1b30BaHUA, UYTO BbIJEJAEeT HUX YHUBEPCAJIbHYIO pOJIb B
dbopMHUpoBaHUU LieHTPOB. Ha 0CHOBe JaHHOM 4epThl eCThb HE0OXOAUMOCTb UX IPYNIIMPOBAHUSA
C IpyTUMHU yupexJeHusaMU. Takxke yupex/eHuss TOPTOBJU UMeeT OTJIMYMUTEbHY0 F'MOKOCTD
B HAMMEHOBAaHUU U pa3MelleHHH B COCTaBe 001leCTBEHHBIX LIEHTPOB.

O6'beKTHI TOProBJIU [JOCTAaTOYHO aKTUBHO CBSI3aHbI C €XKeJJHEBHbIM 00CJyKMBaHUEM, TaK
KaK fIBJAIOTCA O00beKTaMU NpHUOJIMKaloLiMe pe3yJbTaThl POU3BOACTBA K MOTPEOUTEJIIO.
Byiarogapsa ToMy 4TO 6o0Jibllas 4acTb yYpeXJEeHUM HaXOAATCA B YaCTHOW COOCTBEHHOCTH,
OHM HMEIT BO3MOXXHOCTb OBICTPO aJalTHUPOBATbCA MOJ HYXAbl NOoTpebuTess. [aHHas
KOHKYpeHTHas cpeJia I03BoJIsIeT CIPOEKTUPOBATh Jiyylllie COBpeMeHHble 00beKTBhI.

B XIX Beke mpou30LLI0 pacliMpeHHe CB3ed B 06J1aCTU TOProOBJIU BMECTE C C peceseH-
YeCKMMHU TEeHJEHLUAMH B perdoHe. B coBpeMeHHOe BpeMd TOProOBJIA TaKXXe UIpaeT poJib
YCUJIEHHUS CBSA3eH MeX/y HapOoJaMHU B KyJIbTYPHOM OTHOLIEHUH.

3ak/Il04eHue

ToproBble 06'bEKTHI COLUATBHON UHPPACTPYKTYPbI CHOCOOHBI KOHIIEHTPUPOBATh 60JIbLIOE
KoJinyecTBO QYHKUMN U 3ajay. [Ipy NpoeKTHpPOBAaHUMU TOProOBbIX OOBEKTOB COLMAJbHOMN
MHPPaACTPYKTYpbl HEOOXOAWMO YUYUTHIBATh JJaHHbIE 0COOEHHOCTHU:

- B apXUTEKTYPHO-IJIAHUPOBOYHOM CTPYKTYype ropojia JaHHble 06'beKThbl CIOCOOHBI KOH-
LleHTPUPOBATh chepy yCJAyT U 60JbLIOE KOJTUYECTBO HAaceJleHUs, KOTOpOe BKJIIOYAeT He TOJIbKO
3aHATOE HaceJleHUe, HO U TO KOTOPOe CTPEMUTCS NMOJYYUTh 06CIy>KUBaHUE;

- YCUJIMBAETCS POJIb 0O'bEKTOB 00CIYKMBAaHUS, TAaK 00 bEKTHI COLlMAJIbHON UHPPACTPYKTYphI
3HAYMMbI KaK 06'beKTbl B KOTOPBIX COCPeZJ0TOY€EHA COLjMa/lbHas }KU3Hb;
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— TOProBble 06'bEKTHI B 3TOM CMbICJIE TPE/ICTABJISAIOT OOJIBIIYIO IEPCIEKTUBY AJisl pa3BUTHS,
TaK KaK JJaHHble 06'beKThI SIBJSIOTCS YaCTHOM COOGCTBEHHOCTBIO. /lJisT OTPAC/M XapaKTEepPHO
OBICTpPOE 3aMellleHHE CYIeCTBYIOIIEro CIpoca B HOBBIX CTPOEHUSIX U HOBBIX MUKpOpaloHax;

- 00'bEKTHI MaJIoro 6M3Heca COCOGCTBYIOT OCBOEHUIO TEPPUTOPUHU U YBEJMUYEHUIO Hace-
JIeHHWsl Ha JAaHHOM y4YacTKe MUKpopaloHa. Tak BO3MO)XHO NpHBJIeYeHUE OOJIbIIEr0 YHCIa
WHBECTHULIMN AJIs pa3MelleHUsI 06beKTOB COLMAJbHOW UHPPACTPYKTYpPhI APYTUX OTpacen
IpHY pa3MelleHUH Ha Y4acTKax C JOCTYIOM K IJIaBHBIM MarucCTpaJisiM.

O6beKThI COLMATBHOU UHPACTPYKTYPhI cPepbl TOProBJIU UTPAIOT PoJib GOPMHUPOBAHUS
ob1ecTBeHHOTO LleHTpa. Cdepa ToprosJu obJ1a/jas 60Jiee THOKONU CUCTEMOM CllIocO6Ha 06pa-
30BbIBATh [IEeHTp 60Jiee B KOPOTKHE CPOKHU. JIJIs1 3TOr0 HE06X0AMMO OpraHU3aLUsl YIpeKeHU i
TOPrOBJIM Ha y4aCTKaX, KOTOpble HAXOJSTCS Ha MepecevyeHUH JOPOT WU BOJIM3U TJIABHBIX
MarucTpaJseu.

BJy1arogapHoCTb, KOHPJIMKT HHTEPECOB

UcToYyHUKHM PUHAHCUPOBAHHUS — U3 COOCTBEHHBIX CPEJICTB aBTOpA.
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JLH.I'ymunes amwiHdaFsl Eypasus yammuik yHugepcumemi, Acmama, Kazakcmau

AcTaHa KaJIaCbIHBIH, 3JIEYyMETTiK HHPPaKYpPbUIbIMBIHAAFbI CayAa 06 bEKTi/IEPiHiH TApUXU JaMy

Angarna. Kasa KypbLIbICBIHJA 9/1eYMeTTiK WHQPaKypbLJIbIM HBICAHJApPbl Kajla KypbLIbIMbIHA
acep eTeTiH KaJsa JJaMyblHbIH, MaHbI3/bl 66J1iri 60Jbln TabbL1abl. KanaHblH xocnapay KypbLIbIMbl
TApUXU OPTAJIbIK ayMaFblHbIH fHUMapaTTapbIMeH KypblifaH. Bys 3epTTey cayZa cajlacblHAAFbI
2JIeyMeTTiK UHPPaAKYPhLIbIM 00bEKTINIEPiH 3epTTeyTe HeTi3/eareH. 3epTTey/iH MaKCcaThl 9JIeyMeTTiK
MHOPaKYpbIIBIMHBIH, cay/la O0OBbEKTiNiepiHiH Tapuxu J[AaMyblH KapacTbIpy O0JbIN Tabblaajbl.
3epTTeyaiH ©3eKTuLIr Kajsa KypbUIbICBIHAAFbl dJIEYMETTIK HHOPAKYPbUIBIM 06BeKTiJepiHiH
epeKLIeJiKTepiH aHbIKTayMeH aHbIKTalazAbl. ZKyMbicTa ACTaHa KaJlaCbIHBbIH, MbICAJBIH/A dJ1€yMeTTIK
MHPPaKypbIbIMAAFbl cayAa O6GBbeKTiepiH Ka/JblITacTblpy TaxipubeciH 3epjesiey >xoHe Taszjay
Kyprisingi. 3epTTey azicTeMeci r'yMaHUTapPJIbIK, K9HE 9JI€YyMETTIiK FbLIbIMJApP OOWBIHIIA FbLJIABIMU
a/iebueTTepAeri KbI3aMeT KepCeTy MeKeMeJsepiHiH Tapuxu JaMyblH 3epTTeyAi KaMTHJbl. 3epTTey
HOTIKECIH/le »Ko0aayAblH TapUXU epeKIIeiKTepi aHbIKTa/lbl: TAPUXU OPTaJbIK HeTi3iH/e KaJjbll-
TaCTBIPY; CY pecypcTapblHa KaKblH Xep/ie KaJbINITAaCThIPY; Heri3ri MarucTpaibAap/blH, KUbLJIbICBIHAA
AaMy. KyMBICTBIH HpPaKTUKa/bIK MaHbI3JbLIbIFbI-OCbl epeKUIeJiKTep/li ecKepe OTBIPbII, OChI
MeKeMeJsiepAi kobasnay KesiHze KapacTbIpy.

Ty#iH ce3aep: asieyMeTTiK UHPPAKYPBLIbIM, KbI3MET KOPCETY MeKeMeJiepi, cayza canachl, xKocnap-
J1ay KYpbIJIBbIMbI, OpTaJIbIKTap.

D.Ye.Sarsembayeva
L.N. Gumilyov Eurasian National University, Astana, Republic of Kazakhstan

Historical development of trade facilities of social infrastructure of Astana city

Abstract. In urban planning, social infrastructure facilities are an important component of city
development, which affects the urban development structure. The planning structure of the city is based
on the buildings of the historical center. This study is based on the study of social infrastructure facilities
in the trade sphere. The purpose of the study is to consider the historical development of trade social
infrastructure facilities. The relevance of the study is determined by the identification of the features
of social infrastructure facilities in urban planning. The work studies and analyzes the experience of
forming trade social infrastructure facilities using the example of Astana. The research methodology
includes studying the historical development of service institutions in the scientific literature on the
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humanities and social sciences. As a result of the study, the following historical design features were
identified: formation based on the historical center; formation near water resources; development at the
intersection of main highways. The practical significance of the work lies in the possibility of designing
these institutions taking into account these features.

Keywords: social infrastructure, service institutions, trade sphere, planning structure, centers.
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OnTuMH3aLMA pa3MelleHUsI 0CTAHOBOK O0ILeCTBEHHOI0 TPaHCNoOpTa
B.Y. ’/Kaman6aeB'* ", I.K. CameHoB ", YI1II. KokaeB , JK.P. Aiun6aeB
A.A. Kapa:xaHoB

Espasutickull HayuoHa/1bHbIl yHUgepcumem umeru J1.H. ['ymunesa, Acmana, Pecny6auka KazaxcmaH

(E-mail: zhaman78@gmail.com)

AHHOTanMs. B ctaThbe paccMaTpuBaeTcs UCC/leJ0BaHUE JOCTYIIHOCTH 0011ie-
CTBEHHOTO TPAHCIOPTA KaK BAXKHOTO MHCTPYMEHTA MOBbIIIEHUS COLUAJIbHOMN
uHTerpanuu B Pecny6sinke KazaxcrtaH. Oco60oe BHUMaHUe y/eJleHO aHalIu3y
$aKTopOB, BAUAKLIMX HA JBMXKEHHE NeLeX0/10B 0 OCTAHOBOK 0011leCTBEHHO-
ro TPaHCIOpPTa ¥ Ha MOe3AKH naccaxupos. [IpeacraBiieHa JByXCcTyneH4YaTast
TEeOpPeTUKO-IKCIIEpUMEHTa/IbHAsA MOJeJ/b B3aUMOJEeNCTBUS Mellexo[0B U 00-
IIeCTBEHHOI'0 TPAaHCIOPTA, HallpaBJieHHasd Ha ONTUMM3alMI0 MeCT pacloJio-
»KeHUS1 OCTAaHOBOK U yJIy4llleHHe TPaHCIOPTHOU UHPpACTPyKTYphl. Mcnonib30-
BaHMEe METO/ia alpUOPHOT0 PAaHXXUPOBAaHUSA PaKTOPOB MO3BOJISIET BbIAEJAUTH
HauboJiee 3HaUUMMble M3 HUX, TaKUe, KaK pacCTOsIHUe, BpeMs MOAXO0Ja, CKO-
pPOCTb Nellexo/a U KJAUMaTU4ecKue ycaoBus. [[puMeHeHre TeOpUH MOJA00USA U
pasMepHOCTEN MOMOTaeT TOYHEee IPOTHO3MPOBATh MOBeJeHUEe CUCTEM B pas-
JIMYHBIX YCJOBUSX, UYTO CIIOCOOCTBYeT 60Jiee 3GPEeKTUBHOMY IJIAHUPOBAHUIO
TPaHCNOPTHBIX ceTel. Mcnonb3ysa Teopuio pa3MepHOCTH, NpenJiaraeTcs Ho-
Basgl MaTeMaTH4yecKas Mo/Jieib 000CHOBAHUSI MECT PacIoJIOKEHUSI OCTaHOBOK
00111eCTBEHHOTO TpaHcnopTa. UTorom skcnepruMeHTa SIBJASIETCS ONpefesieHue
MeCT pacroJo’KeHHue OCTAHOBOK /1J151 T0e3/10K B 001LeCTBEHHOM TPaHCIOopTe.

KitrouyeBble €/10Ba: ropo/ICKOM 0611eCTBEHHbIN NACCAKUPCKUN TPAHCIIOPT;
neuiexoAHasi JOCTYNHOCTb, aHKeTa, OCTAHOBKA OOLIeCTBEHHOTO TPAHCIOPTAa,
TeOopHUsi pa3MEPHOCTH, allpUOPHOE paHKUPOBaHUe GAKTOPOB.

IMMoctynuia 21.02.2025. lopa6oTana 04.03.2025.0106peHa 18.03.2025. loctynHa onyiaiH 31.03.2025

“laBTOp /1151 KOPPECTIOHAEHIIUN


https://orcid.org/0000-0001-9027-9540
https://orcid.org/0009-0006-0509-5864
https://orcid.org/0009-0001-3636-8435
https://orcid.org/0000-0002-1163-8929
https://orcid.org/0000-0002-8044-8846
https://doi.org/10.32523/2616-7263-2025-150-1-213-225

B.Y XKamanbaes, ['K. Camenos, Y. Kokaes, ’K.P. Aaunéaes, A.A. KapaxcaHoe

BBeaeHue

O6u1ecTBEHHbIN TPAHCIIOPT UTPaeT KJIKYEBYIO POJib B 00ecredYeHHH JOCTYa K pa3/IMuHbIM
BU/IaM [IeITeJIbHOCTHU U yciayraM. OH oKa3blBaeT 3HAaYUTeIbHOE BJIMSIHUE HA TaKUe acCleKThl,
KaK MPOCTPaHCTBEHHasl JOCTYMHOCTb, 3aTpaThl, pusndeckre Gapbepbl, UHPOPMaAIMOHHAS
NPO3PavyHOCTb U OTHOILLIEHUE IPAXK/AaH. ITHU PaKTOPbl POPMUPYIOT MOTHUBALIMIO U CIOCOOHOCTh
HaceJIeHUsI aKTUBHO MCI0JIb30BaTh 00I1€CTBEHHbIN TPAHCIOPT.

HccnepoBaHue JOCTYIHOCTHU OOLeCTBEHHOTO TPAHCIOPTA KaK UHCTPYMEHTA NMOBbIILIEHUS
colMa/ibHOUM uHTerpauuu B Pecniybsinke KazaxcTad HanmpaBJ/ieHO Ha COBEPLIEHCTBOBAHUE €ro
ucnoJsib3oBaHus [1,2]. BakHO OTMeTUTh, YTO pa3BUTHUE TPAHCIOPTHOM UHPPACTPYKTYPHI B
KaszaxcTaHe ciefiyeT o6iel TeHJeHIMU cTpaH BocTtoyHoil EBponbl. OfjHako 3a mocjaeaHue
JlecAiTUIeTUs HabJIoA4aeTcs JOMUHUPOBaHYE UHAMBUAYaIbHOIO TPAHCIIOPTA, YTO NPUBEJIO K
CHIXKEHMIO JI0JIU MTACCAXKUPOB, MOJIb3YIOIIMXCS YCAYTaMU 0611eCTBEHHOTO TPaHCIOPTa.

Jlns vM3ydeHUs 3TUX HW3MEHEHUM OblI BblIOpaH ropoj Tapas, pacnoJiodXeHHbIH Ha tore
Pecny6snku KasaxcraH. CorslacHo JAaHHbIM Bropo HaunuoHasnbHO#M craTtuctuku PK [3],
YUCJIEHHOCTb HacesieHUs Tapasa, B 2003 roay cocrtaBigaBumias 439 TeiCc. 4yesioBeK, Ha 1
Jnekabps 2024 ropa yBesnunuuach o 687,5 Thic. yesoBek. TakuM 06pa3oM, 3a mocjaesHue
20 sieT HaceJsieHMe TrOpoJia YBeJWYUI0Ch Ha 248,5 ThIC. 4eJIOBEK, YTO COCTAaBUJIO POCT Ha
56,6%. KosinuecTBO TPaHCMOPTHBIX CPE/ICTB 3HAYUTENBLHO BO3POC/I0: KOJIMYECTBO aBTOOYCOB
yBesinuuiock ¢ 2,3 teic. B 2003 roay go 5,7 Teic. B 2023 roay (poct 147,83%), Kos1M4ecTBO
rpy30BbIX aBTOMOGUIEN — ¢ 9,9 Thic. fo 23,8 Thic. (pocT 140,4%), a KOJIMYECTBO JIETKOBBIX
aBToMob6usen - ¢ 44,8 toic. 7o 247,4 Thic. (pocT 451,8%). O611€€ KOIUYECTBO TPAHCIOPTHBIX
cpeactB B 2003 roay coctaBJsisio 57 Thic. efuHUL, a B 2023 roay - 277 Tbic. efuHUL. Takum
06pa3oM, 0611ee KOJIMYECTBO TPAHCIIOPTHBIX CPEICTB yBeJNYMI0Ch HAa 220 ThIC., YTO COCTaBUJIO
poct Ha 386%.

CorsnacHo «CHull 3.01-01-2008, PK», paccTosiHMe MeX/JAy OCTaHOBKaMHU OOIECTBEHHOIO
TPaHCIIOpTa B UepTe ropoja AoKHO BapbUpoBaThcs oT 400 1o 800 meTpoB [4]. OaHAKO CTOUT
OTMETUTh, YTO MaKCUMaJibHOe paccTosiHue B 800 MeTpoB MOXKeT C03/jJaBaThb 3HAUYUTEJbHbIE
HeyA006CTBa [AJis MacCaXUPOB, OCOOEHHO /il JIMI, C OTPaHWYEHHBIMHM BO3MOXKHOCTSMHU
nepeABWIKEHUs, TaKUX, KaK IMOXWJble JIIOJW, HWHBaJWAbl HWJU POAUTENU C JI€TbMU.
BakHO y4UTBIBATh, YTO AJISI 3TOM KATEropyuu TrpakJaH TaKHe PaACCTOSHUS MOTYT ObITh
TPYAHOLOCTYIHBIMU, UTO CHMXKAeT JOCTYNHOCTh 001 eCTBEHHOT 0 TPAHCIOPTA U NPENSATCTBYET
ero UcCnoJib3oBaHu. [103TOMy peKOMeH1yeTCsl ONTHUMHU3UPOBATh PACIOJI0KEHHE OCTAHOBOK
C y46TOM NOTPEOHOCTEN pa3/IMUHBIX TPYIIN HACeJIeHHUs, a TaKXKe BHEeAPSATD JJONOJHUTE/IbHbIE
Mephbl AJi YAyUlleHUsl JOCTYIHOCTH TPaHCIOpTa AJisi MaJIOMOOUJIbHBIX FPaXKaH.

O6uiecTBEHHbIN TPAHCIOPT UT'PAET BaXKHY0 POJIb B 06ecriedeHUH JOCTYITHOCTH pa3/IMuHbIX
BU/IOB JIeSITEJIbHOCTH U YCJIYT, TAKUX, KaK paboTa, o6pa3oBaHue, 3/ipaBOOXpaHeHUE, IIIOMUHT
Y COLlMa/JIbHO-pa3BJieKaTesibHble MeponpusATUs. C pOCTOM HaceJieHUsI U YBeJMYeHUeM 4ucia
WHJWBU/yaJIbHbIX TPAHCIOPTHBIX CPEACTB Iopojia CTAJIKMBAKOTCA C MpobjeMaMH, TAKUMU,
KaK 3aTOpbl, IIyM, BbIOPOCHI YIJIEKMCJIOrO rasa, YTo NPUBOAUT K NOBBILIEHHWIO ONACHOCTHU
JUIST BOAUTEJ el W MelexoZoB. B CBA3M C 3THM CHPOC HAa ONTUMU3ALMI0 TPAHCIOPTHOMN
MHQPPACTPYKTYphbl BO3pacTaeT, BKJOYasd HEOOXOAUMOCTb CTPOUTEJbCTBA HOBBIX JOPOT U
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Pa3BUJIOK, a TaKXXe Y/Iy4ylleHUsl MPOMYyCKHOM CMOCOOHOCTH CyllecTByHOLMX aopor [5,6,7].
OpHako vccief0BaHUS MOKa3aiM, YTO yJy4dlleHue MHQPACTPYKTYpbl MEramnoJiMucoB peliaeT
3TU Np06JIeMbl JIMLIb BDEMEHHO U MOXKET JlaXKe CII0COOCTBOBATh Pa3BUTUIO KpU3nca QyHKIUO-
HUPOBaHUSA FOPOACKOUN cpefibl. BaXkKHO yYuTBIBaTh, YTO yJy4lleHHe CUCTEM OOLIeCTBEHHOr O
TPAHCIOPTAa CTAHOBUTCS HEOOXOJUMbIM 3JIEMEHTOM pellleHUs1 npobJieMbl 3aTopoB [8,9,10].
O HUM U3 KJII0YeBbIX PaKTOPOB 3P PEKTUBHOIO UCI0Ab30BaHUS 0011LECTBEHHOT0 TPAHCIOPTa
SIBJISIETCS JOCTYIHOCTb MapILPyTHOM CETH, B YACTHOCTH, Y00HOE pacnoJioKeHrue 0CTaHOBOK
JlJ1s maccaxkupos [11].

llesibto JaHHOW CTaTbH fIBJSETCS HUCCJIeJOBaHHWe MECT JUCJIOKALlMM OCTAHOBOK OOIEeCT-
BEHHOI'0 TPAHCIOPTA, YTO MO3BOJISIET ONPeeJUTh TOYKHU llepeceyeHul NeliexoAHbIX epeMe-
1eHUH U GaKTOPbI, BAUAOLIME HA UX JOCTYNHOCTb. OCTaHOBKA JJ0O/KHA OTBEYaTh COBPEMEHHbBIM
TpeboBaHHAM, obecnieunBass KOMGOPT AJis NacCa)KUPOB, 0COOEHHO NMPU HeO6JIaronpUsTHBIX
HOTO/IHBIX YCA0BUSAX [12]. BpeMs 0xxujaHus TpaHCIOPTA SBJSETCH BaXKHbBIM acClIEKTOM, TaK Kak
XOpOLIO NOATrOTOBJIEHHBIM MeNlexo/], MOXKeT BblJep>KaTb BO3J4eUCTBUE HU3KUX UJIU BbICOKUX
TeMIepaTyp TOJbKO Ha NpOTsKeHUM 8-10 MHUHYT. ITO MOAYEPKHUBAET HEOOXOAHWMOCThb
CO3/1aHUS TaKUX OCTAaHOBOK, KOTOpble MUHUMU3UPYIOT BpeMs 0xkuaHus [12].

MecTa gucnokanuy MaccaXupoB ABJATCA UHAUKATOPOM NIPOCTPAaHCTBEHHOI'O PaBEHCTBA
Y ypOBHS 00C/Iy:KMBaHHUSA 00LeCTBEHHOro TpaHcrnopTa [13], 4TO BaXXHO [Jisl MOBBIILIEHUS
KOMQPOPTHOCTH U yBeJIMUeHHUS NaccaXMpomnoToka. Uccien0BaHrsS MeCT M CI0KALLUK TIOMOT AT
IJIAaHUPOBIIMKAM Y4YMUTBHIBAaTh YyJ0OCTBO INO0JIb30BaTeJied NpPH pa3MelleHUU TPaH3UTHBIX
ocTaHOBOK [14]. CyulecTBywIlie MeTO/Jbl U3MEPEHUSI MECT AMCJIOKAI[MM, OCHOBAaHHble Ha
pacueTe nelexoAHbIX PAaCCTOSIHUM [10 TOUYEK AOCTYIa, IPOA0JKaloT pa3BuBaThcs [15]. OgHako
cOOp JaHHBIX C MCHOJIb30BaHMEM TPaJAULMOHHBIX METOJOB SIBJSETCSA JOPOTOCTOSLUM U
TPYA0EMKHUM IIPOLLeCCOM, YTO TPeOyeT yCOBEPLIEHCTBOBAHUSA OJX0/0B K OLleHKe JOCTYITHOCTH
[17].B cTaTbe [18] npeaJiaraeTcss HOBbIM MeTO/ UCCIe0BaHUS MECT AUC0KAL MU TACCAXKUPOB,
OCHOBaHHbIN Ha [BYCTaJJUMHOU TEOPETHUKO-3IKCIIepHMEHTaJbHOU MOJe/d B3aUMOJenCTBUS
neuexosa U OOLeCTBEHHOTO TPAHCHOPTA MPHU MACCAKUPCKUX NepeBO3Kax, YTO MO3BOJUT
NOBBICUTh 3 PEKTHBHOCTb aHA/IN3a U IIJIAHUPOBAHUS TPAHCIIOPTHbBIX CETEN.

MeToa0/10TUA

AnpuopHoe paH:XXKUpoBaHHe GPaKTOPOB

Ha ocHOBaHMM OOLIMPHBIX UCCJIELOBAaHUU U B3IJISI0B NpeJlIeCTBEHHUKOB MOXHO BblJe-
JINTb HECKOJIbKO KJ/II04YeBbIX GAKTOPOB, BJUAKUIMX HA TOTOBHOCTb MACCaXXUPOB JBUTATHCA
K OCTAHOBKaM 0O0I1leCTBEHHOI'0 TpaHCNOpTa. BakHeHIIMMU U3 HUX ABJSAITCI MUHUMaJbHOE
paccTosiHUe U BpeMs, He00X0AUMoe JIJI1 TOr0, YTOOBI TACCaXXUP MOT ,06PaThCs 0 OCTAHOBKH.
[Tomumo 3TOro, cjeAyeT Y4YUTbIBATb MWHJAUBU/Yya/bHble XapaKTEPUCTUKU MeLIeX0/0B,
MeCTOIO0JIO)KEHHEe OCTAHOBOK, 0COOEHHOCTH TPAHCIOPTHBIX JIMHUM U MOTO/|Hble yCJI0BUA.

[Iponecc paHkupoBaHUs (AaKTOPOB, BJAMUSIOLIMX Ha NOBeJleHUE MelleX0/l0B, MOXXHO pas-
JleJIMTh Ha HeCKOJIbKO 3TallOB, MCI0JIb3yd NpPUMepbl U3 HAay4YHbIX pPabOT, KOHCYJbTALUU C
3KCIepTaMU U MeTOJAbl MO3TrOBOro uITypMa. Mcxofs M3 3TOro, MOXXHO BbIIEJUTh PAKTOPBHI,
KOTOpble BJIMAIOT Ha MECTO pacloJIOKeHUs U NOTOKH INelleX0J0B, HANpPaBJAKIIUXCA K
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OCTAaHOBKe, a TaKXe Ha COYeTaHUe BpPeMeHU HAKOIJIEHUs MacCaXMpOB Ha MpeAbIAYLIHX
OCTaHOBKax.

Ha ocHoOBe BbIlI€H3/10’)KEHHBIX JaHHBIX COCTABJIEH NepedyeHb PaKTOPOB, BO3EUCTBYOLUX
Ha UccelyeMbld TapaMeTp, U onpezesieHa 06J1aCcTb UX IpUMeHeHUs. Bce aTu paKTOphI ObLIU
BKJIIOYEHbI B aHKeTY, IpeJjHa3HaYeHHY10 Ji/15 onpoca. [IpeanosaraeTcs, YTo AaHHble GaKTOPHI
OKa3bIBalOT BJIHUSHUE HAa GPOPMHUPOBAHHE NACCAXKUPOINOTOKA HAa TOPOJCKUX OCTaHOBKax. /s
BblJleJIeHUs] HauboJiee CylleCTBEHHbIX (AKTOPOB ObLI MCIO0JIb30BAaH METOJ, alpUOPHOro
PaHXXUPOBaHMS, KOTOPbIN MO3BOJISIET OLIEHUTb BAXKHOCTb KaXkJioro pakropa [19,20].

Jl/1s1 npoBeieHMs alpUOPHOI'0 paHKUPOBaHUs GaKTOPOB ObLJIO NPOBEJEHO aHKETHPOBaHUE
50 pecnoHZEHTOB, Cpe/ii KOTOPbIX ObLIM Ipodeccopa, NpenojaBaTesd, UHXXeHePbl, CTYAEHTbI
M Jpyrue CHeLUa]UCThbl, CBS3aHHble C MNAaCCAXXUPCKUMU NepeBo3kaMu. B xoje ompoca
pPECNOHJIEHTHl OLleHMBA/JIM BaXXHOCTb KaXKJ0ro M3 (PakTOpOB, MpHCBauMBasi UM paHrd MO
NOpsAAKOBOM 1IKasie oT 1 10 8, rae pakTop ¢ HAUGOJIbIIUM BJAUSHUEM MOJy4as paHr 1.

/laHHbIe aHKeTUPOBaHUS ObLJIM 06pabOTaHBbI C KCIOJAb30BaHUEM GOPMYJI /151 BBIYUCAEHUS
CYMMBbI PaHTOB M CpeJIHEN CyMMbl paHT0B./lajiee HA 0CHOBE TOJIy4YeHHbIX JAHHbIX OblJ1 pacCYUTaH
k03¢ PuneHT KoHKOopAauuu (W), KOTOpbIi MO3BOJIUJI OLLEHUTH CTeNeHb COTJIACOBAHHOCTHU
MHEHUH pecrnoHJleHTOB. Pe3ysnbTaThl MOKasald, YTO KO3POUIHMEHThl KOHKOPAALUHU s
nepBoi craauu (W=0,77) u BTOopo# ctaauu (W=0,72) HaxoasaTcsa B Ipejesax 3HAYEHHUH,
CBU/ZETEJIbCTBYIOIIUX O XOPOLLIEel COrJIacOBAaHHOCTU MHEHUU PeCIIOH/EHTOB.

W13 pe3ysbTaToOB paHXUpoBaHUsS GAKTOPOB, IPeJCTaBJIeHHbIX HA PUCYHKaX 1 U 2, BUJHO,
YTO [Ji JABWXKEHUS IeLIexXoZl0B [0 OCTAaHOBKMU HaWboJiblllee BJIUSHHUE OKa3blBAlOT TaKue
dakTopsbl, kKak pacctosiHue (1), BpeMs noaxoaa (t1), ckopocTsb nemiexoja (v) U KJaMuMaTU4yecKast
TeMnepaTypa (0). l/is noe3Kku B 061[eCTBEHHOM TPAHCIOPTE HauboJiblilee 3HaYeHUE UMEIOT
BpeMs noe3aku (t2), CKOpoCTb JBHKEHUs TpaHCHopTa (va), pacCTOSIHWE [0 TPaH3UTHOU
OCTaHOBKH (la) ¥ MHTEHCUBHOCTb ABMKeHUS TpaHcnopTa (J).

B pesy/sbTaTe anpropHOro paHXXUpPOBaHUs GaKTOPOB, BIAUSIOIIMX HA IOBE/jeHHE NeLIEeX0/[0B
M MAaCCaXUPOB 0OLECTBEHHOr0 TPAHCIOPTA, YCTAHOBJIEHO, UTO HauboJsiee 3HAYMMbIMU s
JIBIDKEHUS TElIeX0J0B fIBJSAITCSA PAacCTOSIHUE [0 OCTAaHOBKM, BpeMs IOJX0/a, CKOPOCTb
nemexosa W KJUMaTH4yecKass TeMmiepaTrypa. [lJis moe3fKkud B TpaHCHOPTe HauOoJbliee
BJIMSIHME OKa3blBalOT BpeMs MOe3/JKH, CKOPOCTb JBWXXEeHUSl TPAHCIOPTA, PAacCTOSTHUE [0
TPAH3UTHON OCTAaHOBKU U UHTEHCHBHOCTb JIBMXKEHUsI. MeTo/, alipHOpPHOTro paHKHPOBAHUS,
NOATBEPK/JEeHHbIA BbICOKOW CTENEHbIO COIJIACOBAHHOCTY MHEHUM PECIIOH/IEHTOB, I03BOJISIET
BbI/IEJIUTb HanboJiee 3HaYUMble PaKTOPbI AJ11 ONTUMHU3AL MU 1ACCAKUPOINOTOKA U YIYYLIEHUS
TPAaHCHOPTHOW UHPPACTPYKTYPHI.
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H; 343 Q;343
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o
cpenHss cymma paHroB A=225 0; 257
o
o
v; 143 ©;202
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l; 83 (o)
o
°
° at; 335
aa; 315
coenHsAs cvmma paHros A=200
°
°
° J; 180 Ga; 191
° la; 157
va; 132
°
t2; 90

PUCYHOK Z. WaKTOpBI, BJUSIOIINE HA OE3/IKY AaCCAXKUPA /10 TPAH3UTHOU OCTAaHOBKH,
10 CyMMe PaHTOB.

Pe3ysbTaThl M 06CYKAEHUS

B paMkax NpoeKTUpPOBaHUS M MO/JIeJIMPOBAaHUsl B JAaHHOM BOIpOCe Iiesleco06pasHo
MCIIOJIb30BaTh TEOPUIO MOA00USA U pa3aMepHocTel [21,22]. ITa Teopus npeJcTaB/isieT cO60M
Ba)XKHOe HalpaBJleHWe B HAy4yHbIX HCCIeJ0BaHUAX. Mcro/sib30BaHMe NPUHIMIIOB NOA06USA
¥ pPa3MEpPHOCTH MOMOTAET B aHa/M3e MacUITabUPyeMOCTH MPOLLECCOB, COKPAIEHUH YHCIa
HeOoOX0MMbIX 3KCIIEDUMEHTOB U 60Jiee TOYHOM INPOrHO3UPOBAHUM INOBEeJ€eHUSl CUCTEM B
pa3/IMYHBIX YCIOBUSX.

JloCcTOMHCTBA MeTo/la pa3MepHOCTel — OGbICTpast OLeHKa MaclITaboB HcClelyeMbIX siBJIe-
HUM; MOJydYeHHEe KayeCTBEHHBbIX M (QYHKLHOHAJbHBIX 3aBUCUMOCTEH. UTOOBI COCTAaBUTh
dbopMy/ly pasaMepHOCTH, AJI1 KaXK/JJ0M OCHOBHOM BeJIMYMHBI BBOAUM 0603HAaYeHUE eJJMHUIbI

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 217
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



B.Y XKamanbaes, ['K. Camenos, Y. Kokaes, ’K.P. Aaunéaes, A.A. KapaxcaHoe

3HAYUMBbIX IIEPpEMEHHbIX AJid U3BMEPEHUA OIMMCAHHUA ABUXKEHHUA Melexoa0B A0 OCTAHOBKH U
Mmoe3aAKH ImaccaxKyvpa o TpaHBHTHOﬁ OCTaHOBKH, Ta61mua 6.

Ta6snna 1. PaaMmepHocTb pU3HUUECKON BEJTMYHUHBI

Ne HasBaHue nepeMmeHHOU O6o3HaueHue ®opmyna EnnHnna
n/m pa3MepHOCTH VM3MepeHus
1 BpeMsd noaxoza K 0CTaHOBKe t, T c
2 PaccTosaHue, NpoiiileHHOE Nelexo- l L M
JIOM
Jl0 OCTAaHOBKHU TPaHCHOpPTa
3 CKopoCTh Neliexoza 1% LT M/cC
KinumaTtndyeckas TeMnepaTtypa 0 ML? T* K
OKpY>Kalollen cpefbl
5 BpeMsi moe3iku B TPAHCIIOPTE, C t, T c
1
6 CKOpOCTB BM)KEeHUSA TPaHCIOpTa v LT M/c
7 Bec 06111ecTBEHHOI0 TPAaHCIIOPTa G, MLT* ke*c/c?
8 WHTEHCUBHOCTD JABMXKEHUS Ji N*T1 ed./c
0011eCTBEHHOI'0 TPaHCIOpTa

1. Ha osujceHue newiexodog8 0o OCMAHOBKU, IO MHEHHIO OMPOIIEHHbIX PECIOH/EHTOB,
BIMAIOT caefyomue GakTopsl L, t, v u u 6. TakuM 06pa3oMm, M0/b3ysACh METOAUKON TEOPHH
pa3MepHoOCTH [23], uMeeM:

(1)
ty = f(L,v,0,p) ,
T = (L)% * (LT~1)8 x (MIAT-2)Y (2)

M (T) 1=-B-2y
Moa(l)  O=oc+ B2y 3)

st (M) 0=y
Peas cucTeMy ypaBHeHHS, UMeeM:

a=1; B=-1; y=0. (4)

[TogcTaBisss HaillJleHHble 3HAa4yeHUsT B OCHOBHOe TOXJAeCTBO (2) u HHTEPIPETHPYS
MaTeMaTHYeCKHe JeMCTBHs, a TAKXKe BBO/s1 6e3pa3MepHOe COOTHOIIIeHHe THUIla —, UMeeM

=) f o)

AHanusupys ¢opmysy (11), MOKHO KOHCTAaTHPOBATh, UTO Ha JIBMXKEHHE MelIexo/1a U3 MecTa

(5)
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JIUCJIOKAllMU 10 OCTAaHOBKH BJIMSIET He TOJIbKO PAacCTOsIHUE (KpOMe JIECTHUYHBIX MJIOLIA/I0K,
KauecTBa TPOTYapoB), HO U KJIUMaTH4YeCKOe COCTOSIHUE OKpY»Kalollel cpeibl (?KapKoe JIeTo,
X0JI0iHAs 3UMa).

2. [loe3dka naccaxcupa 00 mpaH3uMHOU 0CMAHOB8KU

Ha naHHOM cTafuu BaKHO YYUTBHIBAaTh MHOXXeCTBO (GAKTOPOB, BJAUSIOLUUX HA CKOPOCThb U
koMdopT noe3aku. [Ipu Bei6ope GaKTOPOB ObLIN yUTEHbI B3AUMOCBSA3U MEXY HUMH, TaKHe,
KaK TO, YTO BEJIMYMHA «L_» BXOAUT NapPaMeTP «V_»,a OTHOLIEHHUE «d » K «a » ABNAETCA PyHKLUEH.
CnenoBaTesibHO, /151 60Jiee TOUHOTO MOJIeJIMPOBAHUsl U aHAIM3a BJIUSIHUSA 3TUX GaKTOPOB Ha
HOoe3JKy naccakupa cjeAyeT YYUTbIBaTb UX B3aMMO3aBUCHUMOCTb U QYHKIMOHAJbHbIE CBS3U.

(6)
t, = vy, ], X Gg)
(7)
T = (LT~ D)% (N« T, (MLT-2)"
Jnsa(T) 1=-a-B-2y
Jsi (L) O=oc+y (8)
Ans (M) 0=y
BBOAMM Ge3pa3MepHYI0 BeJMYHHY B BUAE COOTHOIIEHHST &,
Pemiasi cucteMy ypaBHEHUSI, UMeEEM: At
a=0; B=-1; y=0. (9)
e (10)

a, 2= const (N po—
OpHako, onyckasi, YTo — =1, JOCTUTHYT U/ieabHbIH cny’;{an KOT/ZIa MPOUCXOAUT COTJIACco-
BaHHOCTD JIEWCTBHUA 110 JBYRKEHMIO TIEIIEX0/la U 061eCTBEHHOT0 TPAaHCIIOPTa, MOJIyYaeM:

. (11)
t, = const (N o L
BbipasuB BpeMs ABUKEHHS 0011eCTBEHHOT'0 TPAHCIIOPTA t Yepe3 — , UMeeM:
va’ (12)

La
0611as1 KOHLEMIUS TeopeTI/I‘{eCKOltd H?Wﬁﬁlé%@g)leOl‘o 000CHOBaHUA
OCHOBBIBasICh Ha JIOTUYECKOM OCMBICJIEHHU CO3/IaBILIET0OCs MOJIOXKEHHS], MOXKHO IpeJIo-
JIOXKUTBD Cefytoliee:

u_ 6o (13)
CJIel0BaTeNbHO, tz ﬁw(i—i)’
(o) (14)

HJIKX C y4€TOM CKOPOCTH LLBI/DKGHI/Bl Gﬁl!!etTB&(ﬂHi)I‘ﬂé prchnopTa
Nxt—1
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Lr(2) (15)
_ v \pV
ty = 1 (a_a)*tZ
Nx*vg at

TakuM 06pa3oM, yYUTBIBAas TO, YTO CKOPOCTb JABMXKEHHS OOLIECTBEHHOTO TPAHCIOPTA

B PA3JIMYHBIX IOCyAdpCTBaAX PETrJIaME€HTHUPOBAHA, B YaCTHOCTH, B KaSaXCTaHe, B TOM 4YHCJIE
KM

B I. Tapas v =50 —, a skcnepuMeHTa/bHOe ONpeJe/eHUe CKOPOCTH JBIXKEHHUA Mellexo/a
q

= 3.4 KM/‘{, " YyYUTbIBad BbIIIENU3JIOXKEHHbIE (l)aKTOpr IIpy IIepeMeEl€eHNH Menexo/a, a TaK¥Ke

CHWKeHH e CKOPOCTH JIBWXKEeHHUS 0011eCTBEHHOT'0 TPAHCIIOPTA MPH NepeKpPeCcTKax U MOBOPOTAX,

nmeemM

(16)
L, = %05 (8..12.5) - L.

[TonyyeHHble 3aBUCUMOCTH (5,15,16) MOTyT NpUMeHATHCS IPU pa3paboTKe U 060CHOBAHUHU
MeCT PacloJIoXKeHUsI OCTAaHOBOK OOI[eCTBEHHOTO TPAaHCIOPTA.

13 nosydyeHHbIx 3aBUcuMocTel (13, 14, 15, 16) MoxKHO cZesiaTbh BBIBOJ, YTO OHU MOTYT
CAY>XUTb OCHOBOM JJisl pa3pabOTKX U OOOCHOBAHHUSI ONTHUMAJIbHBIX MECT PaCIOJIOXKEHUS
OCTAaHOBOK OOILECTBEHHOTO TPAHCIOpPTa. JTU 3aBUCHMOCTU MO3BOJISIOT YYeCTb BJIMSIHUE
pasIMYHbIX PAKTOPOB, TAaKUX, KaK CKOPOCTb MENIeX0[0B M OOIIeCTBEHHOI'0 TPAHCIOPTA,
KJIMMaTU4eCKHE YCA0BUS U 0COOEHHOCTHU HHPPACTPYKTYPHI, YTO COCOOCTBYET OoJsiee apdek-
TUBHOMY pa3MellleHUI0 OCTAaHOBOK U Y/IY4YllleHUI0 KaueCTBa TPAHCIIOPTHOTO 0OCTY>KUBaHUS.

3ak/iloueHue

OcHoBHble (aKTOpbI, BAMAWILME HA JBU)XEHHUE NeLIeX0[0B [0 OCTaHOBKH, BKJIKYAKOT
paccTosiHue, BpeMs M0J[X0/ja, CKOPOCTh Mellexo/1a U KJIUMaTHYecKue ycaoBus. [l noes3aku
MACCAXXUPOB HaH60JIee BAXKHBIMU SIBJISIOTCS BpEMs IM0€3/1KHU, CKOPOCTb TPAHCIIOPTA U UHTEH-
CUBHOCTbD JIBHXKEHHUS.

[IpuMeHeHUe TeOpUU MOA006UsI U pa3MepHOCTeN B aHa/IM3€e M03BOJISIET OLLEHUTh MaclITab
HCCIelyeMbIX SIBJEHUHN U MOJYYUTh KaueCTBeHHble QYHKIIMOHATbHbIE 3aBUCHMOCTH.

[TosrydeHHblE 3aBUCMMOCTH MOTYT OBbITh MCIIOJIb30BaHbI AJi1 pa3paboTKU U 060CHOBaHUSA
ONTUMAJIbHBIX MECT PAaCIMOJIOKEHUSI OCTAHOBOK OOILECTBEHHOTO TPAHCIOPTA, YTO YIAYYLIUT
JIOCTYMHOCTb Y KaueCTBO TPAHCIIOPTHOI'O 06C/IyKHMBaHUS.

JlJ1s1 ToBbIlIeHHUS] KOMPOPTHOCTH NACCAXKUPOB PEKOMEHAYETCS ONTUMU3UPOBATH PACHOJIO-
»KEHME OCTAHOBOK C yYETOM NMOTPEeOHOCTEN MaJIOMOOUIBHBIX TPAXK/AaH U YYUTHIBATh BIAUSHUE
pas/IMYHbIX GAKTOPOB, TAKUX, KaK MOTO/HbIE YCJIOBUS U CKOPOCTb JABMXKEHHUS 061LeCTBEHHOTO
TpaHCIopTa.

®opmysa (16) no3BoJisieT 060CHOBAaTh 3KOHOMHOE JIBHXKEHHE 0011eCTBEHHOT'0 TPaHCIopTa
U OTPeZie/IUTh BEJMYHNHY CKOPOCTH JJISI OrpaHUYEeHHs] B TOM WJIM MHOM ropoje, palOHHOM
[eHTpe U T.J.
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B.YoKamau6aeB*, [LK.CameHoB, Y.1ll.Kokaes, JK.P.An1un6aes, A.A.KapakaHoB
J1.H.I'ymusnes amoiHdarsl Eypasus yammblik yHugepcumemi, Kazakcman Pecny6aukacsbl, AcmaHa

KoramabIK KeJliK as/ifaMalapblH OPHAIACThIPYAbI OHTaNIaHABIPY

Angarna. Makasnazga Kasakcran Pecny6GMKacblH/A 9/1€YMETTIK HHTerpanusiHbl apTThIPY/IbIH, Ma-
HbI3/bl KypaJibl pETiHAE KOFaM/IbIK KOJIiK KOJKeTIMAJIIriH 3epTTey KapacThlpblaazbl. KoFaMAbIK KeJliK
adJilaMasiapblHa JeHiH Kady KypriHluijep KO3FaJbIChl MeH K0JaylliblJap canapJjapblHa acep eTeTiH
dakTopJsapAbl TaJjayFa epekliie Ha3ap ayJapbliaa/ibl. AsiilaMaliap/iblH OpHAJACyblH OHTaWaHABIpYFa
YKOHE KOJIiK MTHPPaKYpbIJIbIMbIH }KaKCAPTyFa 0aFbITTAIFAH Kasy }KYPriHIIiep MEH KOFaM/bIK KOJIIKTiH,
©3apa 9peKeTTeCTIriHiH eKi CaTbL/Ibl TEOPUAJIBIK-IKCIIEPUMEHTTIK MOJeJli YChbIHbLIaAbI.

daxTopsapAbl a/AbIH aJ1a paHXXUPJIEY d/iCiH KoJIaHy 0J1apAbIH illiHeH eH MaHbI3/Abl paKTOpJIap/bl,
MbICaJIbl, KAUIBIKTBIK, 6apy YaKbIThI, Kasdy KYPTiHIIiHiH XbLIJaM/IbIFbl }KoHE KJAUMATThIK, XKaFJailiap/ibl
aHbIKTayFa MYMKIiH/iK Gepefii. YKCACTBIK JKoHEe 6JIIIeM TeOopHUsJIapblH KOJJAaHY KYHesepAiH apTypJii
*KaFJaiiap/ia MiHe3-KyJIKbIH JIaJ1ipeK 60/KayFa KOMEKTECIT, KeJIiK xeJlijiepiH TUiM/lipeK xKocnapJiayfa
bIKNAaJI eTeji.

OJillieM TeOpHUSCHIH KOJIJaHa OThIPBIN, KOFaM/IbIK, K6JIiK as/ljJaMaapbIHbIH, OpPHA/IACyblH HETi3/ey/liH,
)KaHa MaTeMaTHKaJIblK MoJeJsli YCbIHbLIAJbl. JKCIIEPUMEHTTIH, HOTHXKeCi — KOFaMJbIK KeJIIKIIeH
camnapJiap YLIiH adg/iaMasiap/blH, OpHaJacKaH OpPbIHAAPbIH aHBIKTAY.

Ty#iH ce3aep: KajlaablK KOFaM/AbIK »K0JIaylIblIap KeJiri, xasy »KypriHilijiep Ko/pKkeTiMAiairi, cay-
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aJlHaMa, KOFaM/JbIK KeJIiK as/ijlaMachl, eJIl1eM TeopHUschl, pakTopJapAbl alJblH ajla paHXUpJIey.

B.U.Zhamanbayev, G.K. Samenov, U.Sh.Kokayev, Zh.R.Alipbayev, A.A.Karazhanov
Eurasian National University named after L.N.Gumilyov, Republic of Kazakhstan, Astana

Optimization of public transport stop placement

Abstract. The article examines the study of public transport accessibility as an important tool for
enhancing social integration in the Republic of Kazakhstan. Particular attention is paid to analyzing
factors influencing pedestrian movement to public transport stops and passenger trips. A two-stage
theoretical and experimental model of pedestrian and public transport interaction is presented, aimed
at optimizing stop locations and improving transport infrastructure.

The use of the a priori ranking method of factors allows identifying the most significant ones, such
as distance, approach time, pedestrian speed, and climatic conditions. The application of similarity and
dimensional analysis theory helps more accurately predict system behavior under various conditions,
contributing to more effective transport network planning.

Using dimensional analysis theory, a new mathematical model for justifying the locations of public
transport stops is proposed. The experiment's outcome is the determination of optimal stop locations
for public transport trips.

Keywords: urban public passenger transport, pedestrian accessibility, survey, public transport stop,
dimensional analysis theory, a priori factor ranking.
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0630pHas cTaThs

CoBpeMeHHbIEe TEXHO/JIOTMY MOHUTOPHHTA MOATOILISIEMbIX TEPPUTOPHUIA U
UX BJIMSIHUE HA UHPPACTPYKTYpPy

AT. MyxamepxkanoBa'! , /I. Kokumkanyae*' -, E.B. YTenoB! , A. AHMCKHH?

IEepa3sulickuli HayuoHavHbIl yHU8epcumem um. J1.H. 'ymuneea, Acmawna, Kazaxcman
2Ynueepcumem Cesep, BapascduH, Xopeamus

(E-mail: dias27049795@gmail.com)

AHHOTanM. /laHHBIM 0630p NOCBAILEH aHA/IM3Y COBPEMEHHbIX TEXHOJIOTUU
MOHUTOPUHTA MO TOMJISIEMbIX TEPPUTOPUI U UX BJIUSIHUIO HA UHPPACTPYKTY-
py. Cnenudrka pacCMOTPEHHBIX CTATEH MO3BOJIKJIA ONPEAEJUTb 5 OCHOBHBIX
KaTeropui, GopMUPYIOLIMX CTPYKTYpy 0630pa, B TOM UMCJie yIpaBJeHUE BO-
JIHBIMU pecypcaMy U UHPPACTPYKTypHbIe pellleHUs]; MOHUTOPUHT U NMPOTHO-
3MpoBaHMe Ha OCHOBe AlaHHbIX; UHTepHeT Belel (10T); Bo3aylLiHbIe U MOGU/Ib-
Hble TEXHOJIOTUH; aHAJIUTUYEeCKUEe U BBIYUCIUTENbHbIEe MeTOAbL. [Ipu oT6ope
cTaTel AJisg 0630pa NpeuMyIlecTBOM 00J1aalu Te, KOTOPbIe NpeJjiaratoT Co-
BpeMeHHble pellleHus], BK4Yasad reouHpopmanmonsblie cuctembl (CUC), auc-
TaHMOHHOe 30HAupoBaHue (/]3), [oT, 6ecniuoTHBIE JleTaTebHbIE allapaThl
(BIIJIA), maminiHHOEe 06ydeHue (MO) u uckycctBeHHble nHTe 1eKThI (UW). [Ipo-
BeJleH aHaJIU3 3THX pellleHUH U YCTaHOBJIEHbI UX HeoCcTaTKU. 0630p BbISBUII,
YTO KOMIIJIEKCHBIE pellleHus obecrnedyuBalOT 60siee 3GPEeKTUBHBIN U TOYHBIN
MOHHUTOPUHT, IPOrHO3UPOBaHKE U 0OHAPYKMBAHHE MOATOIJIEHHBIX TEPPUTO-
pUH B pexkuMe peasibHOro BpeMeHU. 0630p BbleisieT BaXKHOCTb UHTerpaluu
pPa3/JIMYHBIX COBPEMEHHBIX TEXHOJIOTUH [/l cO34aHus 60Jiee 3P PEeKTUBHBIX U
TOYHBIX CUCTEM MOHUTOPHUHIA, IPOrHO3UPOBAHHWS 30H PUCKA U 0OHApPYKUBa-
HUSA NOATONJIsAeMbIX TeppuTopui. Ocob0e BHMMaHUe y/JeJeHO NpUMeHEeHUI0
TakuXx peuieHuH, Kak BIIJIA u MU naig oneHku nuiowmaau nogronaenuu, loT u UU
JJI1 MOHUTOPUHTA YPOBHA BOAbI B peaJIbHOM BpeMeHH, a Takxe MO u UU paa
NPOrHO3UPOBAHUSA PUCKOB NMOATOIJIEHUN. AHA/IM3 NyOGJIUKaLUMK 3a oc/aefHUe
10 neT feMOHCTpUpPYET 3HAYMUTEJIbHOE yBeJIMYeHUue UHTepeca K 3TUM pelle-
HUSAM, YTO CBA3aHO C BO3paCTalOLed aKTyaJIbHOCTBIO U CJI0KHOCTBIO pellleHus
npo6JieMbl NOATONJIEHUHU B YCJOBUSAAX U3MEHEHUsl KJIMMaTa, ypObaHU3aLUuU U
3KCTpeMaJibHbIX MOTOJHbIX siBJeHHUU. [I[porHo3upyeTcs, 4TO B OyAyIEM TaKue
NOAXOAbI OYIyT UTPATh KJIOYEBYIO POJib B pa3paboTKe CTpaTerui ynpapjaeHus
pUCKaMU OATOIJIEHUH, 0OecrieunBas 3alllUTy HaceJleHUsl U UHPPACTPYKTYPHI.

KinroyeBble cj10Ba: MOATONJIEHUS, MOHUTOPUHI, COBPEMEHHbIE TEXHOJIO-
T'MHU, OLleHKa PUCK, UHPpACTPYKTypa.

IMMoctynuia 26.12.2024. lopa6orana 03.03.2025.0a06pena 09.03.2025. locrynHa onaaiid 31.03.2025

“laBTOp /1151 KOPPECTIOHAEHIIUN


https://orcid.org/0000-0002-5084-2527
https://orcid.org/0000-0003-0851-2230
https://orcid.org/0000-0001-6723-175X
https://orcid.org/0000-0002-9941-1947
https://doi.org/10.32523/2616-7263-2025-150-1-226-248

CospemeHHble MEXHO102UU MOHUMOPUH2d NodmonJ/isieMblX meppumoputl U ux 8ausiHue Ha UH@pacmpykmypy

BBeaeHue

3amnocseHYe HECKOJIBKO JIET BO MHOTHUX I'OPO/iaX MUpa MPOUCXOAT CUJIbHbIE TOATOIJIEHUS
0 NpPUYMHE MTHOBEHHOIO HM3MeHEeHMs KJMMaTa, M3MeHeHHA IO0YBEHHO-PAaCTUTEJbHOIO
IOKPOBa, BbI3BAHHOrO OBbICTPON ypOaHU3aLUel, U yBeJUYEHHEM KOJIMYEeCcTBa OCAJKOB.
['opojickve TeppUTOPUH CTAJIKUBAKOTCA C CEpbe3HbIMU OeICTBUAMU U3-3a NOATONIeHUH [1-3].
[logTOMN/IEHHE MOXeT NOCTABUTh 10/, yTPO3Y »KU3Hb U 3[J0POBbeE JIIOJeH, a TAK)Ke UX UMYIeCTBO
[2]. Kpome Toro, moATON/IEHUs, CBSI3aHHbIE C HApYLIEHUEM BOJHOTO peXUMa U BbIMbIBAaHUEM
IIOYBbI, KOTOPbIE€ CUJIbHO BJIMAIOT Ha CeJbCKOE X031KCTBO, IOCKOJIbKY HacesJeHUe 3aBUCUT
OT 3eMJiefileJiul U CKOTOBOACTBa [4-6]. IlocsencTBus NOATOIJIEHUS pPaCIpPOCTPAHAKTCS
He TOJIbKO Ha JIoJlel U UX UMYILEeCTBO, HO U Ha ¢opMbl pesibeda, Takue, KAK HU3MEHHOCTH,
PaBHUHBI U aJJIIOBUAJIbHbIE PAaBHUHbI C OFPAHUYEHHBIM IIOTOKOM M BBICOKMM CKOILJIEHUEM
BoZblI [6]. [loCKO/IbKY MO TON/IEHUS YaCTO HAHOCAT ylep6 HHPACTPYKTYpe, MHOTHE CTPAHBI
CTaJIKUBAIOTCS C Pa3JIMYHbIMU COLMAJbHO-3KOHOMHUYECKUMHU MpobseMaMu [6]. B cBsA3M
C HACyUIHOCTbIO Npo6JsieMbl NOATOIJIEHUA AJII MHOTHMX CTPaH NOMCK ee MOTeHLHaJbHbIX
pelleHU CTaHOBUTCS BCe 6oJiee aKTyaJlbHbIM [5].

[IpyyMHBl TNOATOIJIEHUS] TOPOJACKUX TEPPUTOPUM OBIM UCCAe[0BaHbl MHOTUMH
3apy06eXHbIMM y4eHbIMU. OHY BBIIBUJIM PAJ, OCHOBHBIX NpU4UH. Hanpumep, [1] cuyuTaroT, 4TO
IPUYUHOM NOATOIJIEHUS] TOPOJCKUX TEPPUTOPUM CTaJI0 U3MEHEeHHMe KJUMaTa B pe3ysbTaTe
rJ106aJbHOr0 noTemnsieHus [3-5-7], cHU>KeHHe YpOBHA HHQUIBTPALMKU 0CaJKOB B pe3y/bTaTe
opicTpol ypb6anuzauuu [3-8-10] U yBenMYeHUS KOJIMYECTBA CUJIbHBIX (JIMBHEBBIX) H
HeNnpepbIBHBIX 0X/lell B TeueHHe KOPOTKOro neprojia BpeMeHu. KpoMe TOro, OHU 0OTMeTHIIH
HeJ0CTAaTOYHYI0 3P PEeKTUBHOCTb U HEealeKBaTHOCTb TPAJAULMOHHBIX APEHAXKHBIX CUCTEM [4-
5-8-11], a Tak»ke HenpaBUJIbHOE MJIAHUPOBAHUE rOpPo/ia.

Takum 06pa3oM, B [2] cUMTAIOT, YTO NPUYMHAMU MOTYT ObITh COLMA/IbHble U IPUPO/HbIE
dakKTOopH], a TaKKe yesoBedeckur paktop. Hanpumep, riobasbHOe NOTENJIEHHE B pe3yJibTaTe
3KCTPEMaJIbHbIXIIOTOJHbIXABJIEHUH [ 3-4],CTPyKTyparopo/ickoropeyibedaneronpoHUI,aeMoCTh,
HeapPeKTUBHOEe I[JIAHUPOBAaHUE UM CTPOUTENbCTBO, HECBOEBPEMEHHOE pearvpoBaHUe
Ha CTUXWUHBble O€JACTBHA, KayeCTBO HHQPPACTPYKTYphbl, OrpaHUYEHHble BO3MOXXHOCTH
MeTeOpPOJIOTMYECKOM CJIyKObl U SKCTPEHHOM MOJJEpPXKKH /1 IpeJOoTBpallleHUs] U CMATYeHUs
N0CJIeICTBUM CTUXUMHBIX0eICTBUH. [ 3] BbI A€M/ ABAKJII0YEBBIX PAaKTOPaA: METEOPOJIOTUUYECKUE U
reosioruyeckue. CoryiacHo [11], MUMeHHO 3TH paKTOPBI IPUBOAAT KYMEHbILEHHI0 IOBEPXHOCTHOU
MHQUJIBTPALMU U YBEJMYEHUIO CTOKA. B [4] NpUXOAAT K BBIBOAY, YTO OCHOBHBIMH IPUYUHAMU
MO/ TOTJIEHHS SIBJISIIOTCS BMEIIATe/IbCTBO YeJIOBeKa U reorpaduyeckas yI3BUMOCTb HEKOTOPBIX
CeJIbCKOX035IMCTBEHHBIX PAaliOHOB. B [5] BbIE/IAIOT HECKOJIBKO KJII0U€EBBIX PaKTOPOB, TAKUX, KaK
0oOUJIbHbIE 0CA/IKH, pe3KUe KoJiebaHUs YPOBHSA I'PYHTOBBIX BOJ, U IJI0Xask CTPYKTypa NO4BHI. B
[6] cuMTalOT, 4YTO NOATOIJIEHHE BbI3BAHO HAKOIJIEHHEM U36bITOYHON BOZbl, reorpadpuuecKuMu
XapaKTepUCTUKaMH{, HU3MEHEHHWSAMMU B XapakTepe aTMOCOepHOM LHUPKYJIALUH, KOTOpble
BJIMSIIOT Ha KOJIMYECTBO OC3/IKOB, U pa3/InuHble 3KoJsioruyeckrue ¢akTopsl. [lo MHeHHUIO [7],
NOATOIJIEHHE — 3TO MHOTOIpaHHasd Npo6JsieMa, BbI3BaHHAA IPUPOJAHBIMU U aHTPONIOT€HHBIMU
daktopamu [11]. B [8] cuuTarT, 4TO orpaHUYeHHUs B THAPABJIHWYECKOM MOJeJHPOBAHUH
U OTCYTCTBUE KOMILJIEKCHOIO IJIAHUPOBAHUS CIIOCOOCTBYIOT BO3HUKHOBEHHUIO IMPO6GJIEMBI
NOATOIIEHUA. [9] 0OBACHAIOT NOATOIJIEHHE TOPOJCKUX TEPPUTOPUI yBeJIMYeHueM KOJIM4ecTBa
HENPOHULAEMbIX TOBEPXHOCTEN W TreoJiorudecKuMH ycioBusaMu. B [10] cuuTarwTt, 4TO
IO TOIJIEHUE BbI3BAHO MCTOILLEHHWEM BOJOHOCHOTO TOPHU30HTA, OTCYTCTBUEM HOPMATUBHOIO
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KOHTPOJISI U HECOIVIACOBAHHOCTBIO METO/0B ynpaBJ/ieHUs. B [11] cyuTaloT, 4TO IMIMHUCTAs MOYBA,
HeNpaBUJIbLHOE yIIpaBJieHMe OPOCUTEBbHOU BOZOU M BOTHYTBIN peJibed MECTHOCTU SBJISIOTCS
OCHOBHBIMU IIPUYUHAMU NOATOIJIEHUS.

Bsiarojjaps feTaibHOMY aHa/M3y ObLIU BblZesieHbl 10 OCHOBHBIX MPUYUH MOATOIJIEHUS
ropoAckux tepputopuit (PucyHok 1), koTopble HanboJiee 4YacTO YINIOMUHAJUCh B HAay4YHbIX
nyoarkanusax [1-11] u UMeroT 3HaYyUTeIbHOE BO3/IEMCTBYE HA BOBHHUKHOBEHME MOATONIEHU .

[6]

Tnobansroe
TOTermeH e

[

HeanexeatHOCTE
TPagHULIMOHHBIX
PEHAKHBIX CHCTEM

Vmespm eHne
MH)MIBTPaL
OCaTIKOE

Crpyxrypa 4/_%
ropogekoro
pemeda [11] [10]

Pucynok 1. OCHOBHbIe IPUYHHBI IOATOIJIEHUSsI TOPOJCKUX TeppuTopuit [1-11].

CeTteBoil rpaduk Ha pucyHke 1 mpejcTaB/isseT B3aWUMOCBSI3M NPUYUH MOATOIJIEHUU U
UCC/Ie[JOBaHUN, B KOTOPbIX OHM YNOMHUHAWOTCA. PasMepbl OKpY»KHOCTel yKa3blBalOT Ha
4YacTOTY YNIOMUHAHUM NPUYMH MOATOIJIEHUS B PAaCCMOTPEHHbBIX UCCAEIOBAaHUAX. JHAYEHHUS
B Masbix KBazgpaTax ([1]-[11]) coOTBeTCTBYIOT CCblJIKAM Ha 3TH HCCAeAoBaHHUA. Bcero
BbIsIBJIeHO 10 OCHOBHBIX NPUYMH MOATOIJIEHUS, B TOM YKUCJe MPUPOJAHbIE U TEXHOTEHHBIE.
Tak, HauboJiee ynoMuHaeMou (8 pa3) NpUYMHOM, OTPAKEHHOHW B CaMOM OOJIbIIOM KpyTe,
SIBWJIaCb HEHAJIe)KHOCTb TPAJUIUOHHBIX [PEHAXKHbIX CHUCTEM, YTO HOCUT TEXHOTeHHbIN
XapaKTep U MOXeT YNpaBJsATbCA JIIOJbMU. JTO oOpaljaeT BHMMaHHEe Ha HeOO6XOAMMOCTb
COBEPLIEHCTBOBAHHUSA CyLIeCTBYWOIIUX CHOCOO0B NpeAOTBpallleHUsl MOATOIIEHUH. B aTou
CBSI3U METO/bl U TEXHOJIOTMU MOHUTOPUHTA YPOBHS MOJ3E€MHbBIX BOJi IPUOOPETAIOT 0COOYIO
3HAYMMOCTb U HYXKJAKIOTCA B TILATEeJbHOM aHa/u3e. B cBfAA3M c 4yeM ILiesib JaHHOro 0630pa
3aKJ/II0YaeTCcsl B aHa/IM3e CYIEeCTBYIOLUX METOAOB U TEXHOJIOTMW MOHUTOPHHIA yPOBHS
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NO/I3EMHBIX BOJ Y UX BO3/JelcTBHMe Ha MHPPACTPYKTYpY, OOHAPY>KEHUU HX HEJOCTATKOB U
NIOMCKe BO3MOXXHOCTeH /1S Ja/IbHEHIIEero COBeplIeHCTBOBAHHUS.

MeToaoJi0orus

C6op MaTepuasoB 11 0630pa NPOU3BOJUJICA C IOCTOBEPHBIX MCTOYHUKOB, TAKHUX, Kak Scopus,
SCISPACE, ResearchRabbit, ResearchGate, Cyberleninka. /[l mmMpokoro oxsata noj6upanarch
MaTepuaJsibl, B KOTOPBIX UCCJIeL0BaHUA NIPOBOAUINCE B PA3JIMYHBIX FOPOJax 110 BCEMY MUDY.
JTO MO3BOJIMJIO YYUTBIBATh MHOroobOpasue reorpapryeckux, KJIMMaTUYeCKUX, COLlMAIbHbBIX
M 3KOHOMUYECKUX YCJ0BUU. K/toueBbIMU C/10BaMU [iJisl IOUCKA SIBJISJIMCh: «IOATOIJIEHUS»,
«[IpUYMHA NOATOIJIEHUSA», «MOHHUTOPUHI BOJBI», «aHAJU3 MeTOJO0B», «TPAaJAULHOHHbIE
MEeTO/bl», «COBPEMEHHbIE METO/bl», «IPOTHO3WPOBAHUEN», «pellleHue MpobseMbl», «loT»,
«['UC», «BITJIA», «MO» u «MW». [lns cy>keHHs OMCKA UCII0JIb30BaIMCh pa3MyHble QUIBTPHI,
HalnpuMep, N0 roZaM NyoJMKaLMA U MO TUIY JOKYMeHTOB. bosibimiasd yacte MHOpMaLUU
Obl/1a MoJly4yeHa Ha aHIVIMACKOM fi3blKe. [IppopruTeTOoM ObLIM My6JMKaLMU 3a nocaefHue 10
JIeT B 06/1aCTM MOHUTOPUHTA I0/I3€MHbBIX BOJl U TEXHOJIOTUH, CBI3aHHBIX C UHYPACTPYKTYpOH,
YTOObI OTpaXkaThb COBpPEMEHHbIe NMOJXOAbl K pelleHHI0 Npo6seMbl NoATOINIeHUd. /laHHbIe
KPUTEPUU BKJIIOYAIOT B ce6s1 MyOJIMKaALMKM, KOTOpble ObIIM OMy6JMKOBaHbI B iepuof ¢ 2015
no 2024 roga u Apyrue paboTbl, OTHOCSLIUECS K 3TOMY NepuoAy. B ob1eM /151 BKJIIOYEHHS B
0630p 661710 paccMoTpeHo 200 Hay4YHbIX My6GJUKALMH, KOTOPbIE ObIJIN pa3/iesieHbl HA OCHOBE
TEMATUYEeCKOr0 aHa/IN3a U 1ieJled UCCeJ0BaHUs KaX/10U CTaTby Ha 5 rpynn (pyucyHok 1).
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1. YnpaBnenue BOZHBIME 2. MOHUTOPHHT 1 3. Unrepuer Beweii (IoT) 4. BozaymHsie n 5. AHaNnUTHYECKUE U
pecypcamu 1 [IPOrHO3WPOBAHHE Ha MOOHIIBHBIE TEXHOJIOTHH BBIYHCITHTEIBHBIC
HH(PACTPYKTYPHBIC OCHOBE JaHHBIX METOABI

penieHus

I'pynnbl MeTo10B

PucyHok 2. [pynnbl MeTOZ0B pelieHrs Tpo6JieM Mo/ TOIIeHH .

CoryiacHO pHUCYHKY 2, OCHOBHYIO JoJit0 (26%) 3aHUMalT my6JMKalMH, CBSI3aHHbIE C
ylpaBJeHueM BOJAHBIMH pecypcaMU UM HHQPPACTPYKTypHbIMU pelieHUsiMU. Ha cienyromem
MecTe (25%) pacnosioxkeHbl yOGJIMKaALIMY, TOCBSALeHHbIEe aHAJTUTUYECKUM U BIYUCIUTETbHBIM
MeTOJaM Ha 6a3e mawiMHHOTro obyyeHus (MO) u UM. MOHUTOPUHT U NPOrHO3UpPOBAHUE HA
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OCHOBe JlaHHbIX (22%) u loT u gaTuuku (20%) nokasbIBalOT CX0XKHUe JJ0JIU C pa3HuLel B 2%.
Manas gons (7%) npuxoAUTCS Ha BO3/yLIHbIe U MOOU/IbHbIE TEXHOJIOTHHU.

15

KoanuecTBo myomkanmii

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
PaccmaTrpuBaemblii mepuon

Pucynok 3. KosinyectBo ny6aukauuil 3a nociegHye 10 jieT 1o rpynmnaM MeTOZOB.

M3 pucyHka 3 BU/JIHO, UYTO KOJIMYECTBO HAy4YHbIX MyOJIMKALUN B KaXKJbIM I'0OJOM YCTOMUYUBO
yBeJIUYUBaAIOCh, 0c06eHHO B 2022-2024 roaax. Bce rpynnel meTonoB ¢ 2015 mo 2021 rozpbl
OBbLIY B OCHOBHOM CTAaGU/IbHBI. ITO IEMOHCTPUPYET, YTO NPo6JIeMa NOATONIeHHUSI CTAHOBHUTCS
BCe aKTyaJIbHee ro/j 3a roJj0M.

PucyHok 4 HUXKe MoKa3blBaeT NPOTHO3 U3MEHEHHs KOJIMYeCTBa HayuyHbIX MyOJUKALUK MO
pPa3JIMYHBIM I'pyNnaM METOAO0B pelleHUs1 NpobJeM MOATOIJEHUs TOPOACKHUX TEPPUTOPHUH Ha
nepuoa ¢ 2025 no 2034 roapl. [IporHo3 cTaTUCTUYECKUX 3HAYEHUU BBINMOJHEH C TTOMOIIbIO
MHCTpyMeHTa «J/Iuct nporuosa» B Microsoft Excel, ucnosib3ytoiero MeTo/ 3KCloHeHIMAJIbHOT'0
criaxkuBaHus (ETS) ¢ yueToM foBepuTeibHOTO UHTEpBasia 95%.
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PucyHok 4. [Iporuos kosimyecTtBa ny6ukaiuii Ha 10 JjieT 1o rpymnmnamM MeTo/10B.
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[IporHo3 leMOHCTPUPYET, YTO KOJMYECTBO HAYYHBIX NMyOJMKALMU OPOAOKUT PacTHU MO
BCEM rpymnnaMm MeTozoB. B cpennem 3a 10 seT HabustofaeTcs 60Jiee 4eM JBYKPaTHbIM pOCT
obLiero kKosuyecTBa NyosuKauui. I[IpyueM HauGOJIBIIMN €XeroJHbId CpeJHHUH NPUPOCT
HabsroaeTcs y rpynnbl N5, a exxeroHblid cpegHui npyupocT y rpynmn Nel-4 xyxe B 1,5, 12, 3
v 8 pas, COOTBETCTBEHHO.

PesyabsraThl 1 O6GCyKaeHHe

YnpaBJsieHHe BOAHBIMU pecypcaMu U UHPPaCTPyKTypHble pelleHus

YnpasJsieHHe BOAHBIMU peCcypcaMU U MHPPACTPYKTYPHbBIE pellleHUs — 3TO NOAX0/, KOTOPBIX
HamnpaBJ/leH Ha CHW)XEHHUe pUCKa MOATOIJIEHWH Yyepe3 NMPUPOAHble U UHKEHEPHble MEeTO/bl.
OHO MOXeT BKJIIOYAaThb IPUMEHEHHe JJpeHAXKHbIX CUCTEM, CUCTeM UHQUIBTPALUY, YA epKaHUs
BO/bI M KOHLenuuio «Sponge City». DT pellleHHs] IOMOTAIOT yJy4llleHUI0 HUHPPACTPYyKTyphl U
YBEJIMYEHHUIO0 YCTOMYMBOCTH IKOCUCTEM.

ABTopsnl! [1] npegJsiaraoT KoHnennuio «Sponge City» Kak KOMIJIEKCHBIM METO/[] pelleHus
npo6JieM NOATOINJIEHHUS TOPO/IOB, KOTOPbIH Obl NpecTaB/ieH B Kutae B 2014 roay. 3TOT MOAXO/,
HamnpaBJ/ieH Ha UCMO0JIb30BaHUE NMPUPOAHBIX MPOLLECCOB, yAyYlleHUe FOPOACKOro Au3aiiHa U
M3ydyeHHe KOHKPETHbIX IPUMEPOB JJis CO3LaHUSA YCTOMUYUBOU rOpO/CKOM cpeJibl, CHOCOOHOU
3pdEeKTUBHO CNPABASATHCS C OOUIbHBIMU OcafikaMu. OH TaKXe YUUThIBAeT TaKhe MpobJieMb,
KaK BbICOKasi CTOMMOCTb, HEOOXOJUMOCTb TEXHHUYECKOI0 OOCIYKMBAaHHSA, OrPaHUYEHHOCTD
IPOCTPAHCTBA, NMpPO6JieMbl OOLIECTBEHHOTO NpPHU3HAHMSA, NMOTEHIMaJlbHOE HEpaBeHCTBO U
M3MEeHYHUBOCTb KJIMMaTa.

CorsiacHo [2], MeTOApbI, UCNOJIb3yeMble B 3apyOeKHbIX CTpaHax /sl pelleHusl Mpo6JieMbl
HO/ATOIJIEHHS TOPO/0OB, BK/IIOYAIOT B ce651 coueTaHWe UHGOPMUPOBAHHOCTH, PETryJIMPOBaHUS,
IJIAHUPOBAHUS], TEXHOJIOTUM, yNpaBJeHUs pPHUCKaMM, COTPYyAHHWYECTBA U BOBJIEYEHUSA
obuecTBeHHOCTH. ECTh M HeJoOCTaTKH, TakKWe, KaK BBbICOKasg CTOMMOCTb, CJIOXKHOCTb
KOOpAMHALIUY, TEeXHOJOTUYecKas 3aBUCHUMOCTb, HOPMAaTHUBHble MNPENSATCTBUS, MPOOJIEMBI
MHPOPMUPOBAHHUA 001eCTBEHHOCTH, BO3/IeICTBUE Ha OKPYKAIOILYI0 Cpe/ly U MOTeHIMaIbHas
KpPaTKOCpPOYHas HallpaBJIeHHOCTh.

ABTOpBI [3] CYMTAIOT, YTO COYETAaHHE MeTO/a UHOUIBTPALUY U MeTOo/la YAepKaHUs OyAeT
Haubosiee 3GPeKTUBHONU CTpaTerue A/s pelleHHUs NpPo6JeMbl MOATOMJIEHUS TOPOACKUX
TeppuTOopuil. MeTos, MHGUABTpAL UM NpeJHA3HAYeH [/ MOIMOJHEHUS MOJ3eMHbIX CTOKOB
Y TPYHTOBBIX BOJI, @ METOJ YAep:KaHUA 3aJiep>KUBaeT J0XKJeBYI0 BOJAY, YTOObI YMEHBLINUTD
ee OTTOK. ABTOPBI IPU3HAIOT, YTO €CTb TPYAHOCTHU C BHEJ[peHHEM 3THUX METOZ0B, TaKUe, KaK
He06X0AMMOCTb 3HAYUTEJTbHOT0 GUHAHCUPOBAHUS, HEU3BECTHOCTD 3aTPaAT HA 00C/IyKHMBaHHUe,
OTCYTCTBHUE JAaHHBbIX 00 3PeKTUBHOCTH, a TaKXKe OTCYTCTBUE B3aHMONOHMMAaHUA Cpeau
CTEeUKXO0JIZIepOB U TECHOTO COTPYAHUYECTBA.

ABTOpHI [4] MCnO/NB30Ba/M COYeTaHHWe KOHTPOJUPYEMOTO JpeHa)ka, UMHUTALUOHHOTO
MOJIeJIMPOBAaHUSA, ONTUMHU3ALMU [ PEHAKHBIX COOPYKE€HUH, OLEeHKM KOMOWHHPOBAHHBIX
MEeTOJOB JpeHaka U UHHOBALMOHHBIX CHUCTEM, TAKHUX, KaK aBTOHOMHbIE KaHaBbI-NIPY/BbI,
JUISl pellleHUs Mpo6JieMbl 3a060/1auBaHUsA B CeJIbCKOM X035MCTBe. B Lies1o0M K HepocTaTkaM
MOXXHO OTHEeCTH CJIO)KHOCTb YIpaBJIeHUs, 3KCIJIyaTallMOHHBbIE PACXOAbl, HENOCTOSHCTBO
3pEeKTUBHOCTH U IKOJIOTUUECKHUE TPOOIEMBI.
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B cTtaTbe [8] aBTOpHBI UCMI0OJIL30BaJIU COYETAaHUE KOHIENI[UH JJBOWHOTO PEMOHTA FOPOJCKHUX
TEPPUTOPHUM, TUAPABINYECKOTO MOJIEJIMPOBAHUS M KOMIJIEKCHOM CXeMbl IJIAHWUPOBaHUSA
JipeHaka JJisl peJoTBpalleHrs MpobJseMbl noATomieHus. OJHAKO 3Ta KOHUEMNIUS MOXET
CTOJIKHYTbCA C Mpo06JieMaMH, CBSI3aHHBIMHU CO CJIOXKHOCTbIO, IOTPEOHOCTBIO B pecypcax,
3aBUCHUMOCTBIO OT JAaHHBIX.

Takum 06pa3oM, TpaJUMLIMOHHbIE MEeTO/bl yIpaBJeHUs BOAHbBIMUA pecypcaMu U UHPpaCT-
PYKTYpHBIE pelleHUs], TaKue, Kak KoHUenuusa Sponge City U ApeHakHble CUCTEMbI, HallpaB-
JileHbl Ha yBeJIMYeHUEe eCTeCTBEHHOW HWHQUIbTpAaUUXW U yAepkaHUe BoAbl. OJHAKO uX
peasiv3alius YacTO CTAaJKUBAETCS C BBICOKUMH PUHAHCOBBIMU 3aTpaTaMH, HEOOXOJUMOCTbIO
TEXHUYECKOT0 0OCTY>KUBAHUS U CJIOKHOCTbIO MHTErPALlMU B yKe CYLIeCTBYIOLIYI0 TOPO/CKYI0

MHPPaACTPYKTYpY.

MOHI/ITopI/IHF W IMIPOTHO3WPOBAHKWE HA OCHOBE NAHHbIX

JlI1 MOHUTOPMHIAa M NPOTHO3UPOBAHHUS HA OCHOBE JlJaHHBIX, /Il pelleHUs NpobseM
NOATOIJIEHHUA TOPOJACKHX TEPPUTOPUM BCe yallle MCIOJIb3YIOT COBpEMEHHble TEeXHOJIOTHH,
Takue, Kak reoruHdopmanuonHble cucteMmbl (['MC), puctaHuuoHHoe 30HAUpoBaHue (/13)
M TIJ00a/ibHble HaBUTALLMOHHbIE CIYTHUKOBBbIE CHUCTEMBl. JTH TEXHOJIOTUM IO3BOJISIOT
pe3y/bTaTUBHO NepeJilaBaTh, COOUPATh, aHAJIM3MPOBATh U BU3yaJU3UPOBATh JaHHbIE, YTOOI
IPUHATb CBOEBPEMEHHbIE pellleHUs.

ApTopsbl [10] npeasiararoT pewmatbh Npo6seMy MOJATONJIEHUs C MOMOILbI0 KOMIJIEKCHOIO
NOJAX0JA K YNpaBJEHUIO, BKIKYAIOILEro CO3JaHue eJUHOW 06a3bl JaHHBIX, KApTUPOBAaHHUeE
B ['MC (metom /13 p/aa aHaiv3a U BHU3yalWd3aldM), NpPHMEHEHHEe TeOTeXHOJIOTUH MU
MEeXAUCLUIJIMHAPHOW MeTO/0JIOTUH, HAallpaBJIEeHHOHN Ha yJy4llleHHe FOPOJACKOro JpeHaxa U
ylpaBJieHus BOAHBIMU pecypcaMiu. K HefjocTaTKkaM npeJiaraeMoro rnoAxoZa MOXXHO OTHECTH
OTPaHUYEHHOCTb M 3aBUCUMOCTDb OT CYLIECTBYIOLIMX JAaHHBIX, PECYPCOEMKOCTb, UHTErpaLu
6a3bl JaHHBIX U CJI0XKHOCTb FOPOJ,CKUX CUCTEM.

ABTOpbl [12] 00beAMHUIN KaueCTBEHHble U KOJMYeCTBEHHble MeTO/bl, BKJIO4Yasg cO60op
IIePBUYHBIX [JAaHHbIX, UHCTPYMEHTa/JbHYIO CcbeMKy, /I3, Metoabl 'MC u 3KOHOMHYecKHe
OLIEHKH, YTOObl BCECTOPOHHE PACCMOTPETh NMpPOoOJieMy MOATOIJIEHUA. ITH METOJbl TaKXe
MMEIOT OrPaHUYEeHUS], KOTOpPble MOTYT NOBJUATbh HA TOYHOCTb U IPUMEHHUMOCTb M0JIy4YeHHbIX
pe3yJIbTaToB.

MeToapbl, KOTOpble ObLJIM MCHOJIb30BaHbI B paboTe [13], Takke NpeACTaBJSAIOT COOOM
KOMIIJIEKCHBIY oAxoA. OH BKJI04aeT B ceb4 /[3, BcnoMoraTe/ibHbIe JaHHbIe, [UPPOBble MOJE/H
penbeda (LIMP) BbicokOoro paspellieHUs] C Y/Iy4lI€eHHOW BO3MOXXHOCTbIO MOJEJUPOBAHUS
ucnapeHus s 0oJiee TOYHOO MOHUTOPHMHIA M yIpaBJieHUA IPOLECCOM IOATOINJIEHMUS.
JlaHHBIA NOAXOJ TaKXXe MOXeT ObITb CBs3aH C TAaKMMM NpoOJieMaMM, KaK CJI0XKHOCTb
MHTerpanyu JaHHbIX U UX CTOUMOCTb, 3aBUCHMOCTb OT TEXHOJIOTUH, BEPOSATHOCTD IEPerpy3KHU
JlaHHbIX U BApPUATUBHOCTb TOUHOCTH NPUMEHSEMBbIX JATYMKOB U UX CJI0)KHOCTD.

ABTopbI cTaThH [14] Mcn0/Ib30BaJIU COYETAHHUE METO/I0B TEXHOJIOTHM /|3 M CTaTUCTUYECKOTO
aHa/M3a [JaHHbIX JJs1 pelleHUs NpobJseMbl NOATOIJIEHHS, BbI3BAHHOTO HABOJHEHHUEM.
MeTo/bl HalpaBJieHbl Ha yJydllleHHWe MOHUTOPHUHIA U YIIpaBJIeHUs, TeM CaMblM yYMeHbLIas
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¥X BO3/IEMICTBUE HA OKpPYXarlIuyw cpeay. [loTeHMa/ibHble HEJOCTAaTKH, CBSI3aHHbIE C S TUMH
MeTOJaMH{ BKJIIOYAIOT: HU3Kas KBaJU(UKaLMs NepcoHasa, OTpaHUYEeHUsl M0 pa3pelleHHIo
(cnyTHHMKOBBIE CHUMKH MOTYT He UKCHUPOBATh U3MEHEHHS yPOBHS BO/Ibl ), TOTO/JHbIE YCJIOBUS
(06y1a4HOCTB) MOTYT NPENATCTBOBATb CIYTHUKOBBIM HAOJIIOJEHUSIM.

B cratbe [15] aBTOphl HCMOIb30BaId KOMILJIEKCHBIM MOAX0J, COYETAMUUNA METO/bI
A3, TUC u MopenupoBaHHe TPYHTOBBIX BOJ [Jis pelleHUs1 NMpob6JieMbl nofromnyeHuss. OHU
MCII0JIb30BaJ/IM METO/i HOPMaJIM30BaHHOT0 HH/JEeKca pa3HoCcTH BoAbl (NDWI), 4TO6bI BbISIBUTD
30HbI IOBEPXHOCTHOIO MOATOIJIEHUSI TEPPUTOPUU Ha OCHOBE JIaHHBIX ONTUYECKOT0 CIyTHUKA
/13, a Tak>xe OLleHUTh YCI0BUS NOATONJIEHHUS C IOMOIbI MOJEJMPOBAaHUA NOTOKA NOA3EMHBIX
BoJI. B paboTe ucnoJsib30Basiu noaydyeHHble JaHHbIe U 00paboTany cHUMKHU Sentinel 2 MSS ns
Bbl/leJIeHUs IMKceJied Bo/bl. TakKe HC0Jib30Baiu n306paxkeHus SAR co cnyTHuka Sentinel 1A
JL151 yCTPaHEeHUsI OTpaHUYEeHUH, CBSI3aHHBIX C ONTUYECKUMU CHUMKaMu. KoMIJIeKCHBbINA MeTO/
MMeeT HeJOCTAaTKU: HU3KOEe KayeCTBO JAAHHBIX U CHUMKOB, OTPaHUYEHUS MOJEeJUPOBAHUS
N0/3€MHBIX BOJ, CJIOXKHOCTb UHTErpalyHu.

CoBpeMeHHbIe TEXHOJOTMM MOHUTOPUHTA U NPOTHO3UPOBAHUS HAa OCHOBE JJaHHBIX, TAKUE,
kak ['MC, UMP u /13, no3BosisA0T 3¢ PeKTUBHO COOUPATh, aHAJTU3UPOBATh U BU3yaJIU3UPOBATh
JlaHHble O TMOATOIJIIEMbIX TEPPUTOPHUAX, NPEAOCTAaBJISAS JeTaJM3UPOBAHHbIE KapThl U
Mozenu. HejoctaTkaMu TaKUX pelleHUU SIBJASIOTCS MX 3aBUCHUMOCTb OT 00’beMa U KauecTBa
VCXOJHBIX JJaHHBIX, BbICOKAsd CTOMMOCTb, CJIOKHOCTb MHTErpalMy, a TakKe 3aBUCUMOCTb OT
TEXHUYECKOT0 OCHAILlEeHUSI.

WHTepHeT Belen

[oT - 3TO ceTh yCTPOUCTB, KOTOpble Yepe3 UHTepHET 0OMeHHBAKTCA UHGOpPMALUIMHU U
JIAHHBIMHU.

[Togxon aBTOpOB [16] BK/ItOUaEeT B cebs /iBa IJIaBHbIX KOMIIOHEHTA: CHCTeMa MOHUTOPUHTA
BOJl U aBTOMaTU3HWpOBaHHas cHucTeMa ocylieHus. CucTeMa MOHUTOPUHrA BOJ| MPUMeEHSIET
TexHos10TMU 10T U uHTerpupoBaHHbIE CUCTEMBI JJI1 MOHUTOPUHIA YPOBHS BOJAbI B PEXKUME
peasibHOTO BpeMeHH, a TaK»Ke BO BpeMs NpeBbIllIeHUsI YPOBHS BOJbl CHCTeMa OTHpaBJisieT SMS-
CoO0l1eHUsI HAa MOOUJIbHbIE YCTPOMCTBA MOJb30BaTe/el, YTOObI MpeAyNnpesUTh UX 00 ITOM.
ABTOMaTU3HMpOBaHHAS CUCTEMA OCYIIEHUs NMPU AOCTUKEHUU BOAOMN ONMpeie/IeHHOTO YPOBHSA
aBTOMaTU4YeCKU aKTUBUPYETCA [Js ee yJaJeHus. ITO LOCTUraeTcs 3a CYeT UCIO0JIb30BaHUS
JIATYMKOB YPOBHS, KOHTPOJIJIEPOB U JIBUTaTeJIel, IPU 3TOM He mpuberasi K IOMOLU YeJ0BeKa.
EcTb HeCKOJIbKO NOTEHLMa/IbHbIX HEJOCTAaTKOB, TaKUe, KaK paKTOpbl OKpYyKawllel cpejbl,
TpeboBaHHUS K 06CIy>KHBAHUIO, BbICOKAsi CTOUMOCTb M OTPAaHUYE€HHOCTh OHO/KeTa.

ABTopbsl ctaTbu [17] 06begunuam 2 Metoga: [oT u UU. OHu ncnosib30Bau yABTPa3ByKOBbIE
JIATYUKH, JATYUKK BJIQXKHOCTH, AaBJIEHUS, pacxoja BOAbI U JATYUK TeMmmepaTypbl. s
oOHapy»KeHHUs Jtoiel uctoJib3oBanu Mozesb You Only Look Once (YOLO). YOLO -sTo u3BecTHas
Mozesb AJisi 00Hapy:KeHUs JoZed U 00'beKTOB Ha M300paKeHUsX B peaJibHOM BpPEMEHHU.
Takke [ 06GHapy>KeHUs1 MOATOIJIEHUN HcnoJsb3oBaiud TensorFlow. /laHHble OT JaTYUKOB
06pabaThIBAJIUCh U AHAJM3UPOBAJUCh B pPeXUMe peaslbHOr0 BpeMeHH, O0TOOpakaJuchb Ha
OHJIaMH- m1aTdopMe U ObLJIM AOCTYNHBI BCeM. /I OTHpaBKU MTHOBEHHBIX NIpeAyIpeXaeHuN
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TPaXAAHCKUM JIMLIAM W BJIACTAM O HAJBUTAKOLIUXCA NOATOIVIEHUMAX M HUX JIOKALMU OHHU
UCI0JIb30Ba/M NpunoxeHue Telegram. EcTb M HemocTaTk, Takue, KaK IIOCTOSSHHOE MU
KayeCTBEHHOe IOAKJ/JIYEHHWEe K HHTEPHETY, HU3KOe KauyeCTBO BUJEO, JOPOrocTodlipe
anmnaparsl, JaTYMKH U TEXHOJIOTUH, ObICTPbIEe U3MEeHEHUs NMOTOHbIX YCIOBUH.

ABTopsbl [18] npeasoKuau HOBBIM MOAXOJ K pelleHUI0 NMpo6seMbl noaTomeHus. OHU
vcrnoJsib30Basiu TexHosioruto Long Range (LoRa) gz co3panus rinob6aibHON HHGOPMaLMOHHOU
CeTH, UYTOObI MepeiaBaTh JAaHHbIE Ha 60JIblIHe paccTossHUS. [yl cbopa JaHHBIX UCII0JIb30BaJIU
JIATYMKHU C HU3KUM mnorpebsieHueM. /[ 06pabOTKHU IMOJIyYeHHBIX JaHHBIX HCIIO0Jb30BaId
MHUKPOKOHTpoJLIepbl cepurt STM32. 3TH MUKPOKOHTPOJLJIEPBI 06JIETY UM YIIpaBJeHHEe TOTOKOM
MHPOpPMALlMU OT JAATYUKOB K ILeHTpPaJbHBIM IHpoleccopaM, obecneyrnBasd 3$PeKTUBHYIO
006paboTKy JaHHbIX. Bce faHHble NepefaBajUCh Ha TEPMHUHa/Ibl 06pabOTKU MHPOPMALUH.
ABTOpBI UCNI0JIB30BAJIU TEXHOJIOTMIO [UPPOBOr0 KAPTUPOBAHUA AJIF CO3[aHUs UHTYUTUBHO
HNOHSATHBIX KapT NpeJcTaBJAeHUN 06 YCA0BUAX MOATOMIEHUA. ITH KapThl IOMOTald TOYHO U
JIOCTYITHO TMIOKa3bIBaTh yPOBEHb BO/bl B Pa3/JIMYHbBIX TOYKax. O6beJUHAA JaHHble 00 YpPOBHe
BO/bl U3 PAa3HbIX TOYEK, CUCTEMA CTPEMUTCS MOBBICUTD CIEUPUYHOCTb U TOUHOCTb Mep IO
npeJoTBpallleHUI0 U 60pbbe ¢ nmoaToneHreM. Cpeiu NOTEHLMAIbHBIX HEJOCTATKOB MOXHO
OTMETUTb TO, YTO AATYUKH M MHUKPOKOHTPOJLIEPbl TPeOYIOT Pery/sspHOro TeXHUYeCKOTo
00C/Iy>KMBaHUSA U KaJUOPOBKH, MOTYT OBITb PECYPCOEMKHUMH, U CYLIeCTBYeT BO3MOKHOCTb
neperpysKH JaHHbIX.

B [19] aBTOpBI Ipe/JI0XKUIU CUCTEMY MOHUTOPHUHTA Ha OCHOBeE [0T, 4TO6bI NPOrHO3UPOBATh
YPOBEHb BOJibl B peXUMe pea/lbHOTO BpeMeHH. ABTOpbI HCI0JIb30BaJIM AATYUKH, YTOOBI
M3MepATb YpOBeHb BOJABL /[l MOBbILIEHUA HAaZe)KHOCTH U TOYHOCTH U3MEpPEHUH [OIoJ-
HUTEJIbHO UCIO0JIb30BAJUCh Yy/JIbTPAa3ByKOBble JAaTYUKU. B cuUcTeMy HMHTerpupoBaH MOAYJb
GPS, 4TOOBI TOYHO ONpefenATh NOATOIISIeMble TeppUTOpUA. Yepes crieliMaJbHbIN Be6-CauT
cucTeMa IepesaeT AaHHble B peXMMe peaslbHOro BpeMeHHU. [l XpaHeHUs BCeX JaHHBIX
aBTOMaTHYeCcKu co3jaeTcd o6JiayHbld cepBep. Cpejd HEKOTOPBIX HELOCTATKOB CUCTEMBI:
HeOo6X0MMOCTb KaJMOPOBKU JaHHBIX, OOCIY>KMBAaHUS AAaTYMKOB, OKpyXkatoliue GpaKTOpHI,
KOHQUEHIIMAaJIbHOCTb U 6€30MaCHOCTb JJaHHBIX.

ABTtopsl [20] mpejJsiaraioT pemaTh Npob6JsieMy MNOATOIJIEHHWM, pa3paboTaB CHUCTeMy Ha
6a3e loT, koTopas coyeTaeT B cebe MOCTOSHHbIA MOHUTOPUHI YPOBHSl BOJAbI B peasbHOM
BpeMeHH, TOYHO U3MepsAwIlUe NepesoBble AATYUKH, OECIPOBOJHYIO CBS3b [Jis ObICTPOU
¥ 3¢deKTUBHON Nepeiauu JaHHBIX, COOPAHHBIX JAaTYMKaMHM, aHAJM3 JAHHBIX /I OLlEeHKH
pucka U 3QQPeKTHBHbIA MeXaHU3M OIOBelLleHUs], YTOObl yBeJOMJIATD XKUTeJeld U BJIACTH,
HalpaBJ/IeHHble Ha y/y4lleH’ue NPOrHO3MPOBAHUSA NMOATOIJIEHUA U Mep IO UX JMKBUJALUH.
CucteMa TakXe CTaJKUBaeTCs C NpobJieMaMHM, CBS3aHHBIMHU CO CTOMMOCTbIO BHEJIpEHUH,
TEeXHUYECKUM O0OCHy>KMBaHHWEM, KOHQUAEHLHUAJbHOCTBIO M 0€30MaCHOCTbI [JJAHHBIX,
3KOJIOTUYECKUMHU PaKTOpaMH, OTpaHUYEHUSMH 10 0XBATy U 0Oy4eHUeM M10JIb30BaTeeH.

Pesomupys, metoznl [oT 1 aTunku o6ecrnedrBalOT MOHUTOPHUHT YPOBHS BO/ bl B pea/IbHOM
BpeMeHHM, 4YTO IMOBBbIIIAeT CKOPOCTb peaKLMU Ha MOATOIIeHUA. /ljig CBOeBpeMeHHOro
OoOHapy>KeHHs YPOBHA BOJbl U aBTOMaTU4YECKOTO pearupoBaHUs, OHU O00beAUHAIOT JATYUKHY,
6ecrpoBOJHYI0 CBsA3b U 00pabOTKY JAaHHbIX. OJIHAKO 3THU CUCTEMbI TPEOYIOT HAJIEXKHOTrO
WHTEPHEeT-COeIMHEeHUA U PeryJspHOro TeXHUYeCKOTO OOCIY>XMBAaHHA, YTO MOXeET CTaThb
npo6J1eMOM B yCJIOBUAX OTPAaHUYEHHBIX PECYPCOB.
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Bo3ayiiHble 1 MOOGUJIbHbIE TEXHOJIOTUHU

Bo3ayimHble 1 MOGU/IBHBIE TEXHOJIOTUHM — 3TO COBPEMEHHbIE TEXHOJIOTMH, HallpaBJIeHHbIe
Ha MOHUTOPHHT W NpeAylnpex/JeHne NoATonaeHud. Ux ucnosp3oBaHue nomMoraeT NpOrHo-
3MpOBaThb Pa3BUTHeE CUTYALMU U OBICTPO COOUPATH AAaHHBIE O NOATOIJIEHHBIX TEPPUTOPUSIX.

ABTOpBI [21] NpeAsOXUIM KOMILJIEKCHBIA METO/, pelleHus npob6seMbl nogToneHus. OH
coyeTaeT B cebe Mepef0OBble TEXHOJIOTUN CBSI3U, BO3MOXXHOCTH OECHUJIOTHBIX JIeTaTeJbHbIX
annapatoB (BI1/IA) U MOHUTOPHUHT JJaHHbIX B peXKUMe peaslbHOT0 BpeMeHH! /1151 3P GeKTHUBHOTO
pelueHus Npo6JseM, CBA3aHHBIX C OATOIJIEeHUeM. ABTOPHBI pa3paboTasnu cucteMy Internet-of-
Vehicle (IoV) a/11 MOHUTOPUHTa NOATOIJIEHUH U 06ecriedeHUs Npeynpex/ieHus o 6e/JCTBUH.
BIIJIA oV ocHallleHbl HEMPOHHOW CETbI AJil pacno3HAaHUSA JIOJEW NpU crnacaTesJbHbIX
onepanusx. Ucnonb3oBanu TexHosioruio cBs3u Vehicle-to-Everything (V2X) paa nepenauu
CUTHaJIOB TpeBoru U TexHosioruu LoRa u Dedicated Short-Range Communications (DSRC) gss
nepesayu JaHHBIX MEeXAY AaTYMKaMU, JIaTGOPMaMHU JaHHbIX U TPAHCIOPTHBIMU CPE/ICTBAMU.
CucteMa nojJepXUBaeTcd MOOMJIBbHOW ceThblo. HepocraTkaMu cuUCTeMbl SABJAKTCH:
JlOpPOTOBU3HA, BONPOCHl KOHPUIEHMATbHOCTU U 6€30MaCHOCTH JJAaHHbIX, OTPAaHUYEHHOCTh B
OXBaTe MOOUJIbHOM CeTH.

ABTOpbl [22] mpeaJioKUIU pelleHHe NMPo6JieMbl MOATOIJIEHUMS YHUKaJbHbBIM 00pas3oM,
06beAuHUB TexHoJsioruio BIIJIA ¢ mozmenaMu riy60koro oby4eHus,, 4YTO NMPUBEJIO K CO3/a-
HUIO HaJle)KHOTO0 MeToJa OOHapy>XeHUMsl M aHaju3a YCJOBUM MOJTOIJIEHUS C BbICOKOU
TOYHOCTbIO U 3ddekTuBHOCThIO. CucTtemMa BIIJIA ¢ mIMPOKHMM 0630pOM MOIVIA BbINOJHSATH
a3podoTOoChEMKY MOCTpPaZaBLIMX PAalOHOB [AJiA OLEHKU YCJOBUW NOATOIJIeHHS. Mojesb
IJlybOKOro 0O6y4eHHs HCI0JIb30Bajlach JJ aBTOMATHU3alMU OOHApy>KeHUs NOATOIJIEHHbIX
3/laHU{ Ha U300pakeHUsX, noaydeHHbIX ¢ BIIJIA. Pe3ysbTaThl sKCieprMeHTa OKa3aJid, 4YTO
MeTOJ, AOCTUT TOYHOCTU 88% npu oOHapy>KeHHWH MOATOINJIEHHBIX 3JaHUN. TaKOW BbICOKHU
pe3ysbTaT CIOCOOCTBYET 3KCTPEHHOMY pearupoBaHUI0. JTOT METOJ, MO3BOJIMJ OLLEHUTb
NJIOIA/lb MOJATOINJ/IEHUSI 3JJaHUH HAa ocHOBe n3obpakeHui BIIJIA. IIpeasiaraemMblii aBTOpaMu
MEeTO/i TaKXe CTaJIKUBaeTcsl C MpobseMaMy, CBA3aHHbBIMM C 3aBUCUMOCTbIO OT MOTOJBbI,
KaueCTBOM [IJaHHBIX, BBIYUCJIUTEJbHBIMA MOILHOCTSIMH, CJIOXXHOCTBIO OOy4YeHUs MOJeNH U
BO3MOXXHOCTSIMU 06pabOTKH B peKMMe pealbHOI'0 BpEMEHHU.

ABTopbl [23] pewanu npob6seMy MNOATONJIEHUS, NPUMEHHUB YCJIOXXKHEHHBIA IOAXO,.
OHU ucnosb3oBasu TexHoJsioruw BIUJIA gsisa mosydyeHus: u306pakeHUM NMOCTpaZaBLIMX OT
NOATOIJIEHHSA PAalOHOB B PEXXHMMe peasibHOro BpeMeH!. OHU peasiu30Basiv MOX0/, OCHOBAHHbIN
Ha WU, koTopblil ucnosb3yeT riyookue HelpoHHble ceTd (DNN) gaa ceMaHTHYeCKOM
CerMeHTallMM 3axXxBaueHHbIX M300pakKeHUH. ITa TexXHUKA aBTOMAaTUYECKd I[OMOraeT
onpeJieJIMTh PalOHbl MOCTPAJaBLIMX OT MNOATOIJIEHUS. AJITOPUTMBI ObLIM CleldaIbHO
ONTUMHU3UPOBAHBI JJI1 FPAHUYHBIX BBIYHUCIUTENBHBIX IJIaTGopM Ha 6a3e GPU. 3To o3HavaerT,
yTto BIIJIA MoryT 06pabaTbhiBaTh U300paKeHUsl JIOKaJIbHO, CHUKasi IOTPEOHOCTb B 06/71a4HOM
aHa/iM3e U obecredyuBasg NPUHATHE peLIeHUWHM B peXHUMe peaJlbHOr0 BpeMeHH. ABTODHI
IpOBeJIM 3KCIePUMEHThI C UCMOJIb30BaHUEM Pa3/IMYHBIX annapaTHbIX MJIaTGOpM, BKIKOYas
BbICOKOIIPOM3BOAUTE/IbHbIE BBIYHUCJIUTE/bHbIE CUCTEMBl M pa3JIM4Hble MOJeJd CeMeNCTBa
NVIDIA Jetson. 3TH 3KCIEpUMEHTHI IPOJEMOHCTPUPOBAJM BO3MOXHOCTb BbINIOJIHEHUSA
IPOABUHYTON 06pabOTKHU U300pa>KeHUH B pea/IbHOM BpeMeHHU C IIOMOLIbI0 pellleHUH Ha 6ase
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DNN. 3TOT MeTo/ Take CTaJIKUBAETCS C IpobJieMaMu, CBSI3aHHbIMU C HaJleXXHOCTbI0 BIIJIA,
OTPaHUYEHUSIMU 00pabOTKM, Ka4eCTBOM J[AaHHbIX, OTPaHWYEHUSIMU pPeaJbHOTO0 BpPEMEHH,
3aBUCUMOCTBIO OT CETHU Y BO3AEWCTBHEM HA OKPYKAKOILYIO Cpeay.

ABTOpBHI [24] a4 pelieHUs npo6JieMbl NoATOIIeHUs peioxuan BIIJIA, obopyroBaHHbIe
Pa3HBIMU AATYUKAMU U TEXHOJOTUAMU. OCHallleHHbIHN C epeoBbIMU AaTyMkaMu BIIJIA mor
OCyLeCTBJATh a3podpoTtocbeMKy U GPS-HaBuranuio A/ aHavM3a TEPPUTOPUH, OABEPKEHHBIX
noAToINJIeHU0. [l co3aHus TonorpadUuyecKux KapT pallOHOB MCHOJIb30BaJOCh JIa3epHOe
CKaHMpOBaHHUeE. ITO MOMOTJIO 06eCeYuTh TOUHOCTb OOHApyKeHUS U3MEHEHUN B JaHAadTe.
BIIJIA 6blIM HaCTpOeHbI Ha CJejoBaHUE M0 ONpeJesieHHbIM MapuipyTaM XU MOHUTOPHUHT B
peXXuMe peasibHOTO BpeMeHU. ABTOPbI OTMEYalT HE0OXOAMMOCTb UHTErPallui TEXHOJIOTUU
BIIJIA ¢ rpasocTpouTebHBIMU HOpMaMU. OiHAKO AJis1 3P PEKTUBHOTO MPUMEHEHHUS JaHHOM
TEXHOJIOTUU HEeO0OXO0JMMO TIIATEeJbHO OLEHUTb UX HEeJOCTAaTKH, KOTOPble MOTYT BKJOYaThb
3KCIJIyaTallMOHHblE OTPaHUWYeHUs], NpPoO6JieMbl MHTepHpeTalUy [JaHHBIX, MNPOO6JIEeMbl
peryJiMpoBaHUsi, CTOUMOCTb U IOTEHLIMa/IbHOE BO3,eCTBHE HAa OKPYKAIOLLYI0 Cpeay.

B [25] npuMeHU/IM MHOrOTpaHHbIA MOAXOJ K pelleHHI0 Mpo6seMbl. Bblia npegJioxeHa
cucteMa, o6beauHsAOLAdA 6ecipoBogHY0 ceHCcopHYI0 ceTb (WSN) u BILJIA. Takast uHTerpauus
no3BoJisieT BIIJIA obecneuyuBaTh HaJleXKHbIH COOpP JAaHHBIX JlaXke B TeX CJAydyasX, Korja
CEHCOpHbIEe y3Jibl OKa3bIBAIOTCA M0/, YTPO301 BO BpeMs noATomieHuH. CucteMa pa3paboTaHa
JJI1 MOHUTOPHUHIAa B pEXHUMe peaJbHOr0 BPEMEHM U ONEePaTUBHOTO pearupoBaHUS.
ABTOpBI pa3paboTasu HHTE/JIEKTYaJbHbI aJrOpUTM, COYeTAaKUUN TPYNINOBOH METOJ
06paboTku aaHHbIXx (GMDH) u ontumusanuwo pos vactuy (PSO). Mogenb ucnosib3yeTcs
JlL7IS1 TPOTHO3UPOBAHUS NPEACTOALIMX MOATOIJIEHUM, MOBbILIAs CIOCOOHOCTb CHUCTEMBI
TOYHO Npe/CKa3biBaTh COOBITHS, CBSI3aHHbIE C MOATONeHHEeM. [loTeHLIMaIbHbIe TPOGJIEMbI
npezJjiaraeMoro INoJxoJa CB3aHHbl C YA3BMMOCTBIO OKpYXKaloIlled Cpenbl, CJI0XKHOCTBIO,
NOTPeOHOCTHIO B pecypcax U BOIPOocaMU 6€301acCHOCTU IaHHBIX.

BosayiuiHble © MOOUJIbHBIE TEXHOJIOTHHU, UCIOJb3ysd a3podPOTOCHEMKY, Jla3epHOEe CKaHU-
poBaHue, GPS-HaBuranutio u BIIJIA c coBpeMeHHbIMH AAaTYUKaMU JJisi CO0pa JaHHBIX B peXUMe
peajbHOr0 BpeMeHH, MOTYT MOHUTOPUTbD, IPeAYyNpexXAaTb U 0OHAPYyKUBATb MOATOIJIEHUS.
OlHAaKO 3THU TEXHOJIOTMMU 3aBUCAT OT MOTOJHBbIX YCJIOBUK U MUMEIT BbICOKYK) CTOMMOCTb M
CJI0’KHOCTb B 00paboTKe JaHHbIX.

AHanMTHUYeCKre U BbIYUCIUTE/IbHbIE METO/bI

ABTOpBI [26] Ans pelneHUs] MPOOGJiIEMbl MOATOIJIEHHUS HCIOJIb30BaJKM HOBBIM MOAXO/,
coyeTtaroui MU u yucnenHoe mogenupoBanue. CoyeTaHUe HEMPOHHOM CETH C JOJITOBPEMEHHOU
namstbio (LSTM) u nudpoBod UMHUTAIMOHHOW MOJEIH MO3BOJIUJIO TOYHO U 3PPEKTUBHO
IPOTHO3MPOBATh INIyOMHY MOJTOINJIEHUs TOPOACKUX TeppuUTOpUi. YncieHHass MoZieib Gblia
MCII0JIb30BaHA JIJIs pacyeTa v MOJeJIMPOBaHus IyOUHbIL. JJaHHbIe, KOTOPbIE OBLIU OJIyYEHBI C
IIOMOIIbIO YMCJIEHHOM MO/ie/IY, MOCAYXKUJIU 00yJdaroMMu BeioopkaMiu 151 LSTM. HeliponHas
ceTb Obla 0OydyeHa MPOTHO3UMPOBATb M MOJAEJUPOBATH MPOLECC MOJTOMNJEHUS HAa OCHOBE
3TUX AaHHbIX. [IBOMHAsA MoJesib MOXET NMpeAcKasblBaTh INyoUHy nogromsieHus B 324 000
pas3 OGbICTpee, YeM caMa YUCJAeHHass Mojesb. HejocTaTKu 3TOM CUCTEMBI - MOXKET BKJIOYATh
NOCTOSIHHBIM I0CTYI K UHTEPHETY, JOPOTOBU3HY, 3aBUCUMOCTb OT Ka4yeCTBa BXO/HbIX JaHHBIX.

ABTopsl [27] paccmaTpuBatT uHTerpanuio UM u MO ass oberyeHusi co3fjaHusl TOUHBIX
KapT TeppPUTOPHUH, OABEPKEHHBIX NOATOIJIEHUSAM. ABTOPBI PacCKas3bIBalOT 00 HUCI0JIb30BAaHUHU
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asroputMoB MO npu pa3paboTKe CUCTEM paHHero omnoBelieHUs. OHU UCIOIb30BAJUCh AJIs
NpPOrHO3a NOATOIJIEHHS, aHAJIM3UPYSl UCTOPUYECKHE JAaHHbIE U TEKYIUe OTr0JHble YCIOBUS.
MeTtogbl MO TakXe NPUMEHSIJIUCh [Ji1 OLEHKU pUCKA NOATOIMJIEHWH. AHAJIM3UPOBAJIUCH
pasavyHble GAKTOPBI, TaKUe, KaK Tonorpadus, TUI MOYBBI U 3eMJIENOJIb30BaHHE. ABTOPHI
YIOMHHAIT 06 MHHOBALJMOHHOM HCII0JIb30BAaHWU COLUAJIbHBIX CETENW U CEHCOPHbBIX JAHHBIX
51 coopa MHGOpMaALMU O COCTOSIHUU NOATOIJIEHUS] B PEXHUMe peajbHOTO BpeMeHU. JTHU
TEXHOJIOTUU TaKXXe COINPSKEHbl CO 3HAYUTEJIbHBIMU TPYAHOCTAMH, BKJKOYAsA CJIOXKHOCTb
MoJiesield, PUCK Nepebopa, Mpo6aeMbl UHTErpanuu, 3TUYeCKHe acleKThl U NMOTPeOHOCThb B
pecypcax.

ABTOpBI cTaTbu [28] KUCHO/1b30BaX KOMOUHAIIMIO TEXHOJIOTHUH /|3 U aJIrOpUTMOB MalllMH-
HOro oOy4deHHUs [Js1 pelleHUs MpobJseMbl NOATONJIEHUA. B vccie0BaHUM HCII0JIb30BaIUCh
cnyTHUKOBble CHUMKH Sentinel-1 (SAR) u Sentinel-2 (onTtuueckue) v ganHble LIMP. ABTOpBI
ucnoJsib3oBasu 2 aaroputma MO: Gradient Boosting (GB) 1 Random Forest (RF). Aaroputmasi
OBbLIM IPUMEHEHBI /151 KJacCUPUKALUU JAHHbIX. ITO NO3BOJINI0 3P PEKTUBHO 0OHAPYKUTh
NOATOINJIEHHbIEe TEPPUTOPHUHU. B 06111eM Ob1/10 TPOaHATU3UPOBAHO 16 pa3/IMUHbIX KOMOHWHALIUU
JlaHHBIX 1J19 OLleHKU 3pdeKTUBHOCTU Mogesielt MO. DTOT MeTO/; CTaJIKUBaeTCs C IpobeMaMy,
CBA3aHHBIMM C KauyeCTBOM J[AaHHBIX, CJ0XHOCTBIO OKpY:Kallled cpefbl, CJ0KHOCTbIO JlaH-
HbIx SAR, He06X0AMMOCTBIO MPOBEPKH, MOTPEOHOCTBIO B pecypcaXx M MOTeHIMaJlbHOU
nepecTpPOUKOM.

Pewienue aBTopoB [28] coueTaeT B cebe cOBpeMeHHblE METO/bl MOJeJIMPOBAHUS U MPAK-
TUYEeCKUEe CTpaTeruu cbopa JAaHHbIX [AJs1 3QPEeKTHUBHOrO NPOTrHO3UPOBAHUA TJIyOHMHBI
NOATONJIEHHA. ABTOpPBI MCIOJIb30BaJIM KOMOWHALMI TEeMIIOpPaJbHbIX KOHBOJIIOLMOHHBIX
cetei (TCN) u LSTM. 3Ta rubpugHas MoJieJsb peJHa3Hadanach AJs1 3G PeKTUBHOM 06pabOTKH
JlaHHbIX, YTO OYeHb BaXXHO [Jil NPOTHO3UPOBAHUA IVIYOHWHBI NOATOIJIEHUSI HAa OCHOBE
MCTOPUYECKUX JJAHHBIX. ABTOpBI pa3paboTasiy CleluaJu3MpoOBaHHY0 CTAHIIMI0O MOHUTOPUHTA,
00beIMHAOILLYI0 aBTOMAaTUYECKUW JoxJeMep W BogoMep. /laHHasd CTaHLUs, HCHOJIb3ys
pas3/MYHble UCTOYHUKH, PETYJISIPHO coOUpasia MHGOPMaIMIO0 0 KOJIMYECTBE 0Ca/IKOB U IIyOUHE
NOATOINJIEHHUS U3 Pa3HbIX MECT, IPEI0CTaBJISAS BaXKHbIE TUPOJIOTUYECKHE JaHHbIE 1715 MOJIEJIH.
ABTOpBI noguyepkHyaH, 4TO Mozeab TCN-LSTM npeBocxoguT TpaguLuuMoHHble Mogeau MO u
pekyppeHTHble HelpoHHble ceTW (RNN) mo ToyHocTu nporHosa. [IpejJsiaraemoe pelieHue
MOEeT CTOJIKHYTbCS C Ip0o6J1eMaMH, CBI3aHHBIMU C Ka4eCTBOM JIaHHbBIX, MacUITaOMpPOBaHUEM,
ONepalMOHHBIMU TPEOOBAHUSAMH, CJI0KHOCTBIO MOJIEJIU U MOTEHLUAJIbHOM NIepeOLeHKOU.

ATopsbl [30] pa3paboTasu KOMIJIEKCHYI0 UHPOPMALIMOHHYIO0 CUCTEMY, HallpaBJEHHYIO Ha
3pdeKTUBHBbIA MOHUTOPHUHT U yIpaBJieHUe MOATONJIEHUSIMU. ABTOPbI CO3/aJU afallTUBHYIO
TexHUKY WU, koTopas ucnosib3yet ycrpoiictba loT g5 coopa JaHHBIX 0 pa3/IMYHbIX paKTopax
OKpY»Kalollell cpeAbl, TaKUX, KaK TeMIlepaTypa U KOJMW4YeCcTBO ocajkoB. HccienoBaHue
BKJIIOYaeT B cebsl CUCTEMy BU3yalu3allMd NOATOIJIEHWH B peXHUMe peajlbHOr0 BpPEMEHH,
YyTOOBI OTC/IEXKHWBAThb U3MeHeHUe ypoBHA BoAbl. UHPopManus, cobpaHHass C pasIUYHBIX
[oT-ycTpoiCTB, KOMIUJUPYETCA U XpaHUTCA B 6asze AaHHbIX MySQL. ABTOpbI 00y4uIu
rUOpUJHYI0 MO/Jlesib, UCMHOJIb3Yys LIEeCTb pas3/IMYHbIX ajroputmMoB MO, 4TOOGbI Ha OCHOBE
coOpaHHbIX JAaHHbIX NPOTHO3MPOBATh MOATONJIEeHUs. CUcTeMa MOXeT MMeTb HeJOCTaTKH,
CBSI3aHHbIEe C 6€30MaCHOCThIO JJAHHBIX, CTOUMOCTBIO, CJIO)KHOCTbIO CUCTEMBI, BO3J€elICTBUEM
Ha OKpY>KaIoILyI0 CpeAy Y yIpaBJeHUueM JaHHBIMHU.
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MeToabl MOJile/IMPOBAaHUS M MPOrHO3UPOBAaHMA Ha 6a3e MalIMHHOro obydyeHus u UU
UCIOJIb3YIOTCA [JAJI MOJEeJUPOBAaHHWS W MPOTHO3WPOBAHUS MOATOIJIEHUN, aHAJIU3UPYS
HoJlyYeHHble 00'beMbl JJaHHbIX. ITO COBPEMEHHbIN MOAXOJ JAJs TOYHOI'0 MPOTHO3UPOBAHUA
IJlyOMHbl M CO3JaHUA KapT noATolmieHWH. OJHAKO 3TU METOAbl CONPSXKEeHbl C TaKUMHU
OrpaHUYEHHUSIMH, KaK BbICOKAasi CTOMMOCTb, CJIOXKHOCTb MOJeJel U 3aBUCMMOCTb OT KayecTBa
JlaHHBIX.

Tpenppbl

[ns BbIABJIeHUS TPEHJOB B paboTe mnpoaHaiu3upoBaHbl 200 Hay4YHbIX MNyOJIMKaLWi,
KOTOpble ObLIM ONyOJHMKOBaHbI 32 nepuof ¢ 2015 roga no 2024 roaa. bbb paccMoTpeHbI
MaTepHaJibl, Kacawlluecsi IPUMEHEHUs] COBPEMEHHBIX TEXHOJIOTUH MOHUTOPUHIA MOJATOI-
JiileMbIX TeppUTOPUM. MaTepuasibl BKJIOYAIW NyOJHMKALMU U3 HAYYHbIX )KYPHAJIOB U KOHbe-
peHUUNA. OCHOBHbIE KPUTEPUH 0TOOpA BKJIKOYAJIU:

— CBA3HOCTb T€MbI C MOHUTOPUHIOM U yIIpaBJieHHEM MO TON/ISIEMbIMU TEPPUTOPUAMU;

- YIIOMHHaHUe COBPEMEHHBIX TEXHOJIOTUH;

- YKa3aHUe NO3UTHUBHOIO UM HEFaTUBHOI'0 KOHTEKCTA IPUMEHEeHHUS MeT0/1a (TEXHOJIOTUM).

Kaxpaa nyb6siMkauusi aHaJu3upoBaacb C TOYKMU 3pPEHUSl MUCIOJIb30BaHUSA CJeAYHLIUX
KaTeropud MeTofoB U TexHosorui: 1) BIUJIA; 2) I'maposorudyeckue Mofenu; 3) CUCTEMBI
panHero npeaynpexzaenus (CPII); 4) CnyTHukoBbid MoHUTOpPUHT; 5) MO; 6) IoT; 7) UUY;
8) BugeomonutopuHr; 9) Bosbmine pganHble (Big Data); 10) Cencopsi; 11) LiDAR; 12)
HuTepdeiicol nporpaMmmupoBanus npuioxkenu (API); 13) [3; 14) O61auHble BbIUMCIEHUS;
15) CouuanbHbie Mmeaua; 16) 'MC.

B ny6siMkauusax aHaJU3WpPOBaJIOCh KOJHWYECTBO YINOMHWHAHWM KaX/JOW W3 Bblllenepe-
YHCJIEHHbIX METO/I0B U TEXHOJIOTUH C yKa3aHHWEeM UX KOHTEKCTa:

— MO3WTHUBHBIM KOHTEKCT: MCNOJb30BaHUE TEXHOJIOTUM [IJIS1 YCIEIIHOr0 pellleHusl 3a/ay,
CBSI3aHHbIX C MOHUTOPUHIOM WJIU NIPeJ0TBPalieHueM MO TONIEHUH;

— HEraTUBHBIM KOHTEKCT: KDUTHKA UM yKa3aHWe Ha OrpaHUYEeHUs TEXHOJIOTUH.

PrcyHOK 5 noka3blBaeT KOJIMYeCTBO NPOAaHAJU3UPOBAHHBIX CTaTeN 3a KaX/bli O/,
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PucyHok 5. KosnnuecTBo npoaHaiM3upoOBaHHbIX cTaTel 3a nocieguue 10 seT.
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i 06pabOTKU JJAaHHBIX MPHUMEHSJIUCh METO/Ibl KOHTEeHT-aHanMu3a. Kaxasa ny6aukanus
OblJla M3ydyeHa Ha MpeJMeT 4YacTOThl YIOMHHAHHS MeToAa (TEXHOJIOTHMU), a TaKXe HX
pacnpejesieHUs 0 TO3UTUBHOMY U HETaTUBHOMY KOHTEKCTY.

Ha ocHoBe aHasiu3a 6blia CcOCTaBJieHa TabJIMIEA, B KOTOPOM yKa3aHO KOJIMYECTBO YIIO-
MUHAHUN KaXKJ0W TEXHOJIOTUU B MO3WTUBHOM W HETraTHUBHOM KOHTEKCTe MO rojaM. JTo
MI03BOJIUJIO BBISIBUTh OCHOBHbIE TPEH/IbI B 06/1aCTH MOHUTOPHHTA MO TONJISIEMbIX TEPPUTOPHUM
Y OlIeHUTb 3P PEKTUBHOCTh Pa3JIMYHbIX MOJIX0/IOB.

PrcyHOK 6 nmpe/cTaB/isieT CyMMapHOe KOJIMYeCTBO YIIOMUHAHUHN B pa3pe3e TEeXHOJIOTUH, a
TaKXXe UX paclpejie/ieHde Mo rojiaM, pa3/ieJIeHHbIX 10 MO3UTUBHOMY, HETATUBHOMY U COBO-
KYIMHOMY KOHTEKCTaM.

288 1
281 2
257 3
5 256 83 11 92 |4
| 250 ] 5 F
E 233 6 &
E| 231 7 g
= 231 . g8 8
g 228 9 &
g 219 10 2
= 196 1n g
S 192 L 2=
155 0 0 0 |13
147 14
147 15
125 16
2015 2024 2015 2024 2015 2024

PaccmaTpuBaeMblii mepuos

[Mo3uTHBHBINA KOHTEKCT .Heramsﬂmﬁ KOHTEKCT . CoBOKYTHBI KOHTEKCT

PucyHok 6. TenioBasi KapTa, 0TOGpakawLasi TpeHAbl TEXHOJIOTUH 110 roJjaM.

PucyHok 6 mokasbiBaeT TpeH/bl N0 MOMYJSPHOCTU Pa3JIMYHbIX TEXHOJIOTHUH, JUKTyeMble
ucciaenopanusaMu 2015-2024 ropoB. OToOpaxkeHbl 3 TeIJIOBblE KapThbl, COOTBETCTBYIOLIHAE
YINOMHWHAHUAM TEXHOJIOTUA B NO3UTHBHOM, HEraTUBHOM M COBOKYIIHOM KOHTEKCTE,
COOTBETCTBEHHO. [Ipu 3TOM 060Jiee TeMHble U HachbllleHHble OTTEHKU I|BETa yKa3blBAlOT
Ha OoJsiee BBICOKYIO 4YaCTOTY YIOMHHAHHS COOTBETCTBYIOIIEM TEXHOJIOTMU B YKa3aHHBIU
ron. biarojapsa [JaHHOW BU3yasJM3allu4, MOXHO JIETKO OTCJIEXHWBAaTb TeHAEHLIUU B
MCC/ieIOBATE/NIbCKOM JIeATE/IbHOCTH, HallpaBJieHHbIe Ha pellleHue Mpo6JeM MOATOINJIEeHHS, U
HaXOJUThb Te KJIOYeBble HAllpaBJeHUs, KOTOPbIe CTaJu 00Jiee aKTyaJbHbIMHU 3a MOC/JAeJHUE
roabl. PucyHok 6 Take oToOpakaeT o0Ollee KOJHUYECTBO YINOMUHAHUN pPa3JUYHbIX
TEeXHOJIOTHUM 3a Becb 10-TUeTHUM nepuoj. Tak, HauboJiblllee BHUMaHHE NPUBJIEKJIU TaKUe
TexHoJs10ruy, Kak BILJIA, rusposornyeckue Mozesy, CyTHUKOBBIM MOHUTOPUHT U MO, 4yTo
yKa3blBaeT Ha UX LIEHTPAJIbHYIO POJib B COBPEMEHHBIX UCCAeA0BaHUAX. CpeHee KOJIUIEeCTBO
yInOMHWHaHUHU HabogaeTcs y loT, BuaeoMoHuTopuHra, ceHcopsl, LiDAR, 6o/b1ne jaHHbIe U
WU, uTO cBU€TENBCTBYET O CTAOMJIBHOM UHTEPECE K 3TUM TEXHOJIOTUSIM. Pexxe 06¢cyxaat0Tcs
I'1C, 3, o61auHble BbiuucaeHus1, APl u conpasibHble Me/iMa, BEPOSITHO, U3-3a UX 60Jiee Y3KOro
NpYMEHEeHUs.
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Ha pucynke 8 npejcTaBJieH NPOrHO3 KOJIMYECTBA YIIOMUHAHUM O Pa3/IMYHBIX TEXHOJIOTHUAX
Ha 2025-2034 rogml.
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IIporuno3upyemblii mepuog

PucyHok 7. [Ipor1o3 kosinuecTBa yIoMUHaHUM Ha 6amxkaiiue 10 sneT.

[Io pucyHKY 7 BUZHO, YTO CaMbl¥ 3HAYUTEJIbHBIM POCT NOMYJIAPHOCTH OXKUJAeTCA y TUAPO-
JIOTUYECKHUX MoJiesield, CucTeM paHHero omnoBeweHUs U BIIJIA. BuieOMOHUTOPUHI, CIyT-
HUKOBBbIM MOHUTOPUHI U MO Tak)e BbIPACTYyT B IONYJAPHOCTH, C MEHBIIMMHU TEMIIaMH.
YTo KacaeTcs TEXHOJIOTUH, CBA3aHHBIX ¢ ceHcopaMy, 0T, Big Data, MU, LiDAR u couuanbHble
MeJiua, TO OXKUJAETCHA, YTO OHU COXPAHAT CTAOUJIBHBIA POCT NOMYJSPHOCTH, JeMOHCTPUPYS
yCTONYMBBIA HHTepec. TakuM o06pa3oM, rpaduK pacKpblBaeT TeHJEHLMI0 U MOTEeHLHaJ
COBPEMEHHBIX TEXHOJIOTUH [JI1 MOHUTOPUHTA, YIIPABJIEHUA U IpeJOTBPALL,eHUs IOATOIJIEHU H.

3aKk/iloueHue

AHany3 CylecTBYOILIMX COBPEMEHHBIX METOJ0B MOHHUTOPHUHIA IMOATOIUIAEMBIX TeppHU-
TOPUH BbISIBUJI IMPOKUH CIIEKTP TEXHOJOTUM, aKTUBHO IPUMEHSEMBIX [1J11 CHUKEHUSI PUCKOB
v nocsencrBuil noaromieHu. Kirodeyrw posib urpator I'MC, A3, 10T, cencopsl, BIUJIA, a
TaK)Ke aHaJIMTUYECKHEe U BbIYHNCAUTENbHbIE TOAX0Abl, 0CHOBaHHbIe HA MW 1 MO. 3Tu MeToAbI
CTAaHOBSITCS BCe 0oJiee aKTyaJbHbIMH BBHU/ly I[JI00aJIbHOTO HW3MEHEHHs KJMMaTa, TeMIa
ypOaHH3alUH U y4allleHUs 9KCTPEMaJIbHbIX MOTO/JHBIX SIBJEHHUM.

HcciepoBaHusi OTMeYalrOT, YTO KCIOJb30BaHHE COBPEMEHHBIX TEXHOJIOTUHA He TOJIbKO
M03BOJISIET BbISABJSTH 30HbI PUCKA, NOBBIIIATh TOYHOCTb U 3P PEKTUBHOCTb MOHUTOPUHTA, HO
Y pa3pabaTbiBaeT pe3y/bTaTHBHbBIE PellleHUs 1S 3alUThl UHQPACTPYKTYpPhl U HACEJEeHUS OT
noArorieHrsA. OfHaKO HECMOTPS Ha NPOrpece B UX IPUMEHEHUH, CyLeCTBYIOT ONpe/ieJIeHHbIe
OrpaHWYEeHUs], TaKHhe, KaK JOpPOrOBU3HA, CJA0KHOCTb WHTErpalyu JaHHbIX, 3aBUCUMOCThb
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OT KayeCcTBa JAaHHbIX, 3aBUCUMOCTb OT MOTO/JHBIX YCJOBUH, HEOOXOJUMOCTb TEXHUYECKOrO
00CIY>XUBaHUSA U T.J,.

[To aHanM3y npe/yiaraeMbiX pellieHU BbISIBJE€HO, YTO HauboJiee MepCcreKTUBHbBIM sIBJISIeTCS
MHTerpanus MexJay coboi Takux TexHosiorui, kak 'MC u /13, /13 u UIMP, IoT u UH, BIIJIA u
WU, BIIJIA v gatuuku, UM u MO, MO u /I3. OHa MoxeT 06ecriedyuTh TOUHOE IPOTrHO3MPOBaHUE,
MO/IeJIMPOBaHUE U pearupoOBaHUeE B peXKUME PeaIbHOT0 BpEMEHHU. ITH KOMIIJIEKCHbIE MOAXO0 bl
U pelleHUs JAEMOHCTPUPYIOT MOTEeHLMasa [Js 3HAYUTEJbHOrO YMEHblLIEeHUs yliepba OT
NOATOIJIEHUH U ObICTPOTO pearupoBaHuUs Ha Upe3BblYallHble CUTYalUU.

AHasiu3 TpeHJ0B NOKa3bIBaeT, YTO B OJIMKalllve rofbl OyAeT pacTH MNOMyJsPHOCTb
pPacCMOTPEHHBIX TEXHOJIOTHUU. [IporHo3upyeMblid pOCT 4ucaa Ny6JUKaLUMi C yIOMUHAHUEM
COBpEeMEHHbIX TEXHOJIOTUHM YKa3bIBaeT HAa UX BO3PACTAIOILYIO0 POJib.

Pa3zpaboTaHHble TeIJIOBble KapThl U BbINOJHEHHblE MPOTHO3bl Ha OJmkaiimue 10
JIET aKLEHTHUPYIOT Ba)XHOCTb MHTETrpallMyd HOBBIX NOAXOAO0B. JTO MO3BOJIUT 00ECHeYuThb
MaKCHUMaJIbHYI0 TOYHOCTb U 3PQPEKTUBHOCTb MOHMUTOPHUHIa NOATOIJIEHHWH, a TakKxke
CBOEBPEMEHHOCTb pearupoBaHUs. Ba)kHO yUUThIBaTb 0COOEHHOCTH KaXK/JOW TE€XHOJIOTUMU U
pa3BUBAThb CTAHAAPThI ee IPUMeHEeHUsI B 3aBUCUMOCTH OT KJIMMaTUYECKUX, reorpadpruiecKux,
3KOHOMMYECKHX U 3KOJIOTUYECKHUX YCIOBUH.

TakuM 06pa3oM, faibHelllee pa3BUTHE B 3TOU 00/1aCTH TpebyeT He TOJIbKO TEXHUYECKOTO
COBEPLIEHCTBOBAaHHUS, HO UM MEX/JAYHApOJAHOTO COTPYAHUYECTBA, UHBECTUIUN B 0Oy4yeHHE
CHEelMaJMCTOB U aJaNTalMi0 TEXHOJOTUM JJisl JIOKAJbHBIX YCJIOBHUU. ITO 06€CEYUT YCTOMU-
4YUBOE pa3BUTHUE HHPPACTPYKTYPbl U MUHUMHU3ALMIO IOCJIEACTBUM OATOIJIEHUH.

UcTOYHUK PUHAHCUPOBAHMSA
JlaHHoe ucciefjoBaHMe 6b1J10 TpoPruHaHCMPOBaHO KoMuTeTOM Hayku MUHUCTEpCTBA HAyKU
Y BbIcuiero obpasoBanusa Pecny6sinku KazaxcraH (rpaHT N2 AP26195425).
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IJLH. T'ymunesa amuiHdarsl Eypasus yammuik yHugepcumemi, Acmata, Kazakcman
?Conmycmik Ynusepcumemi, BapascduH, Xopeamusi

Cy 6acKkaH aymMaKTap/Abl 6aKblJIayAbIH 3aMaHayH TEXHOJIOTUS/IAPHI )KOHE 0JIapJAbIH,
HHPPaAKYPbLIbIMFa 3cepi

Anpgarna. bysn mosy Makasachl cysbl-0aTHaKThl KepJsepAi OGaKblLIay[blH 3aMaHayd TexXHOJIO-
TUsiJIapbIH K9HE oJIap/blH UHpaKypbLIbIMFA 9cepiH Tanjayra OGafFbITTasfaH. Kapanran Mmakasna-
JIap/IblH, epeKILeliri Moy KYPbhIbIMbIH KAJbINITACTBIPATBIH 5 HETi3ri cAaHATTHI aHbIKTayFa MYMKIiH/iK
GepAi, oHbIH illiHAE CYy pecypcTapblH 6acKapy koHe MHOPAKYPbUIBIM/BIK, lIelliM/ep; JAepeKTepre
HeTi3ieJireH MOHUTOPUHT >koHe Gosnkay; 3artap WHtepHeTi (IoT); ayeneri koHe MOOHJIB/Ii TEXHO-
JIOTHUAJIAP; aHAJMTUKAJIBIK KoHe ecentey oaictepi. llony ymiH MakajiasapAbl TaHZay Ke3iHze
3aMaHayd LelliMAep/Ai YChIHATbIHAAP apThIKIIbIIbIKKA Me 60JAbl, COHBIH imiHAe ['eorpadusanbik
Axknapatthik, Kyienep ([AXK), KawbiktbikTan 3onaTtay (K3), [oT, Yukpiiceis Yy AnnapaTTapbl
(¥¥A), MamnHanbK OkpITy (MO) 2x0He XKacanabsl UHTennekT (2KU). Ochl mieiniMepre Tanjay »acasbl,
oslap/AblH, KeMiuisiktepi a"biKTaaabl. oy kemeHzi memiMaep cy 6ackaH ayMaKTapAbl HaKThbI
yaKbIT pexXUMiHJle TUIMJipeK aHe JAaJjlipeK 6aKpLIay/ibl, 60/KayAbl )XKoHe aHbIKTayAbl KaMTaMachI3
eTeTiHiH aHbIKTazAbl. lo/ly MOHUTOPUHT, ToyeKe s aliMaKTapblH 60J/Kay »KoHe 6aTNaKThl XKepJiepai
aHBIKTay YUIiH THIMJipeK kaHe AaJlipeK Kyiesepai Kypy YLUiH apTypJii 3aMaHayHd TeXHOJIOTHUSIapAbI
6ipikTipyzniH MaHbI3ABLIBIFBIH KepceTei. Cy 6ackaH aymMaKTap/bl 6arasay yulid KU meH ¥YY¥A, HaKTbI
yaKbIT pexXuMiH/le cy fleHreilid 6akpinay yilid KW meH [oT xaHe cy TacKblHbI KayliH 60/pKay yIIiH
KU men MO naitjanaHy CUSKTbI KellleHAi lelliMAepAi KoJJaHyFa epeKiie Ha3ap ayAapblaaabl. COHFbI
10 >xbLAJAFbl XKapUsSJaHbIMAAP/bl TaaAay KJIUMATTbIH 63Tepyi, ypbaHU3alUs XoHe aya-paillbIHbIH
KYPT e3repyi *KarJailblHJa 6aTHAaKTaHYAbIH ©3€eKTi/JiriHiH KoHe MIelliyiHiH KUbIHABIFbIHBIH apTYy-
bIHa 6aMJIaHBICTHI LIelliMAepre JleTeH KbI3bIFYIIbLIBIKTBIH allTapJbIKTall apTKaHbIH KepceTei. bosa-
aKTa MYHJAW TAcUIAep Cy TAacKbIHbI KayImiH 06acKapy, XaJbIKThl KoHe UHPPAKYPbLIBIM/IbI KOpPFay
CTpaTerusJlapbliH 33ipJiey/e eyl peJs aTKapabl el 60/KaHy/1a.

TyiiH ce3aep: cy 6acy, MOHUTOPHHT, 3aMaHayH TEXHOJIOT UsLIap, TOyeKe i 6aFanay, THQPaKypbLJIbIM.

A.T. Mukhamejanova?, D. Kazhimkanuly?, Ye.B. Utepov’, A. Aniskin?
!L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2University North, VaraZdin, Croatia

Modern technologies for monitoring waterlogged areas and their impact on infrastructure

Abstract. This review article analyzes modern technologies for monitoring waterlogged areas and
their impact on infrastructure. The specificity of considered articles led to determining 5 main categories
that formed the structure of the review, including water management and infrastructure solutions; data-
driven monitoring and forecasting; Internet of Things (IoT); airborne and mobile technologies; analytical
and computational methods. When selecting articles for review, those that offer modern solutions had
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an advantage, including Geographic Information Systems (GIS), Remote Sensing (RS), [oT, Unmanned
Aerial Vehicles (UAV), Machine Learning (ML), and Artificial Intelligence (AI). An analysis of these
solutions has been carried out and their disadvantages have been identified. The review revealed the
integrated solutions provide more efficient and accurate real-time monitoring, prediction, and detection
of waterlogged areas. The review highlights the importance of integrating various modern technologies
to create more efficient and accurate systems for monitoring, predicting risk zones, and detecting
waterlogged areas. Particular attention is paid to the application of integrated solutions such as the use
of UAV with Al for flooded area estimation, [oT with Al for real-time water level monitoring, and ML with
Al for flood risk prediction. An analysis of publications over the last 10 years shows a significant increase
in interest in these solutions due to the increasing relevance and difficulty of waterlogging problem
solutions in the face of climate change, urbanization, and extreme weather events. It is predicted that in
the future such approaches will play a key role in the development of flood risk management strategies,
protecting populations and infrastructure.
Keywords: waterlogging, monitoring, modern technologies, risk assessment, infrastructure.
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AHHoTanMsa. O61ecTBEHHbIE NPOCTPAHCTBA HA COBPEMEHHOM 3Talne — 3TO
KJII0U€eBbI€e y3JIbl COL[MaJIbHOM aKTUBHOCTH U KyJIbTYpPHOTO oboralieHus Hace-
JieHHs1. B yc/10BUSX r/106a/1M3alMK U ypOaHU3AIMHY TO400HBIE TOPOACKUE Y3JIbl
CTaJId BaXKHBIM 3JIEMEHTOM [1J1s1 GOPMUPOBAHUSA COLMaTIbHOM, KYJbTYyPHOH U
0611IeCTBEHHOW U EHTUYHOCTU ropokaH. CerofHs o61ieCTBEHHbIE MPOCTPaAH-
CTBa — 3TO He NPOCTO MECTO B FOPOJCKON CTPYKTYPE, a CeTb U3 HECKOJbKUX
Y3JIOBBIX LIeHTPOB, KOTOpble GOPMUPYIOT eJUHBIN KapKac COLUaIbHO 3HAYU-
MBIX MECT TOPO/ia C LieJIbI0 YKPEIJIEHUsI 001eCTBEHHOTO eJUHCTBA.

llesipto HACTOSAIIETO UCCIE0BAHHUS SABJSETCS BbIsIBJIEHUE €JUHOI0 KapKaca
0611eCTBEHHBIX IPOCTPAHCTB Ha NpUMepe ropoja ActaHbl, opMUpyloLerocs
13 060C006JIeHHBIX TOPOJCKUX COLLMAIbHbIX Y3JI0B.

UccnepoBaHue OCHOBAaHO Ha aHa/M3e CJOXKHUBIIEHCA CUTyalUM pasMe-
1leHUs] O6LIeCTBEHHBIX NPOCTPAHCTB B TOPOJACKON CTPYKTYpe, HA HAaTypHOM
UCCJIeJOBAaHUM T'PaJlOCTPOUTESbHON CUTYyalMU ropoja AcTaHbl, Ha aHa/IU3e
NPUHLMIIOB apXUTEKTYPHO-IJIAHUPOBOYHOM OpraHMU3alMyd oO6LieCTBEHHBIX
IPOCTPAHCTB, HA OCHOBE M3y4YeHUs] HOPMATUBHO-perJlaMeHTHUPYIOILeN J0Ky-
MEHTALMH B 06JIaCTH apXUTEKTYPHI U IPAJIOCTPOUTENBCTBA, A TAKXKE HA OCHO-
Be BOCCO3/IaHUsl eIMHOI0 KapKaca 0611leCTBEHHbIX IPOCTPAHCTB N0CPeCTBOM
KOMIIbIOTEPHBIX MPOrpaMM (eIMHBINA KapKac 061eCTBEHHbIX IPOCTPAHCTB Ha
OCHOBeE JINHEWHO0-Y3JI0BOT0 MPUHIIMIIA).

Pe3ynbTaThl Hccej0BaHUSA IOKa3aIH, YTo GOPMUPOBaHHE eIMHOTO KapKa-
ca 06LIeCTBEHHBIX IPOCTPAHCTB ropojia Npe/CTaBseT CO60H CI0XKHY MHO-
rOrpaHHYI0 CUCTEMY, KOTOpasi B MEPCNEKTUBE PA3BUTHS HACEJIEHHOTO MMyHKTa
MOXXeT OINpe/ieJIUTh YHUKaJbHbIA apXUTEKTYPHO-XY/0’)KeCTBEHHbIN 06pa3 ro-
poza.

KiioyeBble cj10Ba: ropofickoil yses, o61iecTBEHHOE MTPOCTPAHCTBO, apXU-
TEKTypa, KOMIO3WLUs, IJIaHUPOBOYHOE pelleHUe, LIeHTpP, I'PaZ,oCTPOUTEb-
CTBO.
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BBeaeHue

Pa3paboTka 00611eCTBEHHBIX NPOCTPAHCTB TPeOyeT IJyOOKOro MOHUMaHHUs MOTPEOHOCTH
ob6uiecTBa. Takue coliMaibHO 3HAYUMble TOPO/ICKHE MeCTa JOJKHbI 06ecrieduTh KOMPOpPTHOE
B3aUMOJIEMCTBUE W HHTErpalyi0 PasjMYHbIX Tpynn HacejeHUsa. OOIIeCTBEHHbIE MPOCT-
paHCTBAa Ha COBPEMEHHOM 3Talle BbINOJHAIT BaXKHYI0 POJib B COLJMAJIbHOU KU3HU FOPOXKaH,
(YHKIIMOHUPYS KaK MPOCTPAHCTBO /1J1s pa3BUTHUS 001IeCTBA, y/I0BJIETBOPSOIee MOTPEOHOCTH
»KUTeJied B 0011eCTBEHHOM IlJIaHe TOCPe/ICTBOM NMPOBeAeHHsI pa3HO0OpPa3HbIX MEPONIPUSTUH,
KOTOpbIe BKJIIOYAIOT B cebs KyJIbTYpPHbIe, 06pa3oBaTe/ibHble U CHIOPTUBHbIE TPOrPaMMbl. ITO
noA4YepKUBaeT BaXKHOCTb OOIIECTBEHHBIX NPOCTPAHCTB KaK Y3JIOBbIX TOYEK B COLMAJbHOU
CeTH ropoja.

B XXI Beke colyasibHble CBS3U M B3aUMOJENCTBUS JIIOJel CcTalu 60Jiee TECHbIMH, COBpe-
MeHHbIe TEXHOJIOTUH CyIIeCTBEHHO COKPATUJ/IM COLIMAIbHBIN pa3phiB 00611eCTBA B KOHTEKCTE
Jfloctyna u ooMeHa MHopMmanuei. Heo6xoauMo nmogyepKHyTh, YTO Ha CErOAHSIIHUMN JEHb
B KasaxcTaHe QyHKUMOHUPYIOT MHOrOYHCJEHHble MHPOpPMALMOHHbIE COLlMaJIbHbIE IJIAT-
dopmbl. HacesieHre akTUBHO MMU NI0JIb3YETCS, U 3TO, 6€3yCJI0BHO, KOHCOJIUAMPYET 0011eCTBO.
KoHcosnaanus o61ecTBa — 3TO OJJHO U3 KJIHOYEBbIX HallpaBJeHUN pa3BUTUSI COBPEMEHHOIO
Mupa. TakuM 06pa3oM, MOXKHO KOHCTATHPOBATb, YTO OOIECTBO CTPEMHUTCS K CO3JaHHUI0
nopsi/ika U CHCTEMHOCTHU BO BCeX 00J1aCTsAX CBOEH KU3HEIEATENbHOCTH.

dopmupoBaHUe eJUHON CETH 061 eCTBEHHBIX MIPOCTPAHCTB - 3TO aKTya/IbHasi MHUIMATHBA
COBpeMeHHOro ob6iecTBa. EAMHBIM KapKac cOLlMa/bHO 3HAYMMbIX MeCT TropoJa MOXKeT
HNOCAYXKUTh MJIOLAAKON [AJisT CUCTEMATH3allMM aKTyaJbHbIX BONPOCOB COLMYyMa, OOMeHa
WesMH, KyJbTYpPHOro oboraujeHuss 1 GOpMUPOBAHUSI €JUHOT0 aKTUBHOTO TPaXJaHCKOIro
ob61ecTBa.

M3BeCcTHO,YTO Ha COBpEMEHHOM 3Tale CYIeCTBYIOT pa3JIMuHbIE KKapKaChl»: 9KOJIOTUYECKUUN
KapKac, IPUPO/IHbIA KapKac ropoja, UCTOPUKO-KYJbTYPHBIM KapKac ¥ T.II., KOTOPbl€ MOTYT
BU/IOU3MEHSATHCS, aJallTUPOBATbCA U TPAaHCHOPMHUPOBATHLCSA B 3aBUCUMOCTH OT Pas3/IMYHbIX
yca0BUM U pakTopoB. OHAKO HUCTOPUYECKHU CI0XKUBILIASACA IpaZjoobpasymollas, ycTonyruBas
BO BpEMEHM INPOCTPAHCTBEHHO-IJIAHUPOBOYHAs CTPYKTypa ropojla - «Kapkac ropoja»
ocTaeTcsl Heu3MeHHOW. Kapkac ropojia - mjiaHUpPOBOYHAsA CTPYKTYpa, KOTopasg GUKCUpPyeT
reOMeTPUI0 IPaZOCTPOUTENIBHOIO IJIaHA W OmNpejesisieT KOHLEMNLMK ero MnepcrneKTUBHOrO
TEPPUTOPHAJIBLHOTO Pa3BUTHUA [1], a 0bleCTBEHHbIe MPOCTPAHCTBA HEPA3PbIBHO CBSI3aHbI C
KapKacoM ropo/jia.

MeToa0/10TUA

Bo Bce BpeMeHa apXUTEKType O6IIeCTBEHHbIX MPOCTPAHCTB U LIEHTPOB V/IE/ISAI0Ch J0/DKHOE
BHHMMaHMeE, TaK KaK 3TO MPOCTPAHCTBO B 3HAYUTEJNbHONU Mepe Crioco6CcTBYeT GOPMUPOBAHUIO
3CTETUYECKOr0 W COLMaJIbHOTO O6JIMKA Topoja. B KOHTEKCTe TpafoCTpPOUTENbCTBA, 00-
IIleCTBEHHOMY LeHTPy OTBOAMUTCS HauboJiee OTBETCTBEHHOE MeCTO B apXUTEKTYpHO-IJIa-
HHUPOBOYHOH CTPYKType U 06 bEMHO-TPOCTPAHCTBEHHOM peLIeHHH ropo/a.

B Masblx HacesIeHHbIX MYHKTaX OOILECTBEHHbIA LIEHTP SBJSAETCS KOMIIO3ULMOHHBIM
SAAPOM TMOCeJKa, KOTOPBIH (OopMHUPYyeT ero apXUTEeKTYPHO-Xy[0KeCTBEHHbIH 00pas u
WHAUBU/yaJbHOCTb [2]. 3TO 06YyCJOBJIEHO OTCYyTCTBUEM JAPYTrUX COLMAJbHO 3HAYMMbIX
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K sonpocy gpopmuposaHusi eduH020 kKapkaca o6ujecmeeHHbIX NpOCMpaHcme 8 20pode AcmaHe

IPOCTPAHCTB B CTPYKType HACEJEeHHOTO NMyHKTA, a TaKKe KOHLEeHTpalnuel G0JIbIINHCTBA
KyJIbTYPHO-OBbITOBBIX 06'bEKTOB B OJIHOM MecTe. B cBolo odepesp, B ropogax ¢opmupyercs
IPOTHUBOIOJIOKHAS CUTYyalHs.

JlJ1s1 06CYyXjeHUs U NTOKCKa pellleHHs] Ha3peBLIMX BONPOCOB B OTHOLIEHUU O61eCTBEHHBIX
IPOCTPAHCTB OPraHU30BBIBAIOTCA Pa3IUYHble cecCUU, GOPYMbl U KOHPEPEHIUU C YIaCTUEM
IIMPOKOTO Kpyra crneyuanuctoB. Tak, yyacTHUKU ceccuu «IIpocTpaHCTBEHHOe pa3BUTHE U
co3zlaHue KOMPOPTHOM rOpoACcKoM cpebl» Ha 6a3e Camapckoro yHuBepcuTeTa MM.KopoJsieBa
ob6CcyKJjaiM U/lel0 CO3JlaHUsl eJUHOr0 KapKaca O0O6IeCTBEHHbIX HPOCTPAHCTB, OTMeyas
KOHLIENIMIO CETU COLMAJIbHO 3HAYUMbIX MECT, KOTOpPAsk COeIMHUT MUKPOPAHOHBI B eAUHYIO
CUCTeMy C nocJieyoluM GopMUpPOBaHUEM LieJIOCTHOM KapThl 6J1aroycTpoiicTsa ropoga [3].
CTOUT OTMETHUTD, YTO HE BO BCEX C/IyYasiX O6IIEeCTBEHHbIE MPOCTPAHCTBA MOTYT OTBEYATh BCEM
MHTepecaM U NOTPeOGHOCTSAM CoLUyMa.

TakuM 06pa3oM BOHUKAET BONPOC: KAKOBA BEPOSITHOCTD CO3/JaHUSI TAKOTO KapKaca Ha 3Tare
rpaZiocTpouTeibHOTO npoekTa? Uian ke popMupoBaHUE eIUHON CUCTEMbI O6LIECTBEHHBIX
IPOCTPAHCTB ropo/ia — 3TO MPOLEecC NOCTPAKTYM?

[Ipy npoBeJieHUH JAHHOTO MCCJEJLOBAaHUS MPUMEHSJIUCh CJeAyIOlue METO/bl: — MeTO[
KOHTEHT-aHa/Ju3a (aHa/JW3 IJIAaHOB, CXeM, 4YepTexeW, W/IICTPAuUud U JpPYyruxX BHU/OB
MaTepuasioB JiJ1sl BbIsIBJEHUS 0OLMX 3aKOHOMEPHOCTEN); — CpaBHUTE/IbHbINA aHa/IM3 (aHaIu3
IPaZiloCTPOUTENBHON CHUTYallMd B KOHTEKCTE pa3MelleHHs OOIeCTBEHHBbIX MPOCTPAHCTB
OT/leJIbHO B3SThIX PAOHOB C TOC/Ie/YIOLMM CPAaBHEHUEM KX MeK/1y CO60M. BbisiBIeHHe 0611 1X
YepT ¥ Pa3/IMuUi B ApXUTEKTYPHO-TJITAHUPOBOYHOM PeIIeHHUH 001eCTBEHHBIX TPOCTPAHCTB);
- MeTOJi, KOMIIbIOTEPHOTO MO/leJIMpOBaHus (Co3aHMe KapKaca 061ieCTBEHHbIX POCTPAHCTB
nocpeAcTBOM mnpodeccuoHalbHbIX rpadudeckux mnporpamMmm - AutoCAD, CorelDrawe wu
NoCJeAyIOIIUNA aHa/lW3 MOJIyYeHHbIX pe3yabTaToB (puc. 1-4)); - HaTypHOe MCC/el0BaHUeE
(HaTypHOe MHCTpYMeHTa/IbHOe (JjeTa/lbHOe) 0b6ciejoBaHKE U COOP AAaHHBIX (POTOCHEMKA) O
baKTU4YeCcKOM COCTOSIHUM 00611leCTBEHHbIX IPOCTPAHCTB U COLjMabHO 3HAYMMbIX MeCT ropo/a.

Pe3yabTaThl U O6CYyXKaAeHUe

M3BecTHO, 4YTO TI'pajloCTPOUTESIbHOEe U QYHKIUOHAJbHOE Ha3HAyeHHe O0O6lIeCTBEHHbIX
IEHTPOB U MPOCTPAHCTB - 3TO KOMIIO3UILIMOHHOE $po0, GOpMHUpYIOlllee apXUTEKTypPHO-
Xy/l0’KECTBEHHbI 06pa3 HaceJleHHOro MyHKTa. [IoMHMMO 3TOro, Ha COBpEeMEHHOM 3Tale
0011leCTBEHHbIE MPOCTPAHCTBA CTaJM OKa3blBaTb 0C060€ 3MOIMOHAJbHOE BO3JAEUCTBUE
Ha HacesieHHe. bosiee TOro, aTo Bo3/elCTBUE MOXET YCUJIUTBCS IO, BJAMSIHUEM OOBEKTOB,
00 beJUHEHHBIX B €IUHYI0 aPXUTEKTYPHYIO CUCTEMY.

B 60JIbLIMHCTBE C/Iy4yaeB 00bEKThI KYJbTYPHO-O6bITOBOTO 06CTYKUBAaHUSI KOHLIEHTPUPYIOTCS
MMEHHO B 0011leCTBEHHBIX lIeHTPaX. U3BeCTHO, UYTO B KPYMHbIX HACEJIEHHBIX MYHKTAaX OCHOBHOE
0011leCTBEHHOE TPOCTPAHCTBO — 3TO IJIaBHAs MJIOLAb.

Ha rnaBHOM mJiowaZid pa3sMeliaTcs 3/jJaHrs 001eCTBEHHBIX U 0OCTY>KUBAIOIIUX YUpPexK-
JIeHUM TIOCTOSIHHOTO M MepUOAUYECKOro MoJib30BaHUsS. OJHAKO CyIIEeCTBYIOT U Jpyrue
ApXUTEKTYPHO-IJIAHUPOBOYHbIE U T'PaJlOCTPOUTE/IbHbIE pellleHUs. B psjae ciaydyaeB 3To
MOXeT ObITb 060CHOBAHO CJIOKUBIIMMCS T'PaJlOCTPOUTENbHBIM YCJOBUEM, HPHUPOJHO-
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KJIMMaTU4YeCKUM (aKTOpPOM M OIpejfieJleHHbIM KOMIO3WIMOHHBIM 3aMbIcjioM. Bosee Toro,
IOMHUMO OOIIECTBEHHOIO LIEHTPA, PacCloJIOKEHHOT0 B [VIyOWHE CeJlUTeOHOW TEPPUTOPUH,
MOTYT ObIThb OPraHU30BaHbl HEOOJIbLIKE BCIIOMOraTe/bHble NPOCTPAHCTBA C pa3MelleHUueM
Ha Hell onpe/ieJIeHHbIX 0011eCTBEHHbIX 3/IaHUH [4].

CkJ1afibIBaeTcs BIleYyaT/eHHUE, YTO CHCTEMa OOILeCTBEHHBbIX MPOCTPAHCTB GopMuUpyeTcs
CTUXUHHO, a KaXk/0e COLMaJIbHO 3HAa4YMMOe MeCTO ropojia BOUpaeT B cebsl omnpejeseHHble
3a/lauyu U QyHKLIMOHUPYET 060COOJIEHHO.

B ucciienoBaTebckoM AoKiazie «XaouTtart III» oTMedaeTcs, YTO OAHUM U3 aCIEKTOB, OIpe-
JleJIII0IIUX XapaKTep ropoja, siBjseTcs o6liecTBeHHOe NpocTpaHCcTBO. CKBephbl, OyJbBaphI,
ca/ibl, JeTCKUe IJIOIAa/IKU U IpyTHe 001 eCTBEeHHbIEe MeCTa OT MaJIOro ;0 BEJTMKOro pOPMUPYIOT
CBO€0Opa3HbI apXUTEKTYPHO-XYA0KeCTBEHHbIN 06pa3 ropoga. B pesynbraTe dpopmupyetcs
00 beUHAOILAs MaTpULA Y/IUL, U 00LIeCTBEHHbIX IPOCTPAHCTB, KOTOPBIN CO3JaeT eJUHbIU
KapKac CollMaJibHbIX MECT B CTPYKType ropoza [5]. Mcxoas u3 Bblillle CKa3aHHOTO MOXHO
KOHCTAaTHUPOBATb, YTO OOLIeCTBEHHble MPOCTPAHCTBA SIBJASIOTCSA 3J€MEHTOM TOpPOJCKOro
Kapkaca.

Be3ycyioBHO, Bce KJIIOUEBBbIE 3JIEMEHTHI TOPOJA, TaK UMW HWHAye, SIBJSIOTCS COCTABHBIMU
KOMIIOHEHTaMH HaceJeHHOTo NYHKTa U GOpPMUPYIOT ONpejesieHHbIM, YHUKa/JbHbIA KapKac
ropoza. CooTBETCTBEHHO, BbIBe/leHUE KaXKJ,0I'0 TAKOT0 3JIeMEHTA B ONpe/ieJIEHHYI0 CTPYKTYPY
CUCTEMATHU3UPYeT rpaloCTPOUTEbHYIO CUTYaLHIO0.

06 ujee co3jaHHs CHCTEMbl OOLIECTBEHHBIX MPOCTPAHCTB M CTpaTeruu pereHepanyu
COLlMAJIbHO 3HAaYMMBbIX MeCT ropojia ropoputcs B Tpyde Andreina Maahsen-Milan u Luigi
Oliva. B paboTe oTMeudaeTcsl, YTO 0COGEHHOCTb OOLIECTBEHHbIX MPOCTPAHCTB 3aKJIIOYaeTCs
B UX NepudepuHOM pacHoI0)KeHUU BHYTPU MEramoJIUCOB, a TaKXKe B UX 3MU30[UYEeCKOM U
dparMeHTapHOM xapakTepe. PaspaboTka cucTeMbl OOLECTBEHHBIX MPOCTPAHCTB TpebyeT
KOHKPETHBbIX aHaJIMTUYECKHUX MOJAXO0J0B M MOJeJM MPOEKTHPOBAHMs, KOTOpass OCHOBaHa
Ha ompejesieHHON CTpyKType. Bosiee Toro, B paboTe mnoAvYepKUBaeTCs HEOOXOAVMMOCTb
CO3/laHUSA ClleljMaJIM3UPOBAHHOr0 areHTCTBa IO COBMECTHOMY YyIpaBJIEHHWIO TOPOJCKUMHU
IPOCTPAaHCTBAMU, a TAKXKe y4acTHe aKTUBHbBIX I'PaXKJjaH B Ipolecce IJIaHUPOBaHUS TOPOACKOU
cpeAbl U y4eT 6oJiee UPOKUX KPUTEPUEB BCEX COLMAJIbHBIX IPYIIN HaceseHusd [6].

Kak y»xe Bblllle O0TMe4Ya/0Ch, HA COBPEMEHHOM 3Talle MOHSTHE «OOIEeCTBEHHOE MPOCT-
paHCTBO» BOUpaeT B cebs BCe TOPOJACKUE COLlMaTbHO-3HAUUMble MeCTa, HAYWHas OT MaJlbIX
JIBOPOBBIX TEPPUTOPHUH, 3aKaHYMUBAsA 60JIbUIMMHU 00111erOPOJCKUMHU MJIOLAASMU.

Tak, Yuanduo Chen u ap. kiaccupuiyMpyoT 00lIeCTBEHHbIE MPOCTPAHCTBA HA TPU TH-
na B 3aBUCHMOCTU OT UCTOPUYECKU CJIOKUBILUUXCS PAWOHOB U IpaBa COOCTBEHHOCTH Ha
IPOCTPAHCTBEHHbIE PECYPCHI.

[lepBbIii TUN - cOLMa/IbHbIE 001 eCTBEHHbIE IPOCTPAHCTBA — 3TO FTOPOJACKUE MPOCTPAHCTBA,
OTKPBIThbIE /1JI BCEX TOPOXKaH.

BTopoil TN - KOJIJIEKTHBHBIEe OOLeCTBEHHbIe NMPOCTPAHCTBA — 3TO MPOCTPAHCTBO, TJ€
pecypchbl HaxX0AATCA B KOJIJIEKTUBHOM BJIaZleHUHU, 00C/IyKMBasi IOTPeOHOCTHU ONpe/ieIeHHOTO
coobuiecTBa.

TpeTuil Tun - rpynnoBble 06LIeCTBEHHble MPOCTPAHCTBA — 3TO MPOCTPAHCTBA, Xapak-
TEepU3yUIMecs OnpeJieJIeHHbIM MeXaHM3MOM NPOCTPAaHCTBEHHOTO yNpaBJeHUs |
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byHKIMOHA/NbHOW OpUeHTalMel, HanpuMep, IPOCTPAHCTBA AJS HMOXUJBIX JIOAEH, AeTel U
Ap. [7].

CremyeT KOHCTAaTUPOBAaTh, YTO TOPOACKas IJIOWAAb, B KJIACCUYECKOM €€ TNOHUMaHMWY,
JlaBHO yTpaTWJ/la CBOU OCHOBHbIe QYHKLMHM KaK MPOCTPAHCTBO, KOTOpPOE CJIYXKUJIO LIEHTPOM
001 eCTBEHHOUN M3HU ropoga. CoBpeMeHHble TpaZloCTPOUTEJIbHbIE TEHJEHIUU B KOpHeE
M3MEeHMUJIY POJIb U HAllOJIHAEMOCTb FOpoACKOH miowaau. K npumepy, eciu B XX Beke ropojckas
IJIOIIA/lb OKPY»KaJjlaCh BaKHBIMU COLMAJIbHBIMU M aJMUHUCTPATUBHBIMU 00'bEKTAMH, TO HA
COBpPEMEHHOM 3Talle 3TOT IPUHIUII YTPATUJI CBOIO aKTYaJIbHOCTb.

Ha Tekymui MOMEHT, 10 JaHHBIM 2gis, B ropoZie AcTaHe CyLleCTBYeT LIeCTb F'OPOJLCKUX
nuiomazen (Puc. 1) B Kiaccuyeckoi ero uHTeprpeTaniu. OHU He CBSI3aHbI MeX/1y COO0M KaKOM-
JINOO CUCTEMOM UJIH CETHIO, 0TYACTH 3TO PEe3Y/IbTAT MO3TAMHOM 3acTporKU ropoja. Tak, 10 1993
ro/ila B ropo/ie CyliecTBOBa/a OZjHa U N0 CYyTH IVIaBHas ropo/icKas IJIoLa/ib, pacroJioKeHHas
Ha nepeceyeHuu yaun Beioutmuauk u KeHecapsbl, a k 2024 roay MX 4YWCJIO BbIPOCJO [0
IIeCTU. YYUThIBAsA UX PaCIOJIOKEHHE B CTPYKType ropoja, HabJ/0JaeTcs ABHBIA yXOJ OT
NpUHLIHUNA «IeHTpasibHasi TOYKa» K MPUHIUMIY aBTOHOMHOCTH U 000CO6JIEHHOCTH KaXKJ0U
rOpO/CKOM MJIOLAAU. B pe3ysibTaTe JI0KaJIbHO KaXK4as ropo/icKas MJIOILa/Ab BbINOJIHSAET CBOIO
CYL,eCTBEHHYIO POJIb BHE 3aBUCHUMOCTH Jpyr OT ApPYyra, ABAAACH LeHTPaJbHOW TOYKOHU JJIA
onpe/eJIEHHOT0 palioHa ropoja.

|®
i
|®
i

PucyHok 1. CuTyanimoHHasi cxeMa ropoJCKMX IJIOIaJel LACTaHbl.
CneBa: 1 - ropoackas miowazp, 2 - maouaab 3aliuTHUKOB OTe4yecTBa,
3 - miowaab l'ocyaapcTBeHHBIX CUMBOJIOB KazaxcTaHa, 4 - niiouaib GOHTAHOB,
5 - miomaapk y MoHyMeHTa baliTepek, 6 - miomaab «Kasak esti».
CrpaBa - cucTeMa ropo/iCKUX mjaolnajei.

[IpumeyaHue: nHPoOpMaL U NOJIyYeHa U3 IPUIOKEHUS «2gis» [8].
B To e BpeMs OTMe4YeHHble FOpPO/JCKUe IJIOWAAM He ABJAKTCA ABHBIM LIeHTPOM IPUTH-

YKEHUsI HaceJleHUs, a BBINOJHAKT OQYHKLUUIO «00esucKa», ONpejessIouiero KyJabTypy,
UJIeHTUYHOCTb, HAIOMUHAIOLIEr0 0 BaXKHbIX COOBITUAX U UCTOPUYECKUX IIOBOPOTAX CTPAHBI.
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B 6G0/IbIIMHCTBE CJIy4yaeB CKOIJIEHHE TOpOXKaH Ha TaKUX OOILeCTBEHHBIX MPOCTPaHCTBAX
IPOUCXOAUT UCKIYUTENbHO B IEPUOJ NaMATHBIX JAT WA MepPONpPUATHH, a eCTeCTBEHHOe
cobpaHue JIIoel BOBCE UCKJIIOUEHO.

CoOTBETCTBEHHO, MOXHO CZeJIaTh BbIBOJ, YTO POJib U 3HAYMMOCTb 06LIeCTBEHHBIX IPOCT-
PaHCTB ompejiesisieTCsl He MPOEKTHBIM 3aMbICJOM, a NMCUX03MOLMOHAJbHBIM BOCHPUSATHEM
couuyMa. ITO SIBJISIeTCA CBOEro poja UHAUKATOPOM U NOKasaTeseM BaXKHOCTH TeX UJIK UHBIX
rOPOJCKUX 00611leCTBEHHBIX NIPOCTPAHCTB.

Tax>ke Ha OCHOBaHMHM JaHHBIX 2gis Oblya cocTaBJeHa TabJInIa IPOCTPAHCTBEHHOTO pacnpe-
JleJIeHUs1 JOMUHAHTHBIX OOIeCTBEHHBbIX NMPOCTPAHCTB B ropozckoi crpykrype (Ta6.1), mo
pe3yJsibTaTaM KOTOPOM CTOMT OTMETUTD CJIeiyIoliie MOMEHTBI: He B KaXK/I0M pallOHe UMeeTCs
0011eCTBEHHOE IPOCTPAHCTBO, KOTOPOE SABJISAETCS IAPOM JIJ1s1 MEJIKMX U CPEIHUX IPOCTPAHCTB,
HanpuMep, maowaab ['ocyaapcTrBeHHBIX CMMBOJIOB KazaxcTaHa M NpOCTPaHCTBO N0/, MOCTOM
«Apxap»; U3 NpeJCTaBJIeHHbIX JOMUHAHTHBIX OOLIECTBEHHbIX MPOCTPAHCTB GOJIBLIMHCTBO
yMMeeT LIMPOKYI0 0011eJOCTyIHOCTb, ODUEHTUPOBAHO HA NMAaCCUBHBIA OTABIX AJIS BCEX Py
HaceJIeHUSs], TOJIbKO 0611eCTBEHHOE IPOCTPAHCTBO M0, MOCTOM «ApXap» UMeeT rpyI0BOM THI],
OpPUEHTHUPOBAHHBIN Ha aKTUBHBIN OTABIX AJIF JleTel U MOJIOZeXKH, a TaKKe Npe/iCTaB/IeHHbIe
S/pOBble 00IleCTBEHHble MPOCTPAHCTBA 00/1a1al0T KOMQPOPTHOU MNellell JOCTYNHOCTbIO B
npegenax 50-300 meTpoB.

Ta6sauna 1. [IpocTpaHcTBeHHOE pacnpe/iesieHHe JOMUHAHTHBIX 061[eCTBEHHbBIX TPOCTPAHCTB

Ne | Paiion HaunmeHo- | JlocTynnHOCTb Tun OpueHTanusa Anpo
BaHUE
1 | Capriapka | [opoackas | KomdopTHas. Coum- O6memocTymn- Ja. ABnserca
miromanep | [lemasa gocryn- aabHbIM | HBIW. [laccuB- AJpOM I/ Cpefi-
HOCTb. biinsnexa- HbIN OTABIX. HUX U MEJIKUX
UK KUJIOU 10M Juis1 BcexX rpynn | o6LieCTBEHHBIX
pacnoJyioXKeH Ha HaceJleHUs. NPOCTPAHCTB B
paccTosiHUM He 60- paiioHe Capblapka.
see 100 meTpoB.
2 | Hypa [Tnomanp YnoBaeTBoputesb- | Conu- O6menocTymn- Het. He aBasieTcs
Tocypap- Hagd. [lemasa fo- aJbHbIN | HbIW. [TaccuB- A4POM [JISl Cpef-
CTBEHHBIX | CTyHHOCTb. bus- HbIN OTABIX. HUX U MEJIKUX
CUMBOJIOB | JIeXKalLllMM KUJI0H Juis Bcex rpynn | o6LieCTBEHHBIX
Kasaxctana | oM pacnosioxkeH HaceJleHUs. NpPOCTPAHCTB B
Ha pacCTOSTHUM He paiioHe Hypa.
6osiee 300 meTpOB.
3 | Ecunb [lnomazs y | KompopTtHas. [Te- Conu- O6menocTymn- Jla. fiBnseTcs
MOHYMEH- | l1asi JOCTYIHOCTb. |aJbHbIA | HbIH. [laccuB- A pOM I/ Cpefi-
Ta «baiiTe- | bauznexaumun HbIN OT/bIX. HHUX U MEJIKHUX
pex» YKWJIOHM OM pacno- Juis1 Bcex rpynn | o6LieCTBEHHBIX
JIOXKEH Ha paccTo- HaceJleHUs. NPOCTPAHCTB B
sIHUM He 60oJiee 50 paiione Ecunb.
METpOB.
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AnmMatsbl Oo61e- HeypoBiieTBopu- I'pynno- | Orpanuyen- Het. He aBasieTcsa
CTBEHHOE | TeJIbHasl. Basi HbI. AKTUB- SJIpOM ISl Cpefi-
npoctpaH- | bausnexaumuii xu- HbIU OT/IbIX. HUX U MEJIKUX
CTBO MO/, JIOM IOM pacmoJio- CnopTuBHas 00111eCTBEHHBIX
MOCTOM »KeH Ha PacCTOSIHUU OpHeHTaLUsl. NPOCTPAHCTB B
«Apxap» 600 meTpoB. s neteit u paiioHe AMaTBhI.

MO POCTKOB.
5 | Capaii- [lnomans | KompoprHas. Ile- Coum- O6wenocrtyn- Jla. fiBnsieTcs

IIBIK «Ka3zag 11asi JOCTYIHOCTb. | aJbHbIN | HbIH. [laccus- SJIpOM ISl Cpeji-
eJli» bauznexaiuit HbIU OT/IbIX. HUX U MEJIKUX

»KUJI0H OM pacno- s Bcex rpynim | 0611eCTBEHHBIX
JIOXKEH Ha paccTos- HaceJleHUs. NPOCTPAHCTB B
HUU He 60Js1ee 200 paiioHe CapailibIK.
METpPOB.

HpI/IMe‘IaHI/Ie! COCTaBJIEHO HA OCHOBAHHWH JAdHHBIX ZgiS.

Hab.1to1eH1e oKa3bIBaeT, YTO HacesJleHHe OTAAET MpefiouTeHHe KOMPOPTHOMY, IyXOBHOMY U
3MOIMOHA/JIbHO NPUSATHOMY 06IECTBEHHOMY IPOCTPAHCTRBY, YTO, B CBOIO 04Yepe/ib, IPUBOAUT
K 00pa3s0BaHUI0 «HAPOJHBIX» COLMUAJbHO 3HAYMMBIX NPOCTPAHCTB B CTPYKTYpe Tropoja.
bBsiarogapsi aToOMy MOXHO MpOCJAEeJUTh CTeleHb B3aUMOJEWCTBUS MeXAy odHUIIMaTbHbIM
NJIAaHUPOBAaHHEM COLIMA/IbHO 3HAYUMbIX IPOCTPAHCTB U peasibHOU ropoACKON KU3HBIO.

KacaTesibHO cUTyalMy 0611[eCTBEHHBIX IPOCTPAHCTB B 1ieJioM (Puc. 2), To MO’)KHO OTMETUTD,
ciefytollee: epBoe — B OOJIBIIMHCTBE CJIy4aeB COLlMAJIbHO 3HAaUMMble MeCTa NPUBS3AHbI K
00111eCTBEHHBIM 00'beKTaM (TOProBO-pa3BJeKaTe/bHbIE LIEHTPbI, J0CYTOBbIE IIEHTPHI U T.I.) U
SIBJISIIOTCSI HEMOCPeACTBEHHBIM MPOAOP)KEHUEM apXUTEKTYPHO-KOMITO3UILIMOHHOTO pelleHUsI
TaKHUX 06'bEKTOB, C/1e/l0BaTe/bHO, GOpMUPOBaHUE 00IECTBEHHBIX IPOCTPAHCTB OT/IEJIbHO OT
0011leCTBEHHBIX 3/IaHUU He aKTyaJIbHO U He OTBeYaeT COBpeMEHHbIM TpebOBaHUAM COLIMyMa;
BTOpOE — IPUCYTCTBYET sIBHbIN MlepeBeC pacnoJioKeHH s 0011eCTBEHHbIX IPOCTPAHCTB B ompe-
JleJIeHHbIX 30HaX rOpPo/ia, 0OTYACTH 3TO CJIe/ICTBUE ePBOT0 MyHKTA; TPEThe — BHE 3aBUCUMOCTHU
OT MaciITaba U pa3Mepa 061eCTBEHHbIX IPOCTPAHCTB OHU MOTYT OBbITh MaJio BOCTPEOOBAHbI
WJIM BOBCE He BOCTpPeOOBaHbI Cpefiu ropoxaH. [logTBepKAeHUeM 3TOMY CJAY»aT FOpOJCKHe
IJIOLIA/AM, KOTOPbIE B OOJIbIIMHCTBE C/Iy4yaeB BbI3bIBAKOT UHTEPEC Y TYPUCTOB, A JIJII MECTHbIX
KUTeJlel NMPeBPaTUIUCh B «TPAH3UTHYIO 30HY». VCK/IlOUeHHEeM SIBJISIOTCS peKpealioHHbIe
30HbI C 0O6UJIMEM 3€eJIeHbIX HacaX/IeHUH, TaKUe, KaK [eHTPaJIbHbIN MapK, 00TaHUYECKUH caj, U
Jlpyrvie TeppUTOpUH.

AHasiu3 KapThl paACMIOJIOKEHUS OOIEeCTBEHHbIX MECT II0Ka3bIBaeT, UYTO KOJHUYECTBO
00111eCTBEHHBIX NPOCTPAHCTB B 3allaZlHOM U BOCTOYHOM YacTU ropoza AcCTaHbl CylleCTBEHHO
MeHbllle, YeM B IIeHTPaJbHOM YaCTH.

B pa3/iMyHbIX COLMANbHBIX CETSX }KUTEJIU 3TUX PalOHOB BbICKa3biBaJIM HEJLOBOJIbLCTBO 00
OTCYTCTBHHU 00111€CTBEHHBIX 00'bEKTOB U IPOCTPAHCTB, U Il IPUSATHOTO BPEMSIIPOBOXKAEHUS
WM NPUXOJUTCSA €XaTh B LIEHTPaJIbHYI0 4YacTb ropoa.
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AcTambi Y

PucyHok 2. CuTyanjiOHHas1 CXeMa 001eCTBEHHbIX NPOCTPAHCTB I. ACTaHBbI.
CnpaBa - 0611eCTBEHHBIE IPOCTPAHCTBA (IapKH, CKBEPHI U T.IL.).
CsieBa - KapKac 0611eCTBeHHBIX TPOCTPAHCTB.

CnefoBaTe/IbHO, MOXKHO CJle/1aTh BbIBOJL, UTO 06LeCTBEHHbIE IPOCTPAHCTBA GPOPMUPYIOTCS
nocT}aKTyM N0 TEKYI el rpaZ,oCTPOUTENbHON CUTYaLl MU, TPUTTEPOM KOTOPOMY CIY>KUT HOBOE
MHOTroQyHKLMOHA/JbHOE 00LiecTBEHHOe 3/ aHue. TakkKe CTOUT OTMETHUTb, YTO NOsIBJIEHUE
HOBOT'0 O6LIeCTBEHHOr0 MPOCTPAHCTBA HA KapTe ropoja MOXeT ObITb C/l1e[,CTBUEM DEKOH-
CTPYKL MU TOPOJCKON TEPPUTOPUM UJIM IOCJTE CHOCA BETXOTO XWUJIbsl, IPUMEPOM SIBJISETCS
0011 eCTBEHHOE MPOCTPAHCTBO Ha nepeceuyeHuu ynul U.Ecenbeparna u bl.AnTbIHCapuHa, 4TO
TaK)Ke MO TBepXK/JaeT IPUHLUI NOCTGAKTYM.

OAHMM M3 OCHOBHBIX 33/la4 CETH M KapkKaca B LleJIOM — 3TO obecrie4yeHHe YCTOMYHUBOIO
GYHKIIMOHMPOBAHHUSA CUCTEMBI, KOOPAUHALMSA U B3aUMOCBSI3b MEX/AY Pa3/JIMYHbIMU YaCTSAMHU
HaceJleHHOTO NyHKTA. Clie0BaTe/IbHO, KapKac 0611eCTBEHHOTO MPOCTPAHCTBA J0JIKEH 06ec-
Ne4YuThb YA06CTBO U CBAI3aHHOCTb BCEX 3JIEMEHTOB 3TOW CUCTEMBI /1Sl JOCTHXKEHUST BBICOKUX
nokasareJieil B KOMPOpTe COLMalbHO 3HAYUMBbIX MECT ropoja.

[Ipu npoBeseHUU rpad0aHATUTUUECKOTO aHA/IM3a CUCTEMBI 061 eCTBEHHBIX IPOCTPAHCTB
ropoga AcTtaHbl 6blIO BbIsIBJeHO (Puc. 3), uTo ropoackue miaoiazu fABJASIOTCA A4pOM 06-
IleCTBEHHBIX NMPOCTPAHCTB. JTO HAIJIAZAHO BHUJAHO Ha CXeMe B3aMMOCBSI3M OG6LIECTBEHHBIX
IPOCTPAHCTB NYTeM HaJIOXKEHUs 30HbI OOLEeCTBEHHBIX MPOCTPAHCTB MO/, 30HY OPOJACKUX
mowageil. Ho, kak y»xe oTMeuasioch, Kax/asi ropoJicKasi IJIolaAb — 3TO CAMOCTOSITEJIbHOE,
JIOMMHaHTHOEe U 060C06JIeHHOEe COLlMa/IbHO 3HAaYMMOe IPOCTPAHCTBO B FOPOJCKON CTPYKTYPpe.
Eciu kaxgas ropojckass IJIOL@Jb SBJsETCS JOMHUHAHTOM B OINpe/e/leHHOM paloHe,
c/ej0BaTesIbHO, 06LIeCTBEHHbIE TPOCTPAHCTBA, HAXOAALIMecs B 3TOM paliOHe, JO/KHBI ObITh
B IIOJJYMHEHUHU K HEH.

[TonbITKa BBISABJIEHUSI CHCTEMbl B3aWMOCBSI3M KaXKJ0TO COLIMAJIbHO 3HAaYMMOrO MecCTa
C JOMHHAHTHBIM ILIEHTPOM JEMOHCTPUPYET OTCYTCTBHE KAaKOW-TMO60 3aKOHOMEPHOCTH B
3ToM. COOTBETCTBEHHO, KaX/Joe OOlLieCTBEHHOe NPOCTPAaHCTBO, BHE 3aBUCUMOCTHU OT eé
GYHKIMOHAJIBHOTO HANOJIHEHUS W 33a/a4, SIBJSETCS CeNapaTHbIM 3J€EMEHTOM TOpOJACKOH
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CTpYKTypbl. HO B TO ’Xe BpeMsl Hesib3sl WUCKJKYaTb U3 BHHMaHWS, YTO OOIECTBEHHbIE
IPOCTPAHCTBA fABJAIOTCA 3JIEMEHTOM, ONpelesIAI0IIMM COLlMaJIbHBIN KapKac ropoja.
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PucyHok 3. CxeMa B3aUMOCBA31 061eCTBEHHbIX IPOCTPAHCTB.
CrnpaBa - 30Ha 00611[eCTBEHHbIX NIPOCTPAHCTB U F'OPOJCKUX IJIoLIaeH.
CsieBa - KapKac B3aUMOCBSI3U 001eCTBEHHBIX IPOCTPAHCTB.

B nmpouecce n3y4eHUs1 JAHHOW TeMbl ObLIO y/eJleHO BHUMaHUE CUCTeMe 06LieCTBEHHbIX
IPOCTPAHCTB B rOpoJiax, pacnoJIO)KeHHbIX B MOPCKUX akBaTopusax (Akrtay, ATbipay). B Takux
ropojiax OJHMM M3 KJIIOYeBbIX PakTOpoB, GpOPMHUPYIOLIMX COLUMAJbHO 3HAaYMMble MECTQ,
ABJIAIIOTCA NPUPOAHO-KJIMMaTU4YeCKHe W JIaHJAWaTHBIE yCcJ0BHA. B KOHEYHOM uTOre 3TO
onpejiesisieT apXUTEKTYpHOe CBOoeoOpa3ve CHUCTeMbl OOILEeCTBEHHBIX NPOCTPAHCTB TaKHUX
rOpoJZOB.

Moop B.K. u EpbimieBa E.A. BbIsIBUIM NPUHLUIIBI GOpMUPOBaHUSA 3P PEKTUBHON CUCTEMBI
00l eCTBEHHBIX MPOCTPAHCTB B rOpPOJax, PacnoJIOKeHHbIX B MOPCKHUX akBaTopusax [9]. U3
HUX CTOUT OTMETHUThb CJEAYIOllHe MPUHLMIB], KOTOpble COOTBETCTBYKOT pPeruoHabHbIM
0COOGEHHOCTSM ropo/ia ACTaHbl:

- Heo6X0UMOCTb Nepexo/ia OT Pa3pO3HEHHbIX COLMAJbHO 3HAYUMBbIX MECT K 11eJIOCTHOHN
CUCTeMe 001 eCTBEHHBIX IPOCTPAHCTB;

- cdoKycupoBaTb BHUMaHHe Ha BCEX COLUAJIbHBbIX MOTPEOHOCTAX rOpPOXKaH B KOHTEKCTE
0011 eCTBEHHBIX TPOCTPAHCTB;

- pacliMpeHHe TUIIOJIOTUM COLMaIbHO 3HAYUMBbIX MeCT FOpOJa;

- KOMIIJIEKCHBIM IOAX0J, B ydyeTe NPUPOAHO-KJIUMATUYECKUX YCJAOBUU AJA JOCTHXKEHUS
OMOKJIMMATH4YeCKOro KoMdopTa NpebbIBaHH JIt0/IeN B 0011eCTBEHHbBIX IPOCTPAHCTBAX;

- IeJieHalnpaBJeHHass pa3paboTKa eJUHOM CHUCTeMbl OOIEeCTBEHHbIX HNPOCTPAHCTB
B KOHTEKCTe 6a30BbIX CMBICJIOB, YTO, B CBOI OYepesb, TpPeOyeT IMOJHOTO TBOPYECKOIO
[IepeoCMbIC/I€HUSA U Pa3BUTUSA COLMAIIBHO 3HAYMMbIX MEeCT ropoza.

M3BecTHO, YTO ropojia HempepbiBHO TPaHCHOPMUPYIOTCS, aJalTUPYIOTCA MOJ peauu
BpeMeHU. Ha coBpeMeHHOM 3Talle ropo/ia HaXoAATCA Ha 3Talle 3BOJIIOLUH B CUJIY [V106a/1bHOU
nudpoBUsanuM M MaccoBoW HMHPopMaTUBHOCTH. [loTaeB I'A. B cBoeM Tpyae OTMeyvaer,
YTO OOIEeCTBEHHble NPOCTPAHCTBA fABJAKTCA «(POKycaMu» TOPOACKOW akTHBHOCTU [10].
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ConyasbHO 3HAYMUMble TOPOJCKHME Y3Jibl BBINOJHAKT KJ/IKYEBYID KOMMYHHUKATUBHYIO
U CTPYKTYpoOOpasymouUlyl0 poJib MO OTHOLIEHWI0O K TOPOJCKUM TEePPUTOPHUSAM pPa3HOro
HasHavyeHUs. Takke aBTOpP MOAYEpPKHBAeT HEOOXOAUMOCTb QOPMHUPOBAaHUSA Kapkaca
0011 eCTBEHHBIX IPOCTPAHCTB B BU/le IMHEHHO-Y3JI0BOM CUCTEMBI, I/le Y3JI0BBIMU 3JIeMEHTaMHU
BBICTYNAIOT TOPOJACKHE IIOIIAZM, OOIleCTBEHHble LEHTPhl, KyJIbTYPHO-UCTOPUYECKHE
IPOCTPAHCTBA U 001eCTBEHHbIE KOMILJIEKCH], @ B Ka4YeCTBe JIMHEWHBIX 3/IeMEHTOB BbICTYNAIOT
YJIUIbI, IeLIeX0iHble My TH, BeJ00POKKH, TUHUHN 0011,eCTBEHHOTO TPaHCIOPTA.

OAHUM U3 METOZOB JOCTHXKEHHS KayeCTBEHHOW rOPOJICKOM CpeZibl — 3TO LieJleHanpaBJeHHas
OpraHM3alys HeMpepbIBHOW eJUHOM CUCTEMbI 0011eCTBEHHbIX NPOCTPAHCTB ropoza. Tak, Yyt
f1.B. BbIABUJI onIpe/iesieHHble YCI0BUA GOPMHUPOBAHUSA CUCTEMBI 001LleCTBEHHBIX IPOCTPAHCTB
Ha npuMepe ropoga KpacHosipcka. B paboTe oTMeuaeTcs, YTO 0611eCTBEHHBIM IPOCTPAaHCTBAM
ropojia CBOWCTBEHHAa MHOTOQYHKIMOHAJbHOCTb. B COBOKYNHOCTHM OHM MpeACTaBJSIOT
co60il HEKUU He3pUMbIA KapKac B CUCTEME ropo/ia, KOTOPbIM AWHAMHU4YHO Pa3BHUBAETCS U
NpeBpaliaeTCs B MECTO IPUTXKEHUA TOPOXKaH.

Ocoboe BHUMaHUe yZiesaeTCsl CUCTeMe JOPOXKHO-YIMYHOM CEeTH, KOTOpas AABJIAETCS KJII0YeBbIM
3JIEeMEHTOM B CBA3U MeXJy OOILLeCTBEHHbIMU INPOCTPAHCTBAMHU. Ba)KHBIM NPUHLMUIIOM B
$OpMUPOBAHUM CUCTEMBI 06LIeCTBEHHbBIX IPOCTPAHCTB SABJSAETCH €€ NOCTYMHOCTb [/l BCeX
KaTeropui rpaxzas [11]. B pesysbTaTe npoBeZieHHOM paboThbl aBTOP YCTAHOBUJ THUIIOJIOTHIO
3JIeMEHTOB 001eCTBEHHbIX IPOCTPAHCTB M0 XapakTepy GyHKLMOHAJbHOI'0 B3aUMO/,eCTBUSA
Y BbIIBUJ QaKTOPBI, BAUsALMe HA GOPMUPOBAHHE CUCTEMbI 0OIeCTBEHHbIX NTPOCTPAHCTB,
onpeJie/IMB UX Kak 6a30Bble ¢akTOphl. K 6a30BbIM pakTOpaM ObLIN OTHECEHbI: B3aUMOCBA3b
npuJierawlei TeppuUTOPHH C YJIULLAMU, BAUSHHE TUIIOJIOTUU 00'bEKTOB FOPOJCKON 3aCTPOMKH,
pecypc ropoJicKoi cpe/ibl, MaClITabHOCTb 'OPOJCKUX IPOCTPAHCTB, OXpaHHble TEPPUTOPUHU U
IpPOEKTHbIE pelIeHus.

/7151 BbISIBJIEHMS KapKaca 0011eCTBEHHBIX IPOCTPAHCTB Ha OCHOBE CJI0XKUBLIENCA rpajioCcT-
pOUTEJIbHOW CUTYalUM ropoJia ACTaHbl ObLJIO BBIIIOJIHEHO /iBa BapUaHTa rpadoaHaJIuTUUECKOT 0
aHaiusa (Puc. 4). [lepBblii BapuaHT Kapkaca OOILLeCTBEHHBIX MPOCTPAHCTB NOCTPOEH Ha
OCHOBE paiMaJIbHOTO NPHUHIHMIA C JOMUHUPYIOLUM 3JIEMEHTOM B LIEHTPE, @ BTOPOM BapUaHT
- Ha OCHOBE JIMHEHHO-Y3JI0BOr'0 IPUHIMIIA. Pe3y/ibTaT npoBeieHHOr0 aHa/IM3a NoKasaJl, 4To
JINHEMHO-Y3JI0BOM NPUHLUI NOCTPOEHUs KapKaca OOLeCTBEHHBIX MPOCTPAHCTB ABJAETCA
6oJsiee ONTUMaJbHbIM W YCTOMYMBBIM B KOHTEKCTE IMEePCHEKTUBHOIO PAa3BUTHUS CUCTEMBI
0011eCTBEHHBIX TPOCTPAHCTB.

[Io uTOraM npoBeIeHHOI'0 UCC/IeJOBAaHUS MOXKHO CZle/IaTh BBIBO/JL, UTO pa3paboTKa CUCTEMBI
001 eCTBEHHBIX TPOCTPAHCTB TpebyeT KOMIJIEKCHOIO MoAxoAa. Takasd colMaJbHO 3HAaYMMas
cUCTeMa ropo/iCKUX MPOCTPAHCTB J0J>KHA 06eCleYuThb yCTOMYHMBOE CBOe QYHKIIMOHUPOBaHHUE
B €IMHOM KapKace ropoja. JTO NoJ4yepKUBaeT BaXXHOCTb 06LIeCTBEHHBIX IPOCTPAHCTB KaK
y3JI0OBBbIX TOUYEK B COLIMa/IbHOM CETHU HaceJIeHHOT0 MyHKTa.

BcecTOpOHHMI U 'PaMOTHBIH TOAXO/ K OPTraHU3aL MM CUCTEeMbI 0011leCTBEHHBIX TPOCTPAHCTB
B 3HAYUTEJbHOU Mepe cnoco6cTBYyeT GOPMUPOBAHUIO 3CTETUYECKOTO M COLIMAJIbHOTO 06JIMKa
ropo/a, 0TBevyarllero COBpeMeHHbIM TPeOOBaHMUAM 0011eCTBA, A KOHLENLUA eJUHOU CUCTEMBI
COLIMAJIbHO 3HAUUMBbIX IPOCTPAHCTB B IePCHEKTUBE NO3BOJUT CPOPMHUPOBATH LieJIbHYIO0 KapTy
6J1aroyCcTpOMCTBa ropoa.
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PucyHok 4. /IuHeiiHO-y3/10Bas CUCTeMa 061 eCTBeHHbIX NPOCTPAHCTB.
CnpaBa — 30Ha 0061LleCTBEHHbIX IPOCTPAHCTB 10 palioHaM.
CneBa - KOHLEeNLMsA KapKaca 0611eCTBEHHbIX IPOCTPAHCTB Ha OCHOBE JIMHEWHO-Y3/I0BOT0 NPHUHIIUIIA.

Ha Tekymuii MOMeHT cucTeMa OOIEeCTBEHHBIX MPOCTPAHCTB POPMHUPYETCS CTUXUUHO,
a KaXk/loe COLMAaJIbHO 3HAaYUMOEe MeCTO ropojia XOTb U BbINOJIHAET CBOM 3a/ia4M, HO BCE XKe
byHKIIMOHMpYyeT 060c06JIeHHO, BOUpas B ce0s1 aNU30Au4eCKU U pparMeHTapHbINA XapaKTep.
CnesoBaTesibHO, HEOOXOUMOCTb CUCTEMATHU3aLUM 06111eCTBEHHbIX IPOCTPAHCTB BO3pacTaeT
MHOTOKPATHO, YTO MOXET IPHUBECTH K CO3/JJaHHUI0 CIEeLHaJU3UpPOBAHHOTO areHTCTBA IO
yOpaBJ€eHUI0 TOPOJCKMMM TMpocTpaHcTBaMU. K coxkasieHHIO, CJI0XKHUBIIAsICS CUTyalus
NOKa3bIBaeT, YTO OQHUIIMaJbHOE IJIAHUPOBAHUE COLMAJbHO 3HAYUMBIX MPOCTPAHCTB He
YUYUTBIBAET pealii rOPOJICKOM KHU3HU U JIONYyCKAEeT HeXeJlaTeJbHOe JIeUCTBUE B OPraHU3alu 1
00LeCTBEHHOTO MNPOCTPAHCTBA IYyTeM OT/EJbHOrO ero pa3MellleHHs OT OO6LleCTBEHHbIX
37JaHUH U 06'BEKTOB.

B xoze aHasn3a ObLJIO YCTAaHOBJIEHO, UTO OOLIECTBEHHbIE MPOCTPAHCTBA GOPMHUPYIOTCS
nocTPaKTyM MO TeKylled IpajjoCTPOUTENbHON CUTYalluy, a TPUTTEPOM JJIsl 3TOTO CJAYKHUT
HOBOe MHOT0QyHKIMOHA/JbHOE 00IlecCTBeHHOe 3/jJaHue. Takyke OblJIO BBISIBJIEHO OTCYTCTBHE
KaKOM-1M60 3aKOHOMEPHOCTH BO B3aMMOCBSI3M 00ILeCTBEHHBIX POCTPAHCTB MeX/AY COOOH,
YTO OKa3bIBaeT UX CceNapaTHbIN XapaKTep.

OAHUM W3 NPUHLUINOB GOPMUPOBAHUS KAa4eCTBEHHOW CHUCTEeMbI OOLEeCTBEHHBIX MPOCT-
PaHCTB ABJSETCA JMHENHHO-y3/10Bas. [[pUHLUN JIMHEHHO-Y3/JI0BOM CUCTEMbl OpraHU3alUU
001 eCTBEHHBIX NMPOCTPAHCTB GOPMHUPYET HENpepbIBHbIM eJUHbIM KapKac 06lLieCTBEHHbIX
IPOCTPAHCTB ropoa. [pu ;aHHOM NpUHIIKITE 0C060e BHUMAHUE y/leJsIeTCs CUCTEME I0POXKHO-
YJIUYHOM CETH, KOTOpasi SABJSETCS KJIYEBbIM 3JIEMEHTOM B CBSI3U MeX/y 0OleCTBEHHbIMHU
IpPOCTPAHCTBAMU. [lMOC K BbIlIEe CKa3aHHOMY, AJiss (GOPMUPOBAHHUS KauyeCTBEHHOW W
3¢ PeKTUBHOMU CUCTEMBI 001[eCTBEHHBIX TPOCTPAHCTB PEKOMEHAYETCS:

[lepBoe - HEOOXOJMMO OTOUTHU OT Pa3pPO3HEHHBIX COIMAJIBHO 3HAYUMBIX MPOCTPAHCTB
ropo/ia K LieJIOCTHOM CUCTeMe 0611eCTBEHHbIX IPOCTPAHCTB.

BTopoe - choKycHpoBaTh BHMMaHHe Ha BCeX COLMAJbHBIX MOTPEGHOCTSAX TOpPOXKAH B
BOIpPOCe OpPTaHU3aL MU CUCTEMBI 0011eCTBEHHbIX IPOCTPAHCTB.
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TpeTbe — KOMIJIEKCHBIM MOJX0J B yyeTe MPUPOAHO-KJIMMAaTUYECKUX YCJIOBUH, C LieJbI0
JOCTU>KEHUSI OHOKJMMATH4YeCKoro koMmopTa MNpedObIBaHUA JIIOJeHd B OOLeCTBEHHBIX
IpPOCTPAHCTBAxX ropoja.

YeTBepTOe - NOJIHOE TBOPYECKOE MePeoCMbIC/IeHHEe U pa3BUTHE COLMAJIbHO 3HAYMMBIX
MeCT ropo/ia B KOHTEKCTe yCTOMYMBOI0 pa3BUTHUS.

3ak/iloueHue

Ha coBpeMeHHOM 3Tare B LieJIOM HaOJII0JjaeTcsl U3MEHEHHE YCTOSBUIUXCS MPeACTaBJAeHUN
O poJiM O6LIeCTBEHHbIX MPOCTPAHCTB. COLMAJbHO 3HAYMMble MeCTa Hayad OKa3bIBaThb
CYyllleCTBEHHO€E BJIMSIHWE Ha pa3BUTHE TOPOJICKON cpejibl. B rpaZjocTpouTeIbHON MpPaKTUKeE
BCe LIMpe MPUMEHSIOTCS pa3JiMuHble CHUCTEMbl KapKaca U CTPYKTYpbl, 06beJUHSIOLIHE
O/IHOPOJIHbIE 3JIEMEHThI rOpoZia B KJACTep C eJUHbIM TOpPOACKUM pecypcoM. OJHO3HAYHO,
TaKue MepeMeHbl CBUETENbCTBYIOT 06 U3MEHEHUH TBOPUYECKOI'0 MbILILJIEHHS] apXUTEKTOPOB
M0/l COBpeMEeHHbIe peasiiHu.

O61iecTBeHHble TPOCTPAHCTBA - 3TO HEOTheMJeMasi YacTb COBPEMEHHOTo yp6aHU3Ma,
KOTOpbIE CJAYKaT OJHUM U3 UHJUKATOPOB KOMPOPTHOCTHU TOPOJACKOUN cpefibl. AKTYaJIbHOCTh
bopMHUpPOBaHUS CUCTEMbI O6GLIECTBEHHBIX TPOCTPAHCTB ropo/ia 06ycJ0BIeHa CTPeMJIEHUEM
NOBBIIIEHHS YPOBHS COIMAJbLHOTO B3aUMOEUCTBUS rOPOKaH, BbISIBJIEHUS JIEIPECCUBHBIX U
TpeoyrINX GOKYCHOI0 BHUMAHUs TOPOACKUX TEPPUTOPUH.

Hanvuue kapkaca o0O6IeCTBEHHBIX NPOCTPAHCTB MOXET ChIIpaTh KJOYEBYI pOJib B
COXpaHEHHUH 3KOJIOTUYECKOTO PAaBHOBECHUSI TOpoja, NMPeLOoCTaBJsAsa MOJHYI U aKTyaJbHYIO
MHbopManvi 00 OOIEeCTBEHHBIX MeCTaxX, YTO, B CBOIO o4epejb, COAJAaHCUPYET TOpo/j, B
COLIMAJIbHOM acIeKTe.

dopmupoBaHUE eAUHON CUCTEeMbl 00IeCTBEHHbIX TPOCTPAHCTB ropoZia - 3TO CBOeBpe-
MeHHOe pellleHHe M0 obecleyeHUI0 TAapMOHHUHU W yJ0OCTBA B3aUMOJENUCTBUSL KUTeJEH C
TOPO/ICKMM MPOCTPAHCTBOM; UHPPACTPYKTypa, KOTOpask MOHSATHA U YA0OHA AJis TOPOXKaH U
rocTei ropoja; 3TO OJAUH U3 CIOCOG0OB COJIMKEHHUsI HAceJIeHUs] U MOBbIIIeHWe COIMaIbHOU
CIJIOYEHHOCTH JIIJAEH; CUCTeMa FAapMOHUYHON HMHTErpalydu apXuTeKTyphl, JaHAadTHOrO
Jli3aliHa ¥ 3JIEMEHTOB I'OPOJCKOU Cpe/ibl; CrIoco6 N36€eKaTh Xa0OTUYHOU U Helesecoo6pasHon
OpraHu3alUu TOPOACKON cpeJbl; JOCTHXeHHe OasaHca MexJy QYHKIMOHAJbHOCTbIO U
3CTETUKOU rOpO/ICKOT0 MPOCTPAHCTBA.

Hanvuue 1eHTpasibHOM CHUCTEMbI YIpaBJeHHUS W KOOPAMHALMU OOIIEeCTBEHHbIX MPOCT-
PAHCTB MO3BOJIMT G0Jiee PAllMOHAJIBHO MJIAHUPOBATh U pPacnpeessiTh Pecypchl rOpoja, 4YTo
CIOCOOCTBYET Y/IYYIIEHHI0 YCTOMYMBOCTH M 6€30MaCHOCTH rOpoACKOM cpeibl. Takum o6pasomM,
dbopMHUpoBaHUe eJUHOTO KapKaca 061eCTBEHHbIX POCTPAHCTB MOXET C/eJIaTh ropos 6oJiee
yI0OHBIM, 6€30MaCHbIM U 3KOJOTUYHBIM, UTO MOJIOXKHUTENBbHO CKAXKETCS Ha KayeCTBe XKU3HU
rOpOXaH.

EfUHBIA apXUTEKTYPHbIM KapKac OOIIeCTBEHHBIX MPOCTPAHCTB ONpeJAeSieHHO J0JIKeH
cbopMUPOBATH }KUBYIO U JIUHAMUYHYIO TKaHb I'OPO/IA, I/l€ KaXK/ bl 3JIeMEHT BBIMOJIHSET CBOIO
YHUKaAJIbHYIO POJIb B 0011eCTBEHHOM KHU3HU COLUYMa, CIOCOOCTBYS YKPENJIeHHUI0 U pa3BUTUIO
rOpOJCKON UAEHTUYHOCTH.
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A.1Il. Kaiipapos, I[LA. Kapa6aeB
C.Celigpynnun amwuiHdarsl Kazak azpomexHukavik 3epmmey yHugepcumemi, Acmana, Kazakcmat

AcTaHa KaJ1acblHa KOFaM/bIK KeHiCTiKTepAiH 6ipbIHFaii KAHKACBIH KaJIBINTACTHIPY TypaJibl
MaceJie

Anpgarna. Kasipri keseHeri KoFaMibIK KEHICTIKTEp a/1eyMeTTiK 6esICeHA1TIK TeH XaJbIKThl M3JJeHH
OalbITYABbIH HeErisri TopamnTapbl OoJbIN Tabbuiagbl. XahaHgaHy MeH ypO6aHH3anus >KaFmaWbIHIa
MYH/J,ail KaJaJblK TOpanTap Kaja TYpPFbIHJAapPbIHbIH 9JIEYMETTIK, MOJ€HH XKoHE dJIeyMETTIK COMKECTITiH
KaJIbIIITAaCThIPYAbIH, MaHbI3/1bl 3/IeMeHTiHe ailHaaAbl. ByriHri TaHJa KOFaMAbIK KeHiCTIKTep TeK KaJjia-
JIBIK, KYPbLJIBIMIAFbl OPbIH FaHa eMeC, COHbIMeH bipre KOFaMABIK OipJIiKTi HBIFAUTY MaKCaTbIHAA
KaJIaHbIH, 9/1eyMeTTiK MaHbI3/lbl OPbIHJAAPbIHbIH, 6ipTyTac 1IeHO0epiH KypalThIH GipHellle TOPaOThIK,
OPTaJIBIKTAP/bIH, XKeJlici 60JIbIN TabbLIa/IbI.

Ochbl 3epTTey KYMBICTBIH, MaKCaThl OKLIay/JlaHFaH KaJlaJIbIK 9J1eyMeTTiK TOpanTapAaH KaJjblITacaTbIH
AcTaHa KaJlaChbIHBIH, MbICAJIbIH/IA KOFAMJBIK KeHIiCTiKTep/iH 6GipbIHFall KaHKACbIH aHBIKTAy OOJIbII
TabblIajbl.

3epTTey KaJjajblK KypblLIbIMJAa KOFaMJbIK KEHICTIKTepZi OpHa/acTbIPYAblH, KaJbIITACKAaH Kaf-
JlaliblH Tajjayfa, ACTaHa KaJlacbIHbIH KaJja KYpbLIbIChI »KaFlalblH 3aTTaill 3epTTEYTe, COY/NET KIHE
KaJla KYpblJIbIChI CallaCblH/AAFbl HOPMaTHUBTIK-peTTey1li Ky>KaTTaMaHbl 3ep/eJiey HeTi3iHze, COHan-aK
KOMIBIOTEPJIIK 6aFfap/iaMalap apKblibl KOFAMABIK KEHICTIKTep/iH 6ipblHFall KAHKACBIH KalTa Kypy
HeTi3iH/e (ChI3BIKTBHIK-TYHIH/iK KaFUJaHbIH HeTi3iH/le KOFaM/IbIK KeHiCTikTepAiH 6ipbIHFal KAHKACHI ).

3epTTey HaTHUXKeJepi KajJaHblH KOFaM/bIK KeHIiCTiKTepiHiH OipblHFall KaHKACbIH KaJbIITACThIPY
KypZeJii, Ken KbIpJibl KYy#e 60Jbll TabblLIaThlH KOPCETTi, 0/ eJ[i MeKeHHiH JaMy OoJiallaFblHAA
KaJlaHblH biperei cay/ieTTiK-KepKeM/lik 6efiHeCiH aHbIKTal ana/ibl.

TyiiH ce3aep: KasajblK Topal, KOFAMAbIK KEHICTiK, COyJieT, KOMIIO3UIMs, KOCIMapJIbIK, IIelliM,
OpTaJIbIK, KaJjia KYpbLJIbIC.

A.S. Kaidarov, G.A. Karabayev
S.Seifullin Kazakh Agrotechnical Research University, Astana, Kazakhstan

On the issue of forming a single framework of public spaces in Astana

Abstract. Public spaces at the present stage are key nodes of social activity and cultural enrichment
of the population. In the context of globalization and urbanization, such urban hubs have become an
important element for shaping the social, cultural and social identity of citizens. Today, public spaces are not
just a place in the urban structure, but a network of several hub centers that form a single framework of
socially significant places in the city with the aim of strengthening social unity.

The purpose of this study is to identify a single framework of public spaces using the example of the
city of Astana, which is formed from isolated urban social nodes.

The study is based on an analysis of the current situation of public spaces in an urban structure,
on a full-scale study of the urban situation in Astana, on an analysis of the principles of architectural
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and planning organization of public spaces, and also on the basis of recreating a single framework of
public spaces through computer programs (a single framework of public spaces based on the linear-
nodal principle).

The results of the study showed that the formation of a single framework of public spaces in the
city is a complex, multifaceted system that, in the perspective of the development of a settlement, can
determine the unique architectural and artistic image of the city.

Keywords: urban hub, public space, architecture, composition, planning solution, center, urban
planning.
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[llosry MmaKasiachl
F'mapaBavKaiblK UUIMHAPJEPAIH Heri3ri aKay/iapblH TaJa1aay

A.K. KymanueB , C.0. TopeoekoBa™ , ET. Kammopa , P.b. Kopa6aii

JLH. 'ymunes amoiHdaFbsl Eypa3usi yimmuiK yHugepcumemi, Acmana, KazakcmaH

(*E-mail: torebekova-s@mail.ru)

Anpartna. ['vapaBivKaablK LUJIUWHAPJEP 6HEepKaCINTiH apTypJi casaja-
pPbIHJA K9He KYPbLIbICTA KeHiHEeH KOJILAHBLIATBIH THUApPABJIHKAJBIK KyHe-
JIepAiH axbIpamac 6eJiiri 60Jibin TabblaAbl. Asaiifia, oJ1ap yaKbIT 6Te KeJie TOo-
3yFa KoHe aFblll KeTyre 6eriM, 6yJ1 oJ1apAblH 6HIM/IITiHIH TeMeHeyiHe KoHe
»KaOABbIKTBIH TOKTAN KaJyblHA 9KeJyi MyMKiH.

Makasiazia Heri3ri Hazap eki Heri3ri Tonka 6eJiiHreH T'MJIpaBJIUKAJIbIK, [11-
JIMH/pJIepAiH aKay/JapblH XKIiKTeyre ayJapbliaZbl: TO3Y *XOHe MeXaHUKaJIbIK
acepre 6alJaHbICTBI akKaysap. bipiHWI Ton LUAMHAPAIH 9pTypJai akMakra-
pPbIHAH TUJPABJUKAJIBIK CYHbIKTBIKTBIH afbIll KeTYyiH KaMTH/Ibl, aJ eKiHIIiCi
©3€eKTiH, KOPIYCThIH, KyJaKTapAblH, NOpIIeHbAePAiH XoHe OeKiTKilTep/iH
MeXaHUKaJbIK 3aKbIMaHybIH KAMTHU/bL.

Makasiaja KepcCeTi/ireH CTaTUCTUKAJBIK JepeKTep TUJApaBJUKaJbIK LU-
JIMH/pJIepAiH iCTEeH WBIFYbIHbIH, HITHMXXECIH/le KOCIOPBbIHHBIH, KaHIIAJbIKThI
nai/ja »KoFaJTaTbIHbIH KepceTe/li )koHe OYJ1 MaJliMeTTep 63 Ke3eriHje ru/jpaB-
JIMKAJIbIK, [UJIMHAPAIH, >KYMbICKA Ka0iJeTTi »kaFanaa 60J1ybl K9CIMOPbIH YIIiH
KaHIIaJbIKTbl MaHbI3/bl GAKTOP €eKEeHiH alKbIH/AAW TYyCe/i.

TeIFbI3AAFBIIITAPABI AYBICTBIPY/AbI, 63€K [IeH KOPNYCThI KaJIblHA KeJTipy-
Jli, COHZIaM-aK, iCTeH IIBIFY/bIH aJ/blH ajy liapajapblH Koca aJfaH/a, XKeH/e-
yAIH TUIMZI aicTepl aHbIKTaNAbl. YaKbIThI/Ibl TEXHUKAJIBIK KbI3MET KepceTy
>)K9He 3aMaHayH KeH/ley TEXHOJIOTUSJIapblH KOJIAHY a0 bIKTbIH, CEHIM/iTi-
TiH apTTBhIPYyFa, TOKTAN KaJly CaHbIH a3alTyFa *KoHe eH/ipiCTiK npouecTep/iy
TUIMJJIITiH apTThIpyFa MYMKIH/iK 6epeTiHi aHbIKTal/bl.

Ty¥in ce3aep: 'mapaBaUKalbIK UAJIAHAD, aKayJadap, CYUbIKTBIKTBIH, aFybl,
TO3y, XOH/ley, TBHIFbI3JAFbIll 3JIeMEHTTEP, TEeXHUKAJbIK KbI3MET KepcCeTy,
TOKTAIl KaJy, eHAipic TUIMA T

Tycti 18.02.2025. Kengengi 18.02.2025. Makyaganansl 27.03.2025. Ontaiin Komxketimai 31.03.2025

“IxaT-xabap yLIiH aBTOp


https://orcid.org/0000-0003-1389-5918
https://orcid.org/0009-0001-3593-4095
https://orcid.org/0009-0002-4691-1187
https://orcid.org/0009-0007-6865-6291
https://doi.org/10.32523/2616-7263-2025-150-1-265-277

JA.K. Kywaaues, C.0. Tepebekosa, E.T. Kaawopa, Pb. Kopa6aii

Kipicne

['napaBiavKanblK LUIUMHAPJAEP — OyJ1 9pTYypJi eHAIpICTIK oHe KYpbLIbIC cajajapblHja
KOJILaHBLJIATbIH T'M/PABJIMKAJBIK, KYWeslepiH, MaHbI3bl KOMIOHEHTTepi. Aslai/ia, yaKbIT eTe
KeJie MYH/Ial TUPaBIMKa/bIK LIUJIUHAPJIEP TO3Ybl XKoHe aFbII KeTyi MYMKiH, 6yJ1 63 Ke3eriHae
oJ1ap/iblH, 6HIM/IIJIITiHIH TOMeH/eyiHe KoHe a0/ bIKTbIH KYTIIeTeH Me3eTTe TOKTall KaJyblHa
akesiyi MyMKiH [1]. CoHbIKTaH OyJ1 Macesiesiep/iH cebenTepiH TYCiHY Ko9He 0J1ap/blH, aJl/iblH
aJly »KoJ1AapbIH 611y MaHbI3 /bl

['upaBavKaIbIK LUJIUHAP — OYJ KeJieM/li THAPABJAUKAJIbIK KO3FaJTKBbIII, OHBIH, KeTeKIIi
OYybIHbI KOPIYCKA KAaThICThl KAUTBIM/Ibl — alHaJIMaJibl KO3FaJIbIC XKacanuabl. ['MpoarperaTThiH,
KOHCTPYKILMSIChI KapanalbIM KoHe YXUHAKbI, OYJ1 OHbI 9PTYPJIi 2KabbIKTap MEH TEXHUKaapFa
OpHaTyfa MYMKIiH/ik 6epefi.

1-cypeT. 'ngpaBavKaiblK LUIUHIP

KypblIBIC K9He Tay-KeH KoCiNOpbIHJAPBIHBIH, 6HAIPICTIK KyaTTbUIbIFBIHBIH, 6Cyl 3aMaHay!
T'M/IPaB/IMKaJIbIK XKYHeMeH a0 bIKTaIFaH apHalbl TEXHUKa/IapZAbl KOJJaHyAbl Tajaam eTexi. by
KyHeJiepiiH iCTeH bIFYbl apHalbl TEXHUKaJAp/blH TOKTAal KaJyblHa, }KyMbIC KabijeTTiriH
YKOFaJITYbIHA 9KeJIIIl COFafibl.

XKorapbiia kepceTisireH Macesesiepre 6ailJlaHbICThl, apHAWbl TEXHUKaJIAp/blH TUIpPaBJIy-
KaJIbIK KyHeJsiepiH 3epTTey Macesieci ©3eKTi 60/bIN TabblaaAbl. By »KyMbIC T paBIUKaIBbIK,
’KETEeKTIiH 9He NOpIUeHb/IK KYHWeHIH akay/blFblHA 0aW/IaHBICTBI iCTEH LIBIFY cebenTepiH
KapacThbIpa/ibl.

3epTTeyZiH MakKcaTbl TMAPAaBJIWKAJbIK KYWEHIH iCTEH IIbIFYbIH aHBIKTAy >KOHE 0JIapAbl
KO0 9iicTepi 60J1bIN TAObLIA/bI.

JdjicHamMa

KolibliFaH MiHAeTTepre 0OailJlaHbICTbl THM/PABJMKAJIbIK TOPANTbIH HETI3ri akayJsapblH
aHbIKTAy KaXkeT 60J1/1bl.

Bip e3ekTi rupaBavKaibIK LAJIUHAPAET] Heri3ri akayJsap:

- LIMJIMH/P GaChIHbIH KaKNaFbIHbIH aCTbIHAH T'M/IPaBJMKAJIbIK CYUBIKTBIKTBIH, aFyhbl;

- ©3€K KYbICbIHAH I'M/IPaBJIMKAJIbIK CYUBIKTBIKTBIH, aFybl;
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- MOpILlIEeHb KybICbIHAH T'M/IPaBJIMKAJIbIK CYUBIKTBIKTbIH, aFybl;

- ©3€KTiH 3aKbIM/|aHYbI;

- UJIMH/IP KOPMYCbIHbIH, (FU/Ib3aHbIH) 3aKbIM/IAHYbI;

- UWIMHAP/IH alIbIHFbl HeMece apTKbl KyJ1aFbIHbIH 3aKbIM/IaHYbI;
- LAJUH/AP NOPLIEHIHIH 3aKbIMIaHYbI;

- WJIMH/AP KaKNaFbIHbIH 3aKbIM/IaHYbI;

- UUJUHJP/AIH TYyOiHiH, (apTKbl KaKIaFbIHbIH) 3aKbIM/IaHYbI.

Tozy canmaprIEAH OPLIH ANATHIH AKAYIaPIEIH NaALIkL, %0

B [Tanueap 0acEHEE KAKAFEHEE ACTEHAH THAPAETHEANELE, CYHEIKTRIETEIH aFVE
¥ O3eK EYEICHHAHE THAPAETHEATEE CYHBIETEIKTEH AFVEL
8 [lopmeEE: KyHCEHAR THIPARTHKAIEL, CYHEKTRETEH aFyEl

1-puarpammMa. To3y cayjjapblHaH OpPbIH aJaThIH aKaysap

MexaHHEKATBIK acepiepre 0afiTagbICTHI OPBIH A TaTHIH
FAKLIMIAHYIAPALIH MeImepi

H Ozex B [ TarHuap rETs2ack
B [Tumasap KyIarsl S IMumauap nopimneHi
B [Tammsap KaKmass: B I Tameaap TyD1

B [ TameHApmiE CEIPTEEL DEKITKIMTTEPL
2-muarpaMma. MexaHUKaJIbIK 9cepJiepiiH caijapblHaH 00JIaThIH 3aKbIM/JaHyJ1ap
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AsFalKpl ylI iCTeH IIBIFY €H Kol TapaJiFaH KoHe TUAPaBJUKAJbIK [UJIUHAP/AET] ThIFbI3-
JIaFbII 3JIeMeHTTep/liH, TO3yblHa HeMece 3aKbIMJaJyblHa GalyaHbICThl. Kaknak neH e3ek
KYbICbIHBIH, aCTbIHAH CYUBIKTBIKTbIH, aFybl 2-CYpeTTe KepCeTiJireHAel UJAUHAPAEri THApaB-
JIMKAJIBIK, CYUBIKTBIKTBIH JaKTapbIMeH O6ip/leH aHbIKTaJIabl.

- :

2-cypeT. UunuHAp GacbIHBIH KAKMaFbIHbIH aCThIHAH T'M/[PABJIUKAJIBIK CYHBIKTBIKTBIH aFybl

9ebueTrTepre 1oy xaHe “CunmMactep” XKIUIC kacinopHbIHAAFBI dPTYPJli MallMHANAPAbIH,
TU/IpaBJMKaJbIK LUJIWHJAPIHIH KYMbICBIMEH TaHbICY, CYWBbIKTBIKTBIH KaKMNaKTbIH acTbIHaH
aFblll KeTyiH »KeHJey TYPFbICbIHAH €H, KapanalblM eKeHiH aHbIKTayFa MYMKIiHJIK Gepai.
AxayJsIbIKTapAbl K010 MpoLeci Kesiecijen:

- UWJMHAPAIH KaKnaFel (6ackl) 6ypaJsibll, ThIFbI3/AAFbIII 3JIEMEHT aybICThIPbLIAAbI — 9/IETTE
JloHresiek KuMasibl pe3eHke cakiHa PTFE maTepuanbiHblH TiperiMen 6ipre (¢Toponnaact) [7].

- HeMece pe3eHKe CaKMHaHbIH OpPHbIHA KypZeJii KuMa npoduJii 6ap nosuypeTaH bl CaKuHa
(PU, HPU, C-HPU) opnaTbLiafpl [7].

KaknakTblH acTblHaH CYMBIKTBIKTBIH, aFbIll KeTYiHiH cebebi, pe3eHKe HeMece MOJINypeTaH/bl
CaKWHaHbIH TO3YbIMEH, CAKWHA MaTepUaJIbIHbIH CAllaCbI3/bIFbIMEH, CEPIIMAINIK KaCUeTTepiH Te3
YKOFAJITYbIMEH Oal/IaHbICThI €KEH/Iir aHbIKTal/bl.

CyHBIKTBIKTBIH, aFblll KeTyiHe BbIKNaJl eTe/li, COHbIMEH KaTap CaKWHaHbIH ILIKi >K9He
KeJlZleHeH, KUMaCbIHbIH, AWaMeTpi O0MbIHIIA ThIFbI3JaFbIII CAKMHAHBI JypbIic TaHAaMay. Kimri
KoHe YJIKEeH eJilleMJiep ThIFbI3/Ay KbI3MeTiH OpblHAAMalAbl. [MApaBIUKaNbIK LHUJIUHAPAI
»KWHAy Ke3iH/le caKMHaHbIH 3aKbIMAaHY KayIi ae 6ap.

CoHpal-aK, ©3€eK KybICbIHAH CYUBIKTBIKTBIH aFbIIl KETYIiH K00 YILiH:

- TM/paBJIMKa/bIK LUJIUHAPAI TOJNBIFBIMEH O6JIIeKTeY/ i KaKeT eTei (LUJINHAD KaKIaFbIH,
UJIMH/P 63€eriH NoplleHb MeH 6acneH 6ipre oilbl any, NopileHb 6ypaHAackiH 6ypay);

- HeMece TNOpIIeHbHIH, 63i, COAaH KyJaFbl, [UINHAP 6aCbIHAAFb] ThIFbI3/AaFbILI 3JIEMEHTTEPA]
aybICTbIPY, UMJIUH/P NOPILEeHiHAer ThIFbI3JaFblliTap, O0y/ KeiHHEeH MOpIleHb/iK ThIFbI3/Ja-
FBIIITAP/AbI AybICTBIPY YUIIH LUJIUH/APAL 6eJilieKTeMeyre MyMKIiH/IK 6epefj.
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ocipece UMJIMHAPAETI Ta3alaFbILIThI aybICTBIPY KAXKETTiJliriHe Ha3ap ayjapaMbl3. Kebinece
LUJIMH/AD HeJsiepi OHbI aybICTBIPYFa KapaXkaT yHeMJel/Ji, HoTHXKeCiHAe 6acThlH illiHJge TOT
naiizia 6os1a/bl, UIKHAPTE Kip Tyce/i, 6y 6aCTbIH ThIFbI3JaFbIIITAPbIHbIH, [UJIUH/P 63€TiHiH
3aKbIM/Ia/lyblHaA bIKIAJ eTeAl.

Mynpai KarfaniapZa ThIFbI3JAFbIIITAPAbl Jepey aybICThIpy KaXKeT, 6MTKeHI LUJIWHAD
©3€eriHiH TyMaHJaHybl 6alKasaZbl — OyJl ©3€K KybICBIHbIH, ThIFbI3aFbIIITAPbIHbIH, 3aKbIM-
JlaHYbIHBIH, aJIFallKbl OeJirici, 6y/1 6e/riiep LMJIMHAP KYMbICBIHBIH, HallapJjayblHa 9KeJsezi.
'MapaB/MKa/lblK CYWMBIKTBIKTBIH afbIl KeTYiHIH J>KOFapbllayblHaH 0acka, OaJllIbIK IeH
abpa3uBTi 6eJIlIeKTePAIH LUAUHAPAIH 63€K KybICbIHA eHYiHEeH, LIMJIUH/P 63€eTiHiH 3aKbIMAaHY
Kaymni 6ap.

[TopiieHb KybIChbIH/A CYHMBIKTBIKTBIH afblll KETY NPOLECIH KepceTeTiH bipkaTap 6Gesrisep
6ap - OyJ1 ©3eKTiH KyJaybl Jiell aTajaJbl — XKYKTeMe Ke3iH/Je HeMece XXYKTeMecCi3 ©3eKTiH,
6aKblJIaHOAWTBIH KO3FaJlbIChl, TH/PAaBIUKAJBIK LIMJAUHAP/ET] LY/ bIH XOFapblaaybl, [LUIUHAD
KOPIYyCbIHbIH, KbI3Ybl.

[TopiieHb/eri ThIFbI3JaFbIIITAP/bl 63TEPTY 6TE OHAH, IOpLIeHb/i Oypar, NopileHb iliHAeri
TBIFbI3J]aFbILLI CAKUHAHBI aybICThIPFaH X6H, OYJI IOPLIEHHIH, ilIKi 6eTi apKbLJIbl CYHbIKTBIKTBIH,
aFblIl KETYiHe XK0J1 6epMei/i.

CoHJiaii-aK, ruipaB/MKaJbIK LUJIXHAPAI KeHey LMJIXH/P 63eriHiH 3aKbIMAalybIHaA 6aiia-
HBICTBI KY3€ere acblpblJIaTbIHbI aHBIKTAJI/bI.

O3ek alTapJbIKTal pajuajbl »KYKTeMeJepMeH, XpOM OeTiHiH ycaKTapbIMeH, Tay XbIHbIC-
TapbIHbIH KyJlaybIMeH, 63€K KybICbl TaCTap/AblH, aOpa3uBTi 3JleMeHTTep/iH TycyiMeH 6yrinyi
MYMKiH, OyJ1 OYKiJl LUJUHApP OOMbIHA ChI3aTTapAblH TYCyiHe aKese[i, kebiHece TOK Gepy
KeJlijiepi COFbIIFAH Ke3/ie e3eK 3aKbiManazabl (3-cypet). Erep e3ek 6yrisice, oH/a noplieHb
MeH KOPIYCThIH 3aKbIM/IaHy bIKTHMaJIJ|bIFbl 2KOFaphl (4,5-cypeT).

¥3apThl/IFaH TU/PaBJAMKaIbIK LUJUHJpPJEPAE €H >XKOFapbl XYKTeMeJiep mnaiWjaa OoJFaH
Ke3Jle aybIp XXYKTeMe MOpLIeHbre acep eTe/l »KoHe HOTUXKeCiHJe IMApaBJIUKaJbIK LUJIUHAD
©3€eri MeH nopileHb OypaH/AacbIHbIH 3aKbIM/aJlyblHA aJlbll KeJei.

3-cypeT. O3eKTiH 3aKbIMAaHYbI
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O3eKTTiH ycaK 3aKbIM/IaHYbI XbLJIThIPAThLIA/Ibl, OChLJIAWINA ThIFbI3JAFbILI 3JIEMEHTTEPA]
3aKbIMJIlaybl MYMKIiH CbI3aTTapAblH, OTKIp XUeKTepl TericTesejl. beTTiH, ycakrapsbl,
IIYHKbIPJIapbl 3KOHOMUKAJIBIK, OPbIHABLIBIKTbEl €CKEPe OTBIPbIN, dp TYpJi OaNKbITY, OYPKY
TEXHOJIOTHUSAJIAPbIH KOJIIaHY apKblJbl K0MbLIa/ibl. O3eKTepAiH Kimi guamMeTtpJsiepi 80 MM-JeH
a3 ’KoHe KbICKA Y3bIHJBIKTA 60JiCa, ©3€K TOJIbIFbIMEH »aHacblHA e3repeai. Ocbl MakKcaTTa
KapTOH HeMece IJIaCTUKAJbIK TYTIKTep/e XKeTKi3JIeTiH JaliblH XpOM 63eKTepi KoJ1AaHblIa/ibl.
Kynak aieTTe e3ekke loHeKepseHeAi [5].

5-cyper. [lopuieHbHIH 3aKbIM/]aHYbI

- Uunaueapaiy rusb3acbl (KOPIHycChl) MOPLIEHBJIK ThIFbI3JAAFbILITAD Oy3bLIFAH Ke3ze
3aKbIM/Za1a/bl, 6yJ1 MeTaJlJl MEH MeTa/lJIJiblH 63apa 9peKeTTecyiHe, COKeCiHIIe NoplleHb MeH
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LUJIMHADP KOPIYCbIHBIH, 63apa 3aKbIM/JaJyblHa aJIblll KeJeJi, COJ Me3eTTe MOPLIeHb XKYMbIC
icTen TypFaH LMJIMH/pP/Eri e3eKTeH epikci3 6ocaTbliaabl. [lopiieHbHIH AypbIC OpHATbIJIMaFaH
9p TypJsi OeJiikTepiie TWb3aHbl 3aKbIMAAWAbBI (MbICaJibl OYpaH/AAHbIH MeXaHUKaJbIK
6ekiTKiuiHiH (Try>K0H), CYHBIKTBIK aFbIHBIHBIH, aybIiCy KJaNaHJApbIHbIH JAypbIC OeKiTiiMeyi
oHe T.0.) OMbIKTap, COKKbLIAp TYpPiHJEri CbIPTKbI dcepsep JAe LUWJIWHAP KOPHMYCbIHBIH
3aKbIM/Ia/lybIHA aJIbll Kesefi [6].

['Mab3a nopiieHb KybICbIH/A apThIK KbICbIM TYPiH/ETi XKYKTeMeslep/iH acepiHeH Oy3bLIyFa
6eriMm. uauHApP/AIH TUiab3achkl illKi 6eTi eHJe/reH camnajbl AalblH 00JIaT KyObIpJiap/blH,

KeMeriMeH e3repeji.

HoaTnxesiep MeH TasKbliay

6-cypeT. UuIMHAP KaKNaFbIHbIH 3aKbIMJAHYbI

To3y Typasibl CTATUCTUKAJIBIK, lepeKTeP/i 11101y, TUAPABIUKAIbIK IUJIUHAP MEH MOpILIeHbiK
KYHeHi nmaiijjasiany Ke3iH/ie OpbIH aJlaThIH aKayJapAbl XKyihesieyre MyMKiHik 6epAi, kecrte 1.

1-kecTe

Ne AKayJIbIKTBIH,
aTanybl

Arbin KeTy cebebi

AFBIN KETY/i K010

¥ CBIHBLIATHIH XKOHEY

1 | lunuHap KakKnarbl-
HbIH aCTbIHaH
CYUBIKTBIKTbIH
aybITKYybl

Pesenke HeMece noJIny-
peTaHAbl ThIFbI3AaFbIII
CaKHWHaHbIH TO3YBhI,
CaKHMHa MaTepHuaJIbIHbIH
canachbIl3bIFbIl

ThIFbI3AAFBIIII
CaKMHaHbI pe3eHKe
/ monuypeTaH/pbl
CaKuHafa aybICThbIPY,
eJilIeMJIEPAiH, Col-
KeCTIiriH Tekcepy

Camasibl MaTepuangap-
JAbl Iaiifja/iaHy, CaKu-
HaHbIH 3aKbIMJaHYbIH
6oJs1AbIpMay YLIiH
MYKHSAT KypacTbIpy

2 | ©3eK KybICbIHaH
TUAPaBIAUKAJIbIK
CYUBIKTBIKTbIH
aFrybl

BacTbIH THIFBI3AAFbILI
3JIeMEHTTEePiHiH TO3YBhlI,
TO3aHKANThIH 60JIMaybl
HeMece 3aKbIM/JaHYbI

Hunuaapai 6es1-
HIEKTEY, 6ACTaFbI
TBIFBI3/IaFbILI 3J1€-
MEHTTepA] aybICThIPY

To3aHKanThbl MiHAET-
Ti TYpAe aybICThIPY,
©3€KTIH, Kal-KYyUiH
GaKbLIay
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[TopiieHsb KybI-
CbIHAH I'U/ipaBJIMKa-

[lopiieHbAi THIFBI3 LAY
3JIeMEHTTEePiHIH TO3YHI,

[TopiieHbAi THIFbI-
3/1ay 3JIeMeHTTepiH

[Topiienbai 6ypan any,
MOopILIeHb IiHAeri

HYybl

abpasuBTi 6eJIeKTepAiH
TYCYi, MEXaHUKaJIbIK
COKKbLIIAp, KOppO3us

JIBIK, CYUBIKTBIKTBIH | 63€KTiH 6aKblJIaHOAWTBIH | aybICThIPY CaKWHaHBI aybICTBIPY
aFrybl KO3FaJIbIChI
O3ekTiH 3aKpIMJa- | Paguangel xkyktemenep, | ¥cak 3akpiMZapAbl | XpoMAaJsifaH 63€ekK-

KBLITBIPATY, OYPKY
HeMece OalKbITy
apKblJbl KaJIbIHA
KeJITipy, esieyi aka-
yJ1ap OpBIH ajIfaH
»KaFfanza aybICThIpY

TepAi naizanany,
TOKAPJIbIK 6HJEY

HuavHAap ruib3a-

[lopuieHbAi THIFBI-

uauHap KOpIyCchiH

XOHUHTITEJITeH HeMece

JBIHFBI HEMece
apTKbI KyJIaFbIHbIH,
3aKbIM/IAHYbI

Jiep, MeTaJIAblH IIaplia-
ybI, CallaCbI3 JoHEKEPJIEY

CBIHBIH, 3/laFbIIITApAbIH OY- aybICTBIPY WJIEKTeJreH KyObl-
(KOpMYCBHIHBIH) 3bLJIYbl, MEXaHUKAJBIK, pJlapApl nankaanaHy,
3aKbIM/JaHYbI acep, apThIK, KbICbIM JloHekepJiey canacblH
REVNA R E\Y
HunuHAapAiy, at- MexaHUKaNbIK )KyKTeMe- | KynakKTel aybicThipy | KypbLabIMAbI HbIFa-

HeMece KaJlllblHa
KeJITipy

Ty, AoHeKepJIeyai
6aKplIay

Hunuuap nop-
LIeHiHiH 3aKbIM/Ja-
HYbI

JlypbIc eMec KypacThIpy,
nopIleHb/Al 6ypamn any,
MeXaHHUKaJbIK XKYKTeMe-
Jep

[lopweHbai aybl-
CTBIPY, 3aKbIMJaHY-
Jibl KO0

[lopumenbai 6ekiTyzi
6aKpbliay, MeXaHUKa-
JIbIK 6ypaHaa 6eKiT-
KilUTepiH KoJLaHy

HUIuHAP KaKnarbl-
HbIH, 3aKbIM/IaHY bl

BypaH/1aHbIH TO3YHI,
MeXaHHKaJbIK COKKbLIAP,
KOppo3us

KaknakTsl aybl-
CTBIpY, OypaHJaHbl
KaJlllbIHA KeJTipy

Korapsl cananer
TBIFBI3AAFBIII 3J1€-
MEeHTTepP/i KOJ1aHy,
KOppO3Hs/JJaH KOpFay

HunuuapAiy Ty6iHe
3aKbIM KeJITipy

ApTBIK KbICBIM, MEXaHH-
KaJIbIK, COKKbLIAP

Ty6iH aybICcThIpY,
JloHEeKepJIeHTeH
XIKTepAi KaJanbiHa
KeJITipy

uppoxyiieneri
KBICBIM/IbI 6AKbLIAY,
TBIFbI3AAFIIITAP/[bIH
KYHiH Tekcepy

AHBIKTa/IFaH aKayJiap, 91eTTe, apHaibl MalllMHAJIAP/bIH, iCTEH IIbIFYbIHA AJIbII KeJe/i.
Ocbiran 6aianbicThl 3epTTeyiaep “CUJIMACTEP” XKIIC 6a3acbiHga xkyprisingi. 3eprrey

HOTHKeCiH/le apHalbl MalllMHAJap/blH iCTEH WIBIFYbIHBIH €H Kell 6eJiri rujpaBiuKalblK
»KeTeKKe THUeCi/i ekeHi aHbIKTaaAbl(cypeT 7).
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7-cypeT. bac TapTynap/bl 66y JuarpaMMachl

KypbLibIC K9He Tay — KeH »KYMBICTApbIH KYPri3y KesiHJe apHaWbl MallWHaJap KypzeJl
»KaFJanaap/a »KyMbIc icTei1i, 6yJ1 ce3ci3 akay/iap/iblH KebetiHe akesei.

TuiciHiue, )keHAeyre 6ail/IaHbICTbI XKaOAbIKTbIH, TOKTAIl Kaybl K9CIIOPbIHHBIH, alUTapJIbIKTal
IIBIFbIHFA YIIbIpAybIHA aJIbIN KeJe/|.

“Tay-keH TexHoJiorusiiapbl” KIIC KacimOpHBIHBIH, JAepeKTepi Heri3iHfe CTaTUCTHUKaHbI
TasZjay, TUAPABJIUKAJIBIK LUAJAHAPJAEPAIH, ICTEH LIbIFybl KOCIMOPBIHHBIH, 3KOHOMUKAJIBIK
»KaFalblHA KaHILAJbIKThI 9Cep eTeTiHiH KkepceTTi. bac TapTy canbl — 10. Bac TapTy caHbl ThIM
Kemn 6oJsiMaca Ja, oJapAblH cajjapbl eTe ayblp. XKanmnbl ToKTay Kasy yakbITbl 835 caraTThl
Kypanabl. bys 34 TaynikTeH actaMm 60C yakbIT, OyJ1 eHJipic mpolieciHe allTapJbIKTal acep
eTe/li. Kap>XblbIK WIBIFbIHAAP: TUAPABAUKANBIK LUJIUHApPJAepAi xkeHaey - 8 850 300 Tr,
TUApPaBJAMKAIBIK UMAUHAPJAepAl TacbiMangay — 84 000 Tr, )kofasiraH nanga — 283 142 366 Tr,
eH/lipicTiH KoFasFaH kesieMi - 361 167,5 m3. OcbLiaiiiia, 6acTbl Macese — 6ac TapTYAbIH, 63i
eMec, 0Jlap/blH CcaJiiaphbl: Y3aK yaKbIT TOKTAIl KaJy, akAa >KOFaJITy KoHe eH/lipic KeJieMiHiH
TOMeH/eyi.

KOpbIThIHABI

['uapaB/iMKaNbIK LWJIWHAPJIEpP MeH MOpPLIeHbJIK »XyHeJiepAiH aKay/JapblH YyaKbIThLIbI
aHBIKTAy »K9He oJlap/bl AYPHIC KOK KYMbIC Ke3iHJe aKayJap/blH a3aloblHa aJjblll KeJeTiHi
aHBbIKTaJIbI.

ABTOK6JIIKTEPAIH iCTEH LIBIFYbIH 3€PTTEY HOTHXKECiHJEe KOHJAbIpMaJapblH, T'HAPaBJIUKAJIbIK,
»KeTeriHe eH Kell TyceTiHi aHbIKTan bl (44,3%).

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 273
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



JA.K. Kywaaues, C.0. Tepebekosa, E.T. Kaawopa, Pb. Kopa6aii

3aMaHayH 9/licTep MeH »KabIbIKTap/blH KOMeTriMeH aKay/1apAbl K010 eHAipic THIMAiIiri MeH
Nal/AacbIHbIH apTybIHA aJIbIN KeJe|.

ABTOpJIapAbIH, KOCKaH YJIeci
A.K.Kymanues, C.0. Tope6ekoBa - TY>KbIpbIM/IAMa, 3/iCTEME, MaJIIMETTED >KUHAY.
E.T. Kammopa, P.B. Kopa6ai - Tanzay, pecypcrap, MHTeprnpeTaLusl.

9ae6ueTTep Tizimi

1. 2024. AHany3 NpUYMH M3HOCA U yTevyeK B TMAPOLMUJIMH/APAX — KaK NPeAOTBPaTUTh MOJ0OHbIE
npo6Jsiembl/ https://psm-st.com/blog/analiz-prichin-iznosa-i-utechek-v-gidrocilindrah-kak-predotvra-
ti-podobnye-problemy/

2. fpowmyk WU.B. T'naponunauuaapsel. TUNbI U cxeMbl. YCTpoUCTBO U npuHLun pa6otsl/https://rggidro.
ru/reviews/stati_i_obzory/gidrotsilindry_tipy_i_skhemy_ustroystvo_i_printsip_raboty/

3. Gianni Nicoletto, Tito Marin Failure of a heavy-duty hydraulic cylinder and its fatigue re-design
Engineering Failure Analysis Volume 18, Issue 3, April 2011, Pages 1030-1036

4. Vignesh Shanbhag, Thomas J]. ]. Meyer, Leo W. Caspers, Rune Schlanbusch Failure Monitoring
and Predictive Maintenance of Hydraulic Cylinder - State-of-the-Art Review January 20211EEE/ASME
Transactions on Mechatronics PP(99):1-1 DOI:10.1109/TMECH.2021.3053173

5. Shunwei Ding, Guang Li, Yu Shi, Jinyuan Ma, Mingqgian Gao Failure analysis of a loader hydraulic
cylinder and its end cap structure improvement Engineering Failure Analysis Volume 153, November
2023,107597

6. Hukutun O0.0. Paboyre KHUAKOCTU U YIJIOTHUTEJbHbIE YCTPOWCTBA THUAPONPUBOJOB: yuel,
nocob6ue. - M.: U3n-Bo MI'TY um. H.3. Baymana, 2013. - 284 ¢

7. TuppaBiuka : yae6HUK U npakTtukyM ajs CIIO / B. A. Kygunos, 3. M. Kapraos, A. I. KoBasneHko,
W.B. Kyaunos.; noz pea. B. A. KyauHoBa. - 4-e u3f., nep. u goi. - M.: lOpaiit, 2018. —386 c.

8. lllauxoB P®. OnpefenieHre 0CTaTOYHOTO pecypca JeTalell HAaBeCHOT0 060PYA0BaHUS ClIeLlHaIbHbIX
aBToMo6uiedi/ TpaHncnopT. TpaHcnopTHBIE coopy»xeHus. Ikosorus. Usa-so [THUITY, 2019. Ne3. - c. 83-88

9. lllauxoB P®. Oco6EHHOCTH 3KCILJIyaTalluk aBTOMOOUJIEN ¢ TypOGOKOMIpPECCOpPaMH B YCIOBUSX
kapbepoB/ TpaHcnopT. TpaHcnopTHbIE coopyxeHus. Ikoorus. Us3a-so ITHUILY, 2019. Ne2. - ¢. 73-79

10. ManbueB /I.B. AHanu3 npuyvH Majol HapabGOTKH Ha OTKa3 TYpOOKOMIPECCOPOB MpH
3KCIUIyaTalUM B YCJI0BUSAX KapbepoB//AKTya/ibHble HaNlpaBJeHUs1 HAyuYHbIX UccaefoBanui XXI Beka:
Teopusl U MpakTHuKa/BopoHex.roc. JiecoTexH. YH-T M. [.®. Mopososa. -2016. -T. 4, Ne 5-4 (25-4). -C.
267-271

A.K.Kymasmes, C.0. Toepe6ekoBa, ET. Kaamopa, P.b.Kopa6aii
Eepa3sutickull HaYyuoHa1bHbIU yHU8epcumem umeru JI.H. ['ymunesa, Acmaua, Kazaxcmau
AHa/In3 0CHOBHBIX HEUCIIPABHOCTEN rNAPaB/IN4eCKUX [UJIHHAPOB
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OzfHaKo co BpeMEHeM OHHU IMOJBepPXKEHbI U3HOCY U yTeYKaM, UYTO MOXKET NPUBECTH K CHIKEHUIO UX
NPOU3BOJUTEIBHOCTH U IPOCTOSAM 000pYA,0BaHHUS.

B cTaTbe OCHOBHOe BHUMaHHE YyesseTcs KJacCUPUKALMK HEHWCHPABHOCTEH THUJpaBIMYECKUX
LIMJIMH/IPOB, pa3/ieJIeHHbIX Ha /iBe OCHOBHbIE I'PYTNIbL: lepeKThbl BbI3BaHHbIE U3HOCOM U BO3HUKAlOLIUe
10/, MexaHW4YeCKUM Bo3JelcTBUeM. [lepBas rpynna BKJ/OYaeT yTeUKH I'MAPaBIAYECKON KUJIKOCTH
M3 pa3JIMYHbIX 30H LIMJMH/PA, a BTOpas — MexaHU4ecKre NOBpeX/JeHUs LITOKa, KOPNyca, MPOYIIHH,
HOPILHEN U KPeNeKHbIX 3J1EMEHTOB.

[IpuBesieHHblEe B CTaTbe CTAaTUCTHUYECKHEe JaHHble JeMOHCTPUPYIOT, Kakhe GUHAHCOBBbIE MOTEpHU
HecyT NpeJIpUsaTUs B pe3y/ibTaTe BbIX0/Ja U3 CTPOS FMpaBJUYeCKUX LIUJMHAPOB, U, TAKUM 06pa3oM,
NOJ4ePKUBAIOT BaXKHOCTD MO/ JiepKaHuUsl UX Pa6OTOCIOCOOHOCTH A5 3¢ GEeKTUBHOCTH IPOU3BO/CTBA.

BrigeneHbl 3¢ deKTUBHbIE METOAbl PEMOHTA, BKJIIOYAs 3aMeHY YIJIOTHUTeJeN, BOCCTAHOBJIEHUE
IITOKA M KOPIIyCa, a TAaKXKe Mephl 110 NpeJ0oTBPALleHUI0 HEUCTIPAaBHOCTEN. YCTAaHOBJIEHO, UTO CBOEBpe-
MEeHHO€e TeXHHUYeCKoe 06C/IyKUBaHKe U IPYMeHEeHHEe COBPEMEHHbIX TEXHOJIOTMH PEMOHTA N03BOJISIIOT
MOBBICUTb HaJleXKHOCTb 060PY/0BaHUS, COKPATUTh YUCJIO NMPOCTOEB U NMOBBICUTb 3)PeKTUBHOCTb
IPOU3BO/JCTBEHHBIX IPOLIECCOB.

KinioueBble c/10Ba: ru/ipaBanyecKuil LUJIUHAD, HEUCIIPABHOCTH, YTEYKa )KU/IKOCTH, U3HOC, DEMOHT,
YIJIOTHUTEJIbHbIE 3JIEMEHTBI, TEXHUYECKOE 06CIyKUBaHKe, IPOCTOH, 3¢ PeKTUBHOCTb NPOU3BOACTRA.

D.K.Kushaliyev, S.0.Torebekova, ET. Kalshora, R.B.Korabay
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Analysis of the main malfunctions of hydraulic cylinders

Abstract. Hydraulic cylinders are an integral part of hydraulic systems widely used in various
industries and construction. However, they are prone to wear and leaks over time, which can lead to
reduced productivity and equipment downtime.

The article focuses on the classification of hydraulic cylinder malfunctions, divided into two main
groups: wear-related defects and mechanical defects. The first group includes leaks of hydraulic fluid
from various areas of the cylinder, and the second group includes mechanical damage to the stem,
housing, eyelets, pistons, and fasteners.

The statistical data presented in the article demonstrate the financial losses incurred by enterprises
as a result of the failure of hydraulic cylinders, and thus emphasize the importance of maintaining their
operability for production efficiency.

Effective repair methods are highlighted, including replacement of seals, restoration of the stem and
housing, as well as measures to prevent malfunctions. It has been established that timely maintenance
and the use of modern repair technologies can improve the reliability of equipment, reduce downtime
and increase the efficiency of production processes.

Keywords: hydraulic cylinder; malfunctions, fluid leakage, wear; repair, sealing elements, maintenance,
downtime, production efficiency.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 275
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



JA.K. Kywaaues, C.0. Tepebekosa, E.T. Kaawopa, Pb. Kopa6aii

References

1.2024. Analysis of the causes of wear and leaks in hydraulic cylinders - how to prevent such problems
/  https://psm-st.com/blog/analiz-prichin-iznosa-i-utechek-v-gidrocilindrah-kak-predotvratit-podobnye-
problemy/

2. Yaroshuk L.V. Hydraulic cylinders. Types and schemes. Device and operating principle/https://
rggidro.ru/reviews/stati_i_obzory/gidrotsilindry_tipy_i_skhemy_ustroystvo_i_printsip_raboty/

3. Gianni Nicoletto, Tito Marin Failure of a heavy-duty hydraulic cylinder and its fatigue re-design
Engineering Failure Analysis Volume 18, Issue 3, April 2011, Pages 1030-1036

4. Vignesh Shanbhag, Thomas ].J. Meyer, Leo W. Caspers, Rune Schlanbusch Failure Monitoring
and Predictive Maintenance of Hydraulic Cylinder - State-of-the-Art Review January 20211EEE/ASME
Transactions on Mechatronics PP(99):1-1 DOI:10.1109/TMECH.2021.3053173

5. Shunwei Ding, Guang Li, Yu Shi, Jinyuan Ma, Mingqgian Gao Failure analysis of a loader hydraulic
cylinder and its end cap structure improvement Engineering Failure Analysis Volume 153, November
2023,107597

6. Nikitin O.F. Working fluids and sealing devices of hydraulic drives: textbook. Moscow: Publishing
House of Bauman Moscow State Technical University, 2013. 284 p.

7. Hydraulics : textbook and practical course for SVE/ V. A. Kudinov, E. M. Kartashov, A. G. Kovalenko,
I. V. Kudinov,; edited by V. A. Kudinow. - 4th ed., translated and supplemented - Moscow: Yurait, 2018.
-386 p.

8.Shaikhov R.F. Determination of the residual life of special vehicle attachments/ Transport. Transport
facilities. Ecology. PNRPU Publishing House, 2019, No. 3, pp. 83-88

9. Shaikhov R.F. Features of operation of cars with turbochargers in quarry conditions/ Transport.
Transport facilities. Ecology. PNRPU Publishing House, 2019, No. 2, pp. 73-79

10. Maltsev D.V. Analysis of the causes of low operating time for turbocharger failure during operation
in quarries//Current directions of scientific research of the XXI century: theory and practice/Voronezh.
State Forestry Engineering G.F. Morozov University. -2016. -Vol. 4, No. 5-4 (25-4). -pp. 267-271

ABTOpJIap TypaJibl M3JIIMET:

Kywaanauee /K. - T.f.K., Ao1eHT M.a., «KeJlik HH)KeHepHUsicbl» KadeapacbIlHbIH AOIEHT M.a., «KeJiik
- aHepreTuka» ¢akyabreTi, JLH. 'ymuneBa arteiHgarbl Eypasusi yaTTBIK yHUBepcuTeTi, AcTaHa,
KasakcTan

Tepe6ekoea C.0. - xaT-xabap aBTopbl, «Kesik HHKeHepUACBI» KadeApacbIHbIH JOKTOPAHTHI,
«Keutik-aHepretuka» ¢akynbreTi, JI.H. ['ymMuieBa atbinAarbl Eypasus yaTThIK YHUBEPCUTETI, AcTaHa,
KasakcTaHn

Kaawopa ET - «Kesiik WHXKeHepHUscbl» KadeapacblHbIH JOKTOpPaHTHI, «KeJsik-sHepreTuka»

dakysbreTi, JI.H. T'ymMmuneBa atbingarbl Eypa3us yiTThIK yHUBepcUTeTi, ActaHa, KazakcTaH
Kopa6aii Pb. - «Kesik uHXeHepuUsChl» KadeapachblHbIH JOKTOpaHThI, «Kesik-aHepreTnka»
dakynpreTi, JI.H. [ymMuneBa ateingarbl Eypasus yaTThIK yHUBepcuTeTi, Actana, KaszakcTran

276 N21(150)/ 2025 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



T'udpasaukanwvik yuauHopiepodin Hezizel akayaapbiH maaday

CBeeHus 06 aBTOpaX:

Kywanauee J.K. - K.T.H., U.0. JOLeHTa, U.0. AoueHTa Kadeapbl «TpaHCHOpTHas HUHXKEHEPHUS»,
«TpaHcnopTHO-3HepreTUYecKkuit» GpakyabTeT, EBpasuiickuii HaljMoHalbHbIN yHUBEpCcUTET uMeHH JI.H.
I'ymuneBa, ActaHa, Kazaxcran

Tope6ekosa C.0. - JlokTopaHT Kadeapbl «TpaHcrnopTHas HWHXeHepusi», «TpaHCIOPTHO-
3HepreTuyeckuil» ¢dakynbreT, EBpasuiickoro HaiuoHasbHOro yHuBepcutera uM. JL.H. T'ymuiesna,
AcrtaHa, Kazaxctan

Kanwopa ET. - JloktopaHT Kadenpbl «TpaHcriopTHasi UHXeHepus», «paHCIIOPTHO-3HEPreTH-
yeckui» ¢akynbreT, EBpasuiickoro HauuoHasbHoro yHupepcutetra WM. JLH. T'ymuneBa, AcraHa,
Kasaxcran

Kopa6aii P.b. - ][loktopanT kadeapnl «TpaHcnopTHas WHXeHepusi», «TpaHCIOpPTHO-3HEpre-
TUyeckui» QakyabTeT, EBpasuiickoro HauuoHajJbHOro yHuBepcuTeTa uM. JL.H. ['ymuneBa, ActaHa,
Kaszaxcran

Information about authors:

Kushaliyev D.K. - Candidate of technical sciences, acting as assistant professor, Acting Associate
Professor of the Department of «Transport Engineering», «Transport and Energy» faculty, L.N. Gumileva
National University, Astana, Kazakhstan

Torebekova S.0. - PhD Student of the Department of Transport Engineering, Faculty of «Transport -
Energy», L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Kalshora E.T. - PhD Student of the Department of Transport Engineering, Faculty of «Transport -
Energy», L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Korabay R.B. - PhD Student of the Department of Transport Engineering, Faculty of «Transport -
Energy», L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/
licenses/by-nc/4.0/).

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N21(150)/ 2025 277
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261


https://creativecommons.org/licenses/by-nc/4.0/deed.en

JLH. T'ymunes amviHdarsl Eypasus yimmeolk yHusepcumeminiy XAGAPIIBICHL
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIMJIAP 2KOHE TEXHOJIOTUSJIAP CEPUSCHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKU U TEXHOJIOTUH

XFTAP 73.29.01 https://doi.org/10.32523/2616-7263-2025-150-1-278-285
[osy makasia

KbLDKbIMaJIbI KYpPaM MEH >KOJIAbIH, 63apa dpeKeTTeCyiH 3epTTey
KYMBICTapbl 60MbIHIIIA LIOJIY XKacay

[.H. Baiiry:kuna' , H.C. Kam3zanos?* , M.C.HyprasmeBa® , 3K.H. Kakumesa'

1JI.H. I'ymusee amviHdarul Eypaszus yammeoik yHusepcumemi, Acmana Kasiacwl, Kazakcman
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3Azamammulk aguayusi akademusicbl

(E-mail: gul 8989@mail.ru)

Angarna. Kasipri kesge KasakcraH PecnyO6JiMKacbIHBIH, 3KOHOMHKAChI
HapPBIKTHIK KaFjakiapra 6edimaenredH. CoHAbIKTAH 6i3/jiH, esiMi3/liH, 3KOHO-
MUKACBIHBIH, Ka3ipri 3aMaHFfbl JaMy Ke3eHi 6ipereil 00'beKTijiep/iiH KYpblJbl-
CbIMeH Koca xKypeZi. OcbifaH MbIcaJl peTiHJe Ka3ipri 3aMaHFbl TeMipKOJI K0JI-
JlapbIHbIH KYPbLJIbIChI, KaHIlIaMa KUJIOMETPre CO3blJbII KaTKaH Oiperei kemip
KYPbLJIbICTAPbIH K9He T.0. a/lyFa 60J1a/bl.

Jp TypJi canaja >oHe eHepKaCiNTiK 00beKTijiepe, KypJbIC cajlacblHa
»)K9HE KOMMYHaJIJbIK, Iapyallbl/IbIKTa KYyp/ieJi TaOUFaT-KJIMMATThIK, KaFjal-
Jlap/la mau/JiaJlaHblIaTbIH OapblHILIA KEHiHEH TapaJsiFaH »Kbl/DKbIMaJbl KypaMm
OOJIBII TaObLIAbI.

TeMip>KoJ1 )K0JIbI MEH KbIJDKbIMaJIbl KypaM- OYJ1 ©3apa 9peKeTTeCETiH KoHe
6ip-6ipiHe Tayesii GipTyTac TEpMOJUHAMUKAJBIK Kyiie. "MKblLKbIMaJbl KypaM
- Temip>kou1 xxoJ1b1" )KyHeciHAeri AJUHAMUKAJIbIK IPOLeCTEP/li 3epTTEY/AiH Heri3-
ri MiH/IeTi, OChbI KYHeHiH OHTal/ibl MOH/IepiH aHbIKTAy 60JibIN Tabblaa/ibl (ra-
6apuUTTIK eJilleM/lep, Macca, KaTThIIbIK, TYTKbIP YHKeJic KO3pPUIIUeHTTepI
»K9He T. 6.), OHZIA )KbI/DKbIMAJIbl KypaM MeH K0J1 KYPblJIbIM/IapbIHbIH, CEHIM/[iJi-
ri MeH GepiKTiriHe Tepic acep eTeTiH TepbesicTep MeH JIMHAMHUKAJIbIK KYIITED
asas/ibl.

Ty¥#iH ce3aep: >XbLDKbIMaJbl KypaM, TEMIip)KoJ1 KeJliri, ceHiMIiK, KaT-
ThIJIbIK, Macca, TUIM/iJIiK, IOHbI3.
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JKblAxCcbIMAbL KypaM MEH JH0/10bIH 63apa apeKkemmecyiH 3epmmey JHcyMblCmapsl 60UbIHWA WOy Hacay

Kipicne

Temipko1 Keliri — a71eMHiH KeJlik UHQPaKypblIbIMbIH JAMbITY/AbIH 6acbiM 6afbIThI. Kasipri
TaHJa Kasakctanjga TeMip ko HHPPaAKYpbLIbIMbl 00beKTiNiepiHiH >KoFapbl (GU3UKAJBIK
TO3Ybl, KOJIJAHBICTAFbl TEXHOJIOTUSIJIBIK MPOLECTEPAi UHTerpauusiiayiblH OipbIHFall Tacij-
JlepiHiH 60/1Maybl, COHZjal-aK KaJjla MaHbIH/IaFbl TEMIP XK0JI KOJIIriH JaMbITYbIH TOMEH JleHreli
OalKaJiaabl.

Enfiiy a/ieyMeTTiK-9KOHOMUKAJIBIK JAaMybIHbIH, MaHbI3/lbl KypaMJac 6eJiri KeJiik Kyiecid
YKaHFBIPTY, )KOHE, eH, a/[ibiIMeH, SKOHOMUKAHBIH, 6Cyi MeH aJieM/jieri 6acekere KabisneTTiiri
YILIiH Ka>KeTTi OHbIH UHPPaKYpPbLIBIMAbIK 00 beKTiNIepiH 6acKapy 60JibII TabbLIAAbI.

TUIMATIKTI apTThIPY TEMip2KOJI KOJIiri KO3FaJIbIC XKblJIJaM/bIFbIH aPTTBHIPYZbI )KoHE PYKCaT
eTiJITeH MaKCHUMaJlZibl OCBbTIK KYyKTeMe. byJl peTTe Kayinci3ZikTi KaMTaMachl3 eTy FblJIbIMU-
TEXHUKAJIbIK AaMYAbIH 06acblM OaFbIThl OOJIbIN KaJjia Oepefii, ajJl TEXHUKAJIbIK KypaJAap/blH,
iCTeH WIBIFybIH 00J1/IbIpMay HeTi3ri MaceJie 60JiblN Tabbl1a/ibl, OHCbI3 OHBI YaKThILJIbI LIELY 3pi
Kapa# JaMbITy MYMKIiH eMec.

JdjicHamMa

KeunkbIManbl KypaM MeH »KOJILap/blH 63apa apeKeTTecy MiHAeTTepiH KenrTereH Pecen
rFasbiMAapsel welnTi, Mbicanbl, A.Il. bopoaun, A.M. l'ogeinkui-1iBupko, H.E. ’Kykosckui, H.IIL.
[letpos, I. M. lllaxynsny, B.6. Mezens [1], A. f. KoraH, coHbIMeH KaTap 1ieTeJ FajabiMAapsl — I1.
Anmnens [3, 4], r. Mapuep, X. XelimaH, [[>k. Kanikep [5], Kpeiir P. P. [2] »koHe T. 6. 63 eHOeKTepiHie
KapacTbIpFaH.

BopoauH My3 aliibIHAapbIHAAFbl TAPOBO3/bIH TepbesicTepiH 3epTTey HeTi3iH/e KeliHHeH
N1apoBO3Jap/bl ChI3bIKTHIK CblHAY 9iciH »acazpbl. H.II. [leTpoB cynpeccopiblK KYpblJIbIMHBIH,
TepOestiCiHeH TYbIHANUTBIH TiK KYLITEP/i 3epTTEYMeH alHaJIbICThI XK9He AKa/i TUIIOTe3acblHa
Herizgeni. H.IL. [leTpoB, cTaTUKAJIBIK )K9He JUHAMUKAJIBIK 9Cep eTy Ke3iH/le peJsIbCTiH ceprniMal
WiJ1y ChI3BIFbIHBIH MilIiHIHIH COMKECTIriH 60/KaU ThIH, )KbI/IXKbIMaJlbl KypaM MeH »0J1/IbIH 63apa
apekeTTecyi 60ibIHIIA bipKaTap MiHAeTTep weiazi. M. [llaxyHsaHy [2] ke3-Ke/reH yakbITTa
epiKTi JUHAMUKAJIbIK XXYKTEMe/ieH TepOesieTiH cay/ieHiH cepniMAi Uiy CbI3bIFbl KO3FalaTbIH
TYPaKThI )XYKTeMe acep eTKeH/ie naiia 60aThiH MilliHTe colKec KeJieAi, CaH/bIK >KaFbIHaH
COJ1 YaKbITTa aJIbIHFAH JUHAMUKAJBIK )KXYKTeMe MOHIHe TeH eKeHiH JaJeel.

O3 3eptTreynepinge CTOKC caysieHiH MaccacblH ecenke ajMai, Gesrisi 6ip Maccajarbl
KYKTIiH, KO3FaJbICblH cunarTtazbl, aa A.H. KpblioBa kepiciHllle, MacCUBTIK cay/ie 60HMbIMeH
TYPaKThl KYIUTiH KO3FaJIbICbIH KapacTbIpAbl. TypaKThbl KYLITIH acepiHeH cepniMJi Herisje
6eJs1iHreH Maccachl 6ap cayJieHiH TepbeJlic npouecTepiH, eKi epKiHJIK Japexeci 6ap TeMipxKoJ
3KHUMaXXbIHbIH, epKiH xoHe Max06ypJi TepbenicTepid C.I1. TumMoleHko cunaTTazbl [4].

[lleTenzik 3epTTeyulisiep yJaecTipiJireH Macca apKaJibIFbl OOMBIHIIA Maccacbl 6ap TYPaKThbI
YKYKTIH KO3FaJIbICbIH, COHJ|al-aK yJiecTipi/ireH Macca MeH AieMndep ik apKaJablKTaFbl TYPaKThl
VHEepLUACHI3 KYLITepAiH KO3FaJIbIChIH 3epTTe/].

®. KapTep asnfaul peT JOHFaJaKTap/blH CepHiM/i CblpFaHay alMaFbIHbIH, 60Jybl TYpaJbl
TUIoTe3a »acajbl —KajJfaH CbIpFaHay, Oy/J KeliHHeH [AOHFasakK >KYObIHbIH KO3FasbIChbIH
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nuddepeHIUANIbIK TEHAEYJEPMEH CUNATTayFa MyMKiH/iK 6epai. Tpubosiorus maceseliepi,
aTamn alTKaH/a, TepOeJsiicTi ceHZipy1li peTiHAeri yiKeicTiH peJsiH r.Mapuep erxei-Terxeii
3epTTeA|.

CoHbIMeH KaTap Kasipri TaHzAa XKb/DKbIMaJibl KypaM/bl OTaHABIK FajbIMJapJa KeHiHeH
3epTTen Kesefi. FaabiMaap 63 eHbeKTepiHAe KbLDKbIMaJbl KYpaMHbIH, 06J11eKTepi MeH TO-
panTapbiH XK6H/EY KoHe KaJ/lllbIHA KeJITIpy TEXHOJOTUACHIH JaMbITyFa 9p »bl1Japbl 6earii
6ip yJiec KOChII KeJiei.

K.C MycTanaeB — 0J1 MeH KbI/DKbIMaJ/Ibl KYPaMHBIH, 63apa ic-KMMbLIbI Ke3iHze Ka3akcTaH
TeMip oJIJapbIH/JA NOUBI3AaP/bIH )KYPAEK KO3FaJIbIChIH €Hri3y NepCcleKTUBaJapblH 3epTTeYy,
['M Hyp>kaHOBa - MyHal }XYKTepiH TaCbIMa/1Jay KeJIEMiH YJIFaUTYy XKaFJalblH/a TEMIP K01/ bIH
TeXHUKaJIbIK al-KyWiH 6ackapy, LLI.T. Animaramb6eTtoBa — KazakcraHn Pecniy6/inkachl TeMip»KoJ1
KOJITiHIH Kb/DKbIMaJibl KYpaMbIH TEeXHHUKaJbIK KaWTa >XapbIKTaHAbIPYAbIH THIMJJIIri,
C.KTyneb6aeB - KazakcTaH TeMip »0/1apbIHAAFbI K0J1 MEH >Kbl/KbIMaJIbl KYPaMHbIH 63apa ic-
KHUMBLJIbIHBIH, KYILIi MEH cUNlaThIH 3epTTey, A.b.3ab6reBa — MOMbI3 XKblJIAAMAbIFbIHbBIH, }KOFapbl-
JlayblH/IaFbl ©THeJli KUCBIKTap/blH, TeTiCTiriH 3epTTey »xoHe 6arasnay, M.K.TypkebaeB -
YKOJIbIH KUCBIK y4acKeJlepiHeri TeMip»KoJ SKUNaXKJapbIHbIH, JOHFaJIAK XKYIITapbIHbIH 63apa
9pEKETI CUAKTHI 63€KTi MaceJiesiep/ii KOTepill, lelliMiH TanThbl.

JlereHMeH/le eiMi3/ie OCbl yaKbITKa J€eHiH KbLDKbIMaJbl KypaMHBIH, >KYMBIC icTeyiHe
kenTereH kegepriynep 6ap. KTXK «Xyk tacbimanbi» XKIIC 2023- 2024 x)blngapAblH MaliMeT-
TepiHiH KOPBITBIHABICHI GOMBIHIIA >KbI/DKbIMaJbl KYPaMHbIH, Y3/iKCi3 XXYMbIC icTeyiHe YK
BaroH/JapbIHbIH, HETi3ri TopanTapblHbIH iCTeH WWbIFYbI kUi Ke3geceni. 1-cypet KTK «XKyk
TacbIMaJIbl» MeKeMECIHIH BaroHiap/blH, TOpanTapbIHbIH, iCTEH LWIbIFYbl KOPCETIJITEH.
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26391
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1-cypeT. )Kyk BaroHZapblHbIH, HETi3ri TOpanTapbIHbIH, iCTEH IIBIFY KeCTECI
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Kasakctan Pecny6svkaceinza fa, TM/l TeMip »ko/1apbIHbIH KeHicTiriHae fe »kaHa JalbIH-
JlaJIFaH JOHFaJ/IaK, >KYNTapbIHbIH, TaNllbliblFbl 6ap. HaTWxkeciHJe BaroHgapga >KocCHapJibl
YKOH/IeY, TEXHUKAJIbIK, KbI3MET KOPCETY KUbIHFA COFa/Ibl.

HBTH)KeJIep MEH TaJIKblJ/IAY

KbLmKbIMasibl KYPaMHBIH CEHIM/IITiH KaMTaMachI3 eTy caJlacblHAaFbl OYPbIH OpbIHAAJIFAH
»KyMbICTapFa 110Jly OepiJireH, OHJAa Kbl/DKbIMaJbl KypaMFa, acipece, moe3fapAblH OeJiiriHe
G6apbIHIIA KON KOHiJ 6eJliHreH.

CeHiMZiMIKTI KaMTaMachI3 €Ty »KeHiH/eri 3epTTeysepAi GipHelle XpOHOJIOTUSJIBIK Ke3€eH-
Jlepre 6eJsiyre 60J1a/ibl, 6yJ Ke3eHJep/e aTaJFaH FblJIbIMU-TEXHUKAJIbIK 6aFbITTAp O6OMbIHIIA
FbIIBIMU Oi/1iMre KOJI 3KeTKi31JIreH KoHe XyHeleH/lipiareH.

CeHiMAMIKTIH Ka3ipri 3aMaHfbl TEOPUACBIHBIH, JAaMybl Ke3iHJe YII Ke3eHJl aTall eTyre
60J1a/bl.

BipiHii ke3eH - KaJbIITacy, eKiHIIi Ke3iH — CeHIM/i/IiK TeOpUSAChIH KAPKbIH/Ibl JAMBITY, 00 bEK-
TizepAiH, ceHiMainiriH 6arasay KesiHJe >Kyile 3/ieMeHTTepi apacbiHJaFbl QYHKIMOHAIbIK
GaiJlaHbICTAPAbIH, 9CePi, )KYMbIC peXXUM/IEPi KoHe KopllaraH opTa GaKTOpJiapbIHbIH, 9Cepi:
TeMIlepaTypachl, bIIFaJ/bIFbl, KbICBIMBI, ZIipiJli, CoyJie IbIFapybl )koHe T.0. eckepisie 6acTa/bl. A
YUIiHIII Ke3eH- KapananbIM XoHe Kyp/eJii )Kyiesieperi icTeH WbIFyJIap/blH Mai1a 60/1ybIHbIH
GU3UKANBIK-XUMUSJBIK YKOHE CAaTaTUCTUKAJbIK 3aHAbLIBIKTAPbIH Oy/1aH api KapalFbl TEPEH,
3epTTEyMeH CUNaTTaaa/ibl.

HapbIKTBhIK 3KOHOMHUKaHbIH afaanbl, KK KOHCTpPYKUMSCbIHBIH KYp/AEJIiriH yJAFauTy,
HiellisieTiH MiHAeTTepAiH KeIl TYPJJIiri MeH »ayalnKepIuiJiri »oJ1 KypblLIbICBIHJA Manza-
JIQaHBLJIATBIH XbI/DKbIMaJIbl KYPaMHbIH, CEHIM/iMIriH KaMmTaMachi3 eTy npobJeMasiapblHa Ja
aMpbIKlIa KeHiJl 6esiyre MaxobypJseii. Ke3 kesreH Kasipri 3amMaHfbl MOWbI3 HeMece acnar
KaH/Jak Aa 6ip »KoFaphbl cullaTTaMasiapFa ue 60Jica a, CEHIMCi3 )KyMbIC Ke3iH/e KYHCbI3JaHa/Ibl.
’Korapbia aTan kepceTkeH el [4], ceHIMATIK — Ke3 KeJireH TeXHUKAJIbIK, KYPbLJIFblIap/IbIH
KoHe JKyHeJsiepiH, (PYHKIMOHA/I/JbIK KOPCETKIIITEpPiH aHbIKTAWUTBIH OapblHIIA MaHbI3/lbl
KepceTKilTepAiH 6ipi 60/bI1 caHaIa/bl.

CeHiMZiMIKTI KaMTaMachI3 €Ty »KeHiH/eri 3epTTeysepAi GipHelle XPOHOJIOTUSJIBIK Ke3€eH-
Jlepre 6eJsiyre 60J1a/ibl, 6yJ Ke3eHJep/ie aTaJfaH FblJIbIMU-TEXHUKAJIbIK 6aFbITTAp O6OMbIHIIA
FBLJIBIMU Oi/liMIe KOJI 2KeTKi31JITeH oHe KyhesieHAipiareH [4].

CeHiM/IiTIK TEOPUSICHIH JAMBITYFa, aTall AUTKAH/IA, TEXHUKAJIBIK KyHesep/iH, »KyMbIC KabieTiH
KaJ/lllbIHA KeJITipy, OJIapJblH, CeHIMAiNIriH OaFasayarbl MaTeMaTHKaJIbIK MaceJiesiep, COHJAM-
aK MaujajaHy TUIMJUITIH apTThIPy MaceJieJiepiH LIenlyre aJieMAiK JAeHreu/ieri fajabiMaap:
AW.Bepr, H.I'bpyeBuy, A.H.Konmoropos, b.B.I'nenenko, H.Il.bycnenko, B.E.BepaudeBckuid,
E.C.Bentuesns, ['B. IpykunuH, B.P.JlesuH, A.M.[losoBko, HM.Cenakun, b.C.Corckos, U.A.Ymakos,
E.B.YenypuH, H.A.Illuonok, f.b.1lllop, conpai-ak, U.bazosckuii, Pbapioy, ®.baiixenst, M.ge 'poT,
C.Kanabpo, K.Kanyp, /I.Kokc, Jl.Jlam6epcoH, M.Jlunos, JI./lnowa, @.Ilpowman, [I.Cangep, PXeBuneny,
»KOHe KeNTereH 6acka FajbIM/ap Aa MaHbI3/bl YJieC KOCThI.

Koraps! nanganany KacueTTepiHe KOJI 2KETKIi3y YIUIH 93ipJieHeTiH TeXHUKaHbIH, CeHIMIIIriH
KeJieci 3epTTeyJiepAi eCKepe OThIPHII, OMipJIiK IUKJI IPOLeCiHAe KAMTaMachI3 €Ty YCbIHbLJIA/bl:

- OHIMJepAiH canacblH aHBIKTAWUTBIH CEHIMAIIIK AeHreli eMipJlik LUKJI/iH 6apJblK Ke3e-
HiHJe CeHIMAiMIKTI KaMTaMachbl3 eTy GOMbIHLIA KYMbICTApAbl Y3/iKCi3 Kyprisyre keuieHpai
TacCZiepi Ke3iHe Ko XKeTKisineni;
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- 9pb6ip Kesieci Ke3eHJe peTTey >KYMbICTAPbIHbIH, HOTHXKeJIiri ceHiMJiik AeHreuiHiy,
/I bIHFbI Ke3eHAepiH/ie KOJI XKeTKi3IreH HoTHKeJlepiHe 6alJIaHbICThI;

- yariziepaiy, emMipJiik [UKJiH COHFbl Ke3eHiH/e iCTeH UIbIFy ceOeNTepiH aHbIKTAy KoHe
KO0 aJIZIbIHFBI Ke3eHJepAeri 0Cbl KeMIIIIKTI K010 Ke3iH/ieri yJKeH bIFbIHAapFa 9Kelei;

- OyMbIMJAp/bIH 9pbip Ke3eHiHJe 63iHiH CUNATThl epeKlleJiKTepiMeH MEHIUiKTi TexXHOo-
JIOTUSIJIBIK JKOHe 3JlicTeMeJliK 6asaJjlapMeH ijsiece »KypeJi, 6y/iapAbl TOJbIK MaclITabThl icKe
acelpy yJriziepzi 6ipTiHZien peTke KeaTipyZi aHbIKTalbl;

- TeXHUKaHbIH, JaMybl CeHIMAIMIKTI KaMTaMachI3 eTYAiH dficTeMeJliK annapaTblH 6apa-
6ap KeTUIAIpYy KaKeTTijsiriHe OalJaHBICTBI, TajJlayFa OaWJaHBICTBI apTTa KaJjblll KOO
MYMKIiHZiKTepiHe Ko/ 6epiiMelfi, an 6y FbIIBIMU ChIABIMAbBIIBIKTbl TE€XHOJOTHUSAIAPAbI
KOJIZAHYZbI Taj1all eTe/i.

TexHVKaHBIH, 6MIpJIiK LIMKJIHIH MpoLeCiHAe CEHIMAIIK 63repiCiHiH JUHAaMHUKAaChl Ke3iHeri
[3] KapacTblpblIFaH canasbl CHIaTTaMara KbI3bIFYLIbLIBIK Oingipeai (2-cypeT).

2-cypeT. TexHUKaHbIH 6MipJiK LIMKJiHIH Npo1eciH/e CeHIM/IIK 63repiciHiH JUHAMUKAChI

A - FBUIBIMU-3ePTTTEYLII/IIK, ToXipUOeJsi-KOHCTPYKTOPJIbIK XyMbicTap; b - eHpaipic; B
- nanganany; 1 - xxobanay; 2 - Toxipubesi yiarinepzi fanbiHjay; 3 — cblHaK; 4 — eHJipicke
eHTi3y; 5 - cepUsIbIK 6HJipic; 6 - caKTay; 7 - TaFalbIHAAy O0UBIHILIA KOJIJAHY; a — 6acTanKpl
caThl; 6 — KajnblnTackaH Mep3iM; W - icTeH wibiFysnap arbiHbl napaMeTpi; W* - TokTaychi3
YKYMBIC iCTey/liH TaJsamn eTi/ireH JeHreui; S - aTkapbiM; | xxoHe Il — TeXHUKaHbI TOJIBIK K9HE
KeTKIJIIKCI3 peTTeyre couKec HycKasiap; AW — icTeH 1IbIFy/1ap aFbIHBIHBIH, KOPBITBIH/bI 6CYi;
icTeH mbIFyaap ecebineH W fieHreniHiH ecyi: AWK.T - KOHCTPYKTHBTI )KoHe TE€XHOJIOTUSAJIBIK,
AWK - koHCTpyKTUBTI, AWn - eHzipicTik, AWX - cakTayzaH KeriH, AW3 - naijanany.

ATtan kepceTinreHzel, oo6beKkTiziep eMipiHiH apb6ip Ke3eHiHAe 63iHJIK CUNATTHI epeklie-
JikTteri ¢akTopsap acep erefi. bys dakTopsap apekeT eTy cajachl G0MbIHIIA KiKTeJseIi.
[4] OyHbIMAapAblH, CeHIMAIri osapAblH TypJepiHe 0alJaHbICTBl CEHIMAIMIKTIH 6apJibIK
KepceTKilTepiMeH HeMece 6ip OeJiirimeH 6arasaHybl MyYMKiH.
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KOopBITBIHABI

1. Makasiazia Kbl/IKbIMaJIbl KypaM MeH KOJIJapJblH, 63apa apeKeTTecy MiHJeTTepi, Ke3-
KeJIleH YaKbITTa epiKTi JUHaMHUKaJbIK XYKTeMeJeH TepOesieTiH cayseHiH cepmniMAi uiny
CbI3bIFbl KO3Fa/IaTblH TYPAKThl XYKTeMe, O0JI MeH »XbLDKbIMaJIbl KypaMHbIH 63apa ic-
KUMBbLIbI Ke3iHe KasaKcTaH TeMip »Ko/1japblH/ia NOMbI3JAPAbIH KYPAEK KO3FaJIbIChIH €HTi3y
NepCreKTUBaJapblH 3epTTey CUAKTBI PecelJiik, 1meTesJiK >XoHe OTaHAbIK FaJbIMAAp/blH,
eHOeKTepiHe LI0JY XKYPTri3iyifi.

2. 3epTTey HITHXKeJiepi TEeMIpXKOJI KOJITiHIH CeHIMAIIriH apTThIpyFa bIKNaJd eTeji.
KblDKbIMasbl KYpaMHbIH 06J1IeKTepiHiH iCTeH MIBbIFYbI, TYPbIN Kalybl 63€KTi MaceJsie 60J1bII
TabbL1abl. OCbIFaH 6aMJIaHBICThI CEHIMAIIIK TEOPUACH] YCBIHBLIBI.
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0630p pa6oT Mo U3yYEHHUIO B3aMMOA e CTBUSA NOABUKHOTO COCTaBa U MyTH

AnHoOTanus. B HacTos1ee BpeMs s3koHOMUKa Pecniy6/1mku KasaxcTad aganTupoBaHa K ppIHOUHBIM
ycaoBUAM. [l03TOMy coBpeMeHHBIH 3Tall pasBUTHA 3KOHOMMKHM Halled CTpPaHBbI CONPOBOXJAETCH
CTPOUTEJNBCTBOM YHHUKAJIbHBIX 06'b€KTOB. [I[pUMEepPOM 3TOr0 MOXKET CIYKUTb CTPOUTEIBCTBO COBPEMEH-
HBIX ’KeJIe3HOJ0POXKHbIX MyTel, YHUKaJbHBIX MOCTOBbIX COOPY>KEHUH, IPOCTUPAIOLMXCS HA MHOTHe
KUJIOMEeTPHI U Ap.
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HauboJsiee pacnpocTpaHeHHBIM fIBJISIeTCS MOABHXKHOM COCTaB, UCHOJIb3YyeMbIH B CJI0XKHBIX NPU-
POAHO-KJMMAaTUYECKUX YCIOBUAX B pas/JMYHBbIX cdpepax U Ha NPOMBIIIJIEHHBIX 00bEKTAxX, B cpepe
CTPOUTEIbCTBA U KOMMYHAJ/IBHOTO X031 CTBa.

KenesHonopokHbINM MyTh U MOABWKHOM COCTAB MPEACTABJISIIOT COO60H eUHYI0 TEPMOJUHAMUYECKYIO
CHUCTeMy, KOTOpasi B3aUMOJENUCTBYeT U 3aBUCUT ApYyT oT Apyra. OCHOBHOU 3ajjaueld UcCCIe0BaHUS
JUHaMUUYeCKUX NpoueccoB B cucteMe "[loaBuxHON cocTaB - 2Kesie3HOAOPOXKHBIM NYyTh" SABJSETCS
onpejieieHMe ONTHMa/IbHbIX 3HAaYeHUHM 3TOM cucTeMbl (rabapuTHble pa3Mepbl, Macca, KECTKOCTb,
K03pPUIMEHThI BA3KOTO TPEHUS U T.[J.), IPU KOTOPBIX YMEHBIIAKTCSA KOJIE0aHUSA U JUHAMUYECKHE
CUJIbl, OTPULATEJIbHO BJUSIOIIME HA HAZEKHOCTb M NMPOYHOCTb MOABHXKHOI'O COCTaBa U JOPOKHBIX
KOHCTPYKIHM.

Kiro4yeBble c/10Ba: OABMXXHOU COCTaB, XKeJIE3HOJOPOKHBIN TPAaHCIOPT, HAZLEXKHOCTD, KECTKOCTD,
Macca, 3 PEeKTUBHOCTD, O3/,

G.N. Baiguzhina?, N.S. Kamzanov?, M.S.Nurgaliyeva3, Zh.N.Zhakisheva'
IL.N. Gumilyov Eurasian National University, K. Satpayev str. 2, Astana, Kazakhstan
2Kazakh National Research Technical University named after K.Satpayev
3Academy of Civil Aviation

An overview of the work on studying the interaction of rolling stock and track

Abstract. Currently, the economy of the Republic of Kazakhstan is adapted to market conditions.
Therefore, the current stage of economic development in our country is accompanied by the construction
of unique facilities. An example of this is the construction of modern railway tracks, unique bridge
structures stretching for many kilometers, etc.

The most common is rolling stock used in difficult natural and climatic conditions in various fields
and industrial facilities, in the field of construction and utilities.

The railway track and rolling stock represent a single thermodynamic system that interacts and
depends on each other. The main task of studying dynamic processes in the Rolling Stock-Railway system
is to determine the optimal values of this system (overall dimensions, weight, stiffness, coefficients of
viscous friction, etc.), which reduce fluctuations and dynamic forces that negatively affect the reliability
and strength of rolling stock and road structures.

Keywords: rolling stock, railway transport, reliability, rigidity, mass, efficiency, train.
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Agaarna. Makasaga KazakctaH TeMip »KoJiblHa cunaTTaMa »acajral. Co-
HbIH, ilIiHAEe TeMipXKoJ/Jbl XX6HJey O0NbIHIIA CypaKTap KapacThIpbliraH. Ka-
3aKCTaH TEMIpPXKOJIbIH »K6eHJey >XYMBICTApbIH »acay/lblH TapuXbl OJIap/bIH
naijaa 60J1y coTiHeH 6acTay asiyblHa 6aW/IaHbICThI, MaKasiajia TEMIpKoJl cajia-
CbIH/IaFbl KYMbICTbIH, MaHbI3/Ibl OaFbITTAPbIHbIH O6ipi apHalbl KbLIKbIMaJIbl
KypaM/bl KeTIAIpy 60JIbIN TaObIATBIHABIFbI CapanTasfaH. Enjeri TeMip »oui-
Jibl )KOH/IENTiH KaciOpbIHAAPFa XKoHe eJliMi3/ie 6ap KeH/ley MallliHa/IapblHA CU-
naTTaMa »xacaJsiraH. Kasipri ke3zeri TeMip »Ko/14ap/blH KaFqalblHa CUMIaTTaMa
»KacasiraH. bacTel »Ko1iapAblH XKOFapFbl KYpblJIbIMbIHA KOMbLIATBIH TaJlallTap
KapacTblpbliraH. XKoJ XeHJey MallWHa/lapblHa CUIIATTaMa >Kacasiblll, Heri3ri
KaH/al akayJsiapbl 60J1ybl MYMKIH/IiriHE cunaTTama »acajraH. Kasipri ke3geri
TeMip>KoJ1 KeJIiriMeH »XYK alHaJIbIMbIHbIH, MeJiliepi KeaTipisireH. Kbl callblH
TeMIP>KOJI KOJIITiMeH »KacaJlaTblH TaCbIMaJI[bIH YJIFAMbII KaTKaHbIHA KO3 KET-
Kisyre 6o0s1a/ibl. KazakcTaHaap 6ap kacimopbiHAAp OOUMbIHILA TY3€Ty MalllMHA-
JIapblHa cUMNaTTaMa >acaJblll, AUCTaHLUs/Iap OOMBbIHINIA CaHbl KOPCETI/ITeH.
CoHpal-aK, MaKasiaZla >KOJIayllbl »K9He >XYK INOWbI3JapbIHbIH, KbLJIJaM/bIFbl
MeH KayilCi3ZiriH apTThIpy YIUIH TeMip:KOJl KOJIJAP/bIH, XKaFJaublH aKCcapTy
MaKCaTbIH/Aa TEMIipXKOJ1ap/ibl CbIHBINTAY OOMBIHIIA KecTesiep KesTipiareH. Co-
HbIH, ilIiH/le laKNaTacThbl 6a/1/1acThl HEMece KyM/ibl-1IaKNaTacThl KOCHa/laH Ka-
caJIfaH OaJlylacThl NaljalaHFaH Ke3/le KOCKAabaTThl 6aJIJIacT MPU3MaHbl Ca3/bl
TONbIpaKTap/ZiaH, yCaK >koHe IIaHJaK TOIbIpaKTap/aH TOCeJIreH Xep TeceMre,
COHBIH, illIiH/Ee Kep TeCEMiHIiH, YCTiHTi 66JIiriHiH KOpFaHbIIl KA0aThIH CaJiFaH Ke3-
Jle )kob6aJiay 1apaJiapbl kepceTiareH. XKanbl KazakcTanaa KoJiJaHbLIAaTbIH TEMIp
YKOJIJIbI Y)KOHJeyTre apHaJ/IFaH »K0J1 MalllMHAJIapbIHbIH, NApKiH OHTaWIaH/bIpy 00-
bIHILIA YCBIHBICTAp »acairad. Makasaza BIIO - 3000, SMD-80, 3/1b-4C asnekTp 6aJ-
Jactepi, Duomatic 09-32 CSM, Unimat »o0/1 MallIMHACbIHA CUMaTTamMasiap 6epiir,
TeMIp 2K0JIJbI 2K6H1ey 0apbICbIHAA KOJIIKTIH KEMIITIKTEPi KOpCeTireH.

Ty#iH ce3aep: TeMip:KoJl KeJliri, pesbc, »0J1 MalllMHaIapbl, TEMiPXKOJI, )KYK
allHaJIbIM, >KOJI CTaHAAPTTAaphl, KOJIJIbIH, >KOFapFbl KYPbLJIbIMBI.
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Kipicnie

Kaszakcranza teMipkos Kestiri KasakcTaH 3KOHOMHUKAChIHZA MaHbI3Jbl peJl aTKapazbl:
eJl ©OHipJsiepi apacblHAaFbl 3KOHOMHUKAJBIK OalJlaHbICTApAbl KaMTaMachbl3 eTeli, XYK
allHaJIbIMbI M€H >KoJ1aylliblJIap allHaJIbIMbl O0MbIHIIA GipiHLIi OPBIHAA TYpP, COHAAN-AK AaMyAa
Y/IKeH peJ aTKapa/Zbl. KazakcTaH TpaH3UTTIK MeMJieKeT 00JiyblHA GalIaHBICTBI TEMIipXKOJI
MHOPAKYPBbLIBIMbIHBIH, calacbl MeH OHbIH, KasakcTaH VIliH bIHFaWJbl KOHQUIYPALUSCHI
6ipiHwi opbiHAa Typ. OCbl MakcaTTa TeMipKOJilap >KeJliCiH KeTiiAipy OoMbIHIIA LIapaJap
KaObL/IJaH/bl.

Temip>kos1 TacbIMa/IbIHBIH, KAPKbIHABLJIBIFbI €J1 SKOHOMHUKACBIHbIH, Kal-KYHiH aUKbIHAAUTbIH
6acTbl QakTop OOJIBIN TAOBLIA/bl, COHABIKTAH TEMIpXOJ TOCEMIHIH KaW-Kyhi THIMAI XYK
allHaJIBIMbIH KAMTaMachI3 eTYAiH KiJITi 60J1bIN TabblIa/bl. ATA/IMBbIII MaceJiesiep KellleHiH ey
YLIiH 9pTYpJii K0J1 MalllMHAJIapbl KoJIZaHblIaAbl. KazaKkCcTaH TeMip>KOJIbIH 2KeHAeY »KYMbICTapbIH
»Kacay/iblH, Tapuxbl OJIapAblH Naiza 6oJiy coTiHeH 6actay anjabl. Ocbl cebGenTi TeMip:koJ
caJlacbIHAAFbl >KYMbICTbIH, MaHbI3/Ibl GAaFbITTAPbIHBIH Oipi apHaibl >KbI/HKbIMaJ/Ibl KypaM/bl
KeTiAipy 60JibIN Tabblaabl. TeMipXKosAbl XOHAEUTIH MallWMHaIap/blH >KOFapbl 6HIMJiJIIri
MeH CeHiMZiiri )Ko1/1bIH KYHiH YHeMi KaXKeTTi KyH/ie ycTal TypyFa MyMKiHZ ik 6epezi, 6y/1 KeJik
KO3FaJ/IbIChIHBIH, )KOFapbl KAPKbIHbIHA KemiAik 6epeai. YKol xKeH/ey MallluHACBIHBIH, YPbIC
YKYMBIC icTeMeyi KebiHece alTapJ/bIKTal LIbIFbIHJAAPFa 9KeJielli, 6MTKEeHI KOH/ey KeCTeCiHiH
Oy3bLIybl TEMIp KO0J1 KeJIIKTEPIiHIH Kypy KeCTeCiHiH 0y3blIyblHa 9KeJlin coFabl [1].

Kasipri yakbITTa TeMip>KO0J1 KOJIAAPbIHbIH, IaMybl NONbI3 KO3FaJIbICbIHbIH, KbLJIAAM/bIFbIH
apTThIpyMeH TiKesJel 6alJaHbICTbL. YJKEH XbUIAAMJBIKTBI KOJJAp O0J KYPbLIbIMbIHA,
YKOJIABI KYPZeJii )KeH/ley MEH OHbI aFbIMJIbl YCTayFfa YJKeH TajanTtap Koazbl XKosaga xypy
Kbl1JaMAbIFbl 141 KM/caF aCKaHHAH KeHiH >K0JiJibl aFbIM/Ibl KYTY, €HOEK ayKbIM/bLJIbIFHI,
MaTepuaJl }KoHe 3HepPTHUs CbIUbIM/IbLIBIFbI YIII ece apTazpbl [3].

[TonbI3bIH KO3Fa/IbIC KEpPEreHiHiH ThIFbI3bIFbl TEMiPKOJI K0J1I/IaPbIH *KOHAEY/Ai aca KbICKa
Mep3iM/e }Kypri3yre ajnblll Kejaesi.

1- kecre. KaBaI{CTaH PECHY6III/IKaCbIHAa KOJI 2KEHAEYMEH aliHa/IbICAThIH KBCiHOprHﬂap

Ne | KacinopbiH aTaysl

AKaiblp MallTMHAAH/ABIPbIIFAH JUCTAHIUSICHI

[lly MexaHUKa/aHABIPbLIFAaH AUcTaHIUsIaps! ([TYM Lly)
JKIIC «Integra Construction KZ»

COpOKOBI/IH MallMHaJIaHABIPbIJIFAH »KO0JI AUCTaHIUACHI

G| (W |-

JKUIC «TeMipkoua xxkeHey» - Kamkop

JdicHaMma

[To¥ibI3 KO3FaIbICBIHBIH, Kayinci3/iri MeH 6ipKa/bINThIIBIFbIH KAMTaMachI3 €Ty YIIiH peJbC-
IIMaJ TOPbIH Ui K06aJbIK, CTAaHAAPTKA KeJTipill OThIpY Kepek *KoHe Oip yaKbITTa OHbIH
6a/1s1acT KabaThIH THIFbI3/lay apKbLIbl TYpaKTaHABIPbIN TYPY Kepek. 2KoJ1 mapyalblibIFbIHAA
OyJl TEeXHOJIOTHUSJIBIK, YPAICTEP ThIFbI3JAyllbl KoHe TypaKTaHAbIpbin eHAelTiH BIIP, BIIO,
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«Unimat», «Duomatic 09-32 CSM» »oHe T.06. MallMHaJapbIMeH >Xd9He MeXaHU3M/lepMeH
opbiHAa/aAbI [13].
KacinopsIH 60lbIHIIA TY3€Ty MalllMHAIAPbIHBIH CaHbI KECTE 2 KOPCETI/ITEH.

2-kecre. KacinmopbiH GoHbIHIIA TY3€TY MalllHHAIAPbI

Ne | KacimopslH aTaybl BIIP | BIIO | Duomatic | Unimat

1 | AKaablp MallWHAJaHAbIPbIIFAaH AUCTAHLUSCHI 4 3 - -

2 | llly MexaHUKa/NaHABIPBLIFAaH AUCTaHMAIapbI 3 3 2 2

3 | KIIC «Integra Construction KZ» 3 17 3 -

4 | CopOKOBHH MalllMHaJaHAbIPbLIFaH 0J1 AACTAHLUChI 2 12 4 2

5 |KIIC «Temip:xko. xxeHey» — Kamkop 4 20 3 5
Bapsibifbl 16 | 55 12 9

Ko mapyalibl/IbIFbIHBIH, XKEPTiliKTI puanangap KamraMacoel3 ety yuiH 2018 xblibl 4,5
MbIH, IaHa LIaFblH MeXaHUKalaH/blpy KypasJaphbl caTbll aJbIHABI [].

Kb calibIH OWBI3 KO3Fa/IbIChIHBIH KeliIJeHAipiireH Kayilnci3jiriH KaMTaMachI3 eTy YILIiH
TYpJi apaJsap acasa/ibl. KosgaHbICTaFbl TEMiPKOJI )KOJIBIHBIH, CallaCblH KOTEPYTe Lapajap
KOJILaHbLJIa/ibl.

Kosnayuibl xoHe YK NMOMbBI3JapbIHbIH XbLIJAM/bIFbl MEH KayillCi3ZiriH apTThIpy YIUiH
TEMIpIKOJI YKOJIbIH KaHFbIPTY Kyprizineni [4].

2024 pUIFbl KaHTap-Kapaiiaza TeMipxoJi keJiiriMeH 390,6 MJIH. TOHHA YK TacbIMaJllaH/ibl,
6y 2023 xKbLIFbl KAHTap-Kapalla JieHrelineH 2,6%-Fa apThIK, 0Cbl Ke3eH/e )KYK alHa/bIMbI
296,5 mupa. T-kM Kypazabl (2023 kbpLIFbl KaHTap-KapallaMeH canbicTbipFaHga 0,9%-ra
azanapl), 19,2 MuH. kosayuibl TacbiMaaganzabl (5,5%-ra apThiK 2023 XbLIFbl KaHTap-
Kapallafa KaparaH[a), >KoJsayllbliap alHasbIMbl 15 Muapa. nm-kM Kypagbl (2023 KbLJIFbI
KaHTap-KapaulaMeH canbicTbipFaHza 0,9%-ra ecrTi). [3]

TEMIPXXOJ/1 KONITIHAETI XXYK AMHANbIMbI
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Temipkosiap/ibl CbIHBINTAY KeJTipiireH maijjajsiaHy lIapTTapblHa CoWKec GeJriseHeni.
TeMip>KoJ1 KJ1achl KYK >KoHe KOJIayllbllap 10e34apbIHbIH, )KYK KaybIPTTBLIbIFbIH XoHe KO3Fa-
JIBICTBIH, MAKCUMaJIZIbl PYKCAT eTiJIeTiH KbLIJaM/IbIKTapblH YilsiecTipy ocbl Karugara (kecte
3) coiikec aHbIKTasaAbl. JKyK KaybIpTThLAbIFbl OOMBIHINA KOJ 5 TONKA, aJ pyKcaT eTij-
reH KbUIJAMJbIKTAp OOWbIHIIA - 7 caHaTKa OeJiiHeJi, oJiap THUicCiHIle apinTepMeH >XoHe
nudpiapMeH besrisieHei.

Ko ksiacTapbIHBIH 6e/risieMeci 201 TONTapbl MEH CaHATTaphI OeJiriyieMesiepiHiH yisieciMi
60J1bI1 TAaObLIA/bl 9Pi LHUPJIAPMEH XKoHE dpillTepMeH berisieHe].

TuicTi KJacTarbl TeMip KOJIAbIH, Y3i/1iCCi3 Y3bIHABIFBl KUCBIKTBIK Killi paJgdyCbIHbIH a3-
JBbIFbIHAH, KOJIAbIH *KOHe >KacaHAbl KYPbLJIbICTAPAbIH, TEXHUKAJIbIK >KaW-KYWiHIH KaHaraT-
TaHapJIbIK eMec HeMece OacKa cebenTep/eH Mmoe3/iap KO3FabIChbIHbIH, OeJITriJIeHreH XKbLI1aM-
JABIFbl KEMITIJITEH >XeKeJlereH KUJIOMEeTpJiep/i KoHe OpbIHAAPAbl ecenKe aJIMaFaH/a, KYK
KaypTThLJIbIFbl 0ApJiIbIK Y3aKThIFbIHAA OipAeld 60JIaThIH >KOHE >KOJIayllbliap Moe3JapbIHbIH,

(>KYK Moe3iapbIHbIH, erep noe3/iap K03fFaJbICbIHbIH rpaduriH/e )oJ1aylibliap noe3bl 60Maca
HeMece oJlap/blH OeJiriJieHreH »KbLIJaMAbIKTapbl Oipael 6oJsica) OeJriJieHreH >KblaJaM-
JbIKTapbl 6ipAel 60/1aThIH KO3FaJIbIC yYacKeci Y3bIH/bIFbIHAH KeM 60JIMaybl THIC. [4]

3-kecte. TeMipKoAap/bl CBIHBIITAY

Kon XKyxk kaybipT- | XKoJs1 KaTeropuscol — moes/iap KO3FaIbIChIHBIH PYKCAT €TiITeH XKblJJaM-
TOOBI | TBIIBIFbI, KM-T€ JBIKTaphl (aJbIMbIH/IA — K0OJIayIIbLIap, 66J1iMiH/Ie - XKYKTIK)
MJIH. T-KM OpYTTO 1 2 3 4 5 6 7
HBLIBIHA 121- | 101- | 81-100 | 61-80 | 41-60 | 40 | CTaHuMAABIK,
14080 | 12070 | 60 aca 50aca | 40 aca | »xaHe | KipMe oHe
aca aca oJlaH | 6acka kojaaap
KeM

BacTel xoazap

b 50 aca 1 1 1 2 2 3
B 25-50 1 1 2 2 3 3
r 10-25 1 2 3 3 3 3
pil 5-10 2 3 3 3 4 4
E 5oHe ojjaH KeM | 3 3 3 4 4 4 5

Erep »KyK KaybIpTTbLIBIFbIHBIH, aWblpMackl 30% acnalTblH 60Jica, €Ki HeMece OJlaH Kol
TeMip »K0J1/1bl y4acKesepAeri TeMip oJ1/Jap/iblH, KJIacTaphbl )KYK KaybIPTThLIBIFbI YIKEH TEMip
»KOJIIAp/IbIH KJIacTapbIMeH 6ipael 60J1bl1 6esriyieHe/1i. AbIpMa YJIKeH 60JIFaH »KafFJai/ia TeMip
YKOJIAAPABIH, KJIACTapbl XYK KaypTTbUIbIFbI MEH OeJIriJIeHTeH >XbUIAAM/bIKTapAblH HAaKTbI
yHJsieciMi apKblibl 6eJirisieHe .

[Toe3pap/bliH caFaTbiHa 40 KM »K9HE O/]aH aca Kbl1ZJaM/IbIKTapMEH Typa eTIeJli KO3FaJbICbIHA
apHaJ/IFaH Kabbl/1/1ay->)KeHeJITY KoHe 6acKa »oJiaap, caraTbiHa 40 KM aca »bl1iaM/IbIKTapMeH
KO3FaJIaThlH MOe3/JapAbl 6TKi3yre apHa/faH KipMe »KoJiJlap, COHJaH-aK KayinTi »kyri 6ap
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Kb/DKbIMaJIbl KypaM/lbl OTKi3yre apHa/iFaH apHaWbl KoJijap 4-KJackKa »kaTa/ibl, KaJIFaH
CTAHLMUSJBIK, CYPbINTAY KoHe KipMe oJ1lap 5-KJacKa KaTajbl. [4]

Ty#icciz XKoaJblH KOHCTPYKLMSCHI, MalJja/laHyAblH OapJblK Ke3eHiHJe, MOWbI3Zap/blH,
KO3FaJIbIChIHBIH, KAyilCi3/iriH KaMTaMachl3 €Till, KJUMATTBIK Kafjaljapra COMKeC KeJin,
YKOJIZIAP/IbIH, KOCTIapbl MeH MillliHe 6ai/IaHbICTbI 60JIMaybl THIC, al 6yHaKTapAbiH, KP EXK 3.03-
114-2014 42 y3bIHABIFbl apajbIKTap/AblH, 66J1iM OGJIOKTAapbIHbIH, 9HEe KAObLIJAN-)KeHeJITY
»KOJIZIAPbIHbIH, Y3bIHJbIKTApbIHA TEH; O0J/YbI THIC.

Ty#iccis »onppl Tecey »xobacblHJQ, Tecey IllieKapachbl, OyHaKTapZblH Y3bIH/bIKTAphI,
TYHicTipy Tocinzepi, 6exiTy TeMnepartypacsl, paguycrapbl, 350 M-ZileH acaTblH, KUCBIKTap/a
Tecey MapTTaphl (YIITAap/blH 03yblH OYPBLIIITHIK O0WbIHINAG, 8 CM-ZleH KeM, 60JIMalThIHAAN),
OKIIayJaFbllll KIKTE€pP KYPBLIFbICBIHBIH, KOHCTPYKIMSCHl (COHBIH illiHAE TOHAJAbI
OyFaTTajJaTblH OeJsiiMaepAe), OYbIHAbI KOJIFA KaHACATbhlH KOHCTPYKLMUSIAP, TeHJeCTipriu
pesibCcTep/iH TyHicTepaeri, 6yHaKTapMeH »KaJIFacyblHa KOMbIJIAThIH TaJanTap, KeJATipiayi Tuic.
Ty#icci3 »oJ1, TeMip»KOJ1 KeJliri cajacblHAAFb], aTKapyLubl OUIIKTIH OpraHbIHbIH HOPMATHUBTIK
Ky’KaTTapbIHbIH TaJlallTapbiHa caMiKec Kesyi THic. )Kypaek maructpangap med 160 kM /caraTka
JIeNiHT1 KbLIJJaM/IbIKTaFbl »KOJIayLIblIap KO3FaJbIChl 6AChIM MOWBI3JIAap MarucTpasiapbiHAa,
Ty#icci3 xou | kiacTeiK [ TonThlK P65 TUNTIK TOHa/NABIK OYFaTIEeH KaOAbIKTaJFaH 6JIOK
GeJliMiHiH HeMece apa/IbIKTbIH Y3bIHA 00MbIHA TEHAECTIPTilll apaIbIKTAaPChI3, 0YHAKKA OPHbIH/IA
nicipinetiy, y3biHAbIFbl, 800 M-re feliHri, 6yHaKTaFbl OypaH/bIK TeciKkTepcis, 25 MeTpiiK,
3JIEKTPKOHTAKTIJII TOCIJIMEH MiCipiJITeH TepMUAJIBIK HbIFAaUTBLJIFAaH )KaHa peJIbCTePAEH Tocenyi
THIC, KipMe KoHe >KaJFacTbIPFbILI KOJAAPAA, 66JIrill NYHKTTEpP OJIbIH KOCa, JIeTUpJIeHreH
TEPMUSAJIBIK HbIFAUTBIJIFAH peJIbCTEP/EH Tocey Kepek. I, Il caHaTThbl epekiie »XyKTacbIMaJ /bl
Maructpanagapzaa, Il xene IV caHaTTbl TeMipxoJsjapAa TYHicCi3 KOJIAbIH, TeHAEeCTipriu
apaJibIKTapbIH/Ia, TYHiCTEp alThl 6YypaHAbl 60JybI THIC.

[llaknaTacThl 6ajijlacThl HeMece KyMJbI-IIAKNATacTbl KOCHAJaH >XacaJfaH OaJlacThbl
naiijlajiaHfaH Ke3j/le KOCKA0aTThl 6a/JlacT NMpPU3MaHbl Ca3/ibl TOMNbIPAaKTap/laH, YCaK »XoHe
IIaHAAK TONbIpaKTapAaH TeCeJTeH XKep TOCEMTe, COHBIH, illliH/ie Kep TeceMiHiH yCTiHT1 66JIiriHiH,
KOpPFaHbIII KAbaThIH CaJifaH Ke3/le »K00aJsiay KepeK; a3 MYXKIJIEeTiH, »KapTacThl, ipiCbIHBIKTHI
TOMBIPAKTAp MeH KyMapZaH (ycak *koHe IIaHAaK KyMaapZaH 6acKa) TecesreH xep TeceMre
HIaKnaTac rneH acbecTik 6a1acTThl 6ip KabaTTan KyM/ibl 6a/1J1aCThIK aCThIKChI3 Caly Kepek,
O6yJs1 peTTe 6a/yIacT KabaTbIHBIH KaJbIHJbIFbl 0a/acTblH, 6acKa pyKcaT eTilireH TypJiepiH
naijjasaHy/ibl Koca asiraija keMm jieresie 30 cM 60J1ybl, aj TEMipOeTOH/bI IINaJ/Ibl 2K0J1 /1A KEM
Jererze 35 cM 60Jybl THiC. YKacThIK KUbIPIIbIK TACTaH YKacaJ/IFaH aFJaiiap/ia, KUbIPLIbIK Tac
HeMece ac6ecT KabaThIHbIH KaJIbIH/bIFbIH 6a/1J1aCT KA6aThIHBIH, KaJITlbl KaJIbIH/IbIFbIH a3aTHal
5 cM-re a3aiTy Kepek. Kep TeceMiHiH Heri3/jiriHe 16KIIe )XoHEe KbIChLJIATbIH TOMbIPAKTAP/bIH,
6aChIMABLIBIFbI KE3iH/A€e KUBIPIIBIKTACThI-KYM/Ibl >KOHE KUbIPIILIKTACTbI 6a/1/1aCTaFbl OYHAKThI
KOJIZIbI TOCEY KepekK. Kokl IaKnaTac 6aa1acTKa KO XKaHe TYHicCi3 K01 bl TeCeY Kep TeceMi
TOJIbIFbIMEH TYppaKTaHFaHHAaH KeWiH »xkyprisinyi Tuic. XKbingamabirsl 140 kM/cafF acaTblH
KeJlisiep/ie TEK KUbIPUIBIKTACThI 6a/1acTThl Naii/jasiaHy Kepek.
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4- xecte. bacThl )k014apAbIH XKOFAPFbl KYPbLIbIMbIHA KOMBLIATBIH TaJIANTap

Kepcek- CaHaTThI TeMipKOJIAAP XKeJlilepiHeri »K0JIIbIH, })KOFapFbl KYPbIJIbIMbBIHbIH
TimTep KaJIbIH/bIFbI

Kypaek Epekiie Kyk I I1 I11 W%
TacbIMaJ/ibl

PenbcTep P75-P65 P75 xaHa P75-P65 P65 xxaHa | Eckixbliarbl | Ecki »KbLIFbI
THUII »KaHa Tep- | TEPMUSIBIK | KaHa Tep- | TePMUSJIBIK P75-P65 P75-P65
MUSIJBIK, HbIFal- MUSJIBIK, HbIFal- P65 xaH, P65 xaH,
HbIFal- ThLJIFaH HbIFal- ThLJIFaH
TBIJIFaH ThIJIFaH

[nangap- TeMipOeTOH | TeMipOeTOH | TeMipOeTOH | TeMip6eTOH | TeMip6eTOH | TeMipGeTOH
JAbIH, TETi

Koagpiy 1 2000 2000 2000 1840 1840 1840
KMiHe mmasn-
AapAbIH
CaHBbl, JaHa:
pajuychbl
1200 m
»KoHe oJjaH
acaTbIH TY3y
MeH KH-
CbIKTapAa

paauychbl 2000 2000 2000 2000 1840 1840
1200 m-geH
KeM KU-
ChIKTapza

Iman 35/20 40/20 35/20 35/20 30/20 30/20
aCThIHAAFbI
basact
Ka0aTbIHbIH,
KaJIbIH-
JBIFbI, CM:
TeMip6eToOH
Hnaagap-
MeH (66J1iM)
aFaur mmnasi-
JbI 2KOJI-
JaFbl acbe-
CTiK (Q/IbIM)

TeMip6eToH — 55 55 55 50 35
mnaagap-
MeH

YKengeyniH, KypbLIbICTbIH 6apJIbIK TYpJiepiH/e xaHe P65-Ke feltiHri pesibcTepi 6ap K01 1bIH
arFbIMJIaFbl KYTiMiHJe 6a/acTThliH, 6ap/blK TypJepiHae 20-7aH acnalThiH OeTkeisiepae
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TY3€eTy-ypy KYMBICTApbIH KYpri3yre apHajsfaH. KajblITbl KJAMMAaT IeH KOpLIafFaH opTa
TeMnepaTtypacsl -10°C-taH +40°C-Kka feitiH, My3aaTbeLIiMaFaH 6asiactneH. BIIP - 02M (cypeT-2)
MalllMHAChI TY3eTy/i 6acKapy/blH MUKPOMPOLECCOPJIBIK XyHheciMeH a6/ qbIKTaIFaH.

KonppiH kengeHeH npoduiiH Ty3eTy 6ip pesbCTi XKIiNTi eKiHIli AeHreire KeTepy TypaJbl
CUTHaJ 6epeTiH 3JIEKTPOH/bIK MasiTHUKTEpP apKbLJIbl Ky3ere acblpbliaabl. Ty3eTy »xywueci
Oy3yUIbLIBIKTapAbl TeETiCTey 3KoHe >KOJJbl K0basay OesrijsepiHe Kowo dfici 6GoWbIHILA
YKYMBIC icTeyre MyMKiH/Zik 6epezi. Bys aficneH KeTepyAi aHbIKTay YIUiH »KOJ/bI a/ibIH-aj1a
Terictrey KaxeT. Kosajbl Ty3y y4ackesepZie TY3eTy YIIiH 3KCTpeMaJsJbl apbaja JjasepJik
3MUTEHT OPHATBIJIFAH, OHbIH, CayJIeCi TY3eTy Heri3i peTiH/e KbI3MeT eTe/li, Kabesb aKKOP/IbIH
KbL/DKBITATbIH aJIAbIHFbl ©Jilley apbacblHa OpHATbLIFAaH KaObLIJAFbIl KaObLIAAWABI,
HOTHUXKeCiH/e Ty3eTy MeXaHU3Mi KOCbLJIa/bl.

HoaTnxesiep MeH TasKbl1ay

Kasipri 3amMaHayu »K0J1 )KyYMBbICTapbIHbIH, TEXHOJIOTUSICHI GOMBIHIIA MbIHA FaJbIM/apAbIH
»KYMBbICTapbIH/IA KapacTbipbliFaH: AxmeToB M®, U6paumoB A.K., AxmeTtoB ['M., KoxkabekoB KT,
MypaTtoB A.M., Ycumb6ekoB K.Y, Alitanuena LII.M., OmapoB A. XK., YpaszoekoB A.K., Omapos A./l,
HbsikoB B.I, Kamenckuu B.B., Kapnymenko H.U., Kemexa H.II., Knunoa C.H., CemenoBa BT,
CmbikoBa E.K., Tuxomuposa B.M., ®enynosa BD, Pununnosa B.M,, lllabanuua LU, llynaeru BA.
»KoHe 6acKa /1a »KO0JI lapyallblJIbIFbl MAMaH/aphl.

Koy MmamiMHaapbIH naljanaHy )Kyreci MeH KypbIJIFbICBIHA XKO0JI KbI3MeTTepi KeJieci Tasar-
TapAbl KOSAAbI:

- MYMKIiH 60Jica O0J1 ’KYMbICTapbIHbIH, MOMbI3 KO3FasacblHA KeJeprici MUHUMaNbl 60y
Kepek;

— 7KOJI >KYMbICTApbIH OPbIH/AY YIIiH >XOJIJbl MalAaJaHy/laH LIbIFApy YaKbIThIH KbICKAPTYFa
MYMKIHZITIHIIe )K0JI MalllMHAJapbIHbIH, KOJIIKTIK K9He XYMbIC KblJIJaM/ABIKTApPbIH apTThIPY
Kepek;

- ’KOJI MalllMHaJIapbIMeH OPbIHAAJIFaH »KYMbICTAP/bIH, Callachbl )KYMbIC afdKTaJfaHHaH KeliH
NOMbI3 KO3Fa/IbICBIHBIH, TOJIBIK KAYilci3/iri MeH rpaduKTe pyKcaT eTi/ITeH KbLIIaM/IbIKKA T€E3
»KeTY apKblJIbl CUIIATTaJa/bl.

BIIP (KocasKpl >K0J1 MalllMHAChl) TeMip:KOJi/ibl KYTill yCTay MEH >X6HJley/ie MaHbI3/Jbl pe.l
aTKapa/ibl, bipak OHbI alAa/aHy Ke3iH/Je 9pTypJii mpob/ieMasiap MeH KeMIIJIIKTeP TybIHJAy bl
MYMKIiH. MiHe o/s1apZibIH Heri3risepi:

2Kos mammHacel TUIM/I )KyMBIC icTey YIIiH Gerijii 6ip TeMipXKOoJ1 KaFlalblH KaXeT eTeJ,.
KaTTbl TO3FaH HeEMece 3aKbIM/aJIFaH 0J1/jJap/a MalllMHaHbI aliAa/laHy KUbIH 60J1ybl MYMKIH,
OyJ1 OHbIH, 6HIM/IIJIITiH TOMEH/IeTe/Ii.

Ken ¢pyHKLIMOHaNABLIBIFbIHA KapaMacTaH, BITP »os1 MalmHackl )KyMbIC TYpiHe 6aiIaHbICThI
6esrisii 6ip mekTeysepre ve. Mbicasbl, 01 6Te KypJeJsi pejabedTi xKepJyeple HeMece KeJlik
KypaJiJapblHbIH, 6acKa TypJ/iepi Kem >XYpeTiH KepJiepfie *KYMbIC icTeyre »KapaMcbI3 OOJIYbI
MYMKIiH.

Kos1 TexHUKACBI, Ke3 KeJreH KypAeJi ka6 blK, CUSIKTbI, TOTEHIIIe KaFAalaapFa yIIblpaybl
MYMKIH, acipece nai/iajlaHy HeMece TeXHUKaJIbIK KbI3MeT KepCeTy HyCKayJiapbl CaKTaJMaca.
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PesibcTepiiy, 3aKpIMAaHybl, KypbLIBIMZAApAbIH KyJaybl HeMece MaHbI3/bl KyHesepheri
aKaysiap 60J1ybl MyMKIH.

Bys kemutisiiktep BIIP ko1 MaminMHa/apblH naifjasaHyAbl TEXHUKAJBIK KbI3MET KOpPCeTy
MeH NalJlaJlaHyFa MYKMAT Kapay[bl KaXkeT eTeTiH eTe KypZeJli »koHe KbIMOAT MiHJeTKe
avHa/1bIpaJibl.

TyseTy-kary-eHzaey maumunHacel (BII0-3000) (cypet-3) - 6ip eTy/ze »KyMbICTap KelleHiH
OpPbIHJANTBIH Y3/iKCi3 9peKeT eTeTiH K0J1 MalllMHAChI: 6a/1J1aCThl MeJILIepJiey XKaHEe ThIFbI3/ay,
TeMipKOJIJbl KaFy, TY3€Ty XKoHe eHJeY.

Ou1 penbCTEPAiH TYpPiHE XK9He oJIap/blH OeKiTnesepiHe, lNaafapblHa XXoHe 6a//1acT TypiHe
KapaMacTaH >XOJIAbI KoHe OHbIH arbIMJaFbl Ma3MyHbIH KypZeJi, opTalla >XoHe KeTepriul
YKOHJIey YILUIH KOJIAaHbLIabl.

Tysety-Kary-eHzaey mamunHacel (BII0-3000) (cypet-3) - 6ip eTy/ze »KyMbICTap KelleHiH
OpPbIHJANTBIH Y3/iKCi3 9peKeT eTeTiH K0J1 MalllMHAChI: 6a/1J1aCThl MeJILIepJiey XKaHe ThIFbI3/ay,
TeMipXKOJIAbl KaFy, TY3€Ty )KoHe eHJeY.

Ou1 penbCcTeEPAiH TYpPiHE XKoHe oJIap/iblH OeKiTnesepiHe, NaajapblHa XXoHe 6a/IacT TypiHe
KapaMacTaH >KOJIAbI KoHe OHbIH afbIMJaFbl Ma3MyHBbIH KypZeJi, opTalla >XoHe KeTepriul
YKOHJIeY YILUIH KOJIAaHbLIabl.

1 TV \a
R O N TS

N

*

2-cypert. BIIP-02M 3-cypert. Ty3eTy-ypy-opJiey MallXHAaChl
(BI10-3000)

Ke3s-kesreH TexHuka cusakThl, BII0-3000 *kyMbic Ke3iHe 63 npobJieMasiapbiHa ue. OyapAbiH
Heri3risepi:

- BI10-3000 xxymMbIC MEXaHU3M/IEPiMEH KYMBIC iCTey YIIiH r'HAPaBJIUKAJBIK XKyUesepAi nan-
JlasaHazpl (MbIcasbl, pesbc TecerimTep). CyHbIKTBIKTBIH aFybl, COPFBLIAP/bIH, iICTEH IIBIFYbI
HeMece TH/paBJMKaJbIK XeJlijiepJeri akayaap MalliHaHbIH TUIMAIITIH TOMEH/ETIIL, XKOHAey
KYMBICTAPbI TOKTAIl KaJ1ybl MYMKIH;

- Ty3eTygiH TeMeH JoJAiri: erep MalllHa pesbCTep/i AYPhIC AJJJIKIIEH Ty3eTiece, Oy
KOJIZIbIH HalllapJsiayblHa, pesibCTepAe aKay/lap/blH Mai/a 60/1yblHa )XoHe XKbl/KbIMaJIbl KypaM
JlOHIeJIeKTEePiHIH TO3YbIHbIH KOFapbljayblHA 9KeJyi MYMKIH;

- PeJsibCTiH AypBIC OpHATBLIMAYbl: PEJbCTIH AYPBHIC OPHATHIIMAYbl peJIbCTePAIH KaJbIIThI
OpHaJIacyblH OY3aTbIH KoHe KOJIJbIH KYMbICbIHA 9CEP eTeTiH pesbCTepAiH Oipkeski 66JiH-
6eyiHe HeMece peJsibCTep/iiH 6acbllyblHA 9Keayi MYMKiH.
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SMD-80 (cypeT -4) cepusiibl )0J1Jibl KypZeJi *XeH/iey MalllMHAChI KOFapbl 6HIM/IIIK MeH
3KOHOMUKAJIbIK THIMIIJIIKKe He.

KewmeH ym 6esiikTeH Typajbl: KaHa IINajajapAbl KeTKi3eTiH KOHBelep, MOTOPJIbl BaroH
»KOHEe 63/jiriHeH KO03Fa/IaThbIH [1IOPTaJl KPaHBbI.

KpbIcKa «Tepesesiepzie» »KyMbIC icTey ylliH »kacajifad SMD-80 6apJ/iblK TypZeri mnaaaapzbl
aybICThIpyFa KabizeTTi. OHBbIH »KYMbIC OpTraHAApbIHbIH, OapJ/ibIFbl KYMbICKA KabiJeTTilirin
JlaJienifiesii, 6yJ1 cepus eTe ceHiM/i 6efere ue.

I

4-cypeT. SMD-80 cepusiibl KOJIAbI )K6H/ ey MalllMHACHI

Koraps!l eHiMAIIK IeH MyMKiHZiIKTepre KapamactaH, SMD-80 maimvHacbelH nanpjanaHy
Ke3iHJe apTypJii Macesiesiep TyblHJAAybl MYMKIH, OJIapAblH illiHJAe MbIHajJapAbl aTal eTyre
60J1a/bI:

- peJibC TecerilTep, Ka3y KYpbUIFblJIAphl )koHe 6aCKa KOMIIOHEHTTEP CUSKTbI }KyMbIC MeXa-
HU3M/Iepi KapKbIH/AbI »KYMBbIC Ke3iHJe Te3 TO3yFa ylublpanabl. bys MallinHaHbIH 66JiKTEepiH
YHEMI aybICTBIpYAbl HEMece XKOHAEYAl KaXKeT eTeAi;

- SMD-80 mamrHach! KypzeJii 6ackapy *yresiepiMeH »kabAbIKTalFaH, 0y 0JlapAblH XKYMbl-
CbIHJIaFbl aKay/ap/iblH Maija 6oJly KayilniH apTTblpaAbl. baFjapiaMasblK kacaKTaMa/ aFbl
KaTeJiep HeMece CeHCOopJiapZaFrbl akaysap *KYMbIC JdJiriH 0y3ybl HeMece Oy3blayblHA 9KeJyi
MYMKIH;

- MeXaHUKaJbIK >KYKTeMeJiep KOl 00JIaThIH TEMIip:KoJl KOJJAPbIHbIH YJKEH KOHe >XUi
3aKbIM/IaJIFAH y4yacKeJsiepiH/e XXYMbIC icTereH/ie, ’KyMbIC MeXaHU3M/IePiHiH O6y3bla1ybl HEMECe
3aKbIM/IaHy Kayimni 6ap.

dnekTtpbanaactep (3JIB) (cypeT-5) - y3/iKci3 :KyMbIC icTeHTiH aMbeban KoM oneparysabIK
’KOFapbl OHIMJAI MalllMHa, »O0JI IlapyallbUIbIFbIH KYPri3yAiH, KOJJAHBICTaFbl KyHecCiHJe
KO3/leJITeH KO0JI/Ibl Ca/ly KoHe TeXHUKaJIbIK KbI3MeT KOpCeTy »KeHIiHJerl )KyMbICTapZAbl OPbIHAAY
Ke3iHJle K0J1Abl Oa/JIaCTUKAJbIK, Heri3re KOIOFa apHa/IFaH. JJIeKTpobasiacTep KoJ1 60MbIHJA
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aJ/iblH ajla TycipisireH 6a/acThl Ao3ajay/bl, MNaajapAblH ylITapblHAa 6a/iaacTbl KeCyai,
O6eTKelsep/ii *koHe MPU3MaHbIH, K0JIapasblK akMaKTapbIH OcCHapJay/bl, Ty3iJeTiH 6annact
KabaTbIHa X0J1 TOPbIH KeTepyAi opblHAaNWAbL. K011kl 6pecKes1 Ty3eTYAl XKaHe TericTeyaj, xep
TOCeMiHiH XUeKTePiH KaKTay/bl, 6a/1/71acT MaTepUalAapblHbIH KaTapJapblH KaJbIITACThIPY
YIIiH KUBIPUIBIK Tac 6asajiapblHAA KYMbIC iCTeyzi, keHJley Ke3iHJe HIaFblH KemipJiephiH
apaJblK KYpbIJIbICTAPBIH K6TEePYAi XKyprisezi.

5-cyper. 3J1b-4C anekTp 6asnacrepi

JJ1b-4C anekTpbasnacTepiHiH kK0J XKOHJEY Ke3iH/le TOMeH/eTifiell Macesiesiep TybIHAAYbI
MYMKiH:

- BasutacTtel THiMCi3 6epy »koHe TapaTy: 6a/1/1acThl 6epy kKoHe TapaTy MeXxaHU3M/epi JypbIC
OpHaTblJIMaFaH HeMece TO3FaH Ke3/le XKYMbIC callacbl auTap/bIKTakl TeMeH/leyi MyMKiH. By
6aJ11acTThIH OipKeJsiKi 66/1iHOEyiHe, )K0J1 60UBIHAAFDI LIETIHAIepAiH nakaa 60/yblHa HEMece
peJIbCTepAiH aCThIHAAFBI THIFBI3AbIKThIH, KETKIJIIKCI3AiriHe aKes1yi MYMKIH;

- Ayblp HeMece TYTKbIp MaTepUalapMeH KYMbIC iCTel asMay: erep 6aj/aacT ThIM ayblp,
JBIMKbLJI HeMece JlaCTaHFaH 00Jica, OHbI 6epy koHe OipKeJsiKi TapaTy Ke3iHAe KUbIHABIKTAp
TYbIH/Aybl MYMKIH.

Duomatic 09-32 CSM (cypeT-6) y3/1iKCi3 LMKJIAiK 9peKeTTi TY3eTy KoHe TericTey MallHAChI
’K9He OHbIH MoAvQUKaLUsIapbl TeMipKoJ KOJJapblH KelleHJi Ty3eTyre, LNaajapAblH
acTBIHJAFbI XKoHe UINalJapAblH YIITapbIHAAFb] 0a/l1acThl ThIFbI3/jayFa apHaJ/IFaH.

Konppl arpIMAaFbl KYTIll yCTay »KoHE XKOH/IEY, »KaHaJlapblH caJly XXoHe eCKi xeJlijiepAi KaiTa
KYpy Ke3iHJe KoJ1AaHbLIajbl.

Unimat(cypet-7) - 6ys1 ambeban Ty3eTy >KoHe TeriCTey >K0Jl MallWHachl. baFbITTaMasbIK
6ypmasiapZpbl xxoHe 1520 MM Ka/iub6pJii TeMip:KoJ1 Ko1JapblH TYy3€eTyTe, YpyFa XKoHe Ty3eTyre
apHaJIFaH. KoJ1J bl aF BIMZAFbI KYTIIl YCTay XKoHE XXOH/eY, ’KaHaJIapblH caJly XK9He eCKi keJiiyiepAi
KalTa Kypy Ke3siH/ie KOJIJaHbLIa/ibl.
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CoHJiaii-aK »oJAbl OaKblIaHATBIH TYPaKTaHABIPYAbI XOHE KOJJAFbl LINaAJap/AbIH, KO-
FapFbl TOCETIH/eri apThIK 0a//1acTThl XX9He OaFbITTaMaJIblK, OypMasiapAafFbl apKaJiblKTapbl
TaHJayAbl XKy3ere acblpa ajaajbl.

BarbITTaManblK OypMasapZa >XyMbIC icTey ylIiH MallvHa 6ip Me3rijije Yyl peJbCTi
KINTI KeTepyre apHa/iFaH KYpbUIFbIMEH >X9He TepT pPeJbCTi XKINTI Kyprisyre apHaJFaH
QXbIPaThLJIATbIH KaFy OJIOKTapbIMEH a0/ bIKTaFaH.

6-cypeT. Duomatic 09-32 CSM 7-cypetT. Unimat »K0J1 MallIMHACHI

KOpbIThIHABI

Kos mMalmiMHanapbeIH 0 aH api AaMBITY KOJI 2KYMbICTApPbIH KellleH[i MeXaHHUKaJaH/bIPY/bl
YKYMBICTApbIH CamaJjibl )KoHe yaKbIThLJIbl OpbIHAAYAbI Ke34eii. KellleH1i MexaHWKa/IaHAbIPY
adKTaJfaH Ke3Je KelleHJe >KeTiCIeMTiH MallMHaJapZAbl, MbICaJbl, TyHicneci3 XoJJbl
Teceyre apHaJ/IFaH »0J1 TeCerillTepAl, xKoFapbl 6HIM/I pesbCTi TericTey MalllMHaJIapbIH, KO0JI
TYPaKTaHABIPFBIIITAPBIH KaHAPTY KoHe OHTaWJIaHAbIpy Ke3zeseni. bysn perTe memineTin
Heri3ri MiHAeTTep MallMHaJapAblH OYKiJ Ti30eriHiH eHIMJiNiriH apTThIpy, «Tepe3enepae»
»Ky3ere acblpblJIaTbIH KOH/IEY >KYMbICTApPbIHbIH KeJsieMiH 1,5-2 ecere ysiraWTy, XeHAey/leH
KeWiHTi Ke3eHJe nmoe3Aap/iblH, KO3FaJsbIC KbLIJaM/AbIFbIH caFaTblHa 60-TaH 100 kujomeTp
caraTblHa JleliH apTThIPy, OHbI XK6HJEY Ke3iHAe *KOJAbIH, OOWJbIK OeWiHiHiH OesrisiepiH
YKOOAJIBIK KaFJaiifa >KaKbIHAATy 00JibIN Ta0bl1abl. COHbIMEH KaTap, K0J1 MalllMHAJIAPbIHbIH
CEHIMJJIITiH apTThIPY, 0J1ap/iblH 3HEPT U )KOHE METAJLJI CbIMbIM/IbL/IbIFbl MEH KYHBIH TOMEHIETY,
COHJAW-aK TopanTap MeH OeJeKkTepAi Oipi3fieHZipy, aBTOMATTaHAbIPbIIFAH O6acKapy/bl,
MalllMHAHbIH XYMbICbIH OaKplLIay KypaJiapblH KOJJaHy MaceJsesiepiHe Kol KeHiJ OeJiHes].
Kous xkyMbicTapbIH XKypri3y Ke3iHze eHOeKTi KopFayFa y/JKeH MaH 6epinefi. by ic-1iapanapzbl
©TKI3y »KOJIJ|bIH, aFbIM/IaFbl MAa3MYHbIH MallWHU3aLUsIayAbl asgKTayFa 6aFbITTa/FaH-0apJibIK
YKYMBICTapZbl ayblp MalllMHAJapMeH OpbIHAAY, OyJ1 eHAIpICTI apTThIpabl, KYMbIC CanacblH
»KaKcapTaZbl, apaJjblKleH alHaJ/IbICy YaKbITbIH a3aWTabl. COHJAW-aK, TacbiMaJs Camnachbl
MEH Kayilci3/liri apTKaH CaWblH, }KYK alHaJIbIMbl K6JieMi Jie 6Cill, 5)KOHOMHUKAJIbIK, JaMyfa 63
yJ1ecid Koca/ibl. 2KaHa TexXHOJIoTUsJIapAbl eHri3y HHQPaKYPbLJIbIM/Ibl 2KaKCapTy HOTHKECiIH/e
eJiMi3Zieri JIOTUCTHMKA aWTapJIbIKTau »KaKcapblll, TacbIMaJAay[blH THUIMAUIIrI aprTajsl,
LIBIFBIH/AP a3albll, YITThIK 3IKOHOMUKAHbIH 63ceKkere KabijieTTiiri aprazpbl.
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KapazanduHckutli mexrnuyeckutl yHusepcumem umenu Abwvlakaca Cazunosa, Kapazanda, Kazaxcman

I[MoBbILIEHU E 3(1)(1)8KTI/IBHOCTI/I HCIOJIb30BAHHUA AOPOT 3a CYET OIITUMHU3ALMH MIAPKA JOPOKHBIX
MallluH

AHHOTanus. B craTbe u3jiokeHa XapakTepucThka KaszaxcTaHckol »xese3HOU goporu. B Tom
4yHcJie N0 PEMOHTY >KeJle3HOW J0poru. B cBfi3w ¢ TeM, UTO UCTOpHUS BBINOJHEHHS paboT mo pe-
MOHTY KeJie3HbIX Jopor KazaxcTaHa GepeT cBOe HayaJlo C MOMEHTa UX BO3HUKHOBEHHS, B CTAaThe
NpOaHaJU3MPOBAaHO, YTO OJHUM M3 BAXHEWIIUX HAIMpaBJeHUW pabOThl B >KeJe3HOLOPOKHOU
OTpac/iv fIBJISIETCSl COBEPIIEHCTBOBaHUE CIELMaJbHOTO MOJABMKHOI'O cocTaBa. PazpaboTaHa xapak-
TEPUCTHUKA >KeJe3HOAOPOXKHBIX MepepadaThIBalOIIMX MNPEeANpPUATHN CTpaHbl U CYLIECTBYIOIIUX B
CTpaHe NepepabaTbiBawLMX MawKH. CocTaB/eHa XapaKTepUCTHKA COCTOSIHUS >KeJIe3HbIX JOpOr B
Hacrosiee BpeMms. [IpeaycMoTpeHbl TpeGOBaHUSI K BEPXHEW CTPYKType IVIaBHBIX Jopor. CocTaBieHa
XapaKTePUCTUKA JOPOKHBIX PEMOHTHBIX MAIlIMH U ONMKCaHHE BO3MOXKHBIX OCHOBHBIX HEMCITPABHOCTEM.
[IpuBesieHa BeJIMUMHA IPy30000pOTA KeJIe3HOAOPOKHBIM TPAHCIIOPTOM B HacTosIIee BpeMs. ExxkeroaHo
MOXKHO Y6eUThCS B YBEJUUYEHUU NepeBO30K KeJe3HOA0POKHBIM TpaHcnopToM. [lo npeanpusaTusaM, B
KOTOPBIX UMEIOTCS Ka3axCTaHbl, COCTABJIAETCA XapaKTepUCTHKA UCIIPaBUTEIbHbIX MALlMH, YKa3bIBAeTCA
KOJIMYECTBO 110 JUCTAHLIMAM. B cTaThe Takke npuBe/ieHbl TaGIUIbI KJIACCUPUKALMU KeJIe3HbIX 10pOT
C LIeJIBIO YIyUIlleHUsI COCTOSIHUS KeJIe3HOJ0OPOXKHBIX My Tel /151 MOBBIIIEHUS] CKOPOCTH U 6€30MaCHOCTH
HACCAKHUPCKUX U TPY30BbIX M0E€370B. B TOM 4ucie npu MCob30BaHUM 6ajilacTa KPEMHUCTOTO WJIH
6a/1acTa U3 Nec4yaHo-KPEMHUCTOM CMecH oKa3aHbl MePhI MPOEKTUPOBAHUS ABYXCIOMHOMN 6aiaacTHOM
NpU3Mbl Ha 3eMJISTHOM MOJIOTHE, YJI0XKEHHOM U3 INIMHUCTBIX TPYHTOB, MEJKUX W NbLIbHBIX TPYHTOB, B
TOM YHCJIe IPU YKJIaJIKe 3allUTHOTO CJIOSI BEpXHEU 4yacTU 3eMJISIHOTO MOJIOTHA. B 1iesioM BbipaboTaHbl
peKoOMeH/ Al iU [0 O TUMHU3AIMU TapKa I0POKHBIX MAIIUH /IJ11 PEMOHTA YKeJIe3HBIX JIOPOT, TPUMEHsSIeMbIX
B KazaxcTaHe. B cTaTbe laHbl XapaKTepUCTUKU yTeBor MauirMHbl BI10 - 3000, SMD-80, 3/15-4C, Duomatic
09-32 CSM, Unimat, a Tak»Ke yKa3aHbl HeIOCTaTKU TPAHCIOPTA B IPOLiECCe PEMOHTA XKeJIe3HOH 0pOru.

Kiio4deBble C/10Ba: KeJIe3HOJOPOXKHBIN TPAHCIOPT, peJibC, JOPOKHOE 0060py/0BaHUE, XKeJle3Has
Jlopora, rpy30060pOT, JOPOXKHbIE CTAHAAPTHI, BEPXHSAS CTPYKTypa JOPOTH.

A.]. Karsakova, A.B.Orazalina
Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan

Improving the efficiency of road use by optimizing the fleet of road vehicles

Abstract. The article describes the characteristics of the Kazakhstan railway. Including the repair of
the railway. Due to the fact that the history of work on the repair of railways in Kazakhstan dates back to
their inception, the article analyzes that one of the most important areas of work in the railway industry
is the improvement of special rolling stock. The characteristics of the country's railway processing plants
and existing processing machines in the country have been developed. A description of the current state
of the railways has been compiled. There are requirements for the upper structure of the main roads.
The characteristics of road repair vehicles and a description of possible major malfunctions have been
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compiled. The value of freight turnover by rail is given at the present time. Every year, you can see an
increase in rail transport. For enterprises with Kazakhstanis, the characteristics of correctional vehicles
are compiled, the number of distances is indicated. The article also provides tables of railway classification
in order to improve the condition of railway tracks to increase the speed and safety of passenger and
freight trains. In particular, when using siliceous ballast or ballast from a sand-siliceous mixture, the design
measures of a two-layer ballast prism on an earth bed made of clay soils, shallow and dusty soils, including
when laying a protective layer of the upper part of the earth bed, are shown. In general, recommendations
have been developed to optimize the fleet of road vehicles for railway repairs used in Kazakhstan. The
article describes the characteristics of the track machine VPO - 3000, SMD-80, ELB-4S, Duomatic 09-32
CSM, Unimat, as well as the disadvantages of transport in the process of railway repair.

Keywords: railway transport, rail, road equipment, railway, freight turnover, road standards, upper
road structure.
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